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Type II string theory or M-theory contains a broad spectrum of gauge potentials. In addition to the
standard p-form potentials, various mixed-symmetry potentials have been predicted, which may
couple to exotic branes with non-standard tensions. Together with p-forms, mixed-symmetry
potentials turn out to be essential to build the multiplets of the U-duality symmetry in each
dimension. In this paper, we systematically determine the set of mixed-symmetry potentials and
exotic branes on the basis of the £}, conjecture. We also study the decompositions of U-duality
multiplets into 7-duality multiplets and determine which mixed-symmetry tensors are contained
in each of the U-/T-duality multiplets.

Subject Index B20

1. Introduction and summary

Maximal supergravities in 10 and 11 dimensions have the E,, U-duality symmetry when they are
toroidally compactified to d (= 11 — n) dimensions. The E, symmetry can be clearly seen by
packaging all of the d-dimensional scalar fields into the generalized metric My, which parameterizes
the coset space £, /K, (K, : the maximal compact subgroup of £,,). A coset representative g can be
parameterized by using the positive Borel subalgebra of the E,, algebra. For example, in d = 4 (or
n = 7), the Borel subalgebra is spanned by

(K (< j), 123, RO-isl (i =1,...,m), @

A

where multiple indices are antisymmetric. Indeed, using the scalar fields {(A?,-j, zzlil iniz> Aij-ig)
resulting from the compactification, we can parameterize the coset representative as

g = eXid B Kij G 1/3V Ay iy RN (1761 4y ig RT6 2)
Here, fz,j is the logarithm of the vielbein associated with Gij and Izlill-z,-3 and 21,-, ...ig are 3-form and
6-form potentials in 11D supergravity. Then, we can obtain the generalized metric M ; from a matrix
representation of g. However, when we consider the case d = 3, we find that the standard scalar
fields are not enough to parameterize E£g/Kg. As pointed out in Ref. [1], an additional generator
R84 (satisfying Rl/18#] = 0) appears in the Borel subalgebra. Then, we need to introduce a
non-standard field, namely a mixed-symmetry potential A i1--ig,i (or simply 218,1 ), which is called the
dual graviton.

© The Author(s) 2020. Published by Oxford University Press on behalf of the Physical Society of Japan.

This is an Open Access article distributed under the terms of the Creative Commons Attribution License (http://creativecommons.org/licenses/by/4.0/),
which permits unrestricted reuse, distribution, and reproduction in any medium, provided the original work is properly cited.

Funded by SCOAP3



PTEP 2020, 053B02 J. J. Fernandez-Melgarejo et al.

Mixed-symmetry potentials are indispensable for realizing the duality symmetry manifest. In
addition to the scalars My, p-form fields are also forming some U-duality multiplets. For example,
in 11D supergravity compactified on a 7-torus, the graviphoton, 3- and 6-form potentials, and the dual
graviton give rise to the 1-form fields {ﬁL, famliz , 21,“-1 wiss 121,“-1 .irj},respectively (u = 0,...,d—1).
In fact, they form the 56-dimensional representation of E7. In order to construct the U-duality
multiplets for higher p-form fields, we need to introduce more non-standard potentials. In general,
the new potentials can be decomposed into some irreducible representations of SL(n) characterized
by Young tableaux. Each of the potentials is denoted as A .q.r,-- Wwhen the indices have the following

Ail~"ipJ1-~jq,k1'-~kr,'-~ <> H . (3)

These objects are generally called mixed-symmetry potentials. Of course, mixed-symmetry potentials

Young-tableau symmetry:

are not new independent fields. They are related to the standard supergravity fields through the
electric—magnetic duality, much like the 3-form potential A3 is related to the 6-form potential Ag.
For example, the dual graviton ;18,1 is dual to the graviphoton.

One of the main reasons for introducing the mixed-symmetry potentials is the manifest £, U-
duality symmetry. Existence of non-standard potentials has been expected in the study of U-duality
multiplets of branes [2—8]. The standard p-form gauge potentials are known to couple to supersym-
metric branes (e.g. momenta P, M2, and M5-branes) and the associated central charges appear in the
supersymmetric algebra in 11D:

N 1 A A 1 N “.A
(0s 05} = (CT™) 45 Py + 53 (CTy ) 2 4+ 2 (CTy s 21, (@)

where AA/I,]V =1,...,11and 3, b=1,...,32 are spinor indices. When M-theory or type II theory
is compactified on a torus, the so-called exotic branes, which have non-standard tensions, appear
in the U-duality multiplets. Each of the branes was found to correspond to a certain weight of the
E, algebra, and a formula for the brane tension in terms of the weight was obtained in Refs. [2-8].
More recently, various aspects of exotic branes have been studied in Refs. [9-41] (see Ref. [42-52]
for exotic branes in non-maximal theories), and their higher-dimensional origin has been discussed.
By following the notation of Refs. [6,10,11], if a p-brane in d-dimensions has tension

1 Ry -+ Ry, \ (Ry R, 2 Re, -+ Ri, \*
T, = 5 2 el ) (5)
I, Qml,)P lp—P Iy L’

(where [, is the Planck length, and R; is the radius along the x'-direction) the object in 11D is denoted

as an (exotic) b2 brane. Exotic branes generally require the existence of Killing vectors, but
by using the Killing vectors, we can write down the worldvolume actions for the exotic branes
propagating in 11D (see Refs. [53] and [31] for actions of the Kaluza—Klein monopole (KKM)
and the 53-brane in M-theory). According to the worldvolume actions, exotic branes may couple to
some mixed-symmetry potentials in 11D: A g1 for the 6!-brane (or KKM) and 219,3 for the 5°-brane.
Moreover, their central charges are also expected to have the tensor structures of the mixed-symmetry
type: Z7-! for the 6! -brane and Z®3 for the 53-brane. For a general exotic b(¢>2)-brane, the following
correspondence has been suggested (see Table 1):
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Table 1. M-theory branes, their central charges, and the potentials that electrically couple to the branes. The
graviphoton associated with a Killing direction is denoted as A}.

Branes P M2 M5 KKM (= 6') 53 blesse2)
Central chares P, VA VA AR 783 Zbteattes.cottes e cs1Hesics
A ~ N ~ ~ N -
Potential Al A3 A6 AS,] A9,3 A Ib+cot-Acs.cptedcs, g1 +CsiCs

N N B e e A L
& Alpbrerttegertotes o1 ey (6)

In type II theories, the notation slightly differs. When a d-dimensional p-brane has tension

— 2
- g n Ry, -+ ‘Rmb—p Ry, -- 'Rnc2 - qu .. .quY § )
Pl L7 [ I ’

(where [, is the string length, and g; is the string coupling constant) the object in 10D is called an

(exotic) br(fs"”’cZ)-brane. In particular, worldvolume actions for the exotic 5%-brane and 5%-brane, as
studied in Refs. [23,25], will couple to potentials with the tensor structure Ag ». The correspondence
is the same as in the case of M-theory:

br(fs,...,cz) « gbtatdeseattes et
& Algbtortedogerteteg oo - 8)

By following the notation of Refs. [13—16], we sometimes denote the potential 4 as B, C, D, - - -
depending on the integer n appended to the name of exotic branes:

o123 4]s]6[7]8!9 10|
A|B|C|D EF|G|H|I|J|K|L|M]|

)

Then, for example, the 5%-brane and the 5§-brane couple to Dg > and Eg 3, respectively.

Given the existence of a variety of mixed-symmetry potentials/exotic branes in M-theory or type 11
theories, a natural question is what kind of potentials/branes existin 11D or 10D. A partial answer has
been given in Refs. [1,54] based on the £ conjecture. The £ conjecture claims that M-theory/type
II string theory has the £1; symmetry even before compactification, and the standard £, (n < 8)
U-duality groups are realized as the subgroup after the compactification. As already mentioned, a
gauge potential ﬁp,q,r,... corresponds to the £, generator R7?"~" and since £11 is infinite-dimensional,
infinitely many of potentials are predicted by the E1; conjecture. For example, the predicted fields
include [55]

@%, A3, A, ;18,1: 1219,3, 1219,6, 1219,8,1, 12110,1,1, 12110,4,1, 12110,6,2, 210,7,1,

;110,7,4, 12110,7,7, 210,87 210,8,2,19 ;110,8,3, ;110,8,5,1, 12110,8,6: 2110,8,7,2, 12110,8,8,1:
12110,8,8,4; 12110,8,8,7, 1;111,1, ;111,3,1, 2111,4, 2111,4,3, ;111,5,1,1, 212111,6,1, 12111,6,3,1, (10)
1:111,6,4, 12111,6,6,1, 12[11,7, 2111,7,2,1, 2211,7,3, 12111,7,4,2, 12111,7,5,1, 212111,7,65

An763, Angzz. andAiig7s,
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Table 2. Number of p-form fields in d-dimensional maximal supergravities (3 < d < 9) predicted by the
E\; conjecture [55,56]. U-duality representations which contain a potential that couples to a supersymmetric
brane are marked in red.

p Pl 2 3 4 5 6 7 8 9 U-duality
2 2 3 3 4
9 | 2 1 1 2 1 1 ) 2% 2 SL(2)
.1

8 |G| ey @y |Gy 62 Efg gg 3.3) SL(3) x SL(2)
’ I I
0 70

71 10 | s 5 10 | 24 | N 4 SL(5)
15

5

320

6 16 10 16 45 144 126 SO(,5)
10

— 1728
5 27 27 78 351 27 Es
8645
4 56 133 912 133 E;
147250
3 248 38175 3875 Eg
248

where é% denotes the vielbein, and integers in front of the potentials represent the multiplicities of
potentials with the same tensor structure. 1?13 and 216 are the standard ones and the others are exotic
mixed-symmetry potentials. After a compactification to d dimensions (d > 3), the number of p-form
fields is finite. As detailed in Ref. [55], the 11D potentials appearing in Eq. (10) give rise to all the
d-dimensional p-forms (d > 3), except for the case d = p = 3. The counting of the d-dimensional
p-forms is summarized in Table 2. For the case d = p = 3, the representation was determined in
Ref. [56] using the computer program SimpLie [57].

As discussed in Ref. [55], Table 2 is consistent with the results of gauged supergravities in various
dimensions.! Indeed, in the language of the embedding tensor formalism [59,60], the (d — 2)-form
and the (d — 1)-form potentials are dual to, respectively, the scalar fields and the embedding tensors
(or deformation parameters), while the d-forms correspond to the quadratic constraints (which ensure
the consistent deformations of the theories), and their numbers are the same as those given in Table 2.2
In this sense, the £ conjecture is consistent with the requirements of supersymmetry.’

In addition to the mixed-symmetry potentials, the £1; conjecture also predicts a variety of brane
charges. In Refs. [54,63], central charges for all of the branes were identified with weight vectors
in the vector representation of £7;. Despite this representation also being infinite-dimensional, by

! See Ref. [58] for a recent review of gauged supergravity.

2 This agreement occurs upon discarding the gaugings of the trombone symmetry, which would imply
additional deformation parameters and quadratic constraints. We also note that the agreement between the d-
forms and the quadratic constraints is not perfect: 248 in d = p = 3 has not been contained in the representation
of the quadratic constraint in d = 3.

3 See Ref. [61,62] for relevant studies based on the Borcherds superalgebras.
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introducing a parameter called level £ [64] the charges can be ordered. The low-level charges become

PL(t=0); Z*w=1); z°w=2; z", zZ%w=73);
z83, Zo0Ll 792 az100 gl — gy, (11)

The first several charges, Py, Z%, and Z°, are associated with the standard central charges for momenta,
M2-brane, and M5-brane, respectively, and the higher-level charges will be associated with central
charges for exotic branes. In this way, the £1; conjecture is consistent with the known results and
also exhibits a strong predictive power on the non-standard mixed-symmetry potentials and brane
central charges.

1.1. Motivation and results

Recently, duality-manifest formulations of supergravity and brane actions have been intensively
studied [1,54,65—72]. In those cases, mixed-symmetry potentials/exotic branes become necessary.
Formal aspects of the U-duality-covariant expressions have been studied well, but in order to make
the physical picture more transparent, it is useful to get back to the standard description in which
the manifest duality symmetry is broken. For example, the U-duality-covariant description for the
Wess—Zumino term has been studied in Ref. [72]. The brane action is described by the U-duality-
covariant p-form fields A{f, where 1, is transforming in the p-form multiplets described in Table 2.
However, in order to reproduce the standard brane actions, we need to decompose the covariant
objects Af,p into the standard potentials and the mixed-symmetry potentials. While we will postpone
the parameterizations to a subsequent paper (Ref. [73]), here we instead concentrate on more algebraic
aspects based on the E11 conjecture: what kind of mixed-symmetry potential exist in M-theory/type
11 theory, and which potential is a member of each U- or T-duality representation?

Using the high predictability of the £1; conjecture, we can find new mixed-symmetry potentials
and exotic branes as long as we carry out the corresponding computation. Because there are so many
previous studies, it is convenient to clarify both the current status of this topic and the new results
appearing in this paper.

1.1.1.  M-theory potentials

Regarding the mixed-symmetry potentials in 11D, potentials up to level £ = 10 (and some of ¢ = 11)
are determined in Refs. [1,54,55,64,74]. According to the recent developments in duality-manifest
supergravities or brane actions, it is useful to know the constituents for all of the p-forms Aj{’ given
in Table 2. In order to know all of the potentials contained in A;f, in fact, we need to determine
the E11 generators up to level £ = 17. However, through a level decomposition using the program
SimpLie, the maximal we can reach with current personal computers is £ = 10. Here, a slightly
indirect approach is taken to determine the constituents of A;)p, which is explained in Appendix D.
In this work, we determine all of the mixed-symmetry potentials that contribute to the counting of
the p-forms listed in Table 2. The result is given in Table 3, and we show that they indeed reproduce
the counting of Table 2. This list extends the previous results, given in (10). As noted for example in
Ref. [75], the level £ is related to the number of indices as

3¢ = (# of lower indices) — (# of upper indices), (12)

sssss
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Table 3. All the M-theory/type IIB potentials that contribute to the counting of Table 2. The underlined ones
can couple to a supersymmetric brane.

M-theory potentials

>

3. A, A1, 493, A10,1,1, 11,1, 49,6, A104,1, 411,315 A11.4, 4981, 410625 410,71, 4108, 411,435 411,511, 2411615 A11,7, 410,74, 41082,1- 41083, 411,63,

o

‘&;)

1
1

N

11,64 411,721, 241173, 34118,1,1, 341182, 410,7,7- 4108,5,1: 4108,6> A11,6,6,1> 411,742, 411,751, 2411,7,6, A11,83,1,1> 411,83,2, 441184,1, 341185, 41038,7.25

A108.8.1> 411,763, 411,772, 411844 4118521, 411853, 24118611, 4411862, 6411871, 241188, 4108384, 411,775, 41186415 411,865, 4118722, 24118731

4411874, A1188,1,1,1, 4411,882,1, 4411883, 410887, 4118752, 24118761, 3411877, 411,884,1,1, 24118842, 44118851, 4411886, 411,8,7,73> 411,838,545

A1138,62,1> 4118863, 411,887,1,1, 54118872, 4411,888,1, 411,8874,1, 24118875, 41188822, 4118883,1> 34118884 411,838,771, 411,88852> 41188861,

341188387 41183838,7.3> 41188882, 411,8888,5> 411,888,338

Type IIB potentials

O] yal0-1] (1 yall2] 2] B3] 23] ,a[23] efyll-4l 23] B3] 431 B4 @241 o 131 34 o34 @34 ,al3-4] «l34]
e LAy Ay g T Ay Ay s Agy T Ag T Ay AT Aggs A Aoy Aoy s 24 00 Ay s Aogr o Ags s Alon s Al

apy (251 5 @34l 4] 4] aB(35] 4] B3-SI 5 4] 4] ap 351 141
Ajoa s 2410y 5 4 4 Ao s Aoy gz 2497 Ajga 4 A
]

apf[3-5] [4] ap [3-5] 4] a[4-5] a[4-5] a[4-5]  ja[4-5]
A 24 ,34 s 2A10,6’ A9, s A9’7’1‘1, 2/11917’2 , A4

Ag7 1 49505 1042 > 410420 4051 > 2410510 34106 63 1044
45553 45053 e AEE aus(Ed 0T 6T ATk s A5 ASEE A 4 A5 a0 A5z ATen Aess 245064 - 34lTsa
1 20 L, S S 2 0, 2 0 AT 5 A5 A, 20 AT o g
T4, AR o AEET S A3 AT bens Ass2s Azasss ATovans ANoras Alerins 24507511 2450550, 54l 50, 645050, 84l 6 1

GBI5TN < 6] ql6T] q@l6T)  qal6-7] Wl67) 5 ol67] By 58] . @l67]  qaBy 58] < @l67]  aBy(58l o l67] 7] m 71
441077 5410770 497730 L1064 41075310 24107540 341076210 410763 > 0410763 41077010 1077000 410772 0 94107720 49775 4106660 41075510

A[170]\7,6,3,2’ A?ﬁ%?éil,l’ 2A[170J,7,6,4,]’ 2‘4%3%6685] , 4A[170J.7,6,5’ AIIZ)J,7‘7,2,1,1~ Al]?){7,7,2,2’ 3‘4?5,%?7-?3],1’ 5A1170],7,7,3.1’ SA?K;?? > 64[1?)],7,7,4~ "13%7787J A?o[,;-,?s,z’ 2‘4?0[772]61 A(fol;z;]n
AT 1 24537 Atlyg,%s,;?lj L7457 L A‘T&?}?égl, 84S TS A 6630 A7 75000 A?g%?sj,s’ 248555 Allxg%?(il,w A 6000 ZAT&??,Z’ 54762
5AT<’;3,£7§j)7],1’ AN 170 Ao A5 s ATy Feats 24505540 2450577215 AT&%? s A s A 7650 A7 766 AB77752 077741 AT&%%,V
240578 44070050 Ao 00520 245050061 AT00000 34307107 A0t aa63 AT0nnmra A0t72 ATonrra Aodaare

1.1.2.  Tpe IIB potentials

When we discuss type I1IB theory, it is useful to introduce another level £9 [76]. The low-level
potentials are determined in Ref. [76] up to level €9 = 7 (and some of level £9 = 8), which is
consistent with an earlier work [77]. We have continued the analysis using SimpLie, and potentials
up to level £9 = 14 have been determined (see Table 7). However, this is still not enough to complete
Table 2 by means of the type IIB potentials. Similar to the case of M-theory, neglecting potentials
which do not contribute to Table 2, we have determined all of the type IIB potentials that are necessary
to complete Table 2. The result is summarized in Table 3 (see also Table 4). In the case of type 1IB
potentials, the level £g is related to the number of indices of potentials as [75]

2 €9 = (# of lower indices) — (# of upper indices). (13)

Therefore, the highest level /o = 22 corresponds to the potential A[lt)l}’7,7,7,6. We note that some
potentials in Table 3 have some totally symmetric upper indices *!""* (o = 1,2). They denote that
the potential transforms as an SL(2) S-duality (s 4+ 1)-plet. Moreover, integers in square brackets
indicate the power n in the tension formula (7). For example, A‘fg v g an SL(2) quadruplet
consisting of the potentials {C19, D10, E10, F10}. An interesting observation which is clear from

Table 3 is
£9/2 = (the average of the integer n specified in the square brackets). (14)

Then, for a generator Agfq';.’f“ with 2 £9 lower indices, information about the square bracket can be

a5 [(Lg—5)/2—(L9+s5)/2]

easily determined as 4, " , so we will omit the square bracket in the following.

Moreover, this simple rule (14) readily leads to the following one:

a type 1IB potential with even/odd level £9 transforms (15)
in an odd/even-dimensional representation under S-duality.
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For example, a potential with odd level €9 (whose number of indices is 2 mod 4) cannot be an
S-duality singlet.

1.1.3.  TBpe lIA potentials

As usual, type IIA fields can be obtained from M-theory potentials by making the (10 4+ 1) decom-
position, where the M-theory direction is denoted as x”. In other words, type IIA potentials are
characterized by two levels £ (the same one as in M-theory) and n (the one appearing in the tension
formula). If indices of an M-theory potential is restricted to 10D in type IIA theory, the integer n
becomes N = £. On the other hand, n decrease as the value of the M-theory direction z is increased,
and we have n < £. In the type IIA case, the relation between the levels and the number of indices
of potentials is [13]

2 ¢ 4+ n = (# of lower indices) — (# of upper indices). (16)

InRefs. [1,76], the set of potentials were determined up to level £ < 5. By decomposing the M-theory
potentials, at least, we can determine the potentials with £ < 10. In order to reproduce Table 2 in
terms of type IIA potentials, we need to know potentials up to level £ < 17. By neglecting potentials
that do not contribute to Table 2, the full set of type IIA potentials are summarized in Table 4. We

sssss

1.1.4. O(D, D) potentials

In compactified d-dimensional theories, type I1A and type IIB potentials are related under 7-duality.
Hence, it is also useful to study the type II potentials in an O(D, D) T-duality covariant manner
(D = 10 — d). This has been studied in a series of papers, Refs. [13—16], aimed at the 7-duality-
covariant description of the brane actions. For low levels n = 0, 1, 2, 3, all of the O(D, D)-covariant
potentials predicted by £1; are already determined in each dimension (d > 3),

BI;A, Bz: Cp;a (p: 173a59"')9 Cp;d (p: 09294a"')a
Dg.ay.ys Daayys 2Da, Da—1.4155 Da—1:4,
Di—2, Dg—2.4y, Da-34, Dg_a,

Eqaras  Edatas 3Eaie, Ea-1.4a0 Ea—1.4, andEq_n, (17)

where the first integer p in the subscripts denotes that the potential is a p-form in the external d
dimensions, and the remaining labels after the semicolon are O(D, D) indices (for O(D, D) singlets,
the semicolon is omitted).* Obviously, the potentials B contain the graviphoton and the Kalb—Ramond
B-field, and C fields are the Ramond-Ramond (R—R) potentials. On the other hand, D potentials
are less trivial. The O(D, D)-covariant D potentials are useful when writing down a manifestly 7-
duality-symmetric brane actions. For example, in Ref. [35] covariant 5-brane actions in d = 6 and
d = 8 are (partially) written down using the potentials of the form Dg.... (see the recent paper Ref.
[40] for further details). In order to know what kind of 5-brane is described by that action, we need
to identify the detailed constituents of the potentials D. As detailed in Ref. [13], they are made of the
dimensional reductions of the familiar potential D that couples to the NS5-brane, the dual graviton

*Theindex 4 = 1,...,2D is the vector index and a, & are spinor indices. See Table A.1 for more details.
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Table 4. All type II potentials that contribute to Table 2. Potentials that may couple to supersymmetric branes
are underlined. For the underlined potentials, the pattern can be neatly summarized, as given in the fourth
column. The index p/q runs over even/odd (odd/even) numbers in type IIA (IIB) theory while the indices m, n
run over non-negative integers. For the type 1IB potentials, this is a rewriting of Table 3.

ol A \ B [ sowmay |
0 Bl.5, BBy
1lercscs.07.00 | cacaan o
2 Dg.D7,1.D82.D93. D194 D6tnn
Dg. Dy 1.2D1g, D1g N/A
3| 8,15 £8,3-E8,5: £8,7-E9.1,1- £9.3,1, £9.5.1, £9.7,1, £10,3,2- £10,5,2- £10,7,2 Eg. E3 2, Eg 4. E3.,6-£92,1: 94,1, E9,6,1,£10,22: £10,4,2- 10,62 Egyngn
9.2, £9,4: E9 6, 2 10,1, 3E10,35 3£10,5- 3E10,7- E10,2,15 E10,4,1- £10,6,1 E91,E93: E9 5. E9.7,2E10,3E10,2: 3E10,4- 3E10,6- E10,3,15 £10,5,1- £10,7,1 N/A
4 F93:F9.4,1,F9,52:F9,63,F9,74: F10,4,1,1,F10,5,2,1- F10,6,3,15 '10,7.4,1 F9+n3+mtnmtnn
F36:F871:F97,1,1 F8 4 n,64m-+nmt+nn
F95.2F9,61.3F9.7.2F9 72.F103,1-2F104: F104,2: 3F10,5,1- F10,5,3- 4F10,6- F10,6,1,1- 4F10,6,2- F10,6.4- 7F10,7,1-2F10,7,2,1: 4F10,7,3: 10,75 N/A
f10.1.1- F103,3- F10,5.5- F10.7.7 F10-F10,2.2: F104.4- F10.6.6
10,3.1- F10,5,1- F10,5,3- F10,7,1- F10,7,3- F10,7.5 F10,2: F10.4- F10,4,2: F10,6- F10,6,2- F10,6,4
169,61 G9,6,2> G9,6,4 G9,6,6- G9,7,2,1> G9,7.4,1- G9,7,6,1- G10,7,2,1,1- G10,7,4,1,1+ G9,6,1-G9,6,3> G9,6,5- G9,7,1,1- 69,7,3,1- G9,7,5,1- 69,7,7,1> G10,7,1,1,1- G10,7,3,1,1-
s y GO n,64+m.p.mn
G10.4,1> G10,4,3- G10,5.1,1- G10,5,3,1- G10,5,5,1- G10,6,3,2> G10,6,5.2+ G10,7,3.3 G104.2-G104.4>510,5.2,1-G10,54,1- G10,6,2.2> G10,6,4,2 G10,6,6,2> 010,7.4,3+ G
G 3.G107.73 3 104+n.g.n
£G9.7,1:2G9,7,3:2G975. G977 G10,5,2- G10,5,4: 4 G10,6,1-5610,6,3-4G10,6,5+ G9,7.2G9,72.2G9,74.2G9.7,6- G10,5,1- G10,5,3- G10,6,1,1- 2610,6,3,1- 2G10,6,5,1-
2G10,6,2,1-2G10,6,4,1- G10,6,6,1-3G10,7-8G10,7,2:9G10,7,4- 7 G10,7,6- 5 G10,7,1.15 3G10,6-5G10,6,2: 5 G10,6.44G10,6,6 7 G10,7,1-9G10,7,3-8G10,7,5-4G10,7,7 N/A
7G10,7.3,1-7G10,7,5,1-5G10,7,7,1- G10,7,2,2: 2G10,7.4,2- 2G10,7,6.2 6G10,7,2,1-7G10,7,4,1-6G10,7,6,1-2G10,7,3,2:2G10,7,5.2- G10,7,7.2
6 Hy74-H9751-H9762-H9773 Ho,7.44nn
H10,6,2: 110,6,3,1- H10,6,4,2- 110,6,5.3> H10,6,6.4- H10,7,3,1,1- H10,7.4,2,1- H10,7,5.3,1- 710,76 4,1- 110,7,7.5,1 H10,64n,2+m+nm+nn
H10,7,1-2H10,6,4- 2H10,7.2,1,4H10,7,3- 2H9,7,6, 2H10,7,3.2- TH10,7.4,1- 8H10,7,5- 2H10,6,5,1- 4 H10,6,6 2H9,7,7,1- 2H10,6,6,2> 2H10,7.4,3- 3 H10,7,5.1,1- TH10,7,5.2- 14H10,7,6,15 N/A
9H10,7,7:2H10,7,5.4:3H10,7,6,2,1- TH10,7,63- 6 H10,7,7,1,1- 10H10.7,7,2: 2H10.7,6,5 3 H10,7,7,3,1- SH10,7,7,4: H10,7,7,6
71 09.7,7:19772 1977319775197, 1977
10,7.44-110,7,5,2,1-110,7,5.4,1-110,7.6,2.2-110,7,6.4,2-110,7,6,6.2+ 10,7,5,1,1110,7,5,3,1-110,7,5,5.1-110,7,6 3.2 110,7.6,5,2- 110,7,7.3.3
10,6,6,1-110,6,6,3-110,6,6,5- 110,7,7,1,1,1-110,7,7,3,1,1-110,7,7,5,1,1- 110,7,7,7.1,1 110,6,6:110,6,6,2-710,6,6,4° 110,6,6,6- 110,7,7,2,1,1-110,7,7,4,1,1-110,7,7,6,1,1 I
10,6-+n,6+n.q.n.n
210,7,5,1-4110,7,6-2110,7,5,3-2110,7,6,1,1- 7110,7,6,2- 9110,7,7,1-110,7,5.5~ 10,7,5-2110,7,5,2-6110,7,6,1-4110,7,7- 2110,7,5,4- 3110,7,6,2,1- 7110,7,6,3 6110,7,7,1,1>
B10,7,6,3.1> 710,764+ 7110,7,7.2,1- 11110,7,7,3- 3110,7,6,5,1- 5110,7.6,6- 2110,7,7.3.2+ 10110,7,7,2-3110,7,6.4,1- 6110,7,6,5-110,7,7.2.2> 8110,7,7.3,1- 11110,7,7.4- 2110,7,6.6,1 » N/A
B10,7,7,4,1-10110,7,7,5:2110,7,7,5,2- 7110,7,7,6,1- 5110,7,7,7- 110,7,7,7,2 2110,7,7,4,2-810,7,7,5,1-9110,7,7,6- 2110,7,7,6,2- 5110,7,7,7,1
8 J9.7.17 %9717
J10,7,6,3-710,7.6,4.1:710,7.6,5,2>110,7,6,6,3-110,7.7.4,1.1,710,7,7,5,2,1-710,7,7,6,3.1-/10,7,7,7.4.1 10,7,64+n,3+m+nm+nn
J10,7,7.2:2710,7,6,5- 5710,7,7.4- 2710,7,7,3.1- 2710,7,7,4,2- 7710,7,7,5.1- 2710,7,6,6,1> 9710,7,7.6 7/10,7,7,6,2> 5/10,7,7,7.3- 1010,7,7,7.1- 2/10,7,7,5 3 2/10,7,7,6,1,1 2/10,7,7,7.2.1> N/A
2J10,7,7.64:710,7,7,7.5
10,7,7:710,7,7,2,2:710,7,7,4,4:/10,7,7,6,6 410,7,7,1,1-/10,7,7,3,3:410,7,7,5,5:/10,7,7,7,7 07,70
10,7.7.2:710,7,7,4:710,7.7.4,2:710,7,7.6-/10,7,7,6,2:/10,7,7.6 4 710,7,73,1:710,7,7,5,1-710,7,7,5 3:10,7,7.7,1-110,7,7,7.3:110,7,7,7.5 N/A
5 K10,7.7,5-£10,7.7.5.2- K10,7,7,5.4- K10,7,7,6.2.1- £10,7.7.6,4.1- K10,7,7.6.6.1 » K10,7,7,5.1-%10,7,7.5.3-K10,7.7,5.5- K10,7.7,6,1,1- £10,7,7.6,3.1- K10,7,7.6,5.1» &
10,7,7,7,2,2-K10,7,7,7,42-K10,7,7,7,6.2 K10,7,7,73,2-K107,7,7,5,2-%10,7,7,7,72 Z10,7,7,5+npn
2K10,7,7,6,1-4K10,7,7,7:2K10,7,7,6,3- K10,7,7,7,1,1- 6 K10,7,7,7,2: 2K10,7,7,6,5 K10,7,7,6-2K10,7,7,6,2- 5K10,7,7,7,1- 2K10,7,7,6,4- 2K10,7,7,7.2,1- 6 K10,7,7,7,3 N/A
6K10,7,7,7.4-2K10,7,7,7.3,1- 5K10,7,7.7,6- 2K10,7,7,7.5.1- K10,7,7,7.7.1 K10,7,7,6.6- 6K10,7,7,7,5- 2K10,7,7,7,4,1-4K10,7,7,7.7- 2K10,7,7.7,6,1
10 L10,7,7,7,3-£10,7,7,7.4,1: £10,7,7,7,5,2- £10,7,7,7,6,3 £10,7,7,7,7.4 L10,7,7.734n0
2L10,7,7,7,5-2L10,7,7,7.6,1-4£10,7,7,7,7- 2L10,7,7,7,7,2 NA
1| M10,7,7,7,7.1- M10,7,7,7,7.3- M10,7,7,7.7,5- M10,7,7.7,7.7 Mi0,7,7,7,7-M10,7,7,7,7.2- 10,7,7,7.7,4- M10,7,7.7,7.6 M10777,7.4

D7 1 that couples to the KKM, and Dg ;> that couples to the exotic 5%—brane, etc.,

D¢, D71, Dg, Dsgp,

Do1, Doz, 2D1o, Diop, Dioas-

(18)

Despite the full contents of the potentials £ have not been shown in the literature, those which couple

to supersymmetric branes have been determined in Ref. [15]:

ITA

Eg1, Es3, Eoy1, Egs, Eg3 1, Egs,

1 E103,2, E37, Ev052, Eo 71, E1072, Eo9.1, E109,2

1B

ES» ES,Za E8,4a E9,2,1» E9,4,17 ES,G» E10,2,2’ E9,6,13 E10,4,2; E8,8: E10,6,2» E9,8,1: ElO,S,Za E10,10,2

Brane actions for such exotic branes are discussed in Ref. [40]. The O(D, D) potentials with higher
level (n > 4) also have not been fully identified, but the ones that may couple to supersymmetric

branes are fully determined in Ref. [16] up to n = 6.
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In this paper, we make a full list of the O(D, D) potentials in dimensions 3 < d < 9. When we
consider a compactification to d dimensions (3 < d < 9), all of the p-form potentials (which form
some U-duality multiplets) used are those already given in Table 2. Then, we decompose all of
the U-duality multiplet into the O(D, D) multiplets. For example, in d = 3, the 3-form multiplet
147250 of Eg U-duality group contains O(7,7) potentials, such as M3, (n = 11). The detailed
results are given in Appendix G. There, we further decompose the obtained O(D, D) potentials into
d-dimensional mixed-symmetry potentials in type I[IA/IIB theory.

The E11 conjecture claims that £1; symmetry is a true 11-dimensional symmetry even before
the compactification, and it contains the O(10, 10) “T-duality” symmetry as a subgroup. Indeed, in
the T-duality manifest supergravity, called double field theory (DFT), the supergravity action has a
formal O(10, 10) symmetry. Therefore, the mixed-symmetry potentials in type IIA theory and type
IIB theory predicted by the £11 conjecture can be embedded into O(10, 10)-covariant tensors (see
Ref. [78] for the original discussion of T-duality in the context of E11).°> For example, all of the
potentials D are packaged into two O(10, 10) tensors, Dy, , and D [13]. For potentials with higher
level (n > 3), O(10, 10) tensors have not been classified, and we determine all of the O(10, 10)
tensors predicted from £ up to level n = 6 (though the multiplicity for the O(10, 10) singlet H was
not determined). For higher levels, it is extremely difficult to determine all of the potentials through
the standard level decomposition. However, by restricting the task to the potentials which couple to
supersymmetric branes, we can take another simpler procedure, namely a combination of 7- and
S-dualities. Through the procedure, we have determined all of the O(10, 10) potentials that couple
to supersymmetric branes up to level n = 36. The result is perfectly consistent with the results of the
standard level decomposition (at least up to n = 6). We have also identified which mixed-symmetry
potentials in 10D are contained in which O(10, 10) tensors.

Here, we summarize some observations associated with O(10, 10) tensors and mixed-symmetry
potentials:

© When we decompose a level-n O(10, 10) tensor into the mixed-symmetry potentials in type [1A
or type 1IB theory, a symmetry in the index structure arises. For example, an O(10, 10) spinor
C; is decomposed into C1q, ..., Cg in type IIA theory, and there is the familiar duality between
C1 < Cy, C3 < C7, C4 <> Cg. The sum of the indices on each pair is 10 in this case. In fact,
this symmetry extends to potentials with higher level n. In general, we find the following rule:

The sum of indices on each dual pair is equal to 10 n. (19)

For example, the potentials D in (18) are members of the O(10, 10) tensors Dy, ...4, and D (with
n = 2). One of the D¢, which corresponds to the singlet D, is self-dual, and the summation
of indices gives 10 x 2. In the multiplet Dy;...4,, the highest weight corresponds to Dg and its
dual is Do 4. The total number of indices is again 10 x 2. This kind of duality has been noted
in Refs. [6,9] in the context of the duality-invariant mass squared in U-duality multiplets.

A stronger rule is as follows (note that 4, ;0,0 = 4p,. 4):

A dual partner of 4, ... ;. 18 A10,...,10,10—p,,...,
number of 10s can be determined from (19).

10—p,» Where the (20)

5 Here, we consider d = 0 (rather than ¢ = 10), and the whole physical space is treated as the internal
space.
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The rules (19) and (20) can be applied also to decompositions of O(D, D) tensors by replacing
10 by D. However, when D is odd, if 4p, ... ,, is a potential in type IIA (IIB) theory, then the
partner is in type IIB (IIA) theory. Therefore, if we restrict the process to a single theory, we
cannot clearly see the duality.

© Some potentials, such as B, or Dg, are common to both type ITA/IIB theory. According to the
rule (13), the type IIB potentials always have even number of indices while type IIA potentials
satisfy the rule (16). Therefore, we obtain the rule,

A potential can exist in both type II theories only when the level n is even. (21)

Indeed, when n is odd, the O(10, 10) tensors have a spinor index a or @ and their decompositions
into type IIA and IIB yield different SL(10) tensors. This pattern has been noted in Ref. [79]
and the odd-n sectors are called the generalized R—R sector. On the other hand, regarding the
even-n sectors, some O(10, 10) tensors give the common tensors in both type IIA and type I1IB
theory (the generalized NS-NS sector) and some correspond to the generalized R-R sector.®
For an O(10, 10) potential in the (generalized) NS—NS sector, we find the following rule:

The highest-weight state in an arbitrary O(10, 10) multiplet
(in the NS—NS sector) corresponds to a mixed-symmetry potential with (22)
n/2 columns, Ay, ... M)+

As we have concretely checked, this rule for all possible O(10, 10) tensors up to level n = 26,
we conjecture this is a universal property. In general, the potential 4y, .. m, , corresponding to
the highest weight has the smallest number of indices, and from rule (20), its dual potential

.....

AlO,...,lO,lO—mn/z ,,,,, 10—m; has the largest number of indices in that O(10, 10) multiplet.

© There is an additional pattern for the underlined potentials (i.e. the ones that may couple to a
supersymmetric brane). If we want to know whether two potentials belong to the same O(10, 10)
multiplet, the following rule for n > 2 applies:

For underlined level-n potentials 4,,, ,.... in the same O(10, 10) multiplet,

) o mn —mupy2  (n: even) (23)

their respective integers : 2 are the same.

Mp—1 —marz  (n: odd)
2 2

For example, let us consider potentials H1¢,10,9,7,4 and Ho 9 732 (With n = 6). Since the integers
are 9 —7 = 2 and 7 — 3 = 4, they are not in the same O(10, 10) multiplet. If the integers are the

same, in general, we cannot conclude that these potentials are in the same O(10, 10) multiplet.
Atleast up to level n = 7, we have checked that all of the level-n O(10, 10) tensors predicted by
Eq1 have different values, meaning that if the above integer is the same, the mixed-symmetry
potentials are in the same O(10, 10) multiplet. Even for n > 7, for all of the mixed-symmetry
potentials given in Table 4, the integers are in one-to-one correspondence with the O(10, 10)
multiplets.

% In a recent paper, Ref. [80], it has been noted that potentials with n = 2 mod 4 are only in the NS-NS
sector while those with n = 0 mod 4 are in the NS-NS sector or the R-R sector. However, this pattern is
broken in general. For example, the S-dual of F 07,1, namely, Lig 1071 (N = 10) is contained in the R-R
sector.
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In fact, this rule is equivalent to the following rule [37] under the correspondence (8):

‘3 (n 2 even) 1s common in an O(10, 10) multiplet 24
Cn-—1 +C% (n: odd) ’ piet

2

In particular, the fact that all of the solitonic (i.e. N = 2) branes are five branes 55’ (note that
c1 = b) can be understood from this rule.
© Regarding the S-duality, the rule is the following:

Under an S-duality transformation, a level-n potential AN = is

[t9—n] Pt (25)
mapped to 4, 07" where 28 =p+q+r+---.

In particular, a potential with n = £9/2 is a singlet. For an underlined potential, we find

A level-n potential Ag‘;,r,.., is a member of Ag}q"'ff, where (26)

s=2n—4tgland2lo=p+qg+r+---.

1.1.5.  Central charges

In addition to mixed-symmetry potentials, we have also made a list of the central charges. As already
explained, low-level charges (11) have been identified in the literature. A more detailed analysis
was worked out in Ref. [9], and U-duality multiples and tensions of d-dimensional p-branes were
studied for d > 3. There, the number of p-branes has been counted and a table similar to Table 2 has
been made. However, the multiplicities of the branes have not been taken into account. In this paper,
by using SimpLie, we have properly determined the multiplicities and the result is summarized in
Table 5. Detailed contents of each representation are also given in terms of branes in M-theory/type
1IB theory.

1.2. Structure

The structure of this paper is as follows. Sect. 2 consists of the derivations of the mixed-symmetry
potentials predicted from the £1; conjecture and their uplifts into O(D, D) tensors. First, we briefly
review the main aspects of £11 and the method to obtain the spectra of potentials from M-theory.
Secondly, we apply the £11 conjecture to type IIB theory. We demonstrate that the obtained type 1B
potentials are more than enough to reproduce Table 2. Finally, we find a set of O(10, 10) potentials
as much as possible. In lower dimensions, we show that the obtained set of O(D, D) potentials are
enough to reproduce the p-forms in Table 2. In these studies, we explicitly distinguish the potentials
that may couple to supersymmetric branes by underlining them.

In Sect. 3, we study a set of central charges in M/IIB theory by searching the vector representation
of E11. We also study their reductions to d dimensions, and explain how to determine the central
charges of p-branes from the £1; conjecture. The main results of Sect. 3 are summarized in Table 5
and Appendices B and C.

In Sect. 4 we discuss our results and comment on some prospects.

The appendices contain the detailed results of this paper. In Appendix A, our conventions on Lie
algebras are fixed. In Appendix B, we show the embedding of the M-theory branes into every U-
duality multiplet in any dimension. In Appendix C, we show the embedding of the type IIB branes
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Table 5. Number of p-branes in d dimensions predicted by the £, conjecture. U-duality representations which
contain a supersymmetric brane are marked in red. We note that the domain-wall branes are in one-to-one
correspondence with the embedding tensors in the presence of the trombone gaugings [81]. The space-filling
branes also correspond to the quadratic constraints in the presence of the trombone gaugings [81] (an exception

islind =4).
dl z | z2 | zz | 7z | z2 | 7z | z¢ | Z | Z° || U-duality
3 4
2 2 3
9 ] 2 1 1 2 ; %1 2x2 |4x2 SL(2)
1 1
15,1
811 (3,2) | 3,1) 1,2) 3,1 3.,2) §§’;§ 6,2) &3’1)) SL(3) x SL(2)
> ) > > > ) > (171) 2 X (3,2) 2 X (3,3)
’ 3x(3,1)
24 40 70
711 10 5 5 10 1 15 2 x 45 SL(5)
10 2x5
320
— 45 144 126
6|| 16 10 16 1 16 120 SO(5, 5)
2x10
1728
5| 27 27 7? f;; 351 Es
2 x27
8645
133 912 1539
4| 36 1 56 2 x 133 E
1
147250
3875 | 30380
3|| 248 | 248 |2 x 3875 Eq
1 2 x 248
1

into every U-duality multiplet in any dimension. In Appendix D, we show the explicit decomposition
of the M-theory potentials into the p-form potentials (1 < p < d) for dimensions 3 < d < 9. In
Appendix E, we show the explicit decomposition of the type 1IB theory potentials into the p-form
potentials (1 < p < d) for dimensions 3 < d < 9. Appendix F contains a list of the full O(10, 10)
potentials with level n = 5, 6 and their decompositions into type II potentials. In Appendix G, by
considering the £, — O(D,D) — SL(D) decomposition chain, we show the contents of each
U-duality multiplet in terms of type IIA/IIB fields. Finally, in Appendix H, we obtain a full list of
type II potentials that couple to supersymmetric branes up to level n = 36. Since the result is too
long, we explicitly show the results up to level n = 11, and the results up to level n = 24 (potential
Z) is given in the ancillary files on arXiv. The results for higher levels can be generated by using the
mathematica notebook, which is also included in the ancillary files.

2. Mixed-symmetry potentials from the E,; conjecture

In this section, we review the basic idea and the results of the £1; conjecture. We then provide a
detailed survey of the mixed-symmetry potentials. We also study the O(D, D) multiplets of gauge
potentials and show how the mixed-symmetry potentials in type IIA/IIB theory are embedded in
each O(D, D) multiplet.
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2.1.  Mixed-symmetry potentials and the E, generators

The Kac-Moody algebra E11, or the very extended Eg algebra E; *+ is characterized by the Dynkin
diagram,

O—O0—0O0—0O0—0O0——0—0—0——0—0 27)
o o o3 ay os o6 o7 osg ag  ap
We denote the Cartan matrix as
2 -1
-1 2
Ay = [ | -11, (28)
-1 2 =1 0
—1 2 0
-1 0 0 2
and the commutation relations for the Chevalley generators {H;, E;, F;} are given by
[H;, Ej] = A4; E}, [H;, Fj] = —A; F}, [E:, F}] = é; Hj, (29)

which lead to [H;, H;] = 0. By taking the commutators of the simple root generators E; or F;, under
the Serre relation,

[Ei, [Ei, - - - [Ei, Ej]---11 =0, [Fi, [F5, - - - [Fi, Fy]---1] =0, (30)
1—-A4;; 1—A::
Ay Ay

we can uniquely determine the algebra for the infinitely many £17 generators. An important property
of Eq; is that, if we split the Dynkin diagram by deleting one of the nodes ¢; (3 < i < 11), the
E11 decomposes into products of finite dimensional algebras. By using this property, it is useful to
introduce an ordering, called “level” [64] (see also Ref. [82]).

Here, we consider the level decomposition by deleting the node a1, which gives the SL(11)

subalgebra associated with simple roots «; (i = 1,...,10).
aq]
O—O0—0—0— —O0—0—0—0" G
oy a as a4 a7 as a9 aq0
As usual, for the SL(11) algebra, we introduce the metric
2 -1
-1 2
a; - o = ajj, (aij) = 1 , (32)
-1 2 -1
-1 2
.. .. (11 — 7 ..
d =@y =" 12D i <), (33)
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and introduce the fundamental weights as

AM=dl o (ki S = 5}) . (34)

By using the SL(11) weights A (and recalling ag - @11 = —1), the root 1 of £1; can be expressed
as

o] =x — A8, (35)

where x is a certain vector orthogonal to A’ and o; (A’ - x = «; - x = 0). From a1 - o1 = 2, we
obtain x - x = —2/11. Then, a general positive/negative root « of £ is expressed as

oz:Zom:I:miozizﬁlez(miaijquZEAS), (36)

where m' are non-negative integers and ¢ is a non-negative/non-positive integer. This integer £ is
called the level associated with the node o17.

The generators that are obtained by taking commutators with the simpleroots £;, F; (i = 1,...,10),
and the Cartan generators H; have the level £ = 0. They are nothing but the SL(11) generators and an
SL(11) singlet H11, which are combined to give the GL(11) generators K* ;. By taking a commutator
with E11 (or F11), the level is increased (or decreased) by 1, and we obtain a set of generators with
¢ = =+£1. It is important to note that, since the generators with a fixed level £ form some finite-
dimensional representation of SL(11), we can always decompose the £1; generators at each level
into some irreducible representations of SL(11). If we denote the Dynkin label of the irreducible
representations as [p1,. . .,p10], from (36), the £ root o associated with the highest-weight state
should satisfy

prd =2 a = £(m' Fea"). (37)
This can be expressed more concretely as

8(11 —=i) @ <)

, (38)
3i (i <8)

D opkk =i+ pri(1l—k) = £11m' — € x

k<i k>i

and this should be satisfied by the non-negative integers p; and m'. The left-hand side is positive,
and by considering the lower sign (where £ < 0), it is obvious that there are only a finite number
of solutions for non-negative integers m'. Moreover, since roots of the Eq algebra have the norm,
o-a=2,0,—2,—4,...,the integers p; should satisfy the condition

.. 2
p,'al]pj—HEZZZ,O,—Z, —4,.... (39)

Solutions to these conditions at low level were found in Ref. [64];7
£=1: [0,0,0,0,0,0,0,1,0,0] <> R23,
£=2: [0,0,0,0,1,0,0,0,0,0] <> R,
¢=3: [0,0,1,0,0,0,0,0,0,1] < R (40)

7 Atlevel 3,[0,1,0,0,0,0,0,0,0,0] <> R isalso a solution to the conditions, but by further considering
the Jacobi identities, it was shown that it does not appear in the £, algebra.
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A more detailed analysis was done in Ref. [74] with the help of a computer program, and all £1;
generators up to level 10 were determined. The negative-level generators have the lower indices;
for example, the level —1 generators are R;;,;;. The commutation relations between the low-level
generators were determined in Ref. [54]:

. . . . 1 .
(K. KN = f K = 8] KN [KT, RBR] = SRR Rz (41)

where 611111:: = m! 8811 . 85;”]] The Chevalley generators {H;, E;, F;} are chosen as

(Hi) = {K% — K", ..., K% — K*,, K8 + K% + K*, — 1K'/},
(Ei} = (K%, ...,K%, R®),  (F}=(K", ..., K%, Reo.}, (42)

where z = 10 corresponds to the M-theory direction. We note that the raising/lowering operator
associated with the deleted node is E11 = R®%/F11 = Rgg., which has three upper/lower indices.
Accordingly, every time we take a commutator with the generator, the number of the upper indices
(on E11 generators) is increased/decreased by three, and the level £ satisfies

3 ¢ = (# of the upper indices) — (# of the lower indices). (43)

As mentioned in the introduction, the £1; generators are expected to be in one-to-one correspon-
dence with the gauge potentials. By using the results of Ref. [54] (which can be reproduced by
using SimpLie), the mixed-symmetry potentials corresponding to generators up to level 10 can be
summarized as in Table 6. Given the set of mixed-symmetry potentials in 11D, we can find what
kind of p-form can appear in lower dimensions after toroidal compactification. For example, let us
consider the compactification to d = 4 of the potential Ag 1, which corresponds to 1760 of SL(11).

Table 6. A list of mixed-symmetry potentials in M-theory up to level 10. The integer in front of the potential
represents the multiplicity and the underline represents that the root « associated £; generator has the maximal
length squared « - @ = 2.

‘ L ‘ Mixed-symmetry potentials in M-theory up to level 10

1|43

2 | g

3 |4

4 | Ao, 410,11, 4111

6 | Agg1, A1062: 41071, A108: A11.43: 4115112 A1e1. A7

7 | 4993, 410,7,4> 4108215410835 4109,1,1 2 410925 410,10,1 411,63,1- A11,64> 411,72,1, 2 411,73, 3 A11,8,1,1> 3 411,82, 4 411,91, 411,10

A9,9.6.410,7,7, 4108,5,1- 410,8,6: 41093,2: 2 4109,4,1, 2 410,9,5, 410,102,1,1, 2 410,10,3,1 2 410,104, A11,6,6,1. 411,742, 411,751, 2 411,7,6, 411,83,1,1, 411,83,2. 4 411,84,

341185, 41192112 411922, 6 411931, 7 41194, 2 411101115 7 411,102,156 411,103, 3 411,111,155 411,112

A99,8,1,41038,7,2,410,8,8,1- 410953 4109,6,1,1- 2 4109,6,2, 4 4109,7,1, 3 4109,8. 410,10,4,2,1- 410,10,4,3- 410,10,5,1,1, 3 410,10,5,2> 4 410,10,6,1, 4 410,10,7. 411,7,6,3- 411,7,7,25

9 /:1]],8.4.4,/:“I,S,S,Z.I’AII,S,S,L2/:111.8.6,1,114/:1]],8.6.2,6;1”,8.7.],2 zall,x,x~12111.9,3,3,1,2;111.9,4.2.1,4;1||,9.4.3,4;111,9,5,|,|,7z:11|,9,5,2~ 13 /:111.9,6,%9;1]1.9,7,;1[[,I0,3,I,I,I,

3 ;111,10,3,2,1,3 ;111.10\3,3, 7 AII,II)A.].], 11 zall,m,zt,z, 16 ;111,10,5,19 12 /:111,[0,&2;1]]\11,2,2,1, 7;111.11\3\1,1, 7 ;1||,|1.3.2, 15 zall,ll,4,|,8 12111,11,5

49993, 410884, 410,9.6,5: 410,9,7,3,1, 2 410,9,7.4, 3 410,9.82,1, 4 4109,8.3: 3 4109,9,1,1.4 4109925 410,10,54,1, 410,106,225 2 410,10,6,3,1- 3 410,10,6.4> 410,10,7,1,1,1, 4 410,10,7,2,1
6 410,10,7.3> 4 410,108,1,1, 10 410,10.8.2, 8 410,10,9,1> 3 410,10,10, 411,7,7,5: 411,8,64,1, 411,8,6,5: 4118722, 2 4118,73,1, 4 4118.7.4: A11,88,1,1,1,4 411,882,1.4 411,883
10 | 4119.532:2 4110541, 2 411955, 411,9,62,1,1, 411,0,622, 7 A11,9,63,1: 8 411,064 41197111, 11 4119721, 17 411,973, 14 A11,08.1,1, 21 A11,0,82, 17 411,99,1, 411,1043,1,1

16 411,109, A11,11,33,1,1, 2 41111332, 3 410114200 2 A111422: 10 A1143.0, 7 11114404 411115000 19 Ais 2, 21 s s, 24 Anies 31 e
38 A11,11,7,1, 16 411,118
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We can decompose it into representations of SL(4) x SL(7) as

Ag1 — A170 + A6 +A27 + Azs1 + Aze + Asan + Ass
(1760) @,7) (6,48 (6,1) (4140) @47 (1,224 (1,21)

+A117 +A21:6 + 43,15 + Aaa, (44)
10,1 20,7 (1521) (4,35
where the indices before the semicolon represent the external SL(4) representation while those after
the semicolon represent the internal SL(7) representation. Usually, we do not consider the mixed-
symmetry potentials in the external space because their interpretation is not clear. We thus consider
only the p-form fields appearing in the first line. All of the other mixed-symmetry potentials in 11D
can also be similarly decomposed. As worked out in Ref. [55], the number of p-form fields in d
dimensions coming from the mixed-symmetry potentials can be summarized, as in Table 2.
In fact, in order to obtain Table 2, it is more efficient to delete a node associated with «, instead
ofom :

O—+ —O0—&8—0O——0O i O—O - (45)

Ag—1 2%} od+1 a7 og a9 10

This decomposes Ej; into SL(d) x E,, where the SL(d) acting on the external d-dimensional
spacetime with coordinates x* (u = 0,1,...,d — 1) while E, is the U-duality group. Since the
raising/lowering operator £; = K1, JF; = K?,_| has one upper/lower external index, the level
£4 associated with the node a; satisfies

L4 = (# of the external upper indices) — (# of the external lower indices) . (46)

Thus, the p-form fields in the external spacetime are contained in the E7; generators with level
£y = p. By taking this into account, all of the E1; generators up to level d were determined in

Ref. [56]. By collecting the p-form representations of the SL(d) subalgebra (with Dynkin index
(d—1)th th Ist
0 ,...,0,1,0,---,0]), the number of the p-form fields predicted by the £1; conjecture was

determined, even for d = 3 and p = 3 as in Table 2.
By further deleting the node o1, we can decompose the E, representations into SL(n) tensors.
The details are summarized in Appendix G.

2.2.  Treatment of type IIB theory

In the previous subsection, we obtained mixed-symmetry tensors in M-theory by decomposing the
adjoint representation of £11 by means of the level £ associated with the node «11. On the other hand,
we can obtain the mixed-symmetry tensors in type IIB theory by deleting the node «y.

O—O0—0—0——0 i X0 - “7)

o ) a3 a7 ag a9 10

In this case, the adjoint representation of £ is decomposed into representations of SL(10) x SL(2),
where the SL(2) is the standard SL(2) S-duality symmetry in type [IB theory. We denote the level
associated with the deleted node as £9, and the potentials with level 1 < £9 < 14 are summarized
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Table 7. Mixed-symmetry potentials in type 1IB theory up to level £ = 14.

‘ Ly ‘ Mixed-symmetry potentials in type IIB theory
1|45
2 |44
3 | 4g
4 | a
5| A% 4% A% g
8204610410 - 470
B
6 Ax,4,A9,2,1,Ag§x41g,2,2Alo,z
o a o 4 o By 5 4
7| 4864941455 410.2.2:410,3,1: 110.4° 2 4T0,4
o o o o p p
8 | 4371, Ag{; Ag,s.szgé‘l s /49,6,1%9_";’ 2497,4104,1,1> A1€4_2x 41042 /41(';{5,1 22 4105,1,3 Algo» 24106
o o o o By 3 4 o 4 o o o By o apy o @By ¢ 4
9 | 5804563 46,7,1,102 45 7.0-49.8,1-3 45,8 12 46 9> 40.4.4- 10,52,1- 470,53 110,6,1,1° 410,62 40,6,2>410,7,1- € 410,7,1-3 410,8- ¢ 4T0.
43,84-49,6,5: A9,7‘3,1~Agf;,4-/49,7,4, A‘;,’éyz‘l »24982.1,2 A’Sfé,y 3 A9,x,3w4gfg_1,1 24991153 /4’;,%1, 24992:410,54,1-110,6,2,2+ /4764,6,3‘1 -410,6,3,1-2 A‘f{iw- 3410,64-410,7,1,1,15
o | B84 , ) : A105.4,1-410,62,2- 419, 107,111
ap B ap a4 o ap ap.4 o af ar.a , B
241072,1°4410,7,2,1-4 410.7,3-5 410,733 4108 1,1+ 3 410,8,1,1- 41082 8 410,82 10 410,8.2: 410919 410,9,1- 8 410,9,1: 2 410 10 - 4 410,10- 5 410,10
o o o o o @By o o o @By o @By o o o @By o o o @By
458,649,752 4976 49,832:3 49841049854 49854902 1,1:40922: 499,314 49,9.3,1-49.9.4:5 49,94 410,642 2 410,6,5,1°110,6,6 > 410,6,6' 110,7,3,1,1° 2 410,732 410.7,4,1°
o apy o o apy o apy o By o o apy o By o By
1164574141075 7 490,7.5° 2 4%0,82,1,1-1108.2.2° 5 10.82.2: 2 410,831 11 490,831 5 410,8,4° 16 450,8.4 2 470,9,1,1,1° 4 110,9,2,1° 10 470,9.2,1° 7 410,9,3: 20 470,9,3: 2 410.10,1,1°
o 1.5 By o
74%0,10,1,10410,10,2 8 410,102 18 470,102
ap B ap ap ap B o B B
488,7,1-4g 8 8:49,7,6,2: 4977 1-49,7,7,1:49.84,3-49,8,5,1,1- 49 g 52: 2 49,8,52:3 493 .15 49,8,6,1- 4 A9 g 7:549.87:49.932.1:49 9 33-49.9 4 1,1-49,9,4,1,1: 2 499 474 499,42: 549 9 5 |-
o Q Q Q « Q Q o
69,951 Ag 65 4G 6.7 d9.9.6. 410,653 410 6,60 4106,62- 4107421 450743410743 450751102 41075012450 7,5.205 4107526 407,618 4107614 450 775 410,77
op op ] op g op ay.gq o o op
121 4108321 2410832,1:410,833°3 41083,3:2410,8.4,1,1- 5 41084,1,1:8 4108 42- 10 410,842-41985,1> 13 410,8.5,1- 18 410,8,5,1:2 419 86> 18 410,86 17 4108,6-4109.2,1,1,1-2 4109221
ap aj.g op a4 ap a4 oo o B g
4410922.1:541093,1,1° 7 4109.3,1.1:410932: 11 410,932+ 14 410,9.3.2: 2419931+ 24 410,9.4,1- 26 410,9.4,1:3 41995+ 25 410 9 5 25 410,9,5: 4 410,10.2,1,1- 7 410,102,1.1: 410.10,2,2*
op g of .4 op
11 410,102,2:? 410,10.22:3 410 103,10 2! 410,10,3,10 24 410,103,153 410 10,4 28 410,104 20 410,104
A% A% A% A% 34¢ 344 AZBY g 42 24%P7 | s a2 A% A% 344
8882977349854 498621349863 349 87,110 49.87,2° 7498722 4988 1-8 4988 1:499.43,1° 49944349950 1>
o By o By o o o o o apy o oy o apy o o o
11459625 49.9:71:17 45,9714 A9 98- 11 46 9 8- 470 6,6,4* 170,7,5,3,1° 2 110,7,5.4* 3 110.7,6.2,1° 110.7,6,3* ¢ 110.7,6,3: 110.7,7,1,1° 5 410,7.7,1,1-110.7,7.2: 9 410,772 10,8 42,23 110,8.4,3.1°
apy o o apy o apy o By o By o apy o 1.5 By o
5 410,844 % 110844 110,85,1,1,10 11085217 1108,52,1: 2 4108,53 14 470,853 2 410,8,6,1,1° 13 40,8.6,1,1° 8 410,8,6,2° 33 4T0,8.62° 12 41087, 41 470,87, 11088 11 410,88 25 4T08,8°
o o By o o apy o oy o apy o apy o @]...5
A0932,1,1°2 47093,22:410933,1° 4 470,9,3,3,1° 2 470,9,4,1,1,1° > 410,942,118 470,9,.42,1° © 410,943 2 470,943 3 410,9,5,1,1- 25 470,0,5,1,1° 14 410,9,52° 51 490,952 110,96,1°
By o 5 By o o apy o o apy o apy o By
25410,9,6,10 7 470,9,6,10 41097 2 410,0,7 30 470,0,7 410,102,2,1,1:410,10,2,2,2° 3 410,102,223 410,103,1,1,1° 4 410,10,3.2,1° 18 410,10,3.2,1 4 410,10,3,3° 14 410,103,3 © 410,104,110
o aj..5 afy o aj..5 afy o @1...5 By o
25 490,10,4,1,1°410,104,2° 1° 410,10,4.2° 33 490,104,2: 410,10.5,1° 27 410,10,5,1° 72 470,10,5,1 3 410,10.6* 30 10,10,6* ©2 470,10.6
4 yt 4 AP 24 yt A 34 34% 54 4 34%8 54 64% 74 t AP 24
8,884:49,7,7,5:49.864,1: 49,8 52 49.8,6,5:49,8722: 49’8 73 13 498.73,1:3 Ag'g 745 49,874 49.88,1,1,1:3 Ag'g g 5 1-5 49,8821, 6 dg g ¢ 3.7 49.883:49,0532.49'9 5 4 12 499,5.4.1>
ap af af ap ap ap a4, B g
499,55:3499,55:49.9.62,1,1: 499,622 49.9.6.2.2:3 4996310 49,9.6.3,1:6 49,9 6.4 7 49.9.64: 499 7.1,1,1-499.7,1.1,1-8 A9 9 7 1- 11 49,9.72.1: 49 573 1249 9 73,17 49,973, 49 9§ 1+
Q ap. 107 a].... o , 07
9 -4953,1'1 »1249981,1,2 Aq}q 0 Agé,gvz- 2049982.2 Ag,lg,qf'] .13 A()ggvp 14.499,9.1:410,6,6,6+ A10‘7.5,5,1«A10,7,o,3,2,A|€7,6'4'1 -2410,7,64,1-2 Al(/izﬁj« 4410,7,6.5:410,7,7.2,1,1+
o p o a o) o
410,7,72,2:3 ‘41(/){7‘7,3,1 5410,7,73,155 416‘377,7‘4~ 6.410,7,74-410,84,4,2:410,8,5,3,1,1+ ‘41(/; 32:24108532:3 416‘37315‘4_1 7 4108,54,154 Alg_gyiy 5 /410,8,5,5~Algyg‘6727111~ 2410862,1,15
ap ap ap.g ap B @y ap g ap
3410,8,62.264108,622: 10419863 1-16410,8.6,3.1:4108,6,4° 17 410,8,6,4° 24 4108,64: 24108, 7.1,1,1° 5 4108.7,1.1,1: 41087 2,1 2 410,872,130 410,8.7.2,1: 2 419873 33 4198 73+
a... o ar.. o . a Q o
R 1087341058110 17 Alg,&s.l,l 120 41088,1,1,6 41055 241 Alg,s.s,z’ 45410,882.4 10,9,4,2,2,1”‘15.9,4‘3 102410943,1,153 "15,9,4.3,z~ 541094327 Alg,‘)AAJ 2941094415
ap ap 1.4 73 1.4 aB ap 1.4
3410952,1,10 741095211 74109 522: 11 4109,52.2:410.953,1° 21 410,9,5,3,1° 30 410,9.5.3,1: 2 41095 4: 27 410.9.5.4- 31 4109,5.4: 5 410,9.6,1,1,1° 8 4109,6,1,1,1: 3 41096 2 1+
p aj... a ay.g ap ar.. ap ay... o
4 Alg@,ﬁ,z.l 136 410,9,6.2,1 7 414516 3 64 Alg,o,é.s* TUA10,9,635 4105511552 40,0.7,1,10 57 A1092.1.1 13 41055 2,106 4750 75,106 410,0.7.2,20 41 5% 1. 110 Au’ie,x.] 2100 410,981
ayg o o af ap R ap op @i
94109942 410,99 34 4109,9-410,10,3,2,2,1°410,10,3,2.2,1- 410,103 3,1,1° 3 410,103,3,1,1- 3 410,10,33.2° 3 410,10,3,3,2- 410,104, 1,1,1,1- 5 410, 10.42,1,1- 8 410,104,2,1,1- 410.10,4.2.2°
op ar. op g op op A4 B
10410,10.42,20 15 410,1042,2: 2 410.10.43,1 25 410,10,43,1 28 410,1043,1-4 410.10,4.4> 22 410,10,4,4» 20 410,10.4:4- € 410,10,5,1,1,10 11 410,10,5,1,1,1-5 410.10,5,2,1° 52 410,10,5,2,1°
ap.g ap @y ap ap.g op a6 ). ap
61410,10,52,1-8 410.10,5,3- 7 410,10,5,3> 3 410,10,5,3- 6 41010,6,1,1- 38 410,10,6,1,1- 38 410,10,6,1,1- 21 410 10,62+ 120 419,10,6,2- 119 410,10,6.2- 410,10.7,1- 26 410.10,7,1- 142 410,10,7.1°
(o I oa].... , <
121410,107.1:410 18- 26 410,108 9! Alg,lo,8’7> 410,108

in Table 7. There, a, 8 = 1,2 are SL(2) indices and the multiple SL(2) indices o - - - o are totally
symmetrized. The underlined potentials corresponds to £ roots « satisfying o - = 2, which means
that the potentials may couple to supersymmetric branes, as discussed in the next subsection.

In order to construct Table 2 in terms of type 1IB potentials, higher-level generators are needed,

although level £9 = 14 is the maximal we can achieve with current personal computers. When we try
to construct Table 2, we first perform the level decomposition associated with the node «; (45), and
then decompose the obtained p-form multiplets into type IIB potentials. In other words, we consider

a level decomposition for the following Dynkin diagram:

(2301

O— " —O0—R—0— 00RO (48)

o] og—1 Qg od+1 o7 og o9 o10

17/78



PTEP 2020, 053B02 J. J. Fernandez-Melgarejo et al.

The results are given in Appendix E. In each dimension d, we obtained a list of d-dimensional p-form
potentials which form the £, U-duality multiplets. Moreover, by uplifting the potentials to 10D, we
have identified that the 10D mixed-symmetry potentials given in Table 3 are all of the potentials that
contribute to Table 2.

2.3.  Comments on supersymmetric branes

Here, for completeness, we make some comments on supersymmetric branes. The R—R potentials
couple to D-branes, and similarly, standard p-form fields couple to certain supersymmetric branes.
However, as discussed in Refs. [12,72,83,84], not all of the potentials couple to supersymmetric
branes. For example, let us consider the SL(2) S-duality triplet of 8-forms Aé“’s ) (¢, 8 = 1,2)1in
type 1IB theory. They are contained in some U-duality multiplets in Table 2 (e.g. 3 ind = 9 and

22)
AS

p = 8). Two components, Aéll) and are known to couple to supersymmetric branes, the D7-

brane (71-brane) and the NS7-brane (73-brane), respectively. However, we cannot write the standard

Yina gauge-invariant manner [83], and it has

Wess—Zumino term for the remaining component Agl
been considered that there is no supersymmetric brane that corresponds to this potential. Another
example consists of the 10-forms Agxﬁ ") and Ajg in type 1IB supergravity, which are predicted in Refs.
[85—87] and are shown to be consistent with the supersymmetry algebra. They are also predicted by
the E11 conjecture [79]; for example in d = 9 and p = 9 of Table 2, the quadruplet A(()oeﬂ v)
4 while the doublet 45 gives one of 2. Among the quadruplet Agxﬁ y), Aém) and Agzzz) couple to

supersymmetric branes, D9-brane (9 -brane) and the 94-brane, but the gauge-invariant Wess—Zumino

gives

term for the remaining two components cannot be written down. Also, from a discussion based on
the supersymmetry of brane actions [88], it has been concluded that the two 9-forms do not couple
to any supersymmetric branes.

A criterion based on the £ algebra has been discussed in Ref. [12] to elucidate whether a potential
couples to a supersymmetric brane: 4 root « of the E1| algebra is associated with a supersymmetric
brane if it has the length squared o> = 2. Otherwise (i.e. &> = 0, =2, —4, - - - ) it does not couple to
any supersymmetric brane. For any root « which corresponds to the standard potential (coupling to
a supersymmetric brane), o> = 2 is indeed satisfied. Moreover, the T-duality and S-duality (which
correspond to the Weyl reflections) do not change the norm o2, and branes in the Weyl orbits of the
standard branes always correspond to roots with «®> = 2. On the other hand, £ weights associated
with potentials which may not couple to a supersymmetric brane (such as Agz)) satisfy «? < 2. In
Table 2, all representations whose highest weights correspond to E;; roots satisfying «®> = 2 are
colored in red. The uncolored representations do not contain any root with o> = 2. If we compare
Tables 2 and 5, we find that the same colored representations are contained in both tables. This means
that all of the supersymmetric branes have the corresponding potential as usual. On the other hand,
the physical meaning of uncolored representation is less clear and is not addressed in this paper.

Inside the colored representation, the number of £1; roots satisfying =2 (i.e. the number of
supersymmetric branes) was counted in Ref. [12] (see also [37]), and the result is summarized in
Table 8. For p-branes with p < d — 4, all E; roots contained in each E, representation satisfy
o? = 2, which means that all weights in that E, multiplet correspond to supersymmetric branes.

The situation changes for p-branes with p = d — 3, which are known as defect branes. In this case,
the colored p-brane multiplets are the adjoint representation of £, and » roots may not couple to
any supersymmetric brane (see Table §). In terms of the M-theory/type IIB potentials, the multiplet
contains mixed-symmetry potentials in the compactified space or transform in the triplet or higher-
dimensional representations of SL(2). It is also the case for p-branes with p = d — 2 (domain-wall
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Table 8. The number of supersymmetric branes inside U-duality multiplets are indicated in black. For p <
d — 4, the number is equal to the dimension of the U-duality multiplet.

p Pl o 1 2 3 4 5 6 7 8 U-duality
2 2
9 : 2 1 1 2 . 2/3 2/3 | 2/4 SL(2)
2 2 6/(8,1)
8 113,21 G| 1,2) | 3D | 32 2/(1.3) 6/(6,2) | 6/(15,1) SL(3) x SL(2)
— - 20/40
71 10 | s 5 10| 20/24 | “TRg | 20770 SL(5)
— 80/320
6 || 16 | 10 16 |40/45|80/144 | | o0 S0(5,5)
sl 27| 277 | 728 | M6 232 Es
351 | 1728
s | s | 126 56206 5
133 912 | 8645
240 | 2160 | 17280
30 X Eg
248 | 3875 | 147250

branes) and p = d — 1 (space-filling branes). For these low-co-dimension branes, only a subset of
the colored representations corresponds to supersymmetric branes.

Now, we explain the correspondence (6) between exotic branes and mixed-symmetric potentials in
more detail. The colored representations in Table 2 are reproduced from the underlined M-theory/type
IIB potentials given in Table 3. In M-theory, we can identify which underlined potential couples to
which brane as follows [37]:

A} (P), A3 (23), Ag (56), Az (61), Aoz (53,), Aro1s (857, Ao (255), Aioas (5157, Aoy (0F"),
Arosr BEM), Anas 65%7), Asin (5l 04)) Aroza 257, A10821 (5, Anean @57,
12110,7,7 (2;1’0)),12110,8,5,1 (1&’4’3)),1:111,6,6,1 (424 ),A11,7,4,2 (324 ), A118311 (2, 1025)),

12110,8,7,2 (1227'5’1)),;111,7,6,3 (3537’3’1)) 1:1118521 (2(1’1’3’3)) ;111844 (227 ) A10884 (1(4’4’0))

(49)

,,,,,

,,,,,

(11420) (13310) @ 0600) (1,6,0,1,0)
A11,8,8,6,2,1 (236 ) A11,8,8,7,4,1 (239 ), A11,8,8,8,2,2 (239 ) A1188771 (2 )

aaaaa

,,,,,,,,,,,,,,,

For convenience, we have appended a subscript to the name of each brane; the level £ multiplied by
three. Similarly, for type IIB theory, we obtain [37]:

AP (@), A5 (Lo, 1), 4 3, 421 (51, 52, AT (5D, AL (74, T3), 455 (53, 52,
Aaﬂy[l -4] (91, 94) A%SA]‘ (34) AE)%I (6(1 1)) Aaﬁ[24] (53, 5431) Aa[} 4] (lg’ 14) Ag£3l4] (4(13) 4(13)),
A (720, 780, 40 P (54, 5%, 48, (05, b, R, A (28, 209,

A[lz(t)]4ll (5§103)) AT(;;SEZSJ (5(2,2)’ 5§2’2)),Ag,2§5] (2‘(‘3,3), 2(3,3)) Ag%4;5]] 1(1,0,6)’ 121,0,6))’
AT (S0, 580 AGEEST (@, 4000 o O (389 320y 4] @S0y AR (1429,
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«;/37[:61 A5, 18, A[ls()],5,4,1 4?’3’1))»1‘1[150],6,2,2 3?’0’4))’1‘1?5(543_61] 342, 321’2’3))’14[150],7,1,1,1 201009,
Aggssel] 104 121,4,2)),14?0[!56-"6&2 3222) 30221 A%S)é?—ﬂ (369, 360y ATO[57-§]” 20028 (1024
A7;091;5417] (2(1,3,3> 20139y, Aéﬂ,é,z (122,4,1))’143,37[75171 (1060 1(1.60) A[l%]653 (3(321))’

T (540, 3640, 4y 0, AT @I, 2007, AT 49, 20460
Ag%6773] (1840, 1;3,4,0))’1470[2-24 30620 3620 A?O[(;ZJSI 20220 (1222))

DD Q0. 290 S U080, 20080 A0 (1550 A, G50,

m @54, A[170]7632 (2(2]3 "), A%jg()é?l 2627, 2?’3’2"))»A[lg],7,7,2,1,1 Q5010 50
Agg7787] (1(700) 1(700)) A?()[77§]52 (2g2,3,l,1)’ 2;2,3,1,1))’1470[,77.’333’3 (20040 53030 (50)
AT()[,77,§34,1,1 2(10330) 2(10330)),14?5}7/,56;?1] 221,4,2,0)’2;1,4,2,0))’14[1%]’7’6,6’3 23300y

A[li)],7,7,5,2,1 (2011320 A?€£7;95]3 25220 53220 A%zyfg” 200510 10510

A(fo[%(;]ss 25020 2(5020)) A?o[,g,g?em (2012310 712310y A«izg;;%go] (20400 53400y

A[lz],7,7,6,5,1 (2(1’4’1’1’0)):A[lgo],7,7,7,3,z @100, A?g,%,ﬂJ (242300 2(200),

L, 29390 230380 gy TSN 20000 01T o190,

AL, @, 25500 I G, 200 900

We note that, for a potentials of SL(2) (s + 1)-plets, only the potentials with the highest and the
lowest value of n in the square bracket have o? = 2. Thus, in general, each SL(2)-covariant type [1B
potential can couple to at most two supersymmetric branes.

Configurations of an M-theory brane can be specified by the following information:

b D iy iy, 1oy ke ke, (51

where j,k = 1,...,n runs over the internal compactified directions while the first set of indices can
run over the whole 11D, and all of them {iy, ..., k., } must be different. This information specifies
the wrapping directions of the brane. When the first set of indices {i1,...,i,} contains p external
uncompactified directions, it behaves as a p-brane with tension (5). The number of configurations
(in the internal space) can be easily counted as

n!
(b—p)lcyl--cln+p—b—cy—---cy)!’

(52)

On the other hand, the corresponding central charge Z730—P+eat - F¢s,cat+¢s,-14+¢:65 or the poten-

tial Ay 1;0—ptertteg,cattcs,ncs_1 +es,cs have alarger number of components. As discussed in Refs.

[13-16,50], only some restricted components offlp;,,l ....np» OF more explicitly ﬁp;il iy 1y ek oy

will couple to supersymmetric branes:
Restriction rule: liv- i} D U1 Jm} D Dk -k . (53)

Indeed, the number of the restricted components matches with the number of configurations of the

exotic brane. The same rule applies also to the type II potentials. In the type IIB case, potentials are

further restricted as follows in order to couple supersymmetric branes:3

Restriction rule (type IIB):

Only the highest/lowest weight states of the S-duality multiplets are allowed. (54)

8 For Ayl this condition requires that all of the SL(2) indices oy, . . ., o, are the same. By using the map

between M- theory and type IIB theory [73,78,89], this rule can be derived from the M-theory rule (53).
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For the standard form field ﬁp;q, the restriction is trivial and all components couple to supersym-
metric branes. Therefore, the restriction occurs only to the mixed-symmetry potentials. Indeed, as is
clear from Appendix D, if we decompose the E,, representations of the p-brane multiplets (p < d —4)
into representations of SL(n), we find that any SL(#n) representation is a fundamental representation,
which behaves as a p-form in the compactified space. Only in the p-brane multiplets withp > d — 3
do mixed-symmetry potentials appear, and some components are excluded by the restriction rule
(53). The same situation can be observed in type 1IB theory from tables in Appendix E.

By using the restriction rule (53), we can easily uplift an underlined type IIA potential to an
underlined M-theory potential. For example, let us consider an uplift of type IIA potential Eg 3 with
n = 3. From (16), this potential has level ¢ = 4, and the M-theory uplift has 12 indices.ﬁmely,
1 (= £—n) indices are chosen as the M-theory direction x*. From the restriction rule (53), z should be
filled from the left E3; 3, which corresponds to 219,3 . This potential can be found in Table 6. As another

example, let us consider F19 932 withn = 4. This has level £ = 10, and z appears 6 (= £ — n) times.

By including the z-direction six times, we obtain F( 9. 3z,2- -- Which corresponds to 2111,10,4,3, 1.1

We also comment on the behavior of the restricted components of the underlined potentials under
T-duality transformations. Under a 7-duality along the x” direction, the radii R; and the string
coupling constant transform as

R — 2/R;, g — gL/Ri, (55)

and the exotic bgc""""cz)-brane, if ¥ is contained in the set of ¢; indices, is transformed to the

bgcs""’cz)—brane (note that ¢; = b) with

ci=ci—1, Ch_i=cn—i+1, ¢, =cr (k : others) (ifi #n/2), (56)

1

. peeesCh) .
"2 _brane with

and it is invariant if i = n/2. If ¥ is not contained anywhere, we get a b:fc
ch=cn+1, ¢, = ¢k (k : others), (57)

which may be understood as the case i = 0. In terms of the mixed-symmetry potential, the original
brane couples to Am1~~~ma1y,...,n1~~~na,-yp1~-~pu,-+1,.-.,q1~~~qcs (v € {mi,...,qc,}) while the brane after the 7'-

i blocks

duality couples to 4, Mgy oL T VST 1 This T-duality rule, or more schematically,

Sn—i+15-

n—i blocks

VyeoesV <> VstV (58)

has been noted in Ref. [47]. For example, let us consider a potential Hj7,75,1 that is predicted by
E11. Depending on the choice of the integer i, we obtain the following potentials:

i=0: N/A (the first 10 indices contain y),

. Ty
i=1: Hiz751=Ho7751 < Hoy7p7050.1y = H1088,62,
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i=2: N/A [from the restriction rule (53)],

. Ty
i=3: H7751=Hoyeners51 <  Hoyeyeys1 =Hi0775,1,

. Ty
i=4: Hy7751=Hoyepevap,1 < Hoyeyea1 =Hi0764,1,

. T,
i=5: Hi7751 =Hoyeyepary < Hoyepes=Hi0664- (59)

All of the potentials on the right-hand side are indeed predicted by £7; and they are in the same
T'-duality multiplet. This rule is simple and useful to know the 7'-duality rule for mixed-symmetry
potentials.

2.4.  O(D, D) multiplets of the mixed-symmetry potentials

We can consider another interesting level decomposition by deleting the node «1¢:

?0{11
OO0 (60)
o9

O M M M M M
/ N o/ N o/
an o3 ay os g o7 ag

o] 10

We denote the associated level by n and, from the tension formula discussed in Ref. [9], this level n
corresponds to the power 7' o g; " of the associated brane. Under this level decomposition, the £
generators are decomposed into representations of the O(10, 10) 7T-duality group. Again by using
SimpLie, we can execute the level decomposition. The result up to level N = 4 is given in Table 9, and
there, further decompositions into the type IIA/IIB tensors are made. We can proceed the potentials
further with level n = 5, and obtained O(10, 10) tensors,

GALNG&: GA12,B]2da GA1.4.4,Ba5 GA]23,B£15 GAlz,Bas 2 GAl..44il: GA,BL'I’ (61)
2 GA123a, 4 GAlzila 3 GAav 3 Gil-

The table similar to Table 9 is relegated to Appendix F because it is extremely long. For the next
level, n = 6, it is difficult to execute the level decomposition because the dimension of the O(10, 10)
representation is extremely high, of the order of 10°. As we explain in Appendix F, we have determined
most of the O(10, 10) tensors with n = 6. The O(10, 10) tensors which contribute to Table 2 are
completely determined as follows:

HAl..4g,Bl4..4a HA1..46,BL.44, HA1...9,3123, 2HA1..47,3123; HA1.4.6,3123,C,

(62)
HA1M4,3123,C9 2HAI-~4,BI-~4’ 2HA1M5,31237 2HA123,3123~

On the other hand, the O(10, 10) tensors which do not contribute to Table 2 are as follows:

Generalized NSNS sector:

HA1.4.9,A12,B: HAl..47,312,C: HA14.44,312,C125 2HA1..48,B,C7 3HA14..3,312, 2HA1.4.5,312,C7
HAI...G,B,C, 6HA1...6,3129 5HA1...9,A9 6HA1...7,B; 2HA123,312,C, 3HA1...4,B,C: (63)

6HA1...4,B]2: 7HA1...85 8HA1...5,B, 5HA1...6, HA12,B,C, SHAlz,Blza 7HA123,B;
10Hy, 4, 3Hup, S5Hy,, ?H,

Generalized R—R sector:

- —+ - +
HA1.“10,312’ 3HA1..410,312’ HA1.4.10’ 3HA1“.10' (64)
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Table 9. O(10, 10) tensors in the adjoint representation of £,; up to level n = 4.

0(10,10) . .
n tens,ors Type IIA potentials Type 1IB potentials
BMN (190),
0 B e} 99).¢ (1), @ (1), B @9), p% @)
@ 1 22

1 9 (512) €| (10), C3 (120), C5 (252), C7 (120), Cg (10) Cp (1), Cy (45), C4 (210), Cg (210), Cg (45), Cg (1)
2 DAIW4 (4845) Dg <m),077,1 (1155), Dg (E’DLZ (1925), Dg 1 (99), D1g (1), Do 3 (1155), Dyg 5 (45), Dig4 (210)

D o Dy 1)

Eg (@), Egp (1925), Eg | (99), Eyg (1), Eg 4 (8250), Eg 5| (3200), Eg 3 (1155),

Eg | (440), Eg 3 (4950), Eg 1 | (540), Eg 5 (440), E1q 1 (10), Eg 5 (9240),
— — — — 2E10 (2 x 45), Eg 41 (17280), Eg 6 (6930), Eg 5 (2310), Ej( 25 (825),

Eg3,1 (9450). Eg 4 (1980). Eqg 1 (330).2E103 (2 x 120), Eg 5 1 (21000),
— — Ej03,1 (990).2E10 4 (2 x 210), Eg 6.1 (I7280), Eq( 4, (6930). Ejq 5 (2310),

3 EAlziI (87040) | 1 £ 3 (3300), Eg 7 (3300), E1 4,1 (1848), Eg ¢ (1848),2E10 5 (2 x 252),

o o Eg g (825),Eg 7 (990).2E 106 (2 x 210), Eg 6 (8250), Eg g | (3200),
E10,5, (0240), Eg 71 (9450), E1q 6 1 (1980), Eg g (330),2E10 7 (2 x 120), - - -

E1g,7,1 (1155),2E19,8 2 x 45), Ejg .8 (1925), E10,9,1 (99): £10,10 (D,

Eyg,7, (@950), Eg g1 (540), E1g g (440), Ejg9 (T0), Ejg9 (440)
E10,102 45

E; 1
Ejo,1 (10), Ejg3 (120), Eyo 5 (252). Eqg7 (120). Eqg 9 (10) Ejg (1), Ejgp @5). Ejg4 (210), Ejg 6 @10), Ejgg (@5). Eqg,19 (1)
- o Flo (1), Flo2 @5), Flg22 (825), Fio4 (210), Flg 4, (6930), Fio 6 (210),
+ Flo,1,1 (55), Fl03,1 (990), Fig33 @950)), Fig 5 (2310), F1o 5 3 (20790), . - -
FAl 10 J— Flo4.4 (13860"), Flo65 (8250), Flog (@5), Flo 6.4 (29700), F1g g2 (1925),
4 10 Flo7,1 (IT55), Flg 5.5 (19404), 73 (12375), Flo9.1 (99), F7,5 (20790), —
(92378) Fio,10 (D, F1o,6,6 (138607), F1og 4 (8250), F10 10,2 (45), F1086 (6930),

Flo9,3 (1155), F1 7,7 (4950"), F1g9.5 (2310), F1g9.7 990), F199.9 (35)

F10,104 (210), F1,8 8 (825). F19,10,6 (210). F10,10,8 @5). F10,10,10 (1)

Fo3 (1155), Fg 4| (17280), Fg 5 (2310), F1g 3.1 (990), F10 4 (210), Fo s (83160), F1o 41,1 (9240'). F 61 (I7280), F10 45 (6930),2Fy( 51 (2 x 2310), Fg 7 (990),
Flo6 (210), Fo 65 (168960), F1o 52,1 (63360), Fig 53 (20790), Fo 7, (40095), F1o 1.1 (10395),2F1g 6, (2 x 8250), Fo g 1 (3200),2F1071 (2 x 1155), Fo g (55),

FAl,,,7,B Flo,8 @5), F063,1 (155925), Fg 7 4 (155925), Fi( 6.4 (29700), F1g72,1 (35200), Fg g 3 (35200),2F1( 73 (2 x 12375), Fio g 1.1 (2376), Fg 9 (2376).2Fj0 g, (2 x 1925),
(1385670) 2F109,1 (2% 99). F10.7,4.1 (168960), Fo g5 (63360, Fi07,5 (20790), Flg 83,1 (40095), Fo g4 (10395),2F|0g 4 (2 x 8250), F10921 (3200, 2F]g93 @ x 1155),

Flo,10.1,1 55 F10,102 @5). F10,85,1 (83160), Flg.9.4.1 (17280), Fo g s (9240)), Fl g6 (6930),2F1095 (2 x 2310), F1g 10,31 (990). Fig 10,4 (210), Fig9.6,1 (T7280),
F10,10,5,1 @310), F1g,9.7 990), Fi0,10,6 210). F19,10,7,1 (1155)

Flo4 Q10),Flo5,1 2310), Flo6 @10), Fl62 8250), Flo,7,1 (1155), Flog (35), Fl,73 (12375). Flog 5 (1925). Flo9,1 99), Flg,10 (D Flo8,4 (8250), Flg93 (1155),

F 38760
Ap.g O30 Fl0,102 (49).F10,9,5 (2310), F10 10,4 (210). F1g,10,6 (210)

Fg6 (6930), Fg 7.1 (1185), Fo | (17280), Fy g (825), Fg 7 (990), F10 6 (210), Fg g 5 (33880), Fg 7,1 1 (50050), Fg 7 (40095), F10 62 (8250),2Fgg | (2 x 3200),

FA].“4J312 2Fj0,7,1 @ x 1155),2Fj(g (2 x 45), Fg g5 | (99099), F1071 (35200), Fg g 3 (35200), F1( 73 (12375), Fo g 1 | (2925), Flg 1,1 (2376), Fo g 5 (2376),
(592515) 3F108,2 (B X 1925),2F 091 (2% 99), Fig.10 (1, Flo822 (33880), F g3 (50050), F1( g3 1 (40095), Fig g4 (8250),2F0 92 1 (2 X 3200),2F 093 (2 x 1155),
2F10,10,2 (2% 45),F10,93,2 (31185), F1094,1 (17280), F1,10,2,2 (825), F10,10,3,1 (990), F10,10,4 (210), F10,10,4,2 (6930)
FA],,.4 (4845) Fio6 (210), Flo7,1 (T155), Fio.g 39, Flo,82 (1925), Fl09,1 99) F1o,10 (D F10,0,3 (1155), Fl0,10,2 45), Fl0,104 (210)
FA123QB Fg 7 (990), Fog | (3200), F1o 7,1 (T155), Fo g (35), F1o8 (45). F108,1,1 (2376), F9 95 (2376), Fg g2 (1925),2F 09,1 (2% 99), F1992,1 (3200), F1g93 (1155),
(17765) F10,10,1,1 55, F10,10,2 49), F10,10,3,1 (990)
2F,,

2x [Fio8 @5). F109,1 (99). F10,10 (1. F10,102 45)]
(2 x 190)

Only the multiplicity of the singlet H is not determined. Regarding the O(10, 10) tensors with
higher level n > 7, only the possible O(10, 10) tensors that may contribute to Table 2 are given in
Table 10, but the multiplicities and the details of the constituting mixed-symmetry potentials are not
determined. It is possible that some of the multiplicities are zero.

In d dimensions, these O(10, 10) tensors are reduced to O(D, D) tensors. In order to determine the
low-level O(D, D) tensors, rather than directly decomposing O(10, 10) tensors, it is easier to perform
the level decomposition first by deleting the node oy (45) and then decompose further by deleting
the node o19:

arl

O— " O8O0 —O0—0O0—0—R " 65)

Og—1 a4 od+1 a7 og a9 10
The resulting potentials with level n = 1,2 in any dimensions can be summarized as [13,15,16]

Bl,A: 329 Cp;a @:153757)7 Cp,a @09234:) (66)
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Table 10. List of the O(10, 10) tensors with level 7 < n < 11 that contribute to Table 2. Only the mixed-
symmetry potentials corresponding to the highest weight are shown.

‘ n H 0(10, 10) tensor H 1A ‘ 1IB ‘
7 [Almc,Blzsa 110,7,47 T 110,7,4,1, T
L5381 ca Iil’ T IR RATERE
?[Al---4~3123" L ?110,7,67 te ?110,7,6,1, ce
Ly, 4By 40 Lioe6,15 " Lioe6, - -
214, 5 B1aza | ?hozsa, - o35,
?[A123,312351 ?hogg, e 2Lz, " -
8 JA?I»»IO’BU},CIB Jogg, - J7710,
?JA1~»8»312310123 207,72
JAIA,,7,BIA,,4,C123 J10,7,63 - -
?JAI,,_5QBI,,_4QC123 2J10,7,6,5: "
?JAI»»(»BIZS’CIZS i ?2J10,7,745 0"
?JAl...4,3123,C123 2J10,7,7.60 """
JA123,3123,C123,D Jog77, 0
9 KAL.,S,BIB,Cma Kio775, " Kio775,15 "
?KAI,,.4,3123,612351 || ?Ki07761, " - ?K107765 -
?KA123,B|23,C]23a ?Ki0777, ?Ki0777,15 "
10 LA]»--7,3123,C123,D|23 L7773
?L414~5,5123,C123,D123 2L10,7,7.75:
?LA|23,3123,C123,13123 ?L10,7,7,7,7’ co
11 MA123,3123,C123,D123& M10,7,7,7,7,19 to ‘ M10,7,7,7,7s e

They are obviously coming from the O(10, 10) tensors By, C,. The results for n = 2,3,4 are
summarized in Table 11. As found in Ref. [13], potentials with level n = 3 (in 2 < d) can be nicely
summarized as’

Dd;A1...4a Dd;Alz, 2Dd, Dd*l;A123, Dd*l;A:

Da—>, Dg—2.4,,, Di-3.4, Da—s4. (67)

All of them arise from the reduction of the 10D potential Dy, , and D. For level n = 3, as found in
Ref. [15], the O(D, D) tensors (in 2 < d) can be summarized as

Eiana>  Edaaas 3Eaq, Ei-tuaas Ei-1a0 Ea—2.4- (63)

Again, they are arising from the 10D potentials £4,,; and Ej;.
For the higher level potentials, the pattern is much more non-trivial. In 10D, potentials with level
n=4,5are

+
FA FA14..4,312, FA14..7,Ba FA123,B> FA1.4.6, FA14.447 2FA12: GA1.4.6d>

1.-.10°
GAlz,Blzil, GA1...4,Ba, GA]z},Bib GA]z,BLla 2 GA1...4da GA,Bda 2 GA123aa (69)

4Gaa, 3Guaa, 3G

°Ind = 7 or d = 8, by using the totally antisymmetric tensor €4yiyps Dasay., becomes Dy.4,, or D, and
the underline disappears. Similarly, in d = 8, D;_.4,,, becomes D,_;.4 and the underline disappears.
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Table 11. O(D, D) multiplets of p-forms with level n = 2....,5 in each dimension.
2

[ a ] ! \ 3 [« [ s [ e [ 7 T 8 ]
d-form Didy.4oDiayys | Doy s D34y 4» Dyqy. 4 Ds;qy. 4> Dsi;,ql‘_,é,’ D745 DS’DXi;AIZ‘
Dy Da;ay5,2D D3;41,,2D3 Daay5,2D4 Ds;415:2D5 | Deayy,2D6 | DPrapys 2Dg
2Dy
(d — 1)-form D115z Disa D453 D2:4 D3.4153:D3.4 | Daapps» Ds.a1p3 Déf’m’ D74, D7:4
Daa Dsi De:a
(d — 2)-form Dy, D1 Daayy. D2 D3:ayy. Ds Dy;ayy. Ds Dsuyy. Ds D;I:Alz’ Ds
(d — 3)-form 017,4 Dzﬁ;A 037,4 D47,A DJiA
(d — 4)-form Dy Dy D3 Dy
d-form Evapas Evdar | Exapa E24a0 | E3uppar E3das | E4appas Es15as Ee.415a Eq jbes Eg i
2E1, 3By, 3E3, Esaa3Es0 | Esuas3Esq | Eeuar3Eea | ETidas Egabi»
3E7;4 3Eg;
(d — 1)-form Eias Eva Exas E2a E34a5 E3a Eai Eaa Esas Esia Eeuis Eoa | EqgperETa
(d —2)-form Eia Erq E3a E4q Esq Ee
d-form Flt/llu.g’ FZt/l]...g’ F;:Al..q’ FZ;Al...g’ F5+;A1...5’ Fg:/llu.4’ F;TA]B’ F8+;A12
Fray.q> 24160 F34)..55 Faay..q Fs13 Foidyys F7:4 -
Fray..6.8 F24..5.8 F3.4,..4.8 Fa:4153.8 Fs:415.8 Fo.a8:2F¢
2F14..5 3F24y..45 3F3:4193» 3F441.2F4 | 2Fs5y
3F141p3» 4F2415» 4F3.4, F3:415,8
Fr.4y..4.8> F2:4153.8
Friapps 815 F241y.815 -
2F1,41,.8 2Fy48,4F2
3F 4
(d — 1)-form Fra,.s» o414 34103 F34 | Faapy Fsu Fe
Friaps Fayys Faias. o
Fiapy.8: 2F;
Fra
(d — 2)-form Fl P
d-form GLy..50> G4y 40 G34103a0 Gaapmas Gsta Gea
Gy, 40> G2:41p3a5 G341 5a G4:4a, 3 Gaa
4Grdyp3as 5Gudppas 4G4,
G1:4153,Bas G2:415,Ba> G3:4,84:4G3:a
5G4as 6G24a-
2G14yy,8a> G2:4,8a> 8 G2y
8 G144,
2G1;4,8a:5Gla
(d — 1)-form GI?AIZ“’ %, Gy G34
2G1;44,2G1a

The general pattern for their reduction is non-trivial, but if restricted to the underlined tensors, we
can observe the following pattern [16]:

+

Fd;Alu»(lOfd)’ Fd;A14.4(7_d),Bz Fd;A14.,(4_d),Blz (4 - d Z 2)9

Fd—l;Al.“(7,d)9 Fd—l;Alm(4,d),B (4 —d = 1), Fd—Z;Al..4(4,d)o

Gady.o-ayar  Gdtyy_gpba G —d>=1),  Ga_1:4,.4_ga- (70)

The p-form multiplets for higher levels n = 6,7, 8 are summarized in Table 12. In the region of our
concern, d > 3, higher-level potentials with n = 9,10, 11 appear only in the 3-form multiplet in
d=3:

K3apar K3daw 3Kz, L3ayy> L3ayn, 213, My (71)

Although the multiplicities are non-trivial, we observe some patterns in the index structure of the
potentials with n > 2. If we find a certain (d — i)-form (i =0, 1,2, ---) in d dimensions, there is a
(d — i)-form in (d + 1) dimensions where the [n/2] — 1 indices 4, ..., B are removed, where the

——

[n/2]-1
bracket [- - - ] denotes the integer part. For example, we find a series of d-form potentials H (where
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Table 12. List of p-form potentials with level n = 6, 7, 8 in each dimension.

L4 2 3 1 4 [ 2 [ 3 [4] 3 |
d-form HZ;Al...G»BIZ’ H3;A1,,,5,Ba H4;A1...4s ]2;A12,B12513 ]3;14,351’ [47” J3?Al---7’
2H2;A1---4w3125 2H3;A123,B’ H4;A12’ 12;A1---4w30’ 13:/1123!1’ JS;AI___4,B)
4 Hyup815s 3 Hy.u, 2H, 2Dhuyys80s | Diagyas S3d1.8
2 Hyy,y 4.8, Hsq 65 6 L.415.84 41344, J34y 55
4Hyy, 58 3H3.4, 4, T .4 84 41, 3541035
T H.t,53.85 4 Hs.y, s D.48.cas 4754
6 .5, 3H; Dy gas
Hypy 48,05 by, 505
Hyypy 0, 5bhoay i
4H2J§A1m8, 8[2;A123a’
2Hyy o 19 D410
SHZ;Al.“(,s 22[2;Aa:
11 Hyy ., 225
13H2;/412’
8H2
(d — 1)-form Hl;A],,.4,Ba H2;A123s 114845 [2701 1&
2H1;A12,B: H 4 Il;Alzzd’
Hig, 4, 2114150
Higy s, 41144,
3Hiu,, 41,
3H1;A
[n/2]—1=2),
[_[z‘llmguglm4 - Hl;Alm7,3123 - Hz;AL“@Blz - H3;A1m573 - H4;A1m4 - 0 . (72)
(d=5)
(d=0) (d=1) (d=2) (d=3) (d=4)

As another example, the reduction rule for Ly,  B,,;.C123.012; (Where [N/2] — 1 =4)is

L4y.7.B123.C103.0125 = L1:41..6.812.C10.D12 = L2:4y.5.8.00 = L3414 = d94 . (73)
(d=0) (d=1) (d=2) (d=3) (=9

Moreover, when we consider a reduction of an O(D, D)-tensor-valued p-formtoan O(D —1,D — 1)-
tensor-valued p-form, we remove [n/2] indices 4, . . ., B. For example, for a potential F' ([n/2] = 2),
———

[n/2]
we find a series

Fr.413.8, = Fra,8 = Fra — d94 . (74)
(d=1) d=2  @=3 =Y

The non-underlined potentials also follow these rules, but we do not find any patterns for their
multiplicities. The underlined potentials always have multiplicity 1.

We also studied the decompositions of the £, multiplets into O(D, D) representations. The results
are detailed in Appendix G.

3. BPS branes and the vector representation

We also consider the vector representation of £71, which contains the momenta P; and the brane
central charges. As discussed in Ref. [54], the multiplet is called the /! representation because the
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highest-weight state corresponds to the fundamental weight /!. Here, the fundamental weights I of
the E1; algebra are expressed as
)\.8 . )\‘i

x (=110, M="1, (75)

XX XX

=4

by using the fundamental weights A’ of the subalgebra SL(11). The /! is the highest weight of
the SL(11) multiplet [1,0, ..., 0], which corresponds to a tensor P'!"*/10_ Through the dualization,
this tensor corresponds to the momenta P;. By taking commutators with the positive generators we
obtain infinitely many central charges. The commutation relations for low-level generators have been
determined in Refs. [54,63,90] as

1
(K, Pl = —8F P + 5 skp,  [RMRR py =35tk Zlkl L (76)

When we take the commutator with E11 = R8%, the level ¢ is increased, and at the same time, the
number of upper indices is increased by three. Thus, the level ¢ satisfies

3¢ — 1 = (# of the upper indices) — (# of the lower indices) . (77)

In order to obtain the central charges in the vector representation, a more systematic way was found
in Refs. [63,90]. By adding a new node «, to the Dynkin diagram, we consider a level decomposition

Eft,
? ajy
O O - (78)
ag

)
N
o9

of the adjoint representation of

® M M) M M) M M M
/ N N /) N / N
Oy oA o) o3 oy os g o7

a0

We then consider the £ ; 1+ generators with level m,, = 1 (associated with the node a.), and we find
that these £ ; 1+ generators precisely correspond to the weights in the vector representation of 1
[63,90]. The low-level central charges up to level £ = 7 are given in Table 13. Again, central charges
associated with the E; T+ roots « satisfying - @ = 2 are associated with the supersymmetric
branes, and they are underlined. In order to find the central charges in type IIB theory, we delete the
node oo instead of 11, and the result up to level £9 = 10 is given in Table 13.

As it is well known, the momenta and brane charges are mixed under U-duality transformations,
and this vector representation is the multiplet for such brane charges. The standard coordinates x’
are canonical conjugate to the momenta P;, and for the manifest U-duality covariance, it is natural
to introduce additional coordinates y;, ;,, yi,...is» - - - Which are conjugate to the brane central charges
Zii2 zivis .. This extension of geometry has been discussed in Refs. [54,63,90] (see for example
Refs. [67,68,71,91,92] for further discussion), leading to the recent developments in the U-duality
manifest formulation of supergravity, known as the exceptional field theory (EFT).

3.1. Central charges in d dimensions

When we discuss the standard £, U-duality n < 8, the spacetime is decomposed into the external
d-dimensional spacetime and the internal n-dimensional space. Accordingly, central charges in the
vector representations are decomposed into SL(d) x SL(n) tensors. For example, in d = 9, since
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Table 13. Central charges in M-theory up to level £ = 8 and in type IIB potentials up to level £ = 11. The
underlined ones are central charges of supersymmetric branes.

‘ ¢ ‘ Central charges in M-theory up to level € = 7 ‘
ol h
2
2 |z
3 771 . 78

4| 283 2911 292 5 7101 Z11

5 | 786 2941 795 5 71031 5 7104 ZILLLL 5 71121 5 7113

6 | Z881 2962 3 7970 5 298 71043 710511 71052 471061 37107 71133 5 Z1L4LL 3 71142 5 71151 5 7116

2974 9821 5 72983 9911 3 72992 710631 5 71064 5 710721 4 71073 5 710811 7 71082 ¢ 71091 5 710,10 ZI1LA4T 5 711531 5 71154 ZIL6LLT 4 711621 7 71163,

7 Valiag
7 ZWLLT 1 71172 45 71181 g 7119
2977 79851 5 7986 79932 5 79941 37995 710661 710742 5 710751 4 71076 7108311 5 710832 7 710841 7 71085 5 7109211 3 7109.22 1| 71093.1 13 710.9.4]
8 3 ZI010,LLT 19 710,102,171 210,103 le 63,3 ALL ) A1) 642 471165, { 471166 5 ZILT3LL 4 711732 15 ZILTAL 4y 71175 5 7118211 5 711822 5y 711831
2 71184 72119111 28211921 3 711 10 29211102 16 ZILIL1
‘ £y ‘ Central charges in type IIB theory up to level £g = 11
0 Py
1|z
2 | 2
3 75

61 ,1 ;7
4 | 28Lz],z

s |zt zﬁ‘l,zzﬁy.z 79

T4 821 83 483 911 5,92 3,92 5,101 5 101
6 | 2428275283, 00 270 3202 3 2,50 5 2

76 84]

7 zgt' 2 10,3 10,3

785 7000 5 931 94 04 lo,z,lv”}3 67

Loy 4 a4 Za

3 Z7.7,|yzx,5.2’28~6,1_2 2860 27287 3787 29411 2942 3 7942 5 2051 4 2951 5 200 5 296, 710221 710311 5 21032 371032 5 71041 5 71041 7105 57105 ¢ 7105
T op —"ap op op — op op ‘ay..40 ' Cup

7863 8711 z§’7’2<z§}f;‘.422‘8",12’4"4,22’5’2{222’5*3.222"6" 1'19;»2 7[262.21‘);5 12207 1.4[2};‘ M 22.8'32;0,4,2,1'2;2,;/1.3'4Z;OA,SA[01(0,3,1,11201(2.5,?
i 1052 . 10,6, 10.6,1 o 10,7 10,7
1227705 2,590, 20 2,1 8 2,07, 20 2,

2865 78731 28/374 2 7874, 28)18.2.1 2 78821 2zﬂ 3 4 7883 79541 955 79622 Z‘Jﬂfﬂl 2 79631 3zﬁ 457964 9T LL1 329/}721 729720, 7Zﬂ 3 102973,

10 522;5,11 7 798,11 [‘182 14‘1{ 2 17 2982 7 991 1%49;' 12 299.1 112441 2710441 7105211 [12522 2710522 2[12531 5710531 511254'7110.5,{[10.6‘1.1‘1»

72112"’2‘ 12210621 73063 14 ig“ 172l063 92127” 15210701 5 2972, 2321272 2710725 7,081, 372‘23] 3721081 6 7,97, 27229 21 2109
TS5 876 8832 1 RRAL Zf;q“ 85 9642 4 9651 Zz)fé 266 ST 3 9732 9/%741 1o 227 3 275 14 2975 3 2R A, 95422 o822
9830 1o 9831 5 984 2 98 3 POLLI 5 9921 3y DIDT 4 993 19 993 SIOSALL 3 410542 4 410551 06221 5 J063LI S10632 5 10632 5 410641
320830 19 7083 28 7954 3 70 22921 20 79921 g 7993 59 7993 Z1054L1 5, 470551 7 27} . . 71064,
. Fapy Ty 28 3 Zapy py 3l I S— Zapy T Ea T3 Ly
19 710641 5 J1065 3, /1065 5 JI0T2LL 5 H10722 13 /10922 5 S10T51 30 410731 15 1074 5, Zéu,mzx,”‘io.s,l.l,l‘15210.8,2.11642&0,8217201108,3_29 71083 g6 /1083
apy apy apy apy afy 15 apy
14 710911 g 710911 5 71092 4o 71092 1gy 71092 3 10,101 34 710101 S10.101
By By o] By Zu

the internal space is two-dimensional, only the following charges can appear
PL—>P (2, Z2->2z%%m,zZ8 3,22, 22220, z% 2,2 0,
L,l_> 25;2,1 (2)’ Z6;1,1 (3), Z6;2 (1)’ Z7;1 (2)’ Z9,1,1 N Z7;2,1,1 (3)’ Zg;l,l,l (4)’ 28;2,1 (2),

P>z, 2 @, 28, 2277 ), 2% @), 27'% 5278 ).
(79)
By collecting the central charges for p-branes, we obtain d = 9 of Table (5).

For lower-dimensional cases, it is again useful to consider the following level decomposition and
consider the central charges with level m, = 1:

11

&—O—+ —O—&—O— —O0—O0—0—0- (80)

Ag—1 oaq Ad+1 a7 og a9 10

The same analysis was already done in Ref. [9], but the multiplicities are not completely determined.
We here determine the multiplicities as well, and the resulting p-brane charges in each dimension d
are given in Table 5.

In Table 5, the E, multiples of the central charges are described, but in terms of the M-theory
or type Il theories, the £, multiples can be decomposed into mixed-symmetry tensors in 11D/10D.

28/78



PTEP 2020, 053B02 J. J. Fernandez-Melgarejo et al.

The decompositions into brane charges in M-theory and type IIB theory are studied in detail in
Appendix B and C, respectively. We can see that the momenta P; appear only in the particle (or
0-brane) multiplet, and in the £, EFT we introduce generalized coordinates x’ that are canonical
conjugate to the central charges in the particle multiplet. For example, in the £g EFT, we introduce
248 generalized coordinates x’ in addition to the three external coordinates x/*.

4. Conclusions

In this work, we have conducted a detailed survey of mixed-symmetry potentials and brane charges
in M-theory and type II theories that are predicted from the £1; conjecture. We also considered their
dimensional reductions to d dimensions (3 < d < 9) and checked that all the p-form potentials
or p-brane charges form U-duality multiplets. We have also given an explicit construction of both
U-duality and O(D, D) T-duality multiplets in terms of the mixed-symmetry potentials and charges
associated with M-theory and type II theories. This tour de force calculation recovered all the results
in the existing literature, unifying previous studies on mixed-symmetry potentials and central charges,
and going far beyond. This work also reveals the high predictability of the £11 conjecture. In principle,
we can determine all of the mixed-symmetry potentials/central charges up to an arbitrary level.

In this paper, we studied only the spectra of the gauge potentials, but in order to clarify the role of
such objects in string/M-theory, it is important to study their dynamics. As these potentials do not
appear explicitly in the standard formulations, it is useful to employ the duality-symmetric theories,
such as DFT and EFT. Generically, formulations of EFTs in an arbitrary dimension contain p-form
potentials A{f. Here, under U-duality transformations, the index /,, transforms in the p-form multiplet
given in Table 2. Then, regardless of the duality frame in which the section condition is solved, we
should be able to parameterize such p-form fields .A;” in terms of certain potentials. As detailed in
this paper, we already know what potentials can enter in the p-form multiplet .A;)p, but the explicit
parameterization (which depends on the convention) still needs to be specified. In the companion
paper [73], explicit examples of parameterizations will be given. Once the parameterization is fixed,
we can evaluate the supergravity action for the mixed-symmetry potentials as well as the standard
supergravity fields. Besides supergravities, we can also study brane actions in a U-duality covariant
manner. The p-form fields A" enter also in such theories, and it is important to study the role of
mixed-symmetry potentials in brane actions.

Ifthe parameterization of the Ajﬁ’ fields is given in terms of M-theory potentials or type Il potentials,
we can determine the duality transformation rules under 7- and S-duality. As discussed in Ref. [37],
duality rules for mixed-symmetry potentials are very useful in generating new supergravity solutions,
and they also will be studied in the forthcoming work [73].
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Appendix A. Convention

In this paper, we employ the convention for the Dynkin diagram of Ej; given in (27).
Then, after level decompositions, we find a certain SL(n) represen:[lation Jith Dynkjn Igpel
lan—1,...,a2,a1]. This corresponds to a mixed-symmetry tensor A;fn‘nmmﬁ,
where a,, = (3¢ — ZZ;} kar)/n. When we give a name for this representation, we reverse the
Dynkin label as [a,a3,...,a,—1] and convert it into a name of the SL(#n) representation by using
LieART [93]. For example, inn = 10, [0,0,0,0,0,0, 1,0, 0] corresponds to 43 and the representation
is named 120, while [0, 0, 1,0, 0,0, 0,0, 0] corresponds to A7 and it is named 120.

For O(D, D), we convert the obtained Dynkin label directly using LieART. For example, in D = 10,
[0,...,0,1] corresponds to a spinor representation 512 while [0, ..

tion with opposite chirality 512. We denote the former/latter spinor index as a/a. On the other

., 1,0] is a spinor representa-

hand, [1,0,...,0] is the vector representation 20 and the index is called A. For [x,...,*,0,0], we
named the index in a similar manner to the SL(n) mixed-symmetry potentials (e.g. [1,1,0,---,0]
is A4, 4, 8 Which satisfies 44,4, B nAzB = 0). More generally, we append the spinor indices as well
(e.g.[1,0,---,0,1]is a vector spinor 4 4, which follows the gamma-traceless condition). A bi-spinor
[0,---,0,1,1] is understood as a (D — 1)-form and [0, --- ,0,2] or [0, - - - , 0, 2] are understood as

an (anti-)self-dual D-form. Some examples are summarized in Table A.1.

Table A.1. Dimensions and index conventions for irreducible representations of O(D, D).

Dynkin labels O(D, D) indices dimensions conditions sector
pth 2d
[0,...,0, 1,0,...,0,0,0] Ty, ) 1 <p<D-2|NS-NS
[2,0,...,0,0,0] Tip o -1 D>3 NSNS
pth
[1,...,0,1,0,...,0,0,0] Tay s p ) = (2) 2<p=<D-2|NS-NS
[0,2,0,...,0,0,0] Ty LS9 (G el ey D>4  |NS-NS
pth
[0,1,0,...,0, 1,0,...,0,0,0] Taypbis EHC)C) =@ —-D(")|3<p<D—-2|NSNS
[0,...,0,1,1] Thy o) () D>2  |NS-NS
[0,...,0,0,1] T, 20! D>2 R-R
[0,...,0,1,0] T; 2P D>2 R-R
[0,...,0,0,2] Ti, 1CP) D>2 R-R
[0,...,0,2,0] T 369 D>2 R-R
pth
[0,...,0,1,0,...,0,0,1] Thy..pa 227 - (2] l<p<D-2| RR
pth
[0,...,0,1,0,...,0,1,0] Thypi 227 - (2] l<p<D-2| RR
[2,0,...,0,0,1] T.5a 20712 D>3 R-R
[2,0,...,0,1,0] Ty 54 20712 D >3 R-R
pth
[1,0,...,0,1,0,...,0,0,1] Tiy s 2 (p-#5L) 1=p=D-2) RR
pth
[1,0,...,0,'1,0,...,0,1,0] Ty, s 2071 (204 (p— %) l<p<D-2| RR
[0,2,0...,0,0,1] T4y 81pa 27D+ DY) D>4 R-R
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Appendix B. M-theory branes: E, — SL(n)

In this appendix, we find which brane charges in M-theory are contained in each E, U-duality
multiplet of Table 5. The first integer of the central charge Z7>9">" represents that the brane is a
p-brane. The remaining integers ¢, 7, - - - denote the type of the SL(n) tensor.

B.1.  M-theory branes ind = 8: E5 — SL(3)

Decomposition of the particle, string, and membrane multiplets:

\ | £ | Central charges | |
(3.2)[0] P (3
1] 2% 3

"¢ T Central charges | \ | £ | Central charges |
(1L,2) |1 ]2
| 227 ()

G [1]Z27 @3

Decomposition of the 3- and 4-brane multiplets:

| | ¢ | Central charges | | | £ | Central charges |
G [2][Z223) | 3,2 [2]Z% 3)

31251 3)
Decomposition of the 5-, 6-, and 7-brane multiplets:
| ¢ | Central charges | \ | ¢ | Central charges |
303 7 @ \ | ¢ | Central charges | 15.1) | 4 | 272 (15)
- 1T ©.2) 3] 2 (0 @D 4 2% ®
ST D _ 41 2% (6 (3.3 [3]Z" (3
4 | 7533 [6)) 3.2) |3 z% 3) 4 | 7731 3
@1 3 25 Q) 41272 Q) 57735 @3)
’ G0 [4]Z7 @)
B.2.  M-theory branesind =7: E;, — SL(4)
Decomposition of the particle, string, and membrane multiplets:
| [ €] Centralcharges | | [ ¢ [ Centralcharges | | | £ | Central charges |
100 P4 511]Z% @ 5111220)
1226 ANG)) 2[22 @
Decomposition of the 3-, and 4-brane multiplets:
| €] Central charges |
|| £ ] Central charges | 24 2] 2% @)
10 | 2 | Z%% (6) 31Z%115),Z% ()
327 @) 412% @
13 Z% 1)

Decomposition of the 5- and 6-brane multiplets:

‘ Central charges ‘

| | €] Central charges | L[ =
4 25;4’1’1 (10)’ 25;4’2 (6) 5 ZG;4,3,1 15 ,Z6;4,4 1
5 25,4,4,1 (4) 5 ZG;4~4’3 (4 )s ( )
151212 45 |3 | 257 (¢ =
53 (4 (6)
3127 (4)_ 4 Z6;3,2 (20) 26;4,1 (4)
_ 4 ﬁ_(l()) 5 Z6;4,3,l (15’)
10325 @ 5142 @
4127 @© 51725 ()
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B.3. M-theory branes ind = 6: Es — SL(5)

Decomposition of the particle, string, and membrane multiplets:

16

| £ | Central charges | |
Py (5)

0

| ¢ | Central charges |

| ¢ | Central charges | |

1

Z% (10)

2

z% (1)

10 | 1

Z" (5)
AVARE)

16

1

z2 (1)

2

Z> (10)

3

22;5,1 (5)

Decomposition of the 3- and 4-brane multiplets:

\ 2] Central charges \
\ ¢ | Central charges | 144 | 2 % 1(5) -
. 3| 2% (45), 2% (5)
45 | 2 | 732 (10) - . :
i . 4| 2% a0), 21T (15), 2557 (10
3 23,4,1 (E)’Z&S (1) 5 Z4;5’4’1( (22‘) ( ) ( )
4 | 7% (10) =
4 757 (10)
5 7% (1)

Decomposition of the 5-brane multiplet:

Central charges

320

ZS;Z.I (m)

ZS;4,1,1 (70),25;4,2 (45)’ ZS;S,I (5)

ZS;4,4,1 (70)925;5,3,1 (45)’25;5,4 (5)

ZS;5,4,3 (40)

ANeY)

753 (m)

ZS;3,3 (50)325;5,1 (5)

ZS;5,3,1 (45)’

25;5,5,1,1 (15)

120

753 (E)

ZS;4.2 (45)’ ZS;S,] (5)

ZS;S,B,I (45), ZS;5,4 (5)

ZS;S,S,Z (10)

10

ZS;S,I (5)

N BN KW AWV WN WM R WS

ZS;5,4 (g)

B.4. M-theory branes ind = 5: Es — SL(6)

Decomposition of the particle, string, and membrane multiplets:

Central charges

78

z: (1

| ¢ | Central charges |

| £ | Central charges |

Z* (20

27

0

Py (6)

1

Z%2(15)

2

Z* (6)

27 | 1

Z" (6)

2

Z'* (15)

777 (20)

3

Zl;6,1 (6)
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Decomposition of the 3-brane multiplet:

‘ Central charges ‘
Z>2 (15)

241 (84), 2% (6)

Z%3 (105), Z°511 21), Z%57 (15)
Z3;6,4,1 (84),23;6’5 (6)

23;6,6,2 (15)

73 (6)

Z5%7 (15)

23;6,5 (E)

351

27

N B W AN KW

Decomposition of the 4-brane multiplet:

‘ Central charges ‘
Z*' (6)

Z%31 (105), 2% (15)

Z*3 (210), Z*51T (120), 252 (84), 275" (2 x 6)
Z¥S55T (384), 2 Z%03T (2 x 108), 22764 (2 x 15)

Z2% (210), Z5°5U (120), 2577 (84),2Z%°%1 (2 x 6)
Z¥83T (105), 5 (15)

Z*5551 (6)

Z4;4 (15)

7552 (84),24;6’1 (6)

Z+51 (21), Z*%31 (105), Z*%4 (15)

7552 (84), Z¥55T (6)

Z4;6,6,4 (1_5)

Z4;6,l (Q

Z4;6,4 (15)

Z4;6,6,1 (6)

1728

w
n
o
NN BRI Q AN N R WO AN AW NS

B.5. M-theory branes ind = 4: E; — SL(7)

Decomposition of the particle, string, and membrane multiplets:

‘ ‘ L ‘ Central charges
912[1] 2% (1)
2127 (3%)
(€] Central charges | 31 2551 (140), 2% (7)
| [¢]Central charges| [133]1]Z™ (7 4| 2753 (224), 25T (28), 257 (21)
56/0|P, (7) 2| Z% (35) 5] Z%%0 (28), Z¥741 (224), Z%7° (21)
1127 (1) 3251 (48), 27 (1) 627757 (140), 27771 (1)
2|2% 1) 4|27 (35) 7|27 (35)
312%1 (7) 51275 () 8] Z*7717 (1)
1 [3[Z7 (1) 56 |3 Z2%° ()
417777 (21)
52%7% 21)
6 22;7,7,1 (7)
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Decomposition of the 3-brane multiplet:

Central charges

8645

Z°2 (21)

Z*(224), 2% (21)

277 (588), Z°5TT (189), 72 (140),2 2571 2 x T)

73541 (1323), 2395 (112), 2 23731 (2 x 210), 2 Z7* (2 x 35)

2557 (540), 273 (784), ZT51T (540), 2757 (392), 3271 3 % 48), 2777 (1)

Z753T (1323),22°75% (2 x 210), 257721 (112),2 2777 (2 x 35)

Z3;7,6,6,1 (189), Z3;7,7,4,2 (588), Z3;7,7,5,1 (140)’ 223;7,7,6 (2 X 7)

O| 00| A | | K| W s

23;7,7,6,3 (224)’23;7,7,7,2 (21)

—_
(=]

23;7,7,7,5 (ﬁ)

1539

735 (ﬁ)

Z%%7 (140), 77T (7)

Z3;6,5 (m)’ Z3;7,3,1 (m)923;7,4 (g)

75757 (392),22°7°T 2 x 48), 257 (1)

Z3;7,6,4 (210)’ 23;7,7,2,1 (112)’ 23;7,7,3 (35)

23;7,7,5,1 (140))23;7.7,6 (7)

Z3;7,7,7,2 (21)

133

23;7,1 (7)

23;7,4 (ﬁ)

23;7,6,1 (48)’23;7,7 (1)

23;7,7,3 (35)

23;7,7,6 (7)

QN X[ QNN B0 0 QNN AW

Z3;7,7 (1)

B.6. M-theory branes ind = 3: Eg — SL(8)

Decomposition of the particle and string multiplets:

Central charges

3875

ARG

Z'# (70)

Z"1 (216), 27 (8)

Z"73 (420), Z5TT (36), 27 (28)

Z"75 (168), 51 (504), Z™*5 (56)

Central charges |

Z152 (720, 22571 (2 x 63), Z7FF (1)

248

P (8)

Zl;8,7,4 (504)’ Zl;8,8,2,1 (168), Zl;8,8,3 (56)

Z"2 (28)

Zl;8,7,7 (ﬁ)’zl;&&il (m)’ Zl;8,8,6 (E)

O 0 Q| O\ N| K| W —=|| >

Z% (56)

Zl;8,8,7,2 (216)’21;8,8,8,1 (8)

Z"7' (63), 2°° (1)

Zl;8,8,8,4 (70)

— | —
— o

Z°%3 (56)

Zl;8,8,8,7 (8)

7086 (28) 248

ZL7 (g)

ZO;8,8,1 (8)

Z™7 (28)

Z'%5 (56)

Zl;8,7,l (63),21;8’8 (1)

Zl;8,8,3 (56)

Zl;8,8,6 (ﬁ)

Zl;8,8,8,1 (8)

QN O 0| I NN W

Zl;8,8 (1)
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Decomposition of the membrane multiplet:

4 Central charges
147250] 1 [Z2 (1)
2 2% (56)
3|22 (420), 2% (28)
4 12593 (1344), Z=T-L1 (280), Z%72 (216), 2 2% (2 x 8)
5| 7%66 (336), z%T41 (3584), Z%7° (378), 2 22831 (2 x 378), 2 ZF84 (2 x 70)
6 | 727.6.2 (m)’ Z27.7.1 (m), 72843 (2352’)’ 728511 (1800), 72:8.5.2 (m), 4 72:8,6,1 4 x m), 2 7287 (2 x §)
7 Z5T74 (2100), Z53031 (8820), 2 %804 (2 x 1512), 2 28721 (2 % 1280), 3 22873 (3 x 420), 3 253811 (3 x 36),
375882 (3 % 28)
3 22;7,7,7 (m), 22;8,6,6,1 (ﬁ), 22;8,7,4,2 (m), 222;8,7,5,1 (2 X m)’ 322;8,7,6 (3 X m), 22;8,8,3,1,1 (ﬁ/),
728832 (1008), 4 228341 (4 x 504), 3 25385 (3 x 56)
o | ZZ5753 (7680), 2238772 (2 x 945), 228844 (1764), 2255321 (7680), 275533 (2352), 2 280! (2 x 945),
4728862 (4 % 720), 5258871 (5 x 63), ZE888 (1)
ZE8TTS (1512)), 2288641 (10584), 228865 (1008), 2288722 (2520), 2 Z%88731 (2 x 2800), 4 228874 (4 x 504),
10 2;8,8,8,1,1,1 2;8,8,8,2,1 2;8,8,8,3
z%888.L1, (120), 3 Z%8882, (3 x 168), 3 28883 (3 x 56)
1 22;8,8,7,5,2 (8820), 222;8,8,7,6,1 (2 X 1280), 322;8‘8,7,7 (3 x ﬁ), 22;8,8‘8,4,1,1 (m), 222;8‘8,8,4,2 (2 X ﬁ)’
322;8,8,8,5,1 (3 x m), 3 22;8,8,8,6 (3 X ﬁ)
12 22;8,8,7,7,3 (1800), 22;8,8,8,5,4 (2352/)’ 22;8,8,8,6,2,1 (4200), 22;8,8,8,6,3 (1344), 22;8,8,8,7,1,1 (280), 422;8,8,8,7,2 (4 x 216),
27288881 (2 « §)
13| 22888741 (3584), 2 2288873 (3 378), 22888822 (336), 72888831 (378), 2 7288884 (2 70)
14 Z2;8,8.8,7,7,1 (m), 22;8,8,8,8,5.2 (M)’ 22;8,8,8,8,6,1 (m)’ 222;8,8,8,8,7 (2 x g)
15 Z2;8,8,8,8,7,3 (420) 22;8,8,8,8,8,2 (28)
16 22;8,8,8,8,8,5 (%)
17 22;8,8,8,8,8,8 (1)
30380 | 3 [2%6 (28)
4 |Z%72 (216), Z*81 (8)
5 |Z%7° (378), 22831 (378), ZF84 (70)
6 | ZE771 (280), %352 (1344),2 25301 (2 x 216),22%%7 (2 x 8)
7| Z2864 (1512), 228721 (1280), 2 22873 (2 x 420), 28811 (36), 3 22882 (3 x 28)
8 | z28.75.1 (2800), 2 Z%876 (2 x 168), 28832 (1008), 2 Z=8841 (2 x 504), 3 2885 (3 x 56)
9 | 28772 (945), 728853 (2352), 2288611 (945), 2 728862 (2 x 720), 4 223871 (4 % 63),22%888 (2 x 1)
10| z%8873.1 (2800), %5365 (1008), 2 28874 (2 x 504), 2 2288821 (2 % 168), 3 228883 (3 x 56)
11 Z2;8,8,8,4,2 (1512), 22;8,8,7,6,1 (W), 222;8,8,8,5,1 (2 x m)’ 22;8,8,7,7 (E)’ 322;8,8,8,6 (3 x ﬁ)
12 22;8,8,8,6,3 (1344)7 22;8,8‘8,7,1‘1 (280), 222;8,8‘8,7,2 (2 x 216), 222;8,8,8,8,1 (2 x 8)
13 22;8,8,8,8,3,1 378) 22;8,8,8,7,5 (ﬁ) 22;8,8,8,8,4 (70)
14 22;8,8,8‘8,6,1 (m) 22;8,8,8,8,7 (g)
15 22;8,8,8,8,8,2 (28)
3875 [ 4 [Z%81 (8)
5|27 (70
6 Z2;8,6.1 (m),22;8,7 (g)
7 22;8,7,3 (420)’22;8,8,1,1 (36)’22;8,8,2 (28)
8 22;8,7,6 (m),22;8,8,4,1 (W)’ 22;8,8,5 (%)
9 22;8,8,6,2 (720)’ 222;8,8,7,1 (2 X 63), 22;8,8,8 (1)
10 22;8,8,7,4 (504)’ 22;8,8,8,2,1 (168)’22;8,8,8,3 (56)
11 Z2;8,8,7,7 (%)’22;8,8,8,5,1 (m)’zl;g,&&é (78)
12 22;8,8,8,7,2 (216) 22;8,8,8,8,] (8)
13 Z2;8,8,8,8,4 (70)
14 Z2;8,8,&8,7 (g)
248 | 6 |Z%87 (8)
7 22;8,8,2 (28)
8 22;8,8,5 (%)
9 Z2;8,8,7,1 (63)522;8,8,8 &)
10| 228883 (56)
11 22;8,8,8,6 (ﬁ)
12 22;8,8,8,8,1 (8)
1| 922888 (1)
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Appendix C. Type IIB branes: E, — SL(D) x SL(2)

In this appendix, we decompose the £, U-duality multiplets of the p-branes given in Table 5 in terms
of brane charges in type IIB theory. The 10D origin of an underlined (supersymmetric) brane charge

Zi 1024 corresponds to supersymmetric branes called

As—1—qsss—2—Gs—1rg2—q3)
(p+q1 _q2)(qs% 1—YGs59s—2—qs—15---42—43

(lots/2) -brane,

(C.1)

1
where £ W'

C.1. TDpellB branes ind = 8: E; — SL(2) x SL(2)

Decomposition of the particle, string, and membrane multiplets:

| | Lo | Central charges | | | €y | Central charges |
(3.2)| 0| P (2,1 3.1 12 1,2 | | & | Czrlltral charges |
127722 SRDACK(RY 22 en |

Decomposition of the 3- and 4-brane multiplets:

\ | €y | Central charges | \ | £y | Central charges |

G122 @11 3.2)| 3222
3127 1,2) 4 1 Z%212,1)
Decomposition of the 5-, 6-, and 7-brane multiplets:
\ (€3] Central charges |
(15,1)| 4 Z;ﬁ (1,3)
50277 1,2, 2, 1,49
\ [¢] Central charges | | | £y | Central charges | 753 o
> &1 6 727> (1,1),Z,;" (1,3)
8,13 é‘ 1,2) . (6.2)| 4] Zy 2.3) 7127727 (1,2)
41727 1,1),2Z,; 1,3) 512871 (2,2) 4177 (1,1
512227 (1,2) 6 [ 25221 (2,1) 57277 (1,2)
(1,3)] 4 |23 3,1) 3,2)| 4 [z% 2,1 6127 (1.3)
3 6;2,1 aﬁ ’
1,1 42°% 1,1 51477 2,2) (3.3) | 5277 (3,2)
627" (3,1)
G, 577 1,2
612722 1,1
C.2. TpellB branesind =7: E, — SL(3) x SL(2)
Decomposition of the particle, string, and membrane multiplets:
| - | & | Cent_ral charges | || € | Central charges | | [ € | Central charges |
109 A26D 5112 1,2 50227 G
1 ZL’ (37 2) ) E;Z (3 1) 3 723 (1 2)
2 1 z% 1,1 — E

Decomposition of the 3- and 4-brane multiplets:

6] Central charges \
‘ ‘ Ly ‘ Central charges ‘ 43 27 G.2)
1022 an o = 3
3 22 3.2 4 1272 8., 2% (L), Z,; (1,3)
e 51 2%23,2)
4 1291 3,1 g —
1| 4 Z% Q1
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Decomposition of the 5- and 6-brane multiplets:

‘ [ & ] Central charges ‘ ‘ [ & ] Central charges ‘

03 20,2 70 4|23 3.3)

41 2523,1,2) 3.3) 5| 28T 82,707 (L2, 255, (1.4)

5 | Zo? 62,207 (3.2) 6 | 28221 @5.1), 25,7 3.3). 27 3.1)

6 | 2751 (8,1) 7 2597 5.2)
15 4 ﬂ (6,1) 45 4 761 3,1

531 - 2 -

> | Zo ' 3.2 5| 27T 82,70 1,2)
8% MY 6 | 29T (6,1), 272 (3,1), 2557 3.3)
10| 4 [ 25230 7 | 2777 (3,2

5 | 277 32 515 | 270

6 | 2593 (1,1) 6 | Z%2 3.0

C.3. TypellB branesind = 6: Es — SL(4) x SL(2)

Decomposition of the particle, string, and membrane multiplets:

‘ ‘ Ly ‘ Central charges ‘ ‘ ‘ 123 ‘ Central charges ‘ ‘ ‘ Ly ‘ Central charges ‘
160 [P 41 10 | 1 zj 1,2) 16 | 2 | Z%1 4,1
1 [ 2" (42 PACRY 327 @2
2 [ 2% @ 3]z (1,2 4172774

Decomposition of the 3- and 4-brane multiplets:

\ [ & | Central charges \
\ [ & | Central charges \ 144 [ 3 | Z¥1 4,2)
5122 a0 4| Z2*1 20,1),Z% 4,1),Z;; 4.3)
312762 5[ Z57(20,2), 257 4,2), 25T (4,2)
4| 223 (5,1, 2% (1,1), 25 (1,3) 6 | 2 @1), 2% 20.1), 2% @.3)
5 23;4,2 (6, 2) 7 Z:;4,4,1 (4’ 2)
6 | 2% (1,1) 16 | 4 | 25 @&1)
1 4 727,10 5 Z;l;4,l 4,2)
6 | Z%*3 (4,1)

Decomposition of the 5-brane multiplet:

320

&~
)

‘ Central charges ‘
Z3 (1,2)

77 (6,1), 255 (6.3)

7377 (20,2), 2377 (15,2), 225 (2 x (1,2)). 25, (1,4)
Z5321 (64,1),27°%2 2 x (6, 1)), 220, (2 % (6,3))
Z3M20,2), 227 (15,2227 2 x (1,2), 2250 (1,4)

By
75432 (6,1), Z3, " (6,3)

Za;4,4,4 (1,2)

Z5T 0, 1)

7231 (15,2)

Zy57 (10,3), 25411 (10,1), 2542 (6,1)
72431 (15,2)

7510, 1)

Z>2 (6,1)

731 (15,2), 25% (1,2)

Z5ALT (10,1), 2357 (6,3), 2°33 (10,1), 2542 (6,1)
Za 1 15,2), 27 1,2)

25;4,4,2 (6,1)

)

2747 (6,1)

Z3 (1,2)

126

120

10

N[NNI NN | RO DN RO 0] QA | N AW
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C.4. TypellB branesind = 5: E¢ — SL(5) x SL(2)

Decomposition of the particle, string, and membrane multiplets:

[ Central charges
| [€]Central charges| | |&|Central charges| [78]2[Z* (5,1)
2710 [P (5,1 27112} 1,2) 3172 (10,2)
127" 5.2 2122 (10,1) 4 (275 24,1), 255 (1,1, 25 (1,3)
2 Lm (10,1) 3 Z;A (5, 2) 5 Z§;5,2 (10’ 2)
347 A LAVASNERY 6 227 G,1)
14[Z% 1,1

Decomposition of the 3-brane multiplet:

‘ ‘ t ‘ Central charges
3512 [ Z2(1,1)
3 ]2 (10,2)
4| 22T @0, 27 G0, 2 (5.3)
5 234 (45,2),2737 2% (5,2)
6 | 2% (15,1), 2521 @0, 1), 2% (10,1), Zz;" (10.,3)
727 242,277 (1,2)
8 | %32 (10,1)
27 | 3 | 2% (5,1)
412> (52
5 1 z%3 (10,1)
6 | 2255 (1,2)

Decomposition of the 4-brane multiplet:

\ 4o | Central charges

1728] 3 (2% (5,2)

4121 (40,1), 2% (10,1), Z,; (10,3)

512332 (75,2),2 2541 (2 x (24,2)),2Z% (2 x (1,2)), Z;, (1,4)

> “apy

g (22 (75,1), 254 @40, 1), Zy (40,3), Z4511 (15,1),32%52 (3 x (10, 1)),

27,57 (2 x (10,3))

> “apy

7125441 (70,2), 25522 (30,2), 2 253 (2 x (45,2)), 324 (3 x (5,2)), ZF (5,4)

8 | Z¥AL1 (70,1), 224542 (2 x (45,1)), Z,;*? (45,3),2 %551 (2 x (5,1)), Z35 ™!

5,3)

el

ZE55 (15,2), 25521 @0,2), 2555 (10,2)

—_
(=]

Z4;5,5,4,1 (24, 1)

Z¥ (10,1)

Z;* (24,2), 27 (1,2)

7343 (40,1), 251 (15,1), 7,5 (10,3), %2 (10,1)

ZF (@5,2),225* 2% (5,2))

2342 (45,1),2,>7 (5,3), 271 (5,1)

O 00| Q| N | B~

7353 (10,2)

—_
(=]

Z3;5,5,5 (1’ 1)

755 (1,2)

Z%7 (10,1)

Z3* (5,2)

0| | O\ W

Z4;5,5,1 (5, 1)
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C.5. TpellB branesind = 4: E; — SL(6) x SL(2)

Decomposition of the particle and string multiplets:

\ [ & | Central charges
T
\ | £ | Central charges | 133 1 270{‘2(1,2)
= 2 1 Z~F (151
56 0 & (6, 1) 3 ZOE;4 (E’ 2)
L] Z 62 41251 (35,1), 2" (1,1), Z3 (1,3)
2| 2% (20,1) T (53 . M
3 ﬁ(6,2) 01[‘64( -2
4 1 Z%T1(6,1) 6 L (1s,1)
£ — 7 | 2155 (1,2)
1 4 | Z% 1,1)
Decomposition of the membrane multiplet:
‘ ‘ Ly ‘ Central charges ‘

\ | €5 | Decomposition of the membrane multipletind =4 |
Z% (6,1)

77 (20,2)

Z*1 (84,1), 2% (6,1), Zy; (6,3)

777 (84,2), 27" (6,2), 27" (6,2)

Z%4 (70,1), Z%%3 (20,1) Z521 (70,1) Z;3 (20,3)
Z7°4 (84,2), 27 (6,2) Z;% (6,2)

27032 (84,1) Z%°01 (6,1) Z2*" (6,3)
Z7%637(20,2)

22;6,6,5 (6, 1)

Z% (6,1)

7751 (6,2)

Z%%3(20,1)

7253 (6,2)

ZZ;7,6,1 (6, 1)

O 0| | O | K| W

—_
(=]

56

0| | O\ | K~

Decomposition of the 3-brane multiplet:

\ € | Central charges
8645217 (1,1)

31237 (15,2)

4[Z°31 (105,1), Z%* (15,1), 2, (15,3)
512342 (189,2),2 251 (2 x (35,2)),222° 2 x (1,2)), Z25, (1,4)

> Tafy

o (25105, 1), 92 (384,1), 29 (105,1), 2577 (105,3), %01 (21,1),32%°% (3 x (15, 1)),

27,07 (2 x (15,3))
ZF541(384,2), 2355 (21,2), ZF022 (105,2), 2 23931 (2 x (105,2)), 4 Z35* (4 x (15,2)),
Z20% (15,4)

aBy

) 73352 (280, 1), 20411 (280,1), 2 Z%642 (2 x (189, 1)), Z,3* (189,3), 3 2395 (3 x (35,1)),

22307 (2% (35,3)),22%0 2 x (1,1)),3Z,5° (3 x (1,3))
. 73644 (105,2), 230521 (384,2),2 23653 (2 x (105,2)), Z¥66L1 (21,2), 4 23662 (4 x (15,2)),
73062 (15, 4)

aBy

| 23;6,5,4,1 (m’ 1), Z3;6,5,5 (ﬁ’ 1)’ 23;6,6,2,2 (m, 1)’ Z3;6,6,3,1 (m’ 1)’ 2326,6,3,1 (m’ 3),

323064 (3 x (15,1)), 2 2,7 (2 x (15,3))
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11 | 730042 (189,2), 2235651 (2 x (35,2)), 22350 (2 x (1,2)), Z,3*° (1,4)
12 | Z36853 (105,1), 236662 (15,1), Z33°* (15,3)
13 | 735064 (15,2)
14 Z3;6,6,6,6 (1’ 1)

1539 | 4 | 73 (15,1)
512357 (35,2),2° 1,2)
6 | Z%53 (105,1), Z¥°I (21,1), 2% (15,1), Z3 (15,3)
7| 2355 (21,2), 22531 (105,2),223%% (2 x (15,2))
8 | Z¥042 (189,1), 27731 (2 x (35,1)), Zy3 ™" (35,3),22%%¢ 2 x (1,1)), Z,3° (1,3)
9 | Z2%53 (105,2), 23961 (21,2), 2 23552 (2 x (15,2))
10 | Z3653 (21,1), 236631 (105,1), 25054 (15,1), Z,3** (15,3)
11 | ZF3%65T(35,2), Z¥5%% (1,2)
12 | 26562 (15,1)

133 | 5 [ 723 1,2
6 | Z%7 (15,1)
7 | 2294 (15,2)
8 | 7351 (35,1), Z°°° (1,1), Z;3° (1,3)
9 | 23557 (15,2)
10 | Z*6%% (15,1)
11 | Z¥%%6 (1,2)

1 8 | 7% (1,1)

C.6. TypelIB branes ind = 3: Eg — SL(7) x SL(2)

Decomposition of the particle multiplet:

248

~
©

Central charges

Py (7,1)

Z%7(1,2)

Z% (35,1)

705 (21,2)

Z%1 (48,1), 2% (1,1), 2, (1,3)
Z¥72 (21,2)

Z"74 (35,1

Z878 (1,2)

Z%MH (7,1)

0| || N B W =IO

Decomposition of the string multiplet:

‘ ‘ £y ‘ Central charges
3875 [ 1 [ 7] (1,2)
Z™ (21,1)
3 | 72 (35,2)
4 | ZT (140,1), 2" (7,1), 2%, (7.3)
5 [ 2152 (140,2),2ZF 2 x (7,2))
6 | 24 (210,1), Z'721 (112,1), Z'73 (35,1), Z,; (35,3)
5
8
9

7106 (28,2), Z741 (224,2),2 775 (2 x (21,2))

Z'7°2(392,1),2Z1751 (2 x (48,1)), Z,;"" (48,3),2Z"77 (2 x (1,1)), Z,;" (1,3)
Z5763°(224,2), 2771 (28,2),2 21777 (2 x (21, 2))

10 | Z763 (112, 1), 27731 (210, 1), ZW774 (35,1), Z,5" (35,3)

11 | Z}7751(140,2),2 21776 (2 x (7,2))
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12 | Z17762 (140, 1), Z¥77 70 (7,1), 2,777 (7,3)

13 | Z}7773 (35,2)

14 | Z17775 (21,1)

15 | ZF7777(1,2)
248 | 4 | Z% (7,1)

51271 (1,2)

6 | 23 (35,1)

7 | Z75 (21,2)

8 | Z'761 (48,1), Z%7 (1,1), Z," (1,3)

9 | Z"77 (21,2)

10 | Z%774 (35,1)

11 | Z1776 (7,2)

12 Zl;7,7,7,1 (7’ 1)
1 | 8| Z¥71,1)

Decomposition of the membrane multiplet:

Ly Central charges
unso | 2 | 22T
3 | 2535y

4 2241 @34,1), 725 @1,1), 2% ﬂ (21,3)

s | 2E5% 392,2),275%" @ x @8,2).2227 @ x a.), 7% 5 1.4

6 | z254 90,1, 2621 (135,1), 2563 (224.1), 22;3 (224.3). 22701 28.1),32%72 (3 x @1, 1)), 222‘572 @x(1,3)

7| 220 @23,2),2255° @x A12,2). 257 16,2),22273) @ x @10,2),425 7 4 x @2, zzﬂ74 @4
72652 3016, 1), 72661 (189,1), 22;’6' (T89.3), 2274 L1 @0,1), 222742 (2 x (588, 1), zzg“ 398,3), 422751 @ x @@0,1),2220> @ x 40,3,
Sl e @x 3,1, 42257(‘ @x(1,3)
, 22503 (840,2), 22744 @00',2), 2275 (2016,2), 225753 (2 x (588,2)), 222701 2 % (189,2)), 625702 (6 x (140.2)), 5/57(’2 (140.4). 625771 (6 x (1.2,
Zh a4
72665 (378,1), 227541 3024,1), 22755 (196,1), 227622 (1260,1),2 227631 (2 x (1323,1)), zzﬂ”’“ (1323,3),4 22764 (4 % 210,1)), 322;“ G x (210,3)),
O a2 84.1), 42257721 @ x (12, 1)), zzzﬁ7721 2 x (112,3)), 525773 (5 x (35,1)), 422/3773 (4% (35.3)
727042 3303,2),3 727051 3 x (738,2)), 4227700 (4 x @8.2)), 425765 (@8,4), 22773 756,2), 2227732 (2 x @90,2)), 62577 (6 x @34,2)).
! 7-7’4" @2,4,72577° (7% @12, /53775 (1,4
227“53 @990, 1), 2227662 (2 x 50,1)), 20 52 580,3), Z2TTADL 00, 1), 2354 (784,3), 727743 (784,10, 2227751 @ (540, 1)),
. 7O (540,3), 5227752 (5 x a9z, 1))212757752 @ % (392,3)), 7257761 (7 @8, 1)), 625575 6 x 48,3),32577T 3 x 1,320 7T 3 x .3
727064 (756.2), 227733 (3402,2), 2227754 2 x (490.2)), 3227702 (3% (135,2)). 6 227703 (6 x (224,2)). (fﬂ”“ 224.4),4257 7701 4 x 28,2)).
13 Zé};‘zj,m,l (28.4), 7227772 (7% 21,2)), 22;57772 @14
227,666 §4,1), 2277551 (1260, 1), 2577632 G024, 1), 22577641 2 x (1323, 1)), 22/377"41 (1323.3),42%7765 (4 x @12 1)), 222;7"5 @ x (I12.3)).
" 220 G78.1), 2277722 (196,1), 42277731 (4 x @10, 1)), 322;7731 G x @10,3)). 5227774 (5 x (35.1). 422/37774 @ x (3.3)
7277052 3916,2), 2227001 (2 (189,2)), 2577733 @02, 25T TALY @a0,2), 2227742 2 x 388.2)), 622775 (6 x 1@0,2)), 22;775] (T0,4),
15 625;7’7’7’6 6% (7.2), 22;776 .4
2277663 (840,1), 22717521 2016, 1), 22577753 (2 x (588,1)), 22;7753 (588,3), z2 777611 (189, 1), 22;776' 1 (189.3), 42277762 (4 x (140,1)),
16 222;7'7'("2 (2 x (140,3)), 42277170 (45 (7,1)), z:/zﬂ77771 4 x(1,3)
17 | ZZTT755 (196,2), 227703 (1323,2), 22277704 2 x 210,2)), 22277772 (2 (112,2)), 42277773 (4% (35,2)), 22;7773 (35.4)

18 72:7,7,7,6,5,1 (T35, 1), 72:7,7,7,6,6 38, l),22?7v7v7v7v3v2 (m’l)»zz;7,7,7.7,4‘1 @71, 22;37,7,7.7,4,1 (234.3), 37277775 G x 3L,1)), 2202(;37,7,7,7.5 @ x (1,3)

19 | ZZ7T (392,2), 222 T8 (0 5 (48,2)), 2257 T T T (2 x 2.2
0| TSI @aa ), ZTTTIE @, 22T a1y

21 Zél NANNES (35,2)

2 Z=TTTTT.6 .1

RENIE)
72T w2, 7227 (1.2)

30380 4
5
6 2263 @24,1), 25701 28,1), 251F 21,3), 2572 1.1
7
8

. uﬁ
72731 a10,2), 2555 (112,2),272F 2 x 35,2))

22742 (588.1), 22:6.6.1 (189, 1), 22ﬁ751 (T0.3),22%75:1 2 x 740, 1)), 222ﬁ76 @x (1.3).32576 (3 x @.1)
9 | zZ753 (588,2), 227001 (189,2),3 22702 (3 x (140,2)), /2;7‘ 1.4),42277 4 x 1.2
10 | 227631 (1323,1), 22755 (196,1), 22/57"4 @10.3), 22;721 (112,3), 222764 2 x 210,1)), 2257721 2 x (112,1)), 222;73 (@ x (35,3)), 425773 (4 x (35,1))
1| zZ7732 @90,2), 22705 @38,2), 322774 3 x @74, 2), /Zﬁ7 75 31,4),225790 2 x 38,2)), 525775 (5 x (31.2)
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727743 (78441),22};’7’5‘2 (392,3), 2271501 (540, 1), 227662 520,1), 2227752 2 x <392.1)),3z§g*7’(’*' (3 x (48,3)), 5227761 (5 x (48,1)),
2 322077 6 x ,30,322777 G x 1,1
13| 22773 490.2), 22702 (135.2), 3257703 (3 x 224.2)), 228771 2 ¢ (28,2)).25;{/7'7'2 @1,4),522777% (5% 21,2)
| TIOR3, 2277022 496 1), 220 T @10,3), 2227773 @ x @0,1), 20703 (12,3, 2227765 @ x (1210, 2250 7T 2 x @353,
4727774 4 < 35,1)

1s | ZTTTAL g 5 2TT6ET (g 5 3 ATTIST (5 (W,zn,zjif'”’ @.4,4727778 4 a2
16| 2277753 (s8,1), 220 P07 (140,3), 25T TTOLL (89,0, 22277782 @ 140,1,2220 TP 2% (1,9, 3257717 3 x 1,1y
17 | 227778 210,2), 2FTTTTET (112,2), 22577773 (2 x 35,2)
i | Z2TTTAT @, 27758 @ .25 T @, 27T @y
19 | zZTTTTST 4 2) 2277177 (1)
20 | ZETTTTT ZPIND)

3875 s | 27 an
6 ZZT2 211
7 | ZF7 @32
8 | zET5T a0, 1), 2276 (7,1),202(;3 L)
9 | zF757 (140,2), 22571 2 x (1.2))
10 | 22764 210,1), 227721 (112,1), 22773 (35,1),4}3' 7 (35,3)
1| zZ755 @38.2), 27T @2d,0),22577° @ x 31,2)
12 | 727752 (392,1),2227.7.6.1 2 x (48.1)),25;3’ ST (48,3),225777 2% A.D).2,""" 1.3)
13 | 25770 @24,2). 257 T 28.2).225 7T @ x (21,2))
1 | 227785 i, 22TTTST @i, 22777 s, 27T G
15 | zZTTTT 120,2), 2257770 2« @3,2)
16 | 2277782 a0, 22T . 25 T
17 | zy"hhhe 352
18 ZZTTTTS 31,1y
19 | zZZPTTTT (1.2

248 8 | ZZ70 a1
9 |z (1.2
10 | ZZ773 @50
| ZE7 ey
12 | 227761 48.1), 22777 (l,l),Zéj%‘ 1,3
13 | zg"""" ey
14 | ZETTTA 35,1
15 | zZ7778 @2
16 | zZTTTTT(71)

1 12 | ZZT7TT 4,y

Appendix D. M-theory potentials: £, — SL(n) and 11D uplifts

In this appendix, we summarize the mixed-symmetry potentials in d dimensions. For each of the
d-dimensional potentials, we also identify the 11D origin. The same analysis in type IIB theory is
worked out in Appendix E.

D.1. M-theory:d =9

[¢]11Dorigin[[ p=1 [ p=2 [ p=3] p=4 | p=5 ] p=6 ] p=17 [ p=238 [ p=9 |
0 A} Al (2)
1 A3 Adip )[4 ) |45 (D)
2 As Agp (1) |45 (2) | 4s (D
3 g1 Ag21 (2) | 4710 3), g1 (2)
A7 (1)
4| A Aga1,1 3) Ag;111 (4),
Aoy (2)

A1 Agp1 (2)

[ Toal || 2+1 | 2 | 1 | 1 [ 2 | 241 | 3+1 | 3+2 | 4+2x2 |

D.2. M-theory: d = 8

[¢[1IDorigin[[ p=1 [ p=2 [ p=3 [ p=4 | p=5 | p=6 | p=1 [ p=38 |
0] 4 403
1 A3 Aip B) 421 B) |43 (1)
2 As Az (1) [ A4 3) 451 3) A6 (1)
B g1 As31 (3) As2.1 (8), Az.1.1 (6), As;1 (3)
Aez (1) A7 (3)
4| Aoz g3 (1) A3 (3) Az 3)
Ao, A73,,1 (6) Agpa,1 (15),
Asza (3)
Ai Asza (3)
5| Augt Az (3)
(15,1) 4+ (3,3)

‘ Total H 3.2) ‘ 3.1 ‘ 1,2) ‘ 3.1 ‘ 3,2) ‘(8*” 6,2)

+(1,3) +3,2)

+2 % (3,1)
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D.3. M-theory:d =17

‘ ¢ ‘ 11D origin H p=1 ‘ p=2 ‘ p=3 ‘ p=4 ‘ p=>5 ‘ p=6 p=1
0 Al AT @
1 A3 A1 (6) A1 () A3 (D
2 4g O) A3 (@) 442 (6) A5y @) 45 (1)
3 Az Ay @) A5z (15), Ag2.1 (20), Az11 (10),
As;4 (1) A3 @) A7 (6)
4 493 Asu3 @) Ag33 (10), A737 (20),
Aga2 (6) A741 4)
A10,1,1 Ae:4,1,1 (10) A7:3,11 (36),
A7:41 4)
Ai1,1 A74,1 (4)
5 A104,1 Asa4,1 (9 A743,1 (15),
A7:44 (1)
A113,1 A7:43,1 (15)
A114 A744 (1)
6 A1143 A7443 @
\ Total [ 10 [ 5 5 10 24 40 +15 | 70+45+5 |

D.4. M-theory: d =6

[ ¢ ] 11D origin ] p=1 [ p=2 | p=3 [ p=4 [ p=>5 [ p=6
0 Al VING)
1 A3 A1 (10) A1 (5) A3 (1)
2 Ao Ays (D) 424 (5 433 (10) Agp (10) As;1 (5) e (1)
3 As1 4351 (5) Aga, 24), As3,1 (45), Ag2,1 (40), Ag;3 (10)
As;s (D) As4 (5)
4 Ag3 Ay;s3 (10) Asa3 (40), 63,3 (50),
o Agaz (45), dg;5,1 (5)
A10,1,1 As;s1,1 (15) Aea1,1 (70),
- Ae;5,1 (5)
A1, 46:5.1 (5)
5 104,10 As;54,1 (24) Agaa1 (70),
Ag;53.1 (45),
Ag;54 5)
A113,1 Ag;53,1 (45)
A114 Ag;54 5)
6 41143 Ag;5.4,3 (40)
A115,1,1 Ag;5,5,1,1 (15)
\ Total I 16 10 16 45 144 [ 320+126+10
D.5. M-theory:d =5
[ ¢ ] 1Dorigin [ p=1 [ p=2 ] p=3 [ p=4 [ p=5
0 Al 4l ®
1 A3 A1 (15) Az;1 (6) 43 (D
2 46 Ars ©) Azq (15) A33 0) Aaz (15) 51 (6)
3 As,1 A26,1 (6) 4351 (39), Aga,1 84), As3,1 (105), 4s:4 (15)
Az;6 (1) Ag:s (6)
4 Ags A363 (20) Ags53 (105), Asas (210),
As62 (15) As;s2 (84), 4s:6,1 (6)
Ai0,1,1 Ag,1,1 (21) As;5.1,1 (120), 4561 (6)
Ay, As:6.1 (6)
5 Ag6 4366 (1) Axe,5 (6) As64 (15)
Ar04,1 A4, (84) As;54, (384),
As;3,1 (105),
As64 (15)
A113.1 As63,1 (105)
A114 As.04 (15)
6 410,62 As662 (15) As652 (84),
As;6,6,1 (6)
A11,43 As;6,4,3 (210)
A11,5,1,1 As;6,5,1,1 (120)
241161 245661 (2% 6)
7 A11,63,1 456631 (105)
Ai1,64 As:664 (15)
8 A11,6,6,1 As6,6,6,1 (6)
Total [ 27 27 78 351 1728 +2
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D.6. M-theory:d =4

‘ £ ‘llDoriginH p=1 ‘ p=2 ‘ p=3 ‘ p=4

0 4] 41 ()

1 A3 Aip 21) | 4y (7) A3 (1)

2 Ag Ay 1) Az 35) A3z (35) Asp (21)

3 As Avgy (7) | Ayey (48),  Ass; (140), | Ay (224),

A7 (1) Az (T) Ays (21)
4 Aoz Az3 35) | Az (224), | Ayss (588),
Az (21) Ao (140),
Ay (7)
Aio,1,1 A3z, 28) | Ayer1 (189),
Ay (7)
Ay _ - Aaza (T)
5 Ao Azg6 (1) Ases (28), | Augs (112),
Az 21 Asz4 35)
Ao Asras )| Aygas (B3T3,
Ag3. QTO),
Asza (35)
A Asg3.1 EIO)
Ana || Aaz4 35)
6 A6 Asz760 (140) | Ayegsn (540),
Asz52 (392),
Ay, (48)
Aoz, Aszz71 (7) Agz6,1 (48),
A4;7,7 (1)
Aiigs Asz43 (784)
Anisi Ay, (540)
241161 2 As61 (2 x48)
A Agz7 (1)

7 Aro74 A3774 (35) | Asgea (210),
- - Asz73 (35)
Ar163.1 Asz63,1 (1323)
A4 As764 (210)
Ar172.1 Asz721 (112)
241173 2A4;7,7,3_(2 x 35)

8 Ao Az777 (1) Axz76 (7)
A1166.1 As7661 (189)
A4z Ay774> (588)
A5, Ag75.1 (m)_
241176 2A4776 2 xT)

9 A11763 Ayz763 (224)
A2 47772 (21

10| Auggs Ayz775 (21)

\ Total [ 56 [ 133 | 912 | 86454133 |

D.7. M-theory: d =3

In d = 3, the task is rather complicated. The 1-form and 2-form gauge potentials are determined
in Ref. [55] but the details of the 3-form have not been given in the literature. As mentioned in the
introduction, in order to reproduce all of the potentials in the 3-form multiplets, we need to determine
the E£11 generators up to level £ = 17 but it is not easy even if using SimpLie. On the other hand,
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if we consider the level decomposition of Ref. [56] by deleting the node o3, we can find that the
3-forms are in the 147250 + 3875 + 248 representations of Eg.
We decompose the Eg representations into the irreducible representations of the subgroup SL(8),

and then the following set of 3-form potentials are obtained.

\ ] Decompositions of Eg representations into SL(8) representations
1472500 1 145 (1)

2 435 (56)

3 4351 (420), 436 (28)

4 |A363 (1344), 43711 (280), 437, (216),2 435, (2 x 8)

5436 (336), A3741 (3584), As7s (378),2 43551 (2 x 378),24354 (2 x 70)

6 A362 (4200), A377, (m),m (2352)), Asg511 (1800), Asgs, (1344), 4 Az, (4 x 216),
24387 2% 8)

7 As774 (2100), A3 63,1 (8820), 2 43864 (2 x 1512),2 43870, (2 x 1280), 3 43573 (3 x 420),
343811 (3 x 36),3 4355, (3 x 28)

3 A3z777 (m), Az 8661 (m), Aszg742 (m), 238751 (2 X m), 343876 3 X m),
A3883.1.1 (1512), Asg532 (1008), 4 43554, (4 x 504), 343555 (3 % 56)

9 Asg763 (7680), 2 A3.577, (2 % 945), Ayg544 (1764), 355551 (7680), Ass555 (2352),
2 A388611 (2 % 945), 4 A38862 (4 x 720), 5438871 (5 X 63), A3g55 (1)

10A3;8,7,7,5 (1512"), A3864,1 (10584), A3:3565 (1008), A3:88725 (2520), 2 4385731 (2 x 2800),
4438874 (4 x504), A33851.1,1 (120), 3 4388521 (3 x 168), 3 435553 (3 x 56)

11A3;8,8,7,5,2 (m)iﬁls;g,s,m,l (2 x m)i‘b;&sﬂj (3 x %),14_3;8,8,8,4,1,1 (m),
2 Azg8842 (2 x 1512), 3 A3 85551 (3 x 420), 3 4353556 (3 x 28)

12 Ass8773 (1800), A3g8854 (2352"), Asgs562.1 (4200), A388563 (1344), A35557,1.1 (280),
44388872 (4 x216),2 355881 (2 X 8)

13| 43555741 (3584), 24355575 (2 x 378), 3555522 (336), 3555531 (378), 24355554 (2 x 70)

14/438585877.1 (280), A3388852 (1344), Azg88861 (216),2 435858587 (2 X 8)

15/4358383873 (420), 43888832 (28)

16|43.8888385 (56)

17|4385838388 (1)

3875 |4 [dyss (8)

5 |Azz4 (70)

6 |A3361 (216), A357 (8)

7 |A3873 (420), A3g5.1,1 (36), A3882 (28)

8 [43576 (168), A35541 (504), 43555 (56)

9 |A38862 (720), 2 A385871 (2 X 63), A3885 (1)

10/4385874 (504), A38882,1 (168), 435553 (56)

11438877 (36), A38885,1 (420), 4388386 (28)

12|4388872 (216), A3.85881 (8)

13|4388884 (70)

1443855857 (8)

248 |6 |A4357 (8)

7 |A3zs32 (28)

8 4555 (56)

9 |A3887,1 (63), Az85 (1)

10|43,3883 (56)

114388586 (28)

12/438885.1 (8)
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By uplifting these potentials into d = 11, we can identify all of the mixed-symmetry potentials in

11D up to level £ = 17 that can appear in d = 3. The result is as follows.

¢ | 11D origin p=1 p=2 p=3
0 Al Al (8)
1 A3 A (28) Ay (8) A4; (1)
2 As Ais (56) Az (70) A3 (56)
3 s, 417, (63), Aze1 (216), Ay7 (8) | Az (420), A3 (28)
- A1;8 (1) -
4 Aoz Ayg3 (56) As;73 (420), Aze3 (1344), 43,7, (216), 35,1 (8)
- Ayz, (28)
Aio11 Azs,1.1 (36) A3z, (280), 435, (8)
Ay . _ Aszs1 (8) _
5 Ao Ai56 (28) Ay (168), Az6 (336), A3 5 (378), A3s4 (70)
hass G6)
Aoa Azza1 (504) As;z4,1 (3584), A3g3, (378), 4354 (70)
Az Aszgzy (378)
Aia Ass4 (70) _
6 Aoz Aiss1 (8) Az (03), 4255 (1) | A3s7 (8), A3s61 (216)
Aio62 A562 (720) 43762 (4200), Az, (1344),
Az 86,1 (E) L 5
Aoz, Azg71 (63) Az77.1 (280), A3561 (216), A3;37 (8)
Aiog Argg (1) Az g7 (8)_/
Aiias Aszgaz (2352)
A1, Asg511 (1800)
241161 2A3;8"”l (2 x 216)
Az Asz7 (8)
7 Aro7.4 Aag74 (504) Asz74 (2100), Az g4 (1512),
A3 (420)
A0g2.1 Arggo1 (168) Az g0, (1280), A3gg1,1 (36) A355> (28)
Arog3 Asgs3 (56) Az g3 (420), A358, (28)
Ai163,1 A3z g3, (8820)
Aiea Az g4 (1512)
A7, Az g2, (1280)
241173 243875 (2 X 420)
3411811 3438811 (3 x 36)
3412 _ 3A3;8,8,2£x 28) .
8 Aoz Azs77 (36) A327 (120), 3576 (168)
Arogs,i A5 (420) Aszg75.1 @), Asgs41 (504),
. Aszs5 (56) .
Atoge Argse (28) Aszz76 (168), 3555 (56)
A1 6.1 Az g6, (2520)
Ar1742 As574> (10584)
A5, 3751 (2800)
241176 243576 (2 x 168)
Angsi Asgs3.1.1 (ﬁ/)
Aig3p A3s832 (1008)
441184, 4 Asg54,1 (4 % 504)
341185 343535 (3_X 56)
9 Arog72 Argg72 (216) Az g2 (945), Az gg62 (720),
Aszg87.1 (63)
Arogg Azzgg1 (8) A3z g1 (63), A3ggs (1)
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A1763 Asg763 (7680)
A2 As577, (945)
Aiigas Asg544 (1764)
A1 8521 Az gg501 (7680)
Aligs3s Asss53 (2352)
24118611 24388611 (2 x 945)
4411862 4 438862 (4 x 720)
641187, 6435571 (6 % 63)
241188 243888 (2% 1)

10 | Aiogga Arggs4 (70) Aszgg74 (504), A33553 (56)
A7 Asg775 (1512')
Ar1864.1 Asgs641 (10584)
At1865 Az z565 (1008)
A118722 Asg5722 (2520)
241187301 243558731 (2 x 2800)
4411874 4 435574 (4 x 504)
Ar188,1,1.1 Azggsi11 (120)
44118821 4 4555821 (4 x 168)
4411883 _ 4A3;g,g’g’3£|- X 56) -

11 Arogg.7 Arggs7 (8) Azg77 (36), A35886 (28)
A11875,2 Asg8752 (8820)
2411876, 243838761 (2 x_1280)
3Ans77 3435877 (3><_36)
Argga Asgs8411 (2100)
24118842 2A388842 (2 % @)

4411885.1 44558851 (4 ><_420)
4411886 4455836 (4 x 28)

12 | Angsas As35773 (1800)
Al18s54 Asgs854 (2352))
A1886.2.1 Ass5562.1 (4200)
Ar18863 Ass8863 (1344)
Ai1887,1,1 Asg8871.1 (280)
54135872 54588872 (5 x 216)
4411888, 44555851 (4 X 8)

13 | Aiiggral Azzgg741 (3584)
24118875 24355575 (2 x 378)
Ar1g8g822 Asgs85822 (336)
Ar18883.1 Asgs8831 (378)
34118884 34558884 (3_>< 70)

14 Anggr Asgs877.1 (280)
Ar188852 Asgs8852 (1344)
A11,8,8,8,6,1 A3;8,8,8,8,6,1 (m)_
34118887 343555587 (3% 8)

IS5 | Anssss Asg53873 (420)
All,8,8,8,8,2 Az;s,&g,s,&z (§)

16 | 4138885 Az 8883885 (56)

17 | Ai138883 Asgsss88 (1)

Total 248 3875+ 1 147250 + 3875 + 248
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Appendix E. Type IIB potentials: E, — SL(D) x SL(2) and 10D uplifts

E.l

DBype IIB theory: d =9

[ ¢ [ 10D origin_ |] p=1 p=2

p=3 p=4 p=>5 P=6 p=1 p=8 p=9
0 A] ZH)
e o @
1 5 4, @ 45 @
2 Ay A3, (1) Ay (1)
o o o
3 4 e g @
4 47,1 Ag;1,1 (1 A7, (D)
2 — ap ap
4 A7 @ )
@ @ @
3 A9 g1 @ A9 @
A3y A @
« o
Ao A9 @
Total il 2+1 2 1 1 2 2+1 3+1 3+2 [ 4+2x2 ]
E.2. Type IIB theory: d = 8
[ 9 [ 10D origin ] p=1 I p=2 p=3 p=4 p=5 p=6 p=1 p=8
0 Al ZHEEE)
o T @
1 a ) 45 1.2)
2 Ay Ay (1,1) A3 21 A4 (1,1)
9 4 45, 12) 7R Z®)
4 A7) Asp1 @.1) Ag11 G.D). A7y @.1)
Agp (11
4P A‘g;ﬁz 1,3) 45 @3 4P a3
@ ] 3 Ve
3 A2 g2 12 4321 2 Ay (1D
45 4521 @2 A5 1 .45, (12)
A?(éy A5 a4
a« @
o 43, (1,2)
6 49,1 47221 2.1 Ag2,1,1 G. D). 422 (LD
74 B
4102 A3, 1,3)
24102 || 24355 (2 x (1,1)
7| Afoan 480, 12)
Total i 3.2 [EN)) (1,2) G0 3,2) 8.1 +(1,3) [ 6.2+3.2) 150+B33)+2x3.D |
E.3. Type IIB theory: d =7
[ &9 [ 10D origin_|] p=1 I p=2 p=3 p=4 p=>5 P=6 p=1
0 4 Al G
1 A A7 3.2) A5 (1,2)
2 A4 A3 (LD 420 B, 43,1 B.1) A4 (LD
3 4 53 12) 45, G.2) 4% G.2) 4 1.2
4 A7) Agzy GO Asp 1 8.1, Ag;11 6.1, 47,1 G
453 1,1 A B.1)
AP 4% 0.3 4533 A48 3.3
o o 3 o 6 o o
5 ag, 185, G A9, 6.2), 4551 8.2).455 (1.2)
Ag:&l (.2
45, A5, 3D A, B.2).45, 12)
447 A8 (1.9)
) 455 (1,2)
6 4921 46321 (8,1) A7 (5,1),
5 5 ‘47}%,1.1 6,1,4732 G, 1)
o) o 17 a3
o3 4633 1 4732 G
op af 3
40,2 730 33
24102 24735 2x G,1)
o o 6
7 o0 9302 0D
@ @
A103.1 47331 &2
Total i 10 5 5 10 24 0+15 70+45+5
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E.4. Type lIB theory: d = 6

[ ¢ | 10Dorigin ] p=1 I p=2 P=3 p=4 p=>5 p=6
0 Al HECED)
1 Ag A‘]*:] 4,2) ﬁ 1,2)
2 Ay A3 @1 A0 6.1) A3 @1 Ag (1)
o o o 4 o o o
3 AZ 45, .2) 455 @2) 45, 62 AL, @2) ¢ 1.2)
4 471 4341 41 Ag31 (5,1, 4521 (ﬁ,l),A5;3 @1 Ag;1,1 (10,1), 46, (6,1)
8 oy p B
p o of 5 o
Ag A4y a.3) 4355 @3) Agh (6.3)
o o o o o
5 55 454, 6D 455, 20.2), G0, @0.2), 4TS (152),
— — ] @
4%, @D A2, (1,2)
o o o o
AQB1 A4 @2) Aﬁ;g'] (15,2), 48 4 (1,2)
apy by
AIO Ab;4 (1,4)
Ao )
6 A4 Ag44 (1,1 A543 (A1) g4 (6,1)
A9, As:40,1 30,1) 4632, (64,1),
. . Aﬁ;;’]’l (10,1),Alg;412 (6,1)
o o 1 R
agh A5 E3 Agh 5 (10,3, 485 5 6.3)
of ap
4102 A, 63
24102 24640 2% (6,1)
g 454, 45441 42 AGa31 (152,484, 1,2
o B o /
0.2, 6422 20D
o o
03,1 Aﬂ;’?«ll (15,2)
apy apy
104 Agr, 4
@ @
24704 24,4 Cx (1,2)
8 | 410411 Ag;44,1,1 (10,1)
«, off
1042 Agaa2 63
41042 A4.42 (6,1)
O | Afo44 Aga44 1D
[ Total i 16 I 10 16 45 144 320 + 126 + 10
E.5. TBypellB theory: d =5
‘ Ly ‘ 10D origin H p=1 ‘ p=2 p=3 p=4 p=5
0 A AT G.1)
1 ﬁ A‘{;l (5.2) ﬁ 1,2)
2 Ay 413 (10,1) Ay (10,1) A3, B.1) Ag (1)
3 48 Af.5 1,2) 45,4 6.2 455 (10,2) g, (10.2) 43, (5.2)
4 47,1 A5 5.1 A34,1 241), Ag3,1 @5,1), As;2,1 (40,1), 45:3 (10,1)
A3.5 (L1 A44 G 1)
of af af = af =
40 455 a3 A4 Gy 435 @3
5 A3, 495, (10,2) A4, (45,2), AT, (152, 4%, (242,
55, 4 >3, 4,
M35, (5.2 A5 (1.2)
48, HNED) AL, 4.2). 425 (12)
A A7 e
o o
4 _ _ )
6 Ag4 A354 G.1) Agaq (5.1, As.43 (40.1), 45,5, (10.1)
Ag:53 (10,1)
49,1 Ag;50,1 (30,1) 45421 (175,1), 45511 (15,1),
4557 (10,1)
34 AU A @033 ) 10.3)
(X; o
4102 As;zsi,z 10,3)
24102 245.5, (2% (10,1)
o o o 0 o 45
7 4941 4541 242 454,41 (02, 4555 (45.2),
o o 3
455 (12 454 B
A2, (30.2)
4855 @5,2)
2485, 2x(5,2)
8 Ag;550 (10,1) 45542 (45.1), 45,551 (5.1
As;s41,1 (70.1)
o
AS;ZS;A,Z (45,3)
Ass49 (45.1)
op
As;s51 53
245551 2% (5,1)
9 45544 152)
45,550, @0.2)
55,521 ¢
45553 102
10 | 41054, 4555541 24D

Total

N
3
3
3
w
2

78 1728 +27
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E.6. TypellB theory: d = 4

2 10D origin p=1 p=2 p=3 p=4
0 Al 4] 6,1
1 V] 451 62 A5 1.2)
2 I A3 @0.1) A2z (5.1 3.1 6.1) A4 (L)
3 g L) 15, @52 43 @02) A, (15.2)
4 A7 A161 6.1) A5 G5.1), A341 (B4.1), Aa3 (105,1), Agg (I5.1)
o o A (LD A3.5 @1 o
i A”‘f,) 1.3) A‘ig 6.3) A"‘ﬁ (15.3)
5 /@ 4, (15.2) 455, (842), AGa, (892, A3 (352),
- 461 ©2) AGe 1.2
45 A6 6.2) 4G5y (35,2), 436 (1,2)
i A e
Ao Ade 1.2
6 434 .64 (I5,1) 43,54 (T0,1), Ag44 (1051, Ag53 (105,1),
363 (20.1)
A9 A3:62.1 (70,1 Ags501 (384.1), Agg g L),
A460 (15.1)
a5 PN A5 05,3), 457 ) (5.3)
£ - 4E ) as3)
24102 24460 (2% (15,1))
G 46 66 12 1565 ©2) A4 15.2)
A5 4.1 5641 B42) 4G54, (384.2), 4565, (105,2),
A4 (15,2)
45 1565 ©2) 455 ALY A, 05.2)
o2 4862, 105.2)
Aos1 A1 (105.2)
57 Al .4
2450 4 2456 4 2% (15,2))
8 1952 A3652 B4.1) Aa.552 (380.1), Agg4, (1891,
Agp5.1 (35.1)
Agil A‘;ﬁl,ﬁ,l 6.3) AZ;‘z’il 35.3), AZ‘%(, (1,3)
Aog 3661 6.1) Ag65.1 35,1, 4466 (1L1)
410,4,1,1 A4:6,4,1,1 (280,1)
4042 AZ;%A,Z @29)
- a5 653
24105, 24651 2% (35,1)
3"(11(‘;5 3AZ%6 (3 x(1,3)
24106 24466 2% (1)
9 1563 45653 (05,2, 45,0 - (15,2)
Ao44 a4 1052
o501 A46,52,1 (3842
1053 4655 (105,2)
o110 AZ 611 GLD)
062 Ass 159
44% 6 44§60 (4% (152)
10 49,65 43,6,6,5 (6.1) 446,55 21,1, 44;6,64 (15.1)
410,5,4,1 A4:6,54,1 (384.1)
410,622 Agi6.6,2,2 (105.1)
”ﬂfg‘s,s,l 3% 31 (105.3)
A10,6,3,1 A4;6,6,3,1 (105,1)
2,4‘1"0’&4 ZAit;’()A (2 x (13,3))
341064 344664 G x (15,1)
) Aoean A5 6640 1892
2450651 2456651 @x 352
o6 Aglese 19
345066 343666 6% 1,2)
12 410,6,5.3
A%j, 6.2
410,662 A4:66.62 151
I (X 42 6 6,64 152
14 410,6,6,6 446,666 (LD
Total 56 133 912 8645 + 133
E.7. Type IIB theory: d =3
£y | 10D origin p=1 p=2 p=3
0 A A (7,0
1 Ag ?;1 (79 2) Ag (1: 2)
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2 Ay A5 (35,1) An (21,1) Asy (7,1)
3 A2 A5, 21,2) | 43, (35,2) 43, (35,2)
A7, Aig1 (48,1), | Aas) (140, 1), Az (224,1), 435 (21,1)
Az (LD 46 (7,1)
45" A% 1,3) | 4% T.3) 3% (21,3)
5 AL, | A%, (L,2) | A3, (140,2), A‘;Sz (392,2), 4%, , (48,2), 4%, (1,2)
4, (1.2)
A2 A2, (7,2) A2, (48,2),42, (1,2)
A3 ALY (1,4)
Afy A3, (1,2)
6 Aga M (g, 1) | Ax64 (210,1), @ (490,1), 45,65 (224,1), A57, (21,1)
Azz3 (35,1)
Aoy Az721 (112,1) A3621 (735,1), 437,11 (28,1), 437, (21,1)
Agg 273 35,3) 363 (224,3), A372 (21,3)
A0, A5, @11
2410, _ - 2457, 2 x(21,1)
7 A Ay (1,2) | A%, (28,2), A2, (112,2), 4%,, (35,2)
e L) o
A, AL, 324,2) | A%, (1323,2), 4%,,, (210,2), 4%, , (35,2)
A3 s 45,5 (21,2) A s (1&2)%3;7,4 (35,2)
Afoa, A3q,, (196,2)
Ay, 45,5, (210,2)
Wi A5, (35.4)
249, 242, 2 x (35,2)
8 Ag 7, A1 (1,1) | Axze1 (48,1), Az751 (140,1), Az (7,1)
Azz7 (1,1)
Ao Ayzs2 (392,1) Azp50 (2016,1), As74, (588,1),
A3751 (140,1)
Ag,ZJ 2761 (48,3) 3661 (189,3), A3751 (140,3), A376 (7,3)
Ao A276I (48,1) A3661 (189,1), 43751 (140,1), 4376 (7,1)
A5 A555 (1,3) A (1.3)
2497 24577 (1,1) 24376 (2 % (7,1))
Aroa,1,1 A37411 (840,1)
AT(/:A,Z 3742 (588 3)
Aioaz A3742 (588, 1)
A%},s,l 3751 (140,3)
2 A105.1 24375 (2 x (140, 1))
34556 34356 3 x (1,3))
2 Ao 24376 2 x (1,1))
9 Agﬁ’3 Ag;7,6,3 (224,2) ?663 (840,2), 140‘753 (588, 2),1‘1‘%‘;7’&2 (140, 2)
A5, A557,, (28,2) A5 761, (189,2), 45,5, (7,2)
245, 245, 2 x| 2425, (2 x (140,2)), 245, (2 X (7,2))
(21,2))
A4 A3 7,44 (490',2)
Afysa, A5755, (2016,2)
Afoss Ag'ﬁ3 (588,2)
Afo611 A5, (189,2)
A2 ;% (140,4)
4A70,6,2 3;7,6,2 (4 x (140,2))
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A7 AL (7,4)
6457, 6455, (6 x(7,2)
10 Aogs A5 (112,1) Azpes (378,1), 43755 (196,1), 43764 (210,1)
Aoz Arz751 (210,1) | Asg: (1323,1), Azz72,1 (112,1),
A3773 (35,1
A‘;ﬁA 2774 (35.3) 3764 (210,3), A3773 (35,3)
Ao74 Az774 (35,1) Asg64 (210,1), A3775 (35,1)
A10,5,4,1 A3;7’5,4,1 (3024, 1)
Aio622 As7622 (1260,1)
A6, AT (1323.3)
A10,6,3,1 A3;7,6’3,1 (1323, 1)
245564 24% (2 x (210,3))
3 41064 343764 (3 x (210,1))
Aoz, Az (84,1)
243002, 24 (2 x (112,3))
4410721 4437721 (4 x (112,1))
445075 440 (4% (35,3))
541073 L 543775 (5 x (35,1)) L
11 Ag"w,l Ag;7,7,5,1 (140,2) Ag;7,6,5,1 (735,2), A‘;‘;”A’] (224,2),
- 45775 @L2)
2/1376 2A§;7~7’6 2 X 2/413766 (2 x (28 2)), 2A3775 2 x (ﬁ, 2))
(7,2)) L
Afosa2 A% 64, (3402,2)
24765, 24555, (2% (735,2)
A AL (28,4
345066 345,66 3 X (28,2))
Afo73110 A37731.1 (756,2)
24375, 24%,,5, (2 x (490,2))
AN ALY (224, 4)
64574, 645,74, (6 x (224,2))
A7 A (21,4
7AYo T4, .5 (7% (21,2))
12 Ao762 Ar7762 (140,1) | A37662 (540,1), Azz752 (392,1),
A37761 (48,1)
Agﬁll 27771 (7.3) 37761 (48,3), A3777 (1,3)
Aoz, Azg771 (7,1) Az7761 (48,1) 43777 (1,1)
Ar0653 A3 7(,53 (2940,1)
Aigea A 5 (540,3)
Arose2 As7662 (540,1)
A1o742,1 A3,7,7,4,2,1 (2940, 1)
Ahr45 AL, (784,3)
A107.43 Asq745 (784,1)
A%}J,S,l,l Aiﬁ,m,l (540, 3)
24107511 2A3,7,7,5,1,1 (2 x (540,1))
2‘475,7,5,2 2‘43;7,7,5,2 (2 x (392,3))
5410752 5437752 (5 x (392,1))
6 AT76 642 0\ (6 x (48,3))
A107,6.1 8437761 (8 x (48,1))
4450, 440 (4 x (1,3))
541077 543777 5 x (1,1)
13 45775 37725 35,2) A37763 (224,2), 45757, (21,2)
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A70,636’4 Ag;7,6,6,4 (756,2)

Afo7.53.1 AS77s5, (3402,2)
2450754 245,554 (2 x (490,2))
34707621 3A%, 5601 (3 x (735,2))
A(:g,);,s,s Agﬁ?,ﬁg (224,4)
647763 6A%, 5 (6 x (224,2))
A7 A55710 (28,4)
SAYo77.11 5455771, (5% (28,2))
A55572 AT (21,4)

9 A%772 942,45, (9 x (21,2))

14 o775 Ar7775 (21,1) Asg765 (112,1), A37774 (35,1)

A1066.6 As7666 (84,1)

Aio75,5,1 Az7755.1 (1260, 1)
Aio7632 As77632 (3024,1)
A7§,7,6,4,1 Ag’fijﬂw (1323,3)

2 4107641 24377641 (2 x (1323,1))
2A7€,7,6,5 2A§'§,7,6,5 (2 x (112,3))
4410765 4437765 (4 X (ms 1))
Ar07721.1 As777211 378,1)
A107722 Az7772, (196,1)
3AT€,7,7,3,1 3A‘3’f‘;,7,7,3,1 (3 x (210, 3))
5410773, 54377731 (5 % (210,1))
5A7€,7,7,4 5A§lg,7’7,4 (5 x (35,3))
6410774 6A3;7,7,7,4_(6 x (35,1))

15 % Ag;7,7,7,7 1,2) A§;7,7,7,6 (7,2)

Afo7652 A577733 (90',2)

2 A%0766.1 24555661 2 X (189,2))
Afo7733 A5 7765, (2016,2)

Afo7741,1 AS77741, (840,2)

24507745 2Ag;7,7,7,4,z£>< (588,2))
A1 25 A5550 (140,4)

T AY0775.1 TA577751 (7% (140,2))
A7 A6 T4
8"4‘{[0,7,7,6 8A§l;7,7,7,6 8 x(7,2)

16 | 407665 As77663 (840,1)
Ar07752.1 As777521 (2016,1)
A7g,7,7,5,3 Agg,7’7,5,3 (588, 3)
24107753 24377753 (2 x (588,1))
Aaz611 A 77610 (189,3)
A10,7,7,6,1,1 A3;7,757,6,1,1 (189, 1)
2A7€,7,7,6,2 2A(3)t;f;,7,7,6,2 (2 x (140,3))
54107762 54377762 (5 % (140,1))
5A‘f€,7,7,7,1 5A§lg,7’7,7,1 (5 x (7,3))

A0, 6A4377771 (6 x (7,1))

17 ‘M 4577755 (196,2)
‘M A3977631 (1323,2)
2A4% 7764 24575764 (2 % (210,2))

2A4% 7772, 245,555, (2% (112,2))
A?o,}7/J,7,3 A‘3’§T7,7,7,3 (35,4)
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545, 773 5 A% 7773 (5 x (35,2))
18 | Ai07765.1 As777651 (135,1)
A107.7.66 A377766 (ﬁa_l)
Av077732 As777732 (490,1)
A7§,7,7,7,4,1 Ag;ﬂ77,7,7,4,1 (224,3)
4107774, A3777741 (224,1)
2’4?5,7,7,7,5 2’4?5,7,7,7,5 (2 x (21,3))
44107775 44377775 (4 x (21,1))
19| A%77752 S777752 (392,2)
2‘4‘{[0,7,7,7,6,1 214‘5‘;7,7,7,7,6,1 (2 x (48,2))
AT5,¥,7,7,7 A§'§57,y7,7,7, (1,4)
3A4% 1727 34557720 B x 1,2))
20 | Aio37763 As777763 (224,1)
A0 77772 A20722 (21,3)
Ai0777.72 As377772 (2, 1)
21| ANg7774 $777774 35,2)
22 | A6 Az777776 (T,1)
Total 248 3875 +1 147250 + 3875 + 248

Appendix F.  O(10, 10) potentials with leveln =Sand nh =6

In this appendix, we determine all of the O(10, 10) potentials with level n = 5 and n = 6 that are
predicted by the E11 conjecture. Only the multiplicity of the O(10, 10) singlet # (n = 6) is not
determined.

E1. Potential G (n = 5): Type IIA theory

All of the O(10, 10) potentials G with level n = 5 have a spinor index « or &, and they give different
mixed-symmetry potentials in type IIA theory and type IIB theory. We here show the decomposition
in type IIA theory.

0(10, 10)
tensors

Type 1A potentials

GA1M6ZI

(11907072)

Glo4,1 (1848), Go43 (T3860), Gio 51,1 (TI880), G5 (BZA). Gyo6.1 (1980), Gyo53,1 (160380), Gyg5.4 (TT20), Glo6,1 BT750),2Gg,63 (2 x 19800),

Glo,7,1,1 @T60). G1g.7, @350), G1og,| @), G163, (490050), Glo 5.1 (166320), Glo 4,1 (249480),2Go73,1 (2 x 99000), Glg65 (27720),2Glo7.4 (2 x 19800),

Giog2,1 (13860).2G1o g3 (2 x 4950), Gig.9.1.1 (540). G192 (440). G1g10,1 (10), Gig652 (914760), G1o733 (453750), G1g7.42 (609840).2Gyo75 (2 x 184800),

Gio,8,3.2 (130680),2G108.4,1 (2 x 71280). G107, (13860),2G10 g 5 (2 x 9240).2G10.9.3,1 (2 x 9450),2G09.4 (2 x 1980), Gyg 10,1 (330).2G1g103 (2 x 120),

Gio,7,53 (1524600). G176 (508200), Giog43 (508200).2Go g5, (2 x 325248). G1o.7.7,1 (46200°). G1g 933 (36200'), G861 (64152), Gig9.4 (64152),

3G10,9,5,1 (3 x 21000), Gy 10,32 (3300), G187 (3300), 2G04, (2 x 1848).2G109,6 (2 x 1848).2G1 10,5 (2 x 252), Go.8,54 (O14760), G773 (@53750),

Glo,3.63 G09840),2Gyo.9,53 (2 x T84800). G872 (130680),2 G096 (2 x TIZ8), G 104,53 (13860),2G1 10,52 (2 % 9240), 2Go 97,1 (2 x 9450),

2Gy0,10,6,1 (2 x 1980), G198 (330).2Gyg,10.7 2 x 120). G1(,8.7.4 (@90050), G10955 (166320), G10,9.6.4 (249480),2G0973 (2 x 99000), Gy 10,54 (27720),

2G10,10,6,3 (2 x 19800), G198 2 (13860).2G1,10,7,2 (2 x 4950), G10,9,9,1 (540). G1o,10,8,1 (440). G10,10,9 (10), G10,9.7,5 (160380). G1g,10,6,5 (27720), G19,9,8.4 (57750),

2G10,10,7,4 (2 19800), G993 (6160). G1g 10,83 (4950). G10,10,9,2 (440). G10,10,7,6 (13860"). G10,9,9,5 (11880). G1g,10,8,5 (9240). G10,10,9.4 (1980). G10,10,9,6 (1848)

GAlz-Blzfl

(5457408)

Gg g1 (7920), Gg g3 (B4700). Go g 11 (T7160), Go g, (13860), Gy 31 (@0). Gg g5 (145200). Gog 3| (283140), Go g 4 (57750), Gg g1 1,1 (11550), Gg g7 1 (17160),

Glo,s.2,1 (13860),2Gl g3 (2 x 4950), G191 (540). G1o g2 (440), G 10,1 (10), Gog's | (566280), Go g3 1,1 (237160), G1o g3, (130680), Gy g7 (43560),

Go.9.4,1 (90090), Giog41 (T1280), Go g 6 (46200), Gl 1| (14300),2G o8 5 (2 x 9240), G192 (7920).2Gyg93,1 (2 x 9450), Gyg,9.4 (1980). Gyg,10.2,1 (330),

2Gy0,103 (2% 120),Gg 95,11 (544500). G1o 852 (325248), G10932,1 (198198), Go g 7 (T98198), G10.9.4,1,1 (85800), Go 961 (85800), G561 (64152), G1o942 (64152),

2Gy0,9,5,1 (2 x 21000), Go g ¢ (3950"), G10,102,2,1 (4950”).2G101032 (2 x 3300),2Gg,g.7 (2 x 3300). G1,10,4,1 (1848). G109, (1848).2Gy 10,5 (2 x 252),

G10,9,52,1 (566280), G 9711 237160). Gy0,10,3,2,2 (43560), G187, (130680). G1g.9.6.1,1 (90090), Gyg 10.42,1 (@6200). G10,9.6 (T1280). Gg g g1 (14300).

2Gyg,10,5,2 (2 x 9240), Gl g 8,1 (7920),2G1g97,1 (2 x 9450), G| 10,6,1 (1980), G198 (330),2G g, 10,7 2 x 120), G1g,10,52,2 (145200), Gg9,7,, (283140),
G10,10,6,2,1 B7750), Gg.9.9,1,1 (11550, G19,98,1,1 (I7160), G1,9,8> (13860),2G1q,10,7,2 (2 x 4950), G19,99,1 (540), G10,10,8,1 (40), G19,10,9 (10), G19,10,7,2,2 (84700),

G10,9,9,2,1 (17160), G10,10,8,2,1 (13860), G1,10,92 (440), G0,10,9,2,2 (7920)
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G4 1...4-Ba
(30098432)

Go 6 (1848), G ¢ (T1280), Go 7,1 (9450), G161 (1980), Gg g (330), G107 (120), G 4 (249480), Go 71 (283140), Gg 7.3 (99000). G10,62,1 (57750). Gy 63 (19800),

2Gg g (2 x 13860). G171, (6160).2Gyg7, (2 x 4950). Go g 1 (540).2Gyg g1 (2 x 440), o9 (10), Gg 74,1 (1321320). G1(6.4.1 (249480). Go ¢ ¢ (110880),

Go gy (240240), Gy 71,1 (154440), Go 75 (160380), Go g 3 1 (283140), G1o.72,2 (84700),2Gg 731 (2 x 99000), Gy 65 (27720).2Gg g 4 (2 x 57750),

2Gyo74 (2% 19800), G g5 (17160),3 G182 (3 x 13860),2Go g3 (2 x 6160),3Gog3 (3 x 4950), Gjg,9,1,1 (540).3Gg92 (3 x 440), G 10,1 (10). Gog47 (1801800),

G10,7,4,1,1 (823680'), G9,7,6,1 (943800). G074 (609840), Gg g 51 (566280), G166, (124740), G182 21 (200200),2G 7,5 (2 x 184800), Gjg g3 1,1 (189540),

G932 (163800).2Go 832 (2 x 130680).2Gg g 41 (2 x 90090),4 G0 g 4.1 (4x 71280),2Gg ¢ (2 x 46200),2 G176 (2 x 13860'), G.921,1 (14300).2Gg g5 (2 x 11880),

3Gyo,g,5 (3 x 9240),2G10927 (2 X 7920),4G09.3,1 (4 x 9450),4 G094 (4 x 1980).2Gyg 10,1 (2% 330).2Gyq 103 (2 % 120). G842, (1716000), Gg g ¢ (T716000).

G10,7,6,1,1 (648648), Go g 4 3 (648638), G176 (508200). o843 (508200), Gigg51,1 (421200). Gog 57 (A21200).2Go g5, (2 x 325248). G1g932,1 (198198),

Gog.7.1 (198198). G1g,7.7,1 (46200'), G1g,933 @6200),2G1o9.4,1,1 (2 x 85800),2Gog g6 | (2 x BB00), 4Gl 5,61 (4 x 64152),4G10 947 (4 x 64152),

5G09,5,1 (5% 21000), Go g g @50"), G1o,102,2,1 (49507). G10,10,3,1,1 (4752). Go 97 (FT52).2G1 1032 (2 x 3300),2Gl g 7 (2 x 3300). 4Gl 10,4,1 (4 x 1848),

4G)09,6 (4 x 1848),2Gy( 10,5 (2 x 252), G10,8,62,1 (1801800), Gy 9431 (943800), Gg 963 (823680), G10,8,6,3 (609840), G 9521 (566280), Gg g g > (200200),

G10,9.4.4 (124740), G0 g7.1,1 (163800).2G1 953 (2 x 184800). G 9 7, (189540).2Gyg 87, (2 x 130680),2G0.9,6,1,1 (2 x 90090).2 Gy, 10,4.2,1 (2 x 36200).

4G109,6,2 (4x71280),2G0 10,43 (2% 13860'), 2G10,10,5,1,1 (2 x 11880), Gg 9 g 1 (14300).3G,10,52 (3 x 9240).2G1p8 8,1 (2 % 7920).4G109.7,1 (4 x 9450),

4Go,10,6,1 (4 x 1980),2G 9.8 (2 x 330),2G1q,10,7 2 x 120), G0 9,631 (1321320), Gy,10,4,4,1 (110880), G108 82,1 (240240), G| 9,64 (249480), G} 10,53,1 (160380),

G10,9,7,2,1 (283140), Gg 9 g 3 (154440), G| g 3 3 (84700),2G( 973 (2 x 99000), G1¢,10,54 (27720),2G10,10,6,2,1 (2 % 57750),2G,10,6,3 (2 x 19800), G19,9,8,1,1 (17160),

3G10,9,8,2 (3x13860),2G1,10,7,1,1 (2% 6160),3Gq(, 10,72 B x 4950),G199.9,1 (540),3 G10,10,8,1 (3 % 440), G10,10,9 10), G10,10,6,4,1 (249480), G109.83,1 (283140),

G10,10,7,3,1 (99000). G1,9,8.4 (57750), G10,10,7,4 (19800),2G1,10,8,2,1 (2 x 13860). G199 3 (6160),2G1( 10,83 (2 x 4950). G10,10,9,1,1 (540).2G10,10,9,2 (2 x 440),

G10,10,10,1 (10), G10,10,84,1 (71280). G10,10,9,3,1 (9450). G10,10,9,4 (1980). G10,10,10,2,1 (330). G1,10,10,3 (120). G10,10,10,4,1 (1848)

GA123 ,Ba

(7257600)

Go 7,1 (9450). Gg 7.3 (99000), G g 1,1 (17160). Go g » (13860), G7,1,1 (6160). G197 (4950).Go g1 (540). G181 (440), Gg 75 (160380), Go g3 | (283140),

G10.7.3.1 (99000), Gy g 4 (57750, G1g.7.4 (19800), Gy 921 (17160), G1og1.1.1 (9360),2G1o82,1 (2 x 13860),2Gg g3 (2 x 6160).2G 03 (2 x 4950),2Glg91,1 (2 x 540),
26109, (2% 440), Gy g 51 (566280), G171 (184800), Giog3 1.1 (189540), Go g3 5 (163800), Giog 32 (130680), Go 77 (35640), Go g4 1 (90090),2G1o 541 (2 x T1280),
Gy g6 (46200), G176 (13860)), Glo.02.1,1 (14300),2Go g5 (2 x 11880),2Gog 5 (2 x 9240), G922 (7920),4G1093,1 (4x 9450),3Gig9.4 (3 x 1980),

G10,10,1,1,1 (220),2G19,102,1 (2 x 330), G1o,10,3 (120), Go,8.5,1,1 (421200), G g5 » (421200), G1o85 > (325248), G10,932,1 (198198), Go g 71 (198198),

G10,7,7,1 (46200'), G10,933 (@6200'), G10,9,4,1,1 (85800), Gg g 1 (85800),2G (g6 1 (2% 64152).2G1094,2 (2x 64152),4G0,9,5,1 (4 x21000).2G 0 103,1,1 (2 x 4752),

2Gg g7 (2 x 4752),2G1,103,2 (2 % 3300),2Gg87 (2 x 3300),3 G 10.4,1 (3 x 1848),3G 96 (3 x 1848), G| 10,5 (252), G109,52,1 (566280), Ggg7,1,1 (163800),
G109,53 (T89800), Gy 975 (T89540), G1,8.7,2 (130680), Gi,10,3,3,1 (5640, G10,9,6,1,1 O0090), G10,10.4.2,1 (6200),2G 109,62 (2 x TI280), Go,10.4,3 (13860)),
2G0,10,5,1,1 (2 x T1880), G 9 g | (14300),2G),10,52 (2 x 9240), G10,8,8,1 (7920),4G09.7,1 (4 x 9450).3Gq,10,6,1 (3 x 1980). Gg 9.9 (220),2G109,8 (2 x 330),
G10,10,7 (120). G10,10,5,3,1 (160380). G10,9.72,1 (283140). G1,9.7,3 (99000). G1,10,6,2,1 (57750). G19,10,6,3 (19800). G19,9,8.1,1 (I7160), Gg 9 9 > (9360),

2G10,9,82 (2 x 13860).2Gg,10,7,1,1 (2 % 6160).2Gg,10,7,2 (2 x 4950).2G10 99,1 (2% 540).2G1,10,8,1 (2 x #40). G10,10,7,3,1 (99000). G199921 (17160).

G10,10,8,2,1 (13860), G19,9,9.3 (6160), G19,10,8,3 (4950). G10,10,9,1,1 (540). G10,10,9,2 (440). G10,10,9.3,1 (9450)

GAlz,Ba

(1157632)

Go g (330), Gg g > (13860), Gg 9 | (540), G 8| (d40), G1g9 (10), G g 4 (57750), Gg 95| (17160), G182 | (13860), Gg g3 (6160), G g3 (4950), Gg9,1,1 (540),
26109, (2% 440), G1g 10,1 (10), Gg 94,1 (90090), Gio g1 (T1280), Gog g (46200), Gog 5 (11880), Gio g2 1,1 (14300), Gro g5 (9240), G1o92. (7920,

261093, (2% 9450),2G1o9,4 (2 x 1980, 2G10,102.1 (2 x 330, Glg 103 (120), Gip 94,11 (85800), Go g6 1 B5800), G108 (64152), Gig 94,2 (64T52),

2G109,5,1 (2% 21000), Gogg (39507, G10,10,2.2,1 (49507, G10,10,3,1,1 (4752). Go,9.7 (@752), G1o,10,32 (3300). G1o 87 (3300).2G1,10,4,1 (2% 1848),2G19,6 (2 x 1848),
G10,10,5 (252).G10,9,6,1,1 (90090). G19,10,4,2,1 (46200). G10,9,62 (T1280). G10,10,5,1,1 (T1880). Gg g g 1 (14300). G10,10,52 O240). G1o,88,1 (7920).2G0,9,7,1 (2 x 9450).
2G10,10,6,1 (2% 1980).2G09,3 (2 x 330), Gyg,10,7 (120). G10,10,6,2,1 (57750, G10,9,8,1,1 (I7160). G10,9.82 (13860). G10,10,7,1,1 (6160), G19,10,7,2 (4950), G10,9,9,1 (540).

2G10,108,1 @ x 340), G109 10),G10,10,82,1 (13860). G10,10,9,1,1 (540). G10,10.9,2 (440). G10,10,10,1 (19), G10,10,10.2,1 (330)

2 GAIA,,4d

(1896960)

Glo,6,1 (1980), G163 (19800), Gy 7,11 (6T60), Gio 7, @950), Giog 1 @), Gio73,1 (99000), Gio 65 (27720), G174 (19800), Gy g1 (13860),2Gog3 (2 x 4950),
Go,9,1,1 (540). G1o92 (440). Gy 10,1 (10). G1o7,5,1 (184800), Gy g3 (130680), Giog.4.1 (71280), G1o7,6 (13860').2G1og 5 (2 x 9240),2Gg93,1 (2 x 9450),

2G109,4 (2% 1980), Gy 10.2,1 (330).2G10,10,3 (2 x 120), G185 (325248), G10.7,7,1 (46200’),010_913’3 (46200,)7010,8,6,1 (64152), G10,9.4,2 (64152),

2610951 (2 21000, Gyg,1032 (3300), Giog 7 (3300),2Gyg 104,1 (2 x 1848).2G1096 (2 x T848). 3G1g 10,5 3 x 252), G953 (184800), Gg.872 (130680).
G10,9,6,2 (T1280), G0,10,4,3 (13850/),2610’10’5’2 (2 x 9240),2Gg 97,1 (2 9450),2G1,10,6,1 (2 x 1980), G198 (330),2Gyq 19,7 (2 x 120), G1g,9,7,3 (99000),
G10,10,5.4 27720, G19,10,6,3 (19800), G109, (13860),2G1,10,7,2 (2 x 4950), G10,9,9,1 (540), G1g,10,8,1 (340), G1,10,9 (10), G1,10,7.4 (19800), G1g,9.93 (6160),

G10,10,8,3 (4950, G1,10,9,2 (440). G,10,9,4 (1980)

GA, Bi (97280)

Go g1 (540), Gg 9.3 (6160), G911 (540), G092 (440), Gg g 5 (11880). G1g 931 (9450). G1o9.4 (1980). Gig10,1,1,1 (220). G1g,102,1 (330). Gyg,9.5,1 (21000),

G10,103,1,1 (4752), Go 9.7 (4752), G10,10,4,1 (1848), G10,9,6 (1848), G10,10,5,1,1 (11880, G10,9,7,1 (O450), Gi0,10,6,1 (1980), Go 9.9 (220), G10,9.8 (330). G1g,10,7,1,1 (6160),

G10,9,9,1 540). G1g,10,8,1 (340). G1,10,9,1,1 (540)

2 GAlzsa

(486400)

Glo,7 (120), Go,7,2 (@950), Gio8,1 (440), G1o9 (10), G1g7,4 (19800), Glo g2 | (13860), Gog 3 (4950),2G 92 (2 x 440), G1q 10,1 (10), Glgg4,1 (71280),

G1o.7,6 (13860)), G192 (7920), Glog 5 (9240), Glo,93,1 (9450),2Go9.4 (2x 1980), Gio 10.2,1 (330).2G1g,103 (2 x 120), Glo g1 (64152), Gio g4 (B4152),
G109.5.1 (21000), G1g,1032 (3300), Glog7 (3300, 2G10,10.4,1 (2% 1848).2Gl096 2 x T898). 2610105 (2 x 252), Gl0,9,6.2 (T1280), G 10,43 (13860)),

G1o,10,5,2 0240), Giog 8.1 (7920), G1o,9,7,1 (9450),2G19,10,6,1 (2 x 1980), G1o 9.8 (330),2G1g,10,7 2 x 120), G1,10,6,3 (19800), Gio,9,8,2 (13860), Gig,10,7,2 (4950),

2G10,10,8,1 2 x 440). Gyg,10,9 (10). G10,10,8,3 (4950). G10,109,2 440). G10,10,10,1 (10). G19,10,10,3 (120)

55/78




PTEP 2020, 053B02 J. J. Fernandez-Melgarejo et al.

4Gapa

(87040)

Glo,8,1 @40), G183 (4950), Gio0,1,1 (540), Go9,2 (440), Gig10,1 (10), Gig8,5 (9240), Gig,9.3,1 (9450), G1g,9.4 (1980), G1g,10,2,1 (330),2Gig,103 (2 % 120),

G10,9,5,1 (21000). G10,10,3,2 (3300), G087 (3300), G10,10,4,1 (1848). G096 (1848).2G1q 10,5 (2 x 252). G0, 10,52 (9240). G10,9,7,1 (9450). G0 10,6,1 (1980),

G10,9,8 330).2Gy0,10,7 2 x 120). Gyg,10,7,2 (4950). G1,9.9,1 540). G10,10,8,1 @40). G10,10,9 10). G10,10,9,2 (440)

3Gy o9

Glo,9 (10). G1o,9,2 (440). G1g,10,1 (10). Go,9.4 (1980), Gy 10,2,1 (330). G103 (120). G10,10,4,1 (1848), G1o,9,6 (1848). G1q,10,5 (252), G10,10,6,1 (1980), Glo,9,8 (330),

G10,10,7 (120). G19,10,8,1 (@40), G10,10,9 (10). G1,10,10,1 (10)

3G; o1y

G1o,10,1 (10), G103 (120), G1g,10,5 (252), G19,10,7 (120, G1g,10,9 (1)

E2. Potential G (n = 5): Type IIB theory
Here, we here show the decomposition of the O(10, 10) tensors G in type IIB theory.

0(10, 10)
tensors

Type 1IB potentials

GAlwbt'l
(11907072)

Gig4 (210), Glo 42 @930), G151 (3310), Gl @10), G1g,50,1 E3360), Glo.4.4 (3860"), G153 @0T0). 2Gio62 (2 x 8I0). Gio7,1 (AT55). Grog @),

Gl0,5.4.1 (228096), G162 (136125), G631 (155925),2G10 g4 (2 x 29700), G721 (35200),2G1073 (2 x 12375),2G082 (2 x 1925), Glgg,1 (99), G110 (1.
Glo,6.4.2 (882090), Gl g5, (242550), G732 (317625),2G107.4,1 (2 x 168960), G166 (138607), Giog 2 (33880), Glg7.5 (20790), Glog3.1 (40095),

3Gog4 (3x8250), Glogo (3200).2G093 (2 x 1155),2Gy 102 (2 x 45). G1g.7.4.3 (161600), G662 (4900507), Gyg752 (T11480),2Gpg42 (2 x 261360).
G076, (126720),2Gog 5.1 (2 x83160), Giog 32 (31185).2G0941 (2 x 17280),2Gog6 (2 x 6930),2G09 5 (2 x 2310), G1g,102.2 825), Gig103.1 (990).
360,104 3 x210), Gyg7,63 (TT6T600), Gl,8.4,4 @0050"), Glo,85,3 (TTT480), 2G 08,62 (2 x Z61360), G10,94,3 (T26720),2G 10,952 (2 % B3T6D), Gl 8.7, (BTT8),
2G109,6,1 (2 x 17280),2G)0,10,4,2 2 x 6930),2G19,10,5,1 (2 x 2310), G188 (825), G10,9,7 990),3Gg,10,6 G x 210), G10,8,6,4 (882090), G 87,3 (317625),

G109,54 @92550),2G10,9,63 (2 x 168960), G, 10,44 (13860"). G10 8,82 (33880). Glg,1053 (20790), G197, (@0095),3Gip 10,62 (3 * 8Z0), Glo9,1 (B200),
2Gi,10,7,1 2 x1155),2Gg,10,8 (2 x 45), G10,9,6,5 (228096), G1o,8,8.4 (136125), G19,9,74 (155925),2G10,10,6.4 (2 X 29700), G983 (35200),2G1g,10,7,3 (2 x 12375),
2G1o,1082 (2% 1925).G10,10,9,1 99). G10,10,10 (V- G10,9,8,5 (63360). G10,10,6,6 (138607, G10,10,7,5 (20790).2G1 10,84 (2 x 8250). G19,10,9,3 (1155). G10,10,10,2 (45).

G10,108,6 (6930). G10,10,9,5 (2310). G10,10,104 (210). G19,10,10,6 210)

GAlz»Blzfl

(5457408)

Gg g (825), Gg g > (33880), Gg g | (3200), G1o8 (45), Gg g 4 (136125), Gg g 5 | (99099), Gg g 3 (35200), Gg 91 1 (2925),2Ggg 2 (2 x 1925), Glg9,1 (99), Gyo,10 (D,

Goga.1 (495495), Gg g6 (101640), Gg g5 1 | (76230), Go g 5 (63360), G105 2 (33880), G 931 (50050), G1og3.1 (40095).2G g g4 (2 x 8250).2G1992,] (2 x 3200),

G093 (1155).2Gyg, 102 (2 % 45). Gog 41,1 (444675), Go g ¢ | (424710). G1g 847 (261360), Go g5 1 (107250), G1o 85,1 (83160), G109, (47190), Gy 931,1 (45045),

Gg g8 (9075). Gio932 (31185). Gg g7 (21120),2G09.4,1 (2% 17280).2G10 86 (2 X 6930), G1g 95 (2310).2G10 1022 (2 X 825). Gyg,10,3,1 (990).2Gyg,10.4 (2 X 210).

Go.9.6,1,1 (443675). G10,9.4.2,1 (@24T10), G186 (261360), G1g95,1,1 (107250), Go g8 1 (AT190), G195 B3160). G1,10,2,2,2 (9075). Go 97,1 (35045),

Glo,10,3,2,1 21120), G1og7,1 (B1185),2G996,1 (2 x 17280),2G1q 10,42 (2 x 6930), G|, 10,5,1 (2310),2G1ogg (2 x 825), G197 (990),2G1q 10,6 (2 x 210),

G10,9,62,1 (@5395), G 10422 (A0T640), Gg g 1 1 (T6230), Gy, 10,5,2,1 (63360), G182 (33880), Gl 97,11 (50050), G197, (30095),2Gy 10,62 (2 x 8250),
2G1o98,1 (2 x3200), Gig,10.7,1 (1155).2G1 10,8 2 x 95). G1.10,6.2.2 (136125), G10.9,82.1 (99099). G1910.7.2.1 (35200), G99.1.1 (2925).2G1g 1082 (2 x 1925).

G10,10,9,1 99): G10,10,10 (- G10,10,8,2,2 (33880), G19,10,9,2,1 (3200), G1g,10,10,2 45). G10,10,10,2,2 (825)

GA],..4,Ba

(30098432)

Go 1 (T7280), Go 6 3 (168960). Gg 71,1 (50050), Go 7, (@0095). Gio61,1 (10395). G52 (8250), Go g1 (3200), G1o7,1 (T155). Gg 73, (786500), Go g5 (228096),

G10,6,3,1 (155925), Go 74 (155925), Go g 5| (99099). G164 (29700), G1g7,1.1,1 (24024).2Gg7,1 (2 x 35200),2Go g 3 (2 x 35200),2G1g 73 (2 x 12375), Gg 9.1 | (2925),

2Gyo8,1,1 (2 x 2376), Go g (2376).2Gg g2 (2 x 1925), Glog | (99). Go 75,1 (1415700), Go g3 5 (915200), G1g73,1,1 (463320), Glo 5,1 (242550), G1o73 (317625),

Gog4.1 (495495).2Go7.4.1 (2% 168960), Go 7 (103950), G211 (61425),2Go g5 (2 x 63360), G166 (13860”), G0 g2 (33880),2Gg 931 (2 x 50050),
2Gy0,7,5 (2% 20790). 4Gy 831 (4 x 40095),2Gg g 4 (2 x 10395).3G1o g4 (3 x 8250). Gi0,9.1.1,1 (2145).3Gyg92,1 (3 x 3200).3Gyg93 (3 x 1155), G1g,10,1,1 (5.

G10,10,2 (45).Gg g 52 (2196480). Gy 751,1 (926640), G10,7,52 (711480), G 8321 (823680). Gg 77,1 (330330),Gg 9333 (240240'), G10,8,3,3 (190575),

Gl0,8.4,1,1 (351000), Gog 6.1 (424710), Go g 45 (331695),2Go .42 (2 x 261360),2G17,6,1 (2 x 126720),2Gy 951 (2 x 107250), 4G 51 (4 x 83160),

2Gi093,1,1 (2 x 45045),3Gg93, (3 x 31185), Gg g 7 (21120), G177 (4950)), 5G9 (5 x 17280),2Gg g 6 (2 x 9240), 3G g6 (3 x 6930), Gy 10.2,1,1 (1485),

4Gyo95 (4% 2310), G0 1022 (825).3Gyo,10.3,1 3 x 990).2G1g 10,4 2 % 210), G852, (2196480). Gg 953 (926640), Gy g 53 (TI1480), Gg g7, (823680),

Gio7.7,1,1 (240240). Gig933,1 (330330). Go7,72 (190575), Gig,8.6.1,1 (331695). G10,9.42,1 (424710). Gg g 6, (351000).2 G0 562 (2 x 261360).2 G943 (2 x 126720).

26109511 2xT07250).4G109 52 (4 x 83160).2Gg 97,1 (2 x 35085). G10,10,32,1 (2T120,.3Giog7,1 G x 31185). G1g,1033 @950).2G1,104,1,1 2 x9240),
5G10,9,6,1 (5 x 17280),3G0,104,2 (3 x 6930),4G1o,10,5,1 (4% 2310), Go 9 3 (1485), G188 (825),3G1o,9.7 (3 x 990),2G1g,10,6 2 x 210), Gig9,5,3,1 (1415700,
G10,8,7,2,1 O15200), Gg g 7.3 (463320), G1,8,7,3 (317625). G954 (242550), G10,9,62,1 (@95495), G,10,4,3,1 (103950),2G0,9,63 (2 x 168960), 2G0,10,5.2,1 (2 x 63360),
Gog.82 (61425), G0 1044 (T3860"), Gl 882 (33880),2G09.7,1,1 (2 x 50050),2G, 10,53 (2 x 20790), 4G10.972 (4 x 30095), 2G1o,10,6,1,1 (2 x T0395),

3G10,10,62 (3 x 8250). Gg 99,1 (2145),3 G191 (3 x 3200), 3 G10,10,7,1 3 x 1155). G10,9.9 (35). G1,10.8 35). G10.9.73,1 (786500), G10,10.5.4.1 (228096),

G10,10,6,3,1 (155925), G10,9,7,4 (155925). G10,9,82,1 (99099). G10,10,6,4 (29700),Gg 9 93 (24024).2 G0 10,7,2,1 (2 x 35200),2G 0983 (2 x 35200).2G10,10,7,3 (2 x 12375),

G10,9,9,1,1 (2925), G10,10,8,1,1 (2376).2G109,92 (2 x2376),2G1,10,8,2 (2 x 1925), G10,10,9,1 (99)- G10,10,7,4,1 (168960). G199 ;3,1 (50050), Gyq,10,8,3,1 (40095),

G10,9,9,4 (10395), G1,10,8 4 (8250), G19,10,9,2,1 (3200), G|(,10,9,3 (1155), G10,10,9,4,1 (17280)
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Go 7 (990), Gg 7,5 (40095), Go g1 (3200). G10,7,1 (1155), Go 9 (55), G1o,8 (45), Go 7,4 (155925), Go g 21 (99099), G1g72,1 (35200), Go g3 (35200), G1g7,3 (12375),
2Gg g, (2 x I3T6), Giog.1,1 (2376).2G1oga (2x 1925),2G091 (2 x 99), G g 4.1 (495495), G1o7.4.1 (168960). Go 76 (103950), G1gg2 11 (61425), Gy g5 (63360).
Go922 (42120),Glo 82,2 (33880), Go g 31 (50050), Glo7,5 (20790),2G10g 3| (2 x 40095),2Gg 94 (2 x 10395), 2G5 (2 x 82503 G091 (3 x 3200),
361093 3 x 1155), G1g,10,1.1 (55). G10,102 (45), Glo,g4.1.1 (351000), Gy g | (424710), Go g 45 (331695), Gl g4 (261360), Gio76,1 (126720), Gog51 (107250),

2Giggs,1 (2% 83160), G092 (47190), Glg93 1,1 (45045),2G0932 (2 x 31185), Gg g 7 (21120), Gy 7.7 (4950), 4G94 (4 x 17280),2Gog g ¢ (2 x 9240'),

2Gy08,6 (2 x 6930), Gg,10,2,1,1 (1485),3 G095 (3 x 2310), G0 10,22 (825),3G10,10,3,1 (3 x 990), G10,10,4 (210), G0 86,1,1 (331695). G10,9,42,1 (424710),

GAIB’BQ Go,9.6,2 (351000), G1o,8.6,> (261360), G10,9.43 (126720), G1g,95,1,1 (107250), Go g g1 (47190),2G0,9,5, (2 x 83160), Go 9 7,1 (5045), G1p,10,32,1 (21120),
e 2G108,7,1 @ = 3TT85), G10,103,3 @50),2G10,104,1,1 (2% 9240),4G1096,1 (4 x T7280),2G10,104,2 2 x 6930),3G1q,10,5,1 3 x 2310), Go g g (1485), G1o 88 B25),
3Gio,9,7 3 x990), G1,10,6 @10), G10,9,62,1 495495), G1,10.4,3,1 (103950), G1g,9.63 (168960), G10,10,5,2,1 (63360, Glo,8,8,1,1 (42120), Gg 98> (61425),
G10,8,8,2 (33880), G1,9,7,1,1 (B0050), G1g,10,5,3 (20790),2G1,9,7,2 (2 x 40095),2G10,10,6,1,1 (2 % 10395),2G1,10,6,2 (2 x 8250),3G0,9,8,1 (3 x 3200),
3G10,10,7,1 G x 1155), G199 (35, G10,10,8 (35). G10,10,6,3,1 (155925), G10,9,8.2,1 (99099). G10,10,7,2,1 (35200), G10,9,8 3 (35200), G1g,10,7,3 (12375),
2G10,108,1,1 (2% 2376). G199 2376).2G1g 10,82 (2 x 1925).2G1,10,9,1 (2 % 99). G10,10,8,3,1 (40095). G10,10,9.2,1 (3200). G10,10,9,3 (1155). G10,10,10,1,1 (55
G10,10,10,2 45 G10,10,10,3,1 990)
Gy g1 (B200), Ggg 3 (35200), Go g 11 (2925). G811 (2376). Gog o (376), Gio g (1925), Glog,| (99). Gogs (63360), Gg g3 1 (50050), Giog 3,1 (40095), Go g4 (10395),
Glog.4 (8250, Giog.1 1,1 (2145),2G10921 (2% 3200),2G 95 (2 x 1155), G1g,10.1,1 (55). G10,10.2 (45). Go g5 (107250), Giog 5,1 (83160), Glo.93,11 (45045),
G Glo932 (31185), Gg g7 (21120),2G1g.9.4,1 (2x 17280), Go g 6 (9240), Gio g6 (6930), Gio 10,211 (1485, 2G1o95 (2x 2310), Gig 10,22 (825).2G10,103,1 (2 x 990),
1;151;;12% Gl0,104 (210), G1g95,1,1 (107250), G195 (B3160), Go 97,1 (45045). G10,103,2,1 (21120), Glo,87,1 (G1185), G1,104,1,1 O240).2G109,6,1 (2 x 17280),
( ) G10,104,2 (6930).2Gq,10,5,1 (2 x 2310), Gg 9 3 (1485). G133 (825).2G10,9.7 (2 x 990). Gy,10,6 (210). G10,10,52,1 (63360). G10,9.7,1,1 (50050), G197 (40095).
G10,10,6,1,1 (10395), G19,10,6,2 B250), Go 99,1 (2145),2G199,81 (2 x 3200),2G1g,10,7,1 2 x 1155), G10,9,9 (55), G10,10,8 @5). G10,10,7,2,1 (35200), G19.9.9,1,1 (2925),
G10,108,1,1 (2376). G10,9,92 2376), G19,10,8,2 (1925). G10,10,9,1 99 G10,10,9.2,1 (3200)
Glo,6 (210), Gio,62 8250), Gio7,1 (T155), Gig8 (@5), Gg64 (29700), G1g 72,1 (35200), G173 (12375),2G g2 (2 x 1925), Gl 9,1 (99), G1g,10 (1, G1o,7,.4,1 (168960),
Glo,6.6 (138607), Gl g2, (33880), Glo.7.5 (20790), Glog3 ) (40095),2G g4 (2 x 8250), Glo9.2 (3200,2G 093 (2 x 1155),2Go 10,2 (2 x 45), Gl g4, (261360),
26 || 610761 1267200, Glo 5,1 (83160, Gro 932 (B1189).2G1094,1 @ x 17280, 2G105.6 (2 x 6930).2G109,5 @ x 2310). G 1022 (B25). Glo,103,1 990,
144 3G0,10,4 (3 x210). Glo 862 (261360). G1g 943 (126720). G952 (83160). G1o,87,1 (1185).2G)09,1 (2 x 17280).2Gg,10.4,2 (2 x 6930).2G1g,10,5,1 (2 x 2310),
(1896960)

Glo8,8 825),Gio,9.7 (990),3Gq 10,6 B x 210), G1g9,63 (168960), G10 10,44 (13860//),6107&872 (33880), G1,10,5,3 (20790), G10,9,7,2 (40095),2G1g 10,62 (2 x 8250),
G10,9,8,1 (200),2G)0,10,7,1 2 x 1155),2G9,10,8 (2 x 45). G10,10,6,4 (29700), G10,9,83 35200), G10,10,7,3 (12375),2G10,10,8,2 (2 X 1925), G19,10,9,1 (99)- G10,10,10 (D,

G10,10,8,4 (8250), G10,10,9,3 (1155), G19,10,10,2 45), G19,10,10,4 (210)

Go g (35), Gg 9 (2376), G191 (99). Gg g4 (10395), G1g 9,1 (3200), G193 (1155), Gyg,10,1,1 (55, G10,9.4,1 (17280), G g 6 (9240'), G10,10.2,1,1 (1485), Gjg 9.5 (2310),
GA,Bi: 97280) | | Glo,103,1 (999, G10,10.4,1,1 O240), G1o9,6,1 (17280), Glo,10,5,1 2310), Go g8 (1485), G10,9.7 (990), G10,10,6,1,1 (10395), G1g,9.8,1 (B200), G10,10,7,1 (1155), G099 (5.

G10,10,8,1,1 (2376). G19,10,9,1 99). G10,10,10,1,1 (55

Go,7,1 (T155), G173 (12375), Glo 81,1 (2376), Glog (1925). Gio9,1 (99), Glog3,1 (40095), G1g 75 (20790), Glog4 (8250), Glo92,1 (3200).2G93 (2 x 1155),

G10,10,1,1 (55). G10,102 @5). Glog5,1 (83160), Glog32 (31185), G177 (4950'), Glog.4,1 (17280), G g6 (6930).2Gog s (2 x 2310),2Glg 03,1 (2 X 990),

2 GA123a 261,104 (2% 210), G952 (B3T60), Glo 87,1 BT185), Gig, 1033 @50). Gl0,9,6,1 T7280), G1o,10.42 @30, 2G10,10,5,1 @ x 310),2G1,97 (2 x 99),
ey 2G1g,10,6 (2 % 210), G1g,10,5,3 (20790), G19,9,7,2 @0095), G1g,10,6,2 B250), G10,9,8,1 (3200),2G1q,10,7,1 @ x T155), G099 (55). G1o,10.8 @5, G10,10,7,3 (12375),
G10,9,9.2 (2376). G10,10,8,2 (1925). G10,10,9,1 99).G10,10,93 (1155)
4G, . Glog @). Glog. (1925). Glo.9.1 (99). Glo,10 (1. Glog4 8250). Glo921 (3200),Gigg3 (1155).2Gg 102 2 x 45). Glg.94,1 (17280), Giog 6 (6930), Glog 5 (2310),
(87;11)2“ G10,10,2,2 (825), G10,103,1 (990),2G10,10,4 (2 x 210), G996, (17280), G10,10,4,2 (6930), G19,10,5,1 (2310). G108 (825).G10,9,7 (990),2G10,10,6 (2 x 210),

G10,10,6,2 8250). G10,9,8,1 3200). G1g,10,7,1 (1155),2G0,10,8 (2 x 45), G10,10,8,2 (1925), G10,109,1 (99). G10,10,10 (V. G10,10,10,2 (45)

3G G10,9,1 99, G10,9,3 (1155), G19,10,1,1 (55). G10,10,2 45). G10,9,5 (2310). G10,103,1 (990). G10,10,4 (210), G1,10,5,1 2310), G19,9,7 990), G1g,10,6 (210),
A (9728)

G10,10,7,1 (1155). G199 (55). G10,10,8 @5). G10,10,9,1 (99)

3Gy 1) ||Gio10 1. Gro102 @5).Glo104 G10), Gio 10,6 BT0). Gio 10,8 @), Gio,10,10 D

E3. Potential H (n = 6): Type Il theories

Here, we show all potentials with level n = 6. Unlike potentials with level n < 5, the current
personal computers do not provide the level-n = 6 potentials from a naive level decomposition by
SimpLie. By taking an indirect approach, we determine all of the potentials with level n = 6 (except
the multiplicity of the O(10, 10) singlet H).

By using SimpLie, we can first determine a set of the allowed O(10, 10) potentials, whose multi-
plicities are not yet determined. We then decompose all of the O(10, 10) potentials into type [IA/type
IIB potentials. Then, since the type IIB potentials with level £9 < 14 are already obtained in Table 7,
we can determine the multiplicities of the O(10, 10) tensors such that Table 7 is reproduced after
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decomposing the O(10, 10) potentials into the type IIB potentials. Unfortunately, the O(10, 10) sin-
glet H contains only a generator Hjg,10,10 With level £9 = 15, whose multiplicity has not been
determined. Therefore, the multiplicity for the singlet is not determined in this paper.

There is an additional subtlety other than the O(10, 10) singlet. The dimensions of three (underlined)
representations, 354411750, 382764690, and 330752000, are extremely large, and we could not
identify all weights in those representations; doing so is important in decomposing each O(10, 10)
tensor into SL(10) tensors. At least, we identified all of the weights that correspond to the potentials
with level £9 < 14. By using the symmetry (20), we also identified all generators with level 16 < £9.
On the other hand, regarding the potentials with level £9 = 15, we have determined most of them, but
there are still weights missing that are needed in order to reproduce the dimension of the O(10, 10)
representations. Concretely, in representations, 354411750, 382764690, and 330752000, 199, 198,
and 1430 weights were missing. The only allowed potentials with level £9 = 15 and dimension
less than 1925 are Hio,10,9,1 (99) and Hig,10,10 (1), and the missing weights should be coming
from them. Then, we assumed the missing weights in 354411750, 382764690, and 330752000,
respectively, as 2 H10,10,9,1 (2 x 99) and H19,10,10(1), 2H10,10,9,1(2 X 99), and 14H1,10,9,1 (14 x 99)
and 44H10,10,10(44 x 1). In order to note that they are assumed, we colored the results in blue. We
could check whether the assumption is correct if Table 7 was extended to level £9 = 15. In that case,
we could also determine the multiplicity of the O(10, 10) singlet H. In the following, we show the
results, and there the multiplicities of the mixed-symmetry potentials, other than those colored in
blue, will be reliable.

We first show the potentials H that contribute to Table 2. All of them are in the generalized NS-NS
sector.

Hygep (8250), Hy 63,1 (155925), Hig 64 (29700), Hy 751 (35200), Ho 73 (12375), Higg 2 (1925), Hig 6 42 (882090), Hyg 7311 (463320), Hg g5 (242550),
Hyg73, (317625),2H10 74,1 (2 x 168960), H1( 66 (13860"), H1 g2 5 (33880), Hi( 75 (20790),2H)gg3 | (2 x 40095),2 H) g 4 (2 x 8250), H g9 | (3200),
Hy93 (1155), Hyg 102 (45), Hig 653 (1905750), Hg 7421 (3963960), Hi( 743 (1161600), Hio 6 > (490050”), Hig 7511 (926640),2H( 75 (2 x 711480),
Hy0832,1 (823680), Hgg 4 1.1 (351000), Hiog 33 (190575),3H g g 4 (3 x 261360), 2Hy( 761 (2 x 126720),3H10g5 1 (3 x 83160), Hig g3 1 | (45045),
2Hy09,3,2 (2% 31185),3Hyg 9,41 (3 x 17280), 2Hjg g 6 (2 X 6930),2H| 95 (2 x 2310), Hy( 1022 (825),2H)0 13,1 2 X 990),2H( 104 (2 X 210),

Hy07,53,1 (TT467170), Hy( 6 6.4 (T4T0150), H1( 8 422 (3706560), H1( 75 4 (1905750), H)7,672,1 (3468465), H1( g 43,1 (3753750), 2H107,63 (2 x 1161600),
2Hy(852,1 (2 x 2196380), Hy0 g 4.4 (@90050"),3H( g 53 (3 x TIT480), H1( 77,11 (240240), 1993 3,1 (330330), Hy 77, (190575), Higg6.1,1 (331695),
2H109,4,1 (2 x 424T10), 4 H18. 62 (4 x 261360), 3H)0 943 (3 x 126720), 2H( 9.5 1| (2 x 107250),4 H10952 (4 x 83160), H1 103,21 (21120),

2H)0g,7,1 (2 x31185), H0,10,4,1,1 (9240%,1110,1073‘3 (4950’),41—1]0,9,@1 (4 x 17280), 4 H0,10,4,2 (4 x 6930),4 Hg,10,5,1 (4 x 2310), Hig g g (825), H 09,7 (990),
3Hig,10,6 G x 210), Hi( 7,64,1 (13378365), H1( 853 (16216200), H1( g 54,1 (TAI3120), H1( 7,73 (3539250), H1( 8,62, (4169880), H1( 75 (1393920),

2Hy(863,1 @ x AT29725), Hy 9,432 (2T45600), H)( 77,4 (680625), Hi( 555 (609840 ), H 9 4.4, (990990). Hy g5 (1287000),3 H1( g 64 (3 x 882090).
3Hjg953,1 (3% TAI5700), 2H) 8 7,1 (2 x 915200), 3Hyo 873 (3 x 317625). 3H)0 9 5.4 (3 x 242550), 3H 9621 (3 x 495495), H 0.4, (101640),
2H0,1043.1 (2 x T03950), 5 Hy .63 (5 x 168960), 3 H1( 10,5.,1 (3 x 63360),2H)0 1044 (2 x 13860"), 2H1( g 52 (2 x 33880),2H} 97,11 (2 x 50050),
S5Hyg,10.53 (5 x 20790),4H10,9.7, (4 x $0095),2Hy( 106,11 (2 x 10395), 6Hy 10,6 (6 x 8250),2H)0 g8 | (2 x 3200),4H)g 1071 (4 x 1155),2Hy 108 2 x 35),
Hig 642 (25332021), Hy 7751 (5662800, oo 533 (5662800"), Hiog 651 (6756750, Hi( 573 (T882875). )9 5.4 (6756750), 2H1( 874, (2 x 4118400),
2H(,9,63, (2 x ATI8400). Hy 95,51 (1415700).3H) 9,641 (3 x 2081079), Hy( 1044 (365904), Hio g 66 (363904), Hi( g 522 (576576),

HAlwg,B]M; 2Hy0,10,53,2 (2 X 490050'). 2H1 g 75 (2 x 490050 ), Hi( 8831 (675675), H10 9722 (675675).4H 09731 (4 x 786500).3Hyg 10,5.4,1 (3 x 228096),
e |[3H109,65 (3 x 228096). 2Hg 10,622 (2 X 136125). 2Hg g g 4 (2 x 136125), 4 Hy 10,63, (4 x 155925). 4H)0 974 (4 x T55925). 2Hy 10,55 (2 x 19404),
2Hy09.82,1 (2 % 99099). 6 H1g 10,64 (6 % 29700),4Hy 10.7.2,1 (4% 35200).4H1g 9,8 3 (4 x 35200). 6 H10,10.7,3 (6 x 12375). H10,9,9,1,1 (2925), H1g 10,11 (2376).
H0,9,9,2 (2376).5Hy 10,82 (5% 1925).2Hy 10,9,1 (2 x 99). H10,10,10 (V. H10,9,6.43 (13378365). Hi(8.752 (16216200), H10 9,65 (7413120),

Hy0,9,7.33 (3539250). Hi( g 8.4 (4169880), Hy 10,543 (1393920), 2109747 (2 x 4729725), Hio 87,61 (2745600), H1( 10,633 (680625), H1g 10,552 (609840'),
H10,9,6.6,1 (990990), Hypg g 5.1 (1287000),3Hig 10,642 (3 x 882090),3Hg9751 (3 x 1415700), 2H10 9.8 32 (2 x 915200), 3 Hy( 10732 (3 x 317625),
3Hy0,10,65.1 (3 x 242550),3H10.9.8.4,1 (3 x 495495), Hi( g 8 (101640),2H1( 97,6 (2 x 103950), 5 H1( 107,41 (5 x 168960),3H10 98 5 (3 x 63360),

2Hi0,10,6,6 2 % 13860"),2Hg 10,822 (2 x 33880), 210,993 1 (2 x 50050), 5 H1( 10,7,5 (5 x 20790),4Hg 10831 (4 x 40095), 2H1( 994 (2 x 10395),
6H1(,10,84 (6% 8250),2Hy0 1002, (2% 3200),4H)0 1093 (4 x 1155),2H 10,102 @ % 45), Hi0,97,53 (11467170), H{( 10,644 (1470150), Hig g5 6> (3706560),
Hi0,10,6,5,3 (1905750), Hy0,9.8 43 (3468465), 0,762 (3753750), 2Hy 107,43 (2 x 1161600),2H 098 55 (2 x 2196480), Hy( 106,62 (490050”),

3Hi0,10,7,52 (3 x T11480), Hy 9,933 (240240'), Hyg 9771 (330330), Hyg 10,833 (190575), Hi(9.9.4 (331695),2H 09561 (2 x 424710),

4H0 10,842 (4 x 261360).3Hy 107,61 (3 % 126720),2H1995 (2 x 107250), 4H)g 10,85, (4 x 83160), H|g 95 7 (21120),2H] 109372 (2 x 31185),

H10,9.9.6 (9240'). Hy0 10,77 (4950"), 4 Hg 10,941 (4 17280). 4 H1g 10,86 (4 x 6930).4H]g 1095 (4 x 2310). H]0 10,1022 (825). H10,10,103,1 (990).

3H10,10,104 G x 210). Hy 10,7,5.4 (1905750). 10,9863 (3963960). H1 107,63 (1161600). H10 10,344 (@90050"), 109,953 (926640). 2 H1( 10,853 (2 x 711480),
H10,9,8.7.2 (823680), H10 99,62 (351000). H1g 107,72 (190575).3H)( 108,62 (3 x 261360). 2H1( 10,043 (2 x 126720), 3 Hy 10,9,52 (3 x 83160), Hyg9.97,1 (45045),
2Hy0,10,8,7,1 (2 x 31185).3Hy 109,61 (3 x 17280). 2H10 10,1042 (2 x 6930). 2H10 10,10,5,1 (2 x 2310). H10 10,88 B25).2H]0,10,9,7 (2 x 990),

2H)0,10,10,6 @ x 210), H10,10,8.6.4 B82090), H10,99.7,3 (63320). Hy0,10,9,5.4 (F42550), H10,10,8.7.3 BT7625),2H10,10,9,63 2  T68960), H10,10,10,4,4 (13860,

H10,10,8,8,2 (33880). H10,10,10,5,3 (20790),2H10,10,9,7,2 (2 x 40095), 2 H1¢,10,10,6,2 (2 x 8250), H10,10,9,8,1 3200). H10,10,10,7,1 (T155). H10,10,10,8 (45).
110,109,7,4 (155925), H0,10,10,6,4 (29700), H10,10,9,8,3 (35200), H19,10,10,7,3 (12375), H1,10,10,8,2 (1925). H10,10,10,8,4 (8250)

(354411750)
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HA14,.6,31 4
(89109240)

Hyg 6.4 (29700), Hyg 5,1 (242550), H) 74,1 (168960), Hio 66 (138607), Hig 75 (20790), Hig g 4 (8250), H1g,662 (4900507), Hg 7511 (926640),

Hig,7,52 (T11480). Hyg g 45 (261360).2Hg 7,61 (2 % 126720), 2H10 g 51 (2 x 83160), Hig9.4,1 (17280).2Hgg6 (2 x 6930), H1g g 5 (2310), Hyg 104 (210).
H10,7,6,2,1 (3468465), H10,7,63 (TT61600), H10 85,1 (2196480), Hy( g5 3 (TTTA80), Hio7.7,1,1 (4020)), Hig7,7,2 (190575), Hio86,1,1 (B31695),

3H)0g8,62 (3 x 261360), H1( 9 43 (126720), H1g9 51,1 (107250),2H)0 95 (2 x 83160),2H)0 g 7,1 (2 x 31185),3H)0 961 (3 x 17280), H( 10,42 (6930),
2Hy0,10,5,1 2 x 2310), Hi( 8.3 (825), Hig,9.7 990), 2Hyg 10,6 2 x 210), H{(7.7,3,1 (3539250), H1( 8622 (3169880), Hog 63,1 (4729725), Hy g 6.4 (882090),
Hy0,9,53,1 (1415700),2H)8 721 (2 x 915200),2H0 8 7,3 (2 x 317625), H( 9 5 4 (242550),2H19,62,1 (2 x 495495),3H](,9,6,3 (3 x 168960), 1110,10,52,1 (63360),
Hyg,1044 (13860").2H)g g8 (2 x 33880).2Hg 97,1 (2 x 50080). 2Hy 10,53 (2 x 20790),3H)09.7, (3 x 40095). Hyg 10,6.1,1 (10395),4H] 1062 (4 x 8250),
2Hi09,8,1 (2% 3200),3Hy 10,7,1 (3 x T155),2H1q 108 (2 x 45), H1( 8732 (7882875), H|g 74,1 (4118400), H10 9632 (4118400),[11079’674’1 (2081079),
Hy08,82,2 (576576), Hig g8 3,1 (675675), H109 722 (675675),3H)0973,1 (3 x 786500), H1( 1054,1 (228096), H]09 ¢ 5 (228096), H)( 10,622 (136125),

Hig,8,8.4 (136125).2H10 10,631 (2 x 155925). 2H 974 (2 x 155925), Hyg 10,55 (19404).2H1g 982 1 (2 x 99099).3 Hy 10,64 (3 X 29700),

3Hy0,10,7,2,1 (% 35200),3H193 (3 x 35200), 4 H( 10,73 (4 x 12375), Hi(,9.9.1,1 (2925), H10,10,8,1,1 (2376), H 09,92 (2376),4H 0 10,82 (4 X 1925),
2H10,10,9,1 (2 x99, H1g,10,10 (D, H108,8.4,2 (4169880), H( 9733 (3539250), H{( 9 7.4 (4729725), H1( 10,642 (882090), H{ 9751 (1415700),

2Hy09832 (2 x 915200), Hyg 10651 (242550).2H} 10732 (2 x 317625), 2H10,9.8.4.1 (2 x 495495).3H]( 10.7.4,1 (3 x 168960), H10 9 g 5 (63360),

H0,10,6,6 (138607),2H10,10,8.2,2 (2 x 33880), 2H} 9,93 1 (2 x 50050), 2H} 10,7,5 (2 x 20790),3H10, 10,83, (3 x 40095), 10,99 4 (10395),4H]0 108 4 (4 x 8250),
2H10,10,9,2,1 2 % 3200),3H10, 10,93 (3 x 1155),2H)0 10,102 (2 ¥ 45), H{(,9,8 4,3 (3468465), H1( 10,743 (1161600), H1( 98 5> (2196480), Hy( 107,52 (T11480),
Hi0,9,9,33 (240240)), Hig 10,833 (190575), Hi(.9.9.42 (331695),3H 10,842 (3 x 261360), H10,10,7,6,1 (126720), H109.9;5,1 (107250),2H10 10,85, (2 x 83160),
2Hi0,10,932 2 x 31185),3Hyg 109,41 G x 17280). Hyg 10,86 (6930).2H] 10,95 2 x 2310). H1 10,1022 825). H}0,10,103,1 990).2H]g 10,104 2 x 210),
Hig,10,8.4.4 @0050"). H 9.9 53 (926640). Hyg 108,53 (T11480). H 108,62 (261360), 2H1( 10,943 (2 x 126720), 2H}( 10,952 (2  83160), Hy( 10,961 (17280),
2Hi0,10,10,4,2_2 x 6930). H10,10,10,5,1 (B310). Hi0,10,10,6 @T0). H10,10,9,54 (42550). H10,10,9,6,3 (T68960). H10,10,10.4.4 (13860"). Hig,10,10,5,3 20790).
H10,10,10,6,2 8250), H1,10,10,6,4 (29700),

HAlmg,BlB

(135795660)

Hyg 7,1 (1155), Hyg 72,1 (35200), Hig 73 (12375), Hyg g 11 (2376), Hig g2 (1925), Higg | (99), H10732 (317625), H g 74,1 (168960), Hig g 1 | (61425),

2Hyg8,3,1 (2 x 40095), Hi( g2 (33880), Hi( 75 (20790), Higg 4 (8250), 2 Hig 921 (2 x 3200),2H10 93 (2 x 1155), Hyg 10,1,1 (55, H10,102 (45),

Hy0,7,43 (1161600), Hi(g 35 | (823680), H1( 752 (T11480), Hgg4 1 | (351000),2H 0845 (2 x 261360), Hi( g 33 (190575), Hy 7,61 (126720),

2Hygg8,5,1 (2 % 83160), H0922 1 (47190), Hi0 93 1,1 (45045),3H)093 (3 x 31185),3H)g 94,1 (3 x 17280), Hi( g 6 (6930), H} 77 (4950'),2Hg g5 (2 x 2310),
Hy0,10.2,1,1 (1485),3H) 1031 (3 x 990), Hm 10.2,2 (825),2H10 10,4 (2 x 210), Higg 43 | (3753750), Hi( 85,1 (2196480), Hy 75 4 (1905750), H1(7,63 (1161600),
2H(853 (2 x TIT480), Hyg g 4.4 (@90050),2H10 9421 (2 x F24710), Hy(93 22 @05405), Hy( g6 1,1 (331695), H1(93 3, (330330),2H)86 (2 x 261360),
Hig,7,7,2 (190575), 3H10943 (3 x 126720), Hi09.5,1,1 (107250),4141095 2 (4x 83!60),2H1087 | (2 x 31189), 2H10,103,2,1 2 % 21120),3Hjg 961 (3 x T7280),
2Hi0,10.4,1,1 2 x 9240, 4Hyg 1042 (4 x 6930).2H] 1033 2 x 4950, 4H]g 105, (4 x 2310), 2H{(97 (2 x 990), 2Hy 10,6 (2 x 210), Hy( g 54 (TAT3120),
Hy0863,1 @729725), H109.43 2 (2745600),2H|0 9 53| (2 x T415700), Hy 76,5 (1393920), H195 (1287000), Hi( 9 4.4 (990990), Higg 72,1 (915200,
2Hy(,8,64 (2 x 882090), H1 77,4 (680625), Hi( g 5 5 (609840'), 2H 9621 (2 x 495495), 2 H 0873 (2 x 317625), 3H10,9.5.4 (3 x 242550), 4H} 963 (4 x 168960),
3Hy0,10,43,1 (3 x 103950), Hy 104,22 (101640), Hy 10,332 (98010),3Hy( 10,521 (3 x 63360), H1097,1,1 (50050), Hyggg 1| (42120),4H}gg 7 (4 x 40095),
Hyggs2 (33880), 5Hig 10,53 (5% 20790), 2 Hyg 1044 (2 x 13860"), 2H10 10,6,1,1 2 x T0398), 5Hyg 10,62 (5 x 8250), 2H{( 98| (2 x 3200), 4 Hy, 107, (4 x T155),
Hy09,9 (5, Hig,108 @5), H1086,5,1 (6756750), H10,9,5.42 (6756750), H{(87.4,1 (4118400), H1 963> (AT18400),2H1 96 4,1 (2% 2081079), Higg 55 1 (1415700"),
2Hy0973,1 (2 x T86500), Hy( g 83| (675675). H|(9722 (675675).2H)0 10,53 (2 x 490050), 2H|( 5 7.5 (2 x 490050)), Hy 0,433 (381150), H|( 77,6 (381150).
Hig 10442 (365904). Hio g 6 6 (365904), 3H]( 1054, (3% 228096).3H( 965 (3 x 228096). 4 H}( 10,63, (4 x 155925), 4H|( g 74 (4 x 155925).

Hig,10,6.2. (136125). H) g 5 4 (136125). 2H0 982 1 (2 % 99099).3H] 10721 (3 x 35200).3H10 953 (3 x 35200), 5H)0 10,64 (5 x 29700),2H] 1055 (2 x 19404),
6Hy0,10,7,3 (6 x 12375),2H0 108,11 (2 x 2376),2H{99 (2 x 2376),4H} 10,82 (4 x 1925),2H)0 10.9,1 2 % 99), H0.9.65 (7413120), H{( 97 47 (4729725),
Hy0,87,6,1 (2745600),2H10 9751 (2 x 1415700), Hy( 10,543 (1393920), Hiog g 5.1 (1287000), H10 9661 (990990), Hig g8 32 (915200),2H1( 10,642 (2 x 882090),
Hy0,10,6,3,3 (680625), Hg 105,52 (609840'), 2 H1g g8 4.1 (2 x 495495),2H1( 107,32 (2 x 317625),3H( 10,65, (3 x 242550), 4H}( 107,41 (4 % 168960),

3Hyg9,7,6 (3 % 103950), Hig g g 6 (101640), Hi(g 77 (98010),3H10 95 (3 x 63360), Hig 9931 (50050), Hig 9922 (42120),4H( 10831 (4 x 40095),

H0,10,8,2,2 (33880),5Hy 10,75 (5% 20790),2H0 10,66 (2 % 138607),2H{(.9.9 4 (2 x 10395),5H( 10,84 (5% 8250),2H( 10,921 (2% 3200),4H]( 1093 (4 1155),
H10,10,10,1,1 (55), HIO 10,102 (45), H10,0.7,6,2 (3753750), H10,9.8 5.2 (2196480), H1( 10,6,5,3 (1905750), 10, 107,43 (1161600),2H] 107,52 (2 x 711480,
H10,10,6,6,2 (4900507), 21098 6.1 (2 x 424710), Hy g g 7.1 (405405), (9.9 42 (331695), H10 977, (330330),2H)0 10,842 (2 x 261360), H1g 10,833 (190575),
3H)0,10,7,6,1 (3 x 126720), Hjg 9951 (107250),4H) 10851 (4 x 83160),2H]( 10,032 (2 x 31185),2H] 9.8 7 (2 x 21120), 31110 10,9,4,1 3 x 17280),

2H)0,00,6 (2 x 9240'), 4 H10 10,86 (4 X 6930),2H] 10,77 (2 x 4950), 4 H( 10,0,5 (4 x 2310),2H]0 10,10,3,1 (2% 990),2H10,10,10,4 @ X 210),H10,10.7,63 (TT61600),
Hy0,9,8,7,2 (823680), H0,10,8,5,3 (T11480), H|9.9,62 (351000),2H}( 108,62 (2 x 261360), H1q 10,7,7,2 (190575), H]0,10,9.4,3 (126720), 2H0,10,9,5,2 (2 x 83160),
Hy09,88,1 @T190), H109.97,1 @045),3H10,10,8,7,1 (3 % 3T185),3H10,109,6,1 (3 x TT280), H10,10,10.42 @930, H10,10,103,3 @50, 2H10,10,105,1 2 x 2310),
Hy0.9.9,8 (1485),3H)q 09,7 (3 x 990), H1g 10,88 (825), 2H10,10,10,6 (2 x 210), H10,10,8,7,3 317625), H{( 109,63 (168960), H10 998> (61425),

2H0,10,9,7,2 (2 x 40095). H0,10,8,8,2 (33880). H1,10,10,5,3 (20790). H1,10,10,6,2 8250).2H],10,9,8,1 (2 x 3200).2H1(,10,10,7,1 2 x T155). H10,10,9.9 (55).
H10,10,10,8 49 H10,10,9,8,3 (5200). H10,10,10,7,3 (12375). H10,109.9.2 2376). H10,10,10,8.2 (1925). H10,10,109.1 (99)- H10,10,109,3 (1155)

2HA1M7,BIZ3

(58624500)

2 x [Hyg73 (12375), Hyg 74,1 (168960). Hig g3 1 (40095), H1g 7 5 (20790). Higg 4 (8250), Higg3 (1155). 1075 (T11480), Higg 41,1 (351000, Hygg 4 (261360),
Hi0,7,6,1 (126720).2H108.5,1 (2 x 83160). Hi( 93 (31185). H1( 77 (4950'). 2H 09 41 (2 x 17280), Hy( g 6 (6930).2H1g 95 (2 x 2310). Hyg 1031 (990).
Hyg,10.4 (210). H1g7,63 (1161600), Hyog 57 1 (2196480). Hy( g 53 (TI1480). H1g 7.7, (190575). Higg 61,1 (331695). Hyg 9421 (@24710), 2H1 g6 (2 x 261360),
Hy943 (T26720), Hy9,95,1,1 (T07250), 3Hy0,95 (3 x B3T60), 2Hy0g7,1 (2 x 3T185), Hyg 104,11 OT0). Hyg,1033 @50, 3Hig 9,61 (3 x TT280),

2Hi0,10,42 @ % 8930),3Hyg 10,51 3 x 2310),2Hjg97 2 x 990),2Hy, 10,6 @ x 210), Hy( g 63| @7129725), H\(7.7,4 (680625), H9 955> (TZ87000),

Hig 8,64 (882090), H1( 953 (14T5700), Hy g 7,1 (OT5200),2Hygg7 3 (2 x 317625), ”]09 54 (242550),2H0 9,621 (2 x 395495), Hy( 0.43,1 (103950),
3H09,63 (3 x 168960), 2Hyg 105,2,1 (2 x 63360), Higg g 1, (32120), Hyg 1044 (13860"), Hio g5 (33880), Hi(97,1,1 (GO050),3Hig 10,53 (3 x 20790).
4H)0072 (4 x 30095), 2H)( 10,6,1,1 (2 x 10395),4H] 10,62 (4 x 8250),2H{g 98 | (2% 3200),4H] 10,7,1 (4 x 1155), H1g 99 (35). H10 10,3 (@5).

Hy,8,7.4,1 (4118400). H10 9 6.3 » (ATT8400). H10,9.6.4,1 (2081079). Hig 10,532 (490050'). Hyg g 75 (A90050'), Hyg g 83,1 (675675). H10,9.72. (675675).,
2Hy0973,1 (2 x 786500). Hy( 10541 (228096). H10,9.65 (228096). H1 10,622 (136125). Hio g g 4 (136125).3 Hy 10,6.3,1 (3 x 155925). 310974 (3 x 155925),
Hy0,10,5,5 (19404). 2H10 982 1 (2 x 99099). 3 H1g 10,64 (3 x 29700).3H 10,721 (3 x 35200), 3H19.8 3 (3 x 35200), 5 Hyg 1073 (5 x 12375),

2Hy0,10,8,1,1 (2 % 2376).2H1099 (2 x 2376), 4 H1( 10,82 (4 x 1925). 2H10 10.9,1 (2 x 99). H10.97.42 (4729725), H1( 10,633 (680625), H1( g g 51 (1287000),
Hi0,10,6.4,2 (882090). Hig97.5.1 (1415700), Hig 9832 (915200), Hyg 10,651 (242550).2Hy 10,732 (2 % 317625), 211098 4.1 (2 x 495495),

3Hy0,10.7.4,1 (3 x 168960), H10 97,6 (103950).2H1g 985 (2 x 63360), H10 992 (42120), Hig 10,66 (13860”), H1g 10,822 (33880), 109931 (50050),
3Hi0,10,7,5 (G x 20790),4Hyg 10,8.3,1 (4% 40095),2H10 99 4 (2 x 10395), 4110 1,5 4 (4 x 8250),2H]( 10,02, (2 % 3200),4H} 1093 (4 x 1155), H1g 10.10.1,1 (55
Hi0,10,10.2 (45), H10,10.7,43 (1161600), H1( 9 g 55 (2196480), 10 1,7,5.2 (T11480), Hyg 10833 (190575), Hig 98 6.1 (424710), Hi( 99 4 (331695),

2Hy0,10,8472 (2 x 261360), Hyg 107,61 (126720), Hig 9951 (107250),3Hg 10851 (3 x 83160), 2110 10,932 (2 x 31185), H1( 10,7,7 (4950"),

3Hi(,10,9.4,1 3 x 17280), Hy( 996 (9240),2Hyg 1086 (2 X 6930),3H0 10,95 (3 x 2310),2H10 10,10,3,1 (2 % 990),2H]g 10,104 2 x 210), H}g 108,53 (711480,
Hi0.9.9,6,2 (G51000), Hy 10862 261360). Hyo 10,943 (126720),2H)q 109,52 (2 x 83160). Hyg 108,71 (G1185). Hyg 10,1033 @50).2H|0 109,6,1 (2 x T7280).
H10,10,10,4,2 (6930). 2H10,10,10,5,1 2 x 2310). H10,10,9,7 990). H10,10,10.6 210). H1,10,9.6,3 (168960). H10,10,10,5,3 (20790). Hyg,10,9,7,2 (40095),

H10,10,10,62 8250). Hyg,10,10,7,1 (1155). H10,10,10,7,3 (12375)]

59/78
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Ho 74 (155925), Hy 75| (1415700), Ho g 4 | (495495), H} 7 4.1 (168960), Hg 7. (103950), Ho g 5 (63360), H( 7.5 (20790), Hg g 4 (10395), Hy( g 4 (8250),
Hy 762 (3753750) Hog 511 (2851200). Ho g 5 5 (2196480), H1( 75,11 (926640). H1o 7,52 (T11480), Ho 771 (330330), Higg 41,1 (351000),2Hog 61 (2 x 424710),
Hy g4 (331695), Higg 42 (261360),2H)076 (2 x 126720),2Hg 951 (2 x 107250),3H1( g 5,1 (3 x 83160), Ho g 7 (21120), Hy( 7.7 (4950),2Hi0 94,1 (2 x 17280),
2Hg g6 (2 x 9240'),2H) g 6 (2 x 6930),2H) 95 (2 x 2310), Ho g ¢ | (TT760000), Ho 773 (3185325), 07,6, (3468465), Ho g 6 3 (3963960),
Hy08,5,1,1,1 (I576575), Ho 951 (Z851200), Hy 7,63 (TT61600),2H0 g 52,1 (2 x 2196480), Ho g 7.1 | (T034880), Ho g 53 (926640), Hy( g 5.3 (TIT480),
2Hg g7 (2 x 823680), H1( 77,1, (240240), Ho g 61| (@44675),2Hy 772 (2 x 190575), 3H18,6,1,1 (3 x 331695), Hy(,9 45,1 (@24710),3Hg g 6> (3 x 351000),
4H)08,62 (4 x 261360), H)09.43 (126720),3H)0 95,1 (3 x 107250), Ho g g | (37190), 4 H( 9 5> (4 x 83160), 3Ho 97,1 (3 x 45045), 4 H{( g 7,| (4 x 31185),
H10,10,4,1,1 (9240/),6H1079‘571 (6 x 17280), Hy¢, 10,42 (6930),2H] 10,5,1 (2 x 2310), Hy 9 g (1485), H1 g g (825),3Hi9 7 (3 x 990), H} 10,6 (210),
Hog 73,1 (15523200), Hy,862,1,1 (TT07700), Ho g 6> » (5630625), H10,7,73,1 (3539250), H{( 8 622 (4169880), Ho g 53 | (6403320),2H g 3,1 (2 x 4729725),
Hy 374 (3020160). Hi(957,1,1 (2401285), Hog g 5 | (14T1200), H1(77.4 (680625), 10,952, (1287000), Ho 9.6 4 (T201200). Ho g6 4 (882090),
Hy0,8,7,1,1,1 (630630),2H0953,1 (2 x T415700),2Hg 9 75 1 (2 x 1330560), Ho g g 3 (495495'). 4 Hg g 721 (4 x 915200). H1g 96 1,1,1 (344960),
3Hg 973 (3 x 463320),4Hy g 73 (4 x 317625), Hy( 9 5 4 (242550), 6Hy(,9,6,1 (6 x 395495), Hy( 10,4.3,1 (T03950), 5 H0 963 (5 x T68960), H10 105,11, (@5045),
Hygg 1,1 (T6230),3H)g,10,52,1 (3 x 63360),2Hggg 1| (2 x42120),3Hg 98> (3 x 61425),3H( g 8 » (3 x 33880), 5 H( 97,11 (5 x 50050),2H}q 10,53 (2 x 20790),
8H10,0,7, (8 x 30095), 4 H1( 10,611 (4 x 10395), 4H)q 1062 (4 x 8250), Ho g 9 | (2145),5H)g 9 (5 x 3200), 4H0,10,7,1 (4 x T155), Hig.9.9 (55), H1,10,8 (35),
Hy0,87,3,1,1 (11561550), Ho 9 73 2 (T1561550), Ho g g 4.1 (6652800), H10.8 73 (1882875), Hi(,9,622,1 (6652800), H10 9631, (6071296), Ho g 74 (6071296),
2H)0,8,7,4,1 (2 x 4118400),2H1( 9,632 (2 x ATT8A00), H1(,8.82 1,1 (1051050), 2H)0,9.6.4.1 (2 x 2081079), Hy 9. > » (T051050), H10,10,5,3,1,1 (729729),
HA Bion.C || 17108822 (576576 2H109.7 1,1 (2 x 1234926), Ho g 7.5 (TEOT2), 2Ho 9831 (2 x TZ4926). H10,105.3.2 (490050'), Hy( g 7.5 (@90050).3Hjg 53,1 (3 x 675675),
1--6-5123- 3Hy0,0,722 (3 x 675675). TH0.9.73,1 (7% 786500). H1g 10,5.4,1 (228096).2H10 10,62,1,1 (2 X 250250), H10,9.6 5 (228096). 2 Hg g g 4 (2 x 250250),
(382764690) 2Hy0,10,62,2 (2 x 136125),2H1( 8.8 4 (2 x 136125). 5H1( 10,631 (5 x 155925), 5H{(,9.7.4 (5 x 155925), Hy(9,81,1,1 (67200). Ho g9, | (67200),
THy0,0.82.1 (7 % 99099). 2H1g 10,64 (2 % 29700).2H1 10,7,1,1,1 (2 % 24024),2Hg 993 (2 x 24024), THy10,7.2,1 (7 x 35200).7H10,9.8 3 (7 x 35200).
5H10,10,7,3 (5 x 12375), 2H10,9.9.1,1 (2 x 2925).4Hy 10,8,1,1 (4 2376),4H 0992 (4 x 2376). 5H1g 10,82 (5 x 1925).2H10 10,01 (2% 99). H10,9.73.2,1 (15523200),
Hy 9842 (T107700), Higg g 41,1 (5630625), H109733 (3539250), Hi( 88 42 (4169880), 1097411 (6403320),2H) 0974 (2 x 4729725), Hi( 10,6321 (3020160),
Hygg5,1 (2401245), Hig 98,1 (1411200). Hi 10,633 (680625). Higgg 5.1 (1287000), Hg 10.6.4,1,1 (1201200). H1 10,642 (882090, Hg 9935 (630630),
2Hy09751 (2 x 1415700),2H10983,1,1 (2 x 1330560), H1(,1072,2,1 (495495'). 4 H1g 9832 (4 x 915200), Ho 9.9 4.1 (344960). 3 H1( 10.73,1,1 (3 x 463320),
4H10,10.732 (4 x 317625), H1 10,6,5,1 (242550),6H1(.9.8.4,1 (6 x 495495), H1( 97,6 (103950), 5 H1( 10.7.4.1 (5 x 168960). Ho g 9 5 (45045), Hi0 992,11 (76230),
3Hy008,5 (3 x 63360),2H10 9927 (2 x 42120),3H) 1082,1,1 ( X 61425),3Hy 10,822 (3 x 33880), 5H10.0.9.3,1 (5 x 50050), 2H10 17,5 (2 x 20790),
8H10,10,8,3,1 (8 x 40095), 411,09 4 (4 x 10395), 4H)( 10,84 (4 x 8250), H10,10,0,1,1,1 (2145),5H],10,0.2,1 (5 x 3200),4H] 10,93 (4 x 1155), H1 10,10,1,1 (55,
H10,10,10,2 45), H10,0,8,4,2,1 (1760000), H10, 107,331 (3185325), H|(,0.8 4.3 (3468465), H10,10,7,42,1 (3963960), Ho g 95> (1576575), Hi( 98511 (2851200),
H10,10,7,4,3 (1161600), 2H0 98 5 (2 x 2196480), H1(9.932,1 (1034880), Hy 10.7,5,1,1 (926640), Hyg 107,52 (T1T480),2H} 1,832,1 (2 x 823680),
1109933 (240240), H10,9.9.4,1,1 (444675), 2H)0,10,83,3 2 x 190575),3H10,9.9.42 (3 % 331695, H10,98.61 (424710), 3H)0,10,84,1,1 (3  351000),
4H10,10,8,4,2 (4 x 261360, Hy0,10,7,6,1 (126720),3H10995,1 (3 x 107250), H1,10,9,2.2,1 (47190). 4H10,10,8,5,1 (4 x 83160),3H10,10,9.3,1,1 (3 x 45045),
4H10,10,9.3,2 (4 x 31185), Hi0,9 9.6 (9240). 6 H}0,10,94,1 (6 x 17280), H1g 10,86 (6930). 2H1010,9,5 (2 x 2310), H1010,10.2,1,1 (1485). H1,10,10,2.2 (825).
3H10,10,10,3,1 3 x990), H1,10,10,4 (210), H}0,10,8,4,3,1 3753750), H19,9,9,5,2,1 (2851200), H( 10,8,52,1 (2196480), H1(,9 9 53 (926640), H](,10,8,5,3 (711480),
H10,109,3,3,1 (330330). H10,9.9.62 (51000),2H]10,9,42,1 (2 324710), H1(,10,8,6,1,1 (331695). H,10,8,6.2 (261360), 2H10,10,9.4,3 (2 x 126720),
2H10,10,9,5,1,1 2 % 107250), 3H10,10,9,5,2 (3 * 83160). H10,10,10,3,2,1 @1120). H10,10,10,3,3 @950). 2H10,10,9,6,1 (2 x T7280). 2H,10,10,4,1,1 2 x 9240)),
2H10,10,10,4,2 (2% 6930),2Hyq 10,10,5,1 (2 x 2310). H10,10,9,5,3,1 (1415700), H10,10,9,6,2,1 (495495), H10,10,9,6,3 (168960), H10,10,10,4,3,1 (103950),
H10,10,10,5,2,1 (63360), H19 10,10,5,3 (20790), H10,10,10,6,1,1 (10395), H10,10,10,6,2 (8250). H10,10,10,6,3,1 (155925)
Hy 7.6 (103950), Ho 77| (330330), Ho g 6 1 (424710). Hyg 7,61 (126720), Ho g 7 (21120). Ho 9 6 (9240'), Hyg 7.7 (4950°), Hig g 6 (6930). Hog7 1| (1034880),
Hy g7, (823680), Hio77,1,1 (240240'). Hg 9 6 (351000), H1g 772 (190575), Hig 86,1, (331695), Higg 62 (261360). Ho g g 1 (AT190).2Hg g7 (2 x 45045),
3Hygg7,1 (3 x31185),2H g9 (2 x T7280), Ho g g (1485), H1( 3 g (825).2Hy g7 (2 x 990), Hog g | (14T1200), Hygg 71,11 (630630). Ho 9771 (1330560),
2Hy0872.1 (2 x 915200), Hy g 7 3 (363320)., Hy 873 (317625), Hy9.62,1 (@95495). H1(9.6.3 (168960)., Ho g g 11 (T6230).2H1(g8,1,1 (2 x 42120),
2Hg g7 (2 x 61428), 2H g g 5 (2 x 33880),3Hyg9.7.1,1 (3 x 50050), 4 Hi( 975 (4 x 30095), H 10,611 (10395), Hi 10,62 (B250), Ho g9 | (2145),
4H)008,1 (4 x 3200), 2 H10,10,7,1 2 x T155), Hig,9.9 (35), H10,10.8 (35), H10 882,11 (1051050), Ho g8 5 » (T05T050), H1( g 822 (576576), H1g97.1,1 (1234926),
H 41..4.B123,C || 109831 (B39926). Hig 8,831 (675675). H10,9.7.2.2 (§T5679):2H10,9,7,3,1 2 X T86500), Hy0,10,6,3,1 (155925)., H10,9.7,4 (153925). H10,9,8,1,1,1 (67200),
i : Hy 99,1 (67200),5Hg 9821 (5% 99099), H10,10,7,1,1,1 (24024), Ho 993 (24023), 3 H10,10,7,2,1 (3 X 35200),3Hg 983 (3 x 35200),2Hy(, 10,73 (2 x 12375),
(33078430) 2H)09,9,1,1 (2 x2925),3Hq108,1,1 (3 x 2376),3H109,92 (3 x2376),3Hq 1082 (3 x 1925),2Hq 10,9,1 (2 x99, H)09,82.2,1 (1411200), H199g3 1 (1330560),
Hy .93 (630630),2H10,983 (2 915200), H(,10,7,3,1,1 (463320), H1 10,732 (317625), Hig 9841 (495495), H10,10.7,4.1 (168960), H109.9 11 (76230),
2H10,10.8,2,1,1 2 x61425),2H10 9922 (2x42120),2Hyg 10,822 (2% 33880),3Hi(9.93,1 (3x50050),4H( 10,831 (4x40095), Hi(994 (10395), H1g 10,84 (8250),
H10,10,9,1,1,1 (2145),4H10,10,9,2,1 (4 x 3200),2Hyq 10,9,3 (2 x 1155), H}0,10,10,1,1 (55): H10,10,10,2 45), H10,9,9,3,2,1 (1034880), H( 10,83 2,1 (823680),
H10,9,9.33 (240240)), H10 10,8.4.1,1 (351000), 1o 10,833 (190575), Hig.9.9.42 (331695), Hyg 10,8472 (261360), H1( 109221 (47190),2H1(10,03,1,1 (2 x 45045),
3H10,10,9,3,2 G x 31185), 2H010,9,4,1 (2 x 17280). H10,10,10,2,1,1 (1485). H10,10,10,2,2 (825).2H]0,10,10,3,1 (2 * 990). H10,10,9,3,3,1 (330330),
pial gl -, il I
H10,109,4,2,1 (424710), Hy 109,43 (126720), H],10,10,3,2,1 (21120), H10,10,10,4,1,1 (9240), H10,10,10,3,3 (4950), H10,10,10,4,2 (6930), H10,10,10,4,3,1 (103950)
2% [Hig6,6 (13860"), Hyg 7,61 (126720), Hyg g 6 (6930). Hig77,1,1 (240240'). Hiog 6 (261360). Hyg 57,1 (B1185). Hig 961 (T7280). Hig g (825). H1g 10,6 (10).
2H Hi0,8,7.2,1 (O15200), Hyg 963 (168960). Hy g5 (33880). Hi097,1,1 (50050), H109.7, (@0095). Hyg 10,62 (8250). H1g9,81 (3200), Hig 107,10 (1155). Hig 10,8 (35).
A1..4,B1...4 ||Hi08822 (576576). Hig9731 (T86500). H10 9,82 1 (99099). Hyg 10,64 (29700). H1g 1072, (35200). Hig 983 (35200), Hig 10,73 (12375). Hig9.9.1,1 (2925).
(5420415) 2H10,10,8,2 (2% 1925), H10,109,1 99). H10,10,10 (1. H10,9,8,3,2 (915200), H10,10,7,4,1 (168960), H10 10,822 (33880), H19931 (50050), H,10,8,3,1 (40095),
Hi0,10,8,4 (8250), H10,10,9,2,1 (3200), H19,10,03 (1155), H1,10,10,2 (45), H10,09,3,3 (240240)), H1, 10,842 (261360), H10,10,9,3,2 (31185), H10,10,9.4,1 (17280),
H10,10,10,2,2 825), H10,10,104 (210), H10,109.4.3 (126720), Hy0,10,10.4,2 ©930), H10,10,10,4.4 (13860")]
2x [Hig7,5 (20790), Hg7,6,1 (126720), Hygg 51 (83160), Hio 77 (4950'), Hig g 6 (6930), H g9 5 (2310), Hio 77, (T90575), Hygg6.1,1 (331695), Hi( g6 (261360),
Hig,9,5,2 (83160),2H( 87,1 (2 x 31185),2H( 961 (2 x T7280), Hg 10,51 (2310),2H)997 Q2 x 990), Hi 10,6 (210), Hi(8.7,2,1 (915200), H1gg 73 (317625),
H10,9,62,1 (495495), 10963 (T68960), H 0 g g 1, (2120), Hiog g (33880), 10971, (50050), Hyg 10,53 (20790),3 Hg97, (3 x 40095), Hyg 106,11 (10395),
2 H 2H0,10,6,2 (2 % 8250),2H)g 981 (2 x 3200),3H)0,10.7,1 3 x 1155), H10,9,9 (35), H1,10,8 @5), Hi08,83,1 (675675), H10.9722 (67T5675), H10,9.7.3,1 (786500),
A1..5,B123 || H10,10,63,1 (155925), H10,9,7,4 (155925), 2H10,9.82,1 (2 x 99099), Hy, 10,64 (29700),2H( 10,7,2,1 (2 x 35200), 2H10,9.8 3 (2 x 35200), 3H0,10,7,3 ( x 12375),
9699690) 2Hy0,108,1,1 2 % 2376),2H)09.92 (2 x 2376), 3H10 10,82 (3 x 1925), 2H10,10,0,1 2 x 99), H109.832 (915200), H10 107,32 (317625). H{( 98,4, (495495),
H0,10,7,4,1 (168960), 10,9922 (42120), Hi( 10,822 (33880), Hi9093 1 (50050), Hig 07,5 (20790),3Hy 10,831 (3 x 40095), H g9 9 4 (10395),
2H)0,10,8,4 (2% 8250),2H)0,10,9,2,1 (2x3200),3H10,109,3 3 x 1155), H10,10,10,1,1 (55), H10,10,10,2 45, H10,10,83,3 (190575), H10,9,9.4,2 (331695),
H10,10,8,4,2 (261360), H0,10,8,5,1 (83160),2H]0 109,32 (2 x 31185), 2H)(,10,94,1 (2% 17280), Hq,10,9,5 (2310),2H]0,10,10,3,1 (2 x 990), H}0,10,10,4 (210),
. P Jaliandd
Hi0,1094,3 (126720). Hi0,10,9,5,2 83160). Hyg,10,10,3,3 4950). H1g,10,104,2 (6930). H10,10,10,5,1 (2310). H,10,10,5,3 (20790)]
2HA123 B2 2 x [Hyg7,7 (4950'), Hgg.7,1 (3T185), Hg 97 (990), Higgg 1,1 (42120), Hy 97, (40095), Hyg9g 1 (3200), Hig 10,7,1 (T155), H109,9 (55). H10,0.82,1 (99099),
? Hio,10,7,3 (12375), H10,10,8,1,1 (2376), H10,9,92 (2376), H10,10,8,2 (1925). H10,10,9,1 (99): H10,9,9,2,2 (42120), H10,10,8,3,1 (40095). H10,10,9,2,1 (3200),
(365750) H10,1093 (1159), H10,10,10,1,1 59 H10,1093,2 (1189, H10,10,10,3,1 990): H10,10,10,3,3 @950)]
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Potentials H (in the generalized NS—NS sector) which do not contribute to Table 2 are as follows:

(330752000)

Hyg | (3200), Ho g | (99099), Ho g3 (35200), Ho g 1.1 (2925). Ho g5 (2376). Hygg.1,1 (2376), Hyg g2 (1925). Hig 9.1 (99). Ho g3 (915200), Ho g 4| (495495),
Tg92.1,1 (16230), Ho g 55 (42120), Hyg g5 | | (61425), Hog 5 (63360),2Hg g3 | (2 x 50050), Hig g2 > (33880),2H1( g3 | (2 x 40095), Ho g 4 (10395), Hy g 4 (8250),
Hig.1,1,1 (2145),3Hig92 1 (3% 3200),2H1093 2 x 1155), Hy( 10,11 (55) H10,10,2 (45), Ho g 4.3 (3468465), Ho g 5 5 (2196480), Ho 937 | (1034880),

Hyo8,3,,1 (823680), Ho g 4 | | (444675), Ho g3 3 (240240), Hyg g 4 1 | (351000), Hy( g 33 (190575), Ho g ¢ | (424710),2Hg g 45 (2 x 331695),2Hg g4 (2 x 261360),
H10,92,1,1,1 (49280),2Hg g5 | (2 x 107250),2Hg g5 (2 x 83160), 2H (95 | (2 x 47190),3H)93 1| (3 x 45045), 4 H g3 5 (4 x 31185), Ho g 7 (21120),
4H)0,0.41 (4% 17280), Ho g 6 (9240'), Ho g 6 (6930).2H10 10,1, (2 X 1485), 2H10,9.5 (2 x 2310),2H1( 10,2 (2 x 825),3H] 10,31 (3 X 990), Hyg 10,4 (210),

Hyg 54 (6040320). Ho g 43 (4802490). Hyg 4731 (3753750). Ho g 3 (3963960). Ho g5 1 (2851200), Higg 521 (2196480). Ho g 4 4 (630630). Hy( g 4.4 (90050"),
H1093,2,1,1 (800415),2Hg g5 3 (2 x 926640). 2H1( g 5.3 (2 x TI1480), H10,9.3 22 (405405), Ho g 7, (823680).2H)0 933, (2 x 330330). H199.41,1,1 (316800),

Hy 61,1 (444675). Hy 8611 (331695),4H 9 421 (4 x 324710). 2Hg g 6 5 (2 x 351000), 2 H( 8,6 (2 % 261360), 4 H( 9,43 (4 x 126720), 3H(,9,5,1,1 (3 x 107250),
Hygg 1 (AT190), Hyg 102,11 (19305). 5 H10,9.5 (5 x 83160). 110222 (O075). Hy0,103,1,1,1 (17160'),2Hg 9 71 (2 x 45045), 4 H1( 1032,1 (4 x 21120),

2Hyg87,1 (2 x3T188),3Hyg,104,1,1 G x 9240),2Hy 10,33 @ x 3950 ), 4 H o961 (4 x T1280), 4 H( 10,42 (4 x 6930).3 Hyg 10,5, (3 x 2310), Ho g g (T483),
Hyos,3 (825),2Hg 97 (2 x 990), Hyg 10,6 (210), Ho g 54,1 (OT5T440), Hyog s 4.1 (TAT3I20), Ho g 5 (4954950), H1( 9 43,1,1 (181760), Ho 963 | (6403320),
Hy08,63,1 @T29725). Hy( 943 (ZTA5600), Ho g 74 (B020160), Hy0,9;5 2.1, 2401248), Ho g 5 5 (BT0810), Hy( g5 5 (609840)), 2H1( 9 4.4 (2 x 990990),
Hi0952, (1287000).2Hy g 6 4 (2 x T201200), 2Hy( g 6.4 (2 x 882090), 4H)g g 53 | (4 x TAIST00), Ho 9 7 | (1330560), Hy 1032,2,1 (235950), Ho g g 3 (95495 ).

Higg872,1 O15200). Hyo 1033,1,1 (54440, Hygg6 1 1,1 (344960). 2Hg 973 (2 x 463320).2Hy( 10.42,1,1 (2 x 193050), Hy( 10332 98010),2H1( g 73 (2 x 317625),
4H|(9.54 (4 x 242550), 4 Hy 9,621 (4 x 495495), 2H1( 10 4.2 (2 x T01640), 4 H} 10431 (4 x 103950), 5 H1( 9,63 (5 x 168960), Hyg 10.5.1,1,1 (45045 ),

Hog8,1,1 (T6230),5H)0 10,52, (5 x 63360), H|o 88 1,1 (42120),2Hg g5 > (2 x 61425),2Hy 1044 (2 x 13860"),2H)g g5 > (2 x 33880), 3H 097,11 (3 x 50050),
4H0,10,53 (4 x 20790), 5 Hyg 9.7 (5 x 30095), 3Hy, 106,11 3 x 10395), 4Hyg 10,62 (4 x 8250), Hy g 9. (3T45), 4H| 9.8 | (4 x 3200),3Hyg 10,71 (3 x T155),
Hy99 35).Hio,10.8 @), Hi0954.1,1 (9338175). Ho g 65| (O338T75), Hio 8651 (6756750), H109 542 G7T56750), H10,9.63,1,1 (6071296). Ho g 74| (G071296).
H10,104,3,2,1 (1812096), H1(8.7 4.1 (4118400). Hg 963 (AT18400), Ho g 76 (1812096), 2 Hy0,9,55,1 (2 x 1415700), H1,10,5,22,1 (825825). Ho g g 5 (825825),
H10.104.4,1,1 (514800), 4H10.9.6. 4.1 (4 x 2081079), Hy 104,42 (365904), 2H10 10,5311 2 x 729729). 2H08.6.6 (2 x 363904), H0,9.72.1,1 (1234926),

3Hgg 75 (3% T29T29), Ho g5 3.1 (1234926), 2H)( 10,532 (2 x 490050'), Hio g 7.5 (90050 ), Hio g 53,1 (675675). H|o9 7 (675675).4Hi0973, (4 x 786500),
4H|(10,54,1 (4 x 228096).2H]0 10,62.1,1 (2 % 250250), 4H1( 965 (4 x 228096). Ho g g 4 (250250). 2 H}( 10,622 (2 x 136125),3H| g g 4 (3 x 136125),
SH0,10,63.1 (5 x 155925). 5H)0.9.7.4 (5 x 155925), Hy0 9 81,11 (67200),Hy g9 1 (67200), 5Hi 1055 (5 x 19404). 4H g g2 | (4 x 99099). H}g 10,64 (29700),
Hi0,10.7.1,1,1 (24024),2Hg g 3 (2 x 24024), 5 Hy 10,71 (5 x 35200),5H) g g 3 (5 x 35200), THy 10,73 (7 x 12375).2H)0.9.9.1 | (2 x 2925),

3Hyg,108.1,1 (G x2376).2H)09.9 (2 x 2376), Hyg 10,82 (1925), 14Hy 10,91 (14 x 99), 44 H1g 10,10 (44 x 1), H|0.9,6.5.1,1 (9757440), H{( 105,401 (4954950),
Hi09.65, (T413120), Hy( 9 7411 (6403320), Ho 9761 (4181760), 10 10,631 (3020160), H o g 76,1 (2745600), Hi( 9742 (4729725). Hi( 10551, (810810),
Hoggs.1 (2401245), Hy 06411 (1201200),2H10 10633 (2 x 680625), Hyog 55,1 (1287000),2H10 966 (2 x 990990),2H}( 10,642 (2 x 882090),

4H1097,5,1 (4% 1415700), Hig g8 3 1,1 (1330560), H]0 10.722,1 (495495), Ho g g 7 (235950, Hig 983 (915200), Hyg 10,73,1,1 (463320), Ho g 77 (154440,

2Hg 994, (2% 344960),2Hy( g 77 (2 x 98010), Hyg 10,651 (242550). 2H 10,732 (2 % 317625),4H1( 98 4.1 (4 x 495495), 4 Ho g g 6 (4 x 193050),

2H1gg8.6 (2 x 101640), 4 Hyg 10.7.4,1 (4 % 168960), 5 H1(97,6 (5 x 103950), Hig 9011 (76230), Ho g 9 5 (45045'). 5 Hy( 10.82,1,1 (5 x 61425), Hig 95 5 (63360),
2H10.9.922 (2 x 42120),2H10 1066 (2 x 13860”), 2H10 10,822 (2 x 33880),3H)0993.1 (3 x 50050), 4 H1g 10.7,5 (4 x 20790), SHyg 10,831 (5 x 40095),
3H10.99.4 (3 x10395).4H 10,84 (4% 8250), H10 10,6.52,1 (6040320), 1097611 (4802490), H1g 107,421 (3963960), H10976. (3T53750). Hig 9851, (2851200),
Hig,10.7.43 (1161600), Hy 9.5 52 (2196480), H]g 10,662 (4900507), Hig 107.51,1 (926640), Ho g5 7 | (800415),2H10 107,52 (2 x T11480). Hyg 10.8.32,1 (823680).
Higg87,1 (405405). 2H10 977, (2 x 330330), H0,9.9.4 1,1 (444675). Ho 991 (316800), H|( 10533 (190575), 4H g9 56 | (4 x 424710).2H]0 99 4 (2 x 331695)

HAI_“7,312,C

(145530880)

Hy g 3 (35200), Ho g 4.1 (495495), Ho g 5 (63360), Ho g 3 1 (50050), H)g g3 | (40095), Ho g4 (10395), H1g g 4 (8250), H)g g3 (1155), Hog 5 (2196480),

Hyg4,1,1 (444675), Ho g 6 1 (424710), Hig g 41,1 (351000), Ho g 45 (331695), Hi( g 42 (261360),2Hg g5 | (2 x 107250), 2H10g 5,1 (2 x 83160), Hig 93 1,1 (45045),
Hy0,9,3, (31185), Ho g 7 (21120), 3H10,9.4.1 (3 x 17280), Ho 9 ¢ (9240), Hyg g 6 (6930),2Hg9 5 (2 x 2310), Hyg 10.3,1 (990), H1 10,4 (210). Ho g ¢ 3 (3963960),
Hog s, (Z851200), Hio g5, (2196480). Ho 953 (926640), Ho g7 (823680). H|( g 53 (T11480). Hy g6 | | (444675).2H)g9 4,1 (2 x 424T10),

2Hg g6 (2 x 351000), Hy( 86,11 (331695). H09.4.1.1,1 (316800).2H|( 56 (2 x 261360), Hyo 943 (126720),3H|0 951 | (3 x 107250), 4H} g5 (4 x 83160),
Hygg 1 (47190),2Hg g7 (2 x 45045), 2y g 7.1 (2 x 31185), Hyg 1032,1 (21120),4H109,61 (4 x T7280). 2H10 10.4,1,1 (2 x 9240'),2Hy 10,42 (2 x 6930),
3Hy0,10,5,1 (3 x 2310), Ho g g (1485),2Hyg97 (2 x 990), Hio g8 (825). Hig 10,6 (210). Ho g 63,1 (6403320). Hio 8631 (4729725), Ho g 7 4 (3020160),

Hy09,52,1,1 (2401245),2H1 9531 (2 x 1415700), Ho 9 7 5.1 (1330560), H10,9.5.2.2 (1287000), Ho g 6 4 (1201200), H1 87,1 (915200), Hyg g 6.4 (882090),

Hog g3 (395495'),4H)( 9,61 (4 x 395495),2 Ho g 7.3 (2 x 463320), H1(9.6,1,1,1 (344960),2H}g 73 (2 x 3T7625), Hy( 9 54 (F4Z550), Hy0,10,4.2,1,1 (193050),
4H109,63 (4 x T68960). Hy0,10,4,3,1 (T03950), Hy 10422 (101640), Hogg | | (T6230).4 Hyg 1052, (4 x 63360), 2Hg g8 7 (2 x 61425), 3H1(,9.7,1| (3 x 5000),
Hyg,10,5,1,1,1 @5045). Hy 88,1, (2120).5H)0 97, (5 x 40095), 2H (g7 (2 x 33880), 2H1( 10,53 (2 x 20790), 3H] 106,11 (3 x 10395), 4 H 10,6 (4 x 8250),
4H10,9.8,1 (4x3200), Ho 991 (2145),3H1,10,7,1 G x 1155), H10,9.9 (5). H10,10,8 (@5) H10,0,6,3,1,1 (6071296), Ho 9.7 4,1 (8071296), Hy98.7 4,1 (4118400),
Hy0,9,63,2 @T18400).2H 9641 (2 x 2081079). Hig972,1,1 (1234926), Ho g g 3 1 (1234926). H10 10,522, (825825), Ho g g 5 (825825).4H]0973,1 (4 x 786500).
H10,10,5,3,1,1 (729729). Ho 975 (T29729), Hy 8.8 3.1 (675675). H10,9.7.2.2 (675675). Hy(, 10,532 (490050), Hyg g 7.5 (90050). 2 Hyg 10,6211 (2 x 250250),
2Hg g8 4 (2 x T50250), Hy(,10,5,4,1 (228096), H10,0.6,5 (228096), 4 H( 10,631 (4 x 155925), 4 H) g7 4 (4 x T55925), 2110 10,622 (2 x 136125),

2H)08,8.4 (2 x T36125), 4 Hj( 9.8 | (4x 99099), Hig9g 1 1,1 (67200), Hyg 9| (67200),5H0 107,21 (5 x 35200), 5H]g983 (5 x 35200), 2H} g 10,64 (2 X 29700),
H10,10,7,1,1,1 (24024), Ho 9.9 3 (24023), 4 H1(, 10,73 (4 x 12375),2H) 09911 (2 x 2925),3H0,108,1,1 (3 X 2376),3H]0,09 (3 x 2376), 4 H|( 10,82 (4 x 1925),
2H10,10,9,1 2% 99), H10,9.7,4,1,1 (6403320), H10 974 (4729725), H)0,10,632,1 (3020160), Ho g g 5 1 (2401245), 2H) 975 (2 x 1415700), Hig 98311 (1330560),
Higggs,1 (1287000), Hig 10.6.4,1,1 (1201200), Hig 9832 (915200, Hyg 10,64 (882090), 10,107,221 (495495'), 4 H{( 9 g 4.1 (4 x 495495),

2H10,10.7,3,1,1 (2 X 463320), Hy 9.9 4.1 (344960), 2110, 107,32 (2 X 317625), H}( 10,65,1 (242550), Ho 9.8 6 (193050), 4 110, 10,7,4.1 (4 x 168960), H}( 976 (103950),
Hyg,8,8,6 (101640), Hi0 99 1.1 (76230),4H)0 985 (4 x 63360), 2H) 10.82.1,1 (2 x 61425),3H109931 (3 x 50050), Hg 9.9 5 (45045), H1(.9.9.2 2 (42120),
S5H0,10,83,1 (5 x 40095). 2H1( 10,822 (2 x 33880),2H)( 10,7,5 (2 x 20790), 3H10 994 (3 x 10395), 4H|( 10,84 (4 x 8250). 4 H} 10921 (4 x 3200),

H10,10,9,1,1,1 (2145).3H10,10,93 3 *x 1155), H]0,10,10,1,1 (55). H10,10,10,2 (45), H10,10,7,4,2,1 (3963960). H19 985,11 (2851200), H1g 985 (2196480),
H10,10,7,5,1,1 (926640). Hy 10,8.3.2,1 (823680), H1o 107,52 (T11480). Hig 994 1,1 (444675).2 H1g 961 (2 x 424710).2H1( 10,8.4,1,1 (2 x 351000),

H10,9,9.42 (331695), Ho 9.9 6.1 (316800), 2 H1( 10,842 (2 x 261360), H10 107,61 (126720),3H{g9951 (3 x 107250), 4 H10 10,351 (4 x 83160), 10109221 (47190),
2H10,10.93,1,1 (2 x 45045).2Hy 10,932 (2 x 31185). Hig 987 (21120).4H1( 10.9.4,1 (4 x 17280),2H0 996 (2 x 9240).2H10 10,8,6 (2 X 6930).

3H)0,10,9,5 (3 * 2310), H10,10,10,2,1,1 (1485),2H]0,10,10,3,1 (2 x 990). H10,10,10,2.2 (825). H10,10,10,4 (210). H10,10,8,5,2,1 (2196480). H0,9.9,6,1,1 (444675),
H10,1094,2,1 @24710). H10 9.9 6.2 (351000). H10,10,8,6,1,1 (331695). H10,10,8,6,2 (261360). 2H10,10,95,1,1 (2 x 107250). 2H}0,10,9,52 (2 x 83160), H1,9,9.7,1 (45045),
H10,10,8,7,1 GT185), H10,10,103,2,1 @T120), 3H10,10,9,6,1 (3 x T7280), H10,10,10,4,1,1 O, H10,10,104,2 ©930), 2H10,10,10,5,1 2 % B310), H10,10,9,7 O90),
H10,10,10,6 @10). H10,10,9,6,2,1 @95495). H10,10,10,5,2,1 (63360), H10,10,9,7,1,1 (50050, H10,10,9,7,2 (40095). H10,10,10,6,1,1 (10395), H1¢,10,10,6,2 (8250),
H10,10,10,7,1 (155),H10,10,10,7,2,1 (35200)

HA]»»-4,B]29C12

(29226560)

Hg g6 (101640), Hg g 7 | (405405), Ho g ¢ | (424710), Hy g g (9075), Ho g 7 (21120), Hy( 3 6 (6930), Hy g 5> (360360), Ho g 71 | (1034880), Ho g 7, (823680),
Hyg.1,1 (344675), Hy g 62 (261360),2H g g 1 (2 x 47190, Ho 97,1 (45045),2Hy g7, (2 x 31185), Hy( 9,61 (T7280),2Hi( g g (2 x 825), H1( 9.7 (390),

Hyo,10,6 3T0). Hyg g5 | (TATI200), Ho g7 1,1, (OT4T60), Ho g7 | (T330560), Ho g g 3 (95495 ), H|( 8.7, (OT15200), Hy( 8 7,3 (317625). H|09.6,1 (395495).,
2Hggg1,1 (2 x T6230), Hig g 81,1 (32120), Ho g g » (61425),3Higg g (3 x 33880),2H097,1,1 (2 x 50050),2Hy(9.7, (2 x 20095), Hyg 10,62 (8250),

3Hy0,0,8,1 (3 x 3200), 2H10,10,7,1 2 x T158), 2H)q 10,8 (2 x 35), Ho9 g2 1.1 (1913625), H| 882 2 (576576), H1(9.72,1,1 (1234926), Hog g3 | (1234926),
Hy0,8,8,3,1 (675675), H109722 (675675, Hy0,9.73,1 (186500), (10,62, (136125), Hio g g 4 (136125), Ho g 9 11,1 (45375), H109..1,1,1 (67200), Hgg 9o | (67200),
4H)09.82,1 (4% 99099),2H]g 1072,1 (2% 35200),2Hg983 (2 x 35200), Hyg 10.7,3 (12375),2H109.9.1,1 (2 X 2925), H10,10,8,1,1 (2376). H 0,092 (2376),
4H10,10,82 (4% 1925).2H10,109.1 2% 99). H10,10,10 (D, H109,82,2,1 (1411200), Ho 993 1 1 (914760'), H1g 983 11 (1330560), H10 10,7,2,2,1 (495495").
H10,9,8,32 (915200), H1o 10,732 (317625), Hig 9841 (495495),2H10 992 1,1 (2 X 76230), H10,10,82,1,1 (61425). Hi09.92 (42120).3H1g 10822 (3 x 33880),
2H10,993,1 (2 % 50050, 2H10 10,831 (2 x 40095), H1( 10,84 (8250),3H10,10,92,1 (3 x 3200). 2H10,10,03 (2 x 1155), 2H10,10,10.2 (2 % 45). H10,10,8.2.2.2 (360360),
H10,99,3,2,1 (1034880), H10,10,8,32,1 (823680). H10,994,1,1 (444675), H1( 10,8,4,2 (261360),2H10,10,92,2,1 (2 x 47190). H}0,10,9,3,1,1 (45045),

2H10,10,9,3,2 (2% 31185), H10,10,9.4,1 (17280),2H]9 10,10,2,2 (2 * 825). H0,10,10,3,1 (990). H10,10,10,4 (210): 10,10,9,3,2,2 (405405). H(,10,9,4,2,1 (424710),
H10,10,10,2,2,2 9075), H10,10,10,3,2,1 (21120), H10,10,10,4,2 (6930). H10,10,10,4,2,2 (101640)
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2HA1...8,B,C

(21767616)

2% [Hg g (2376), Hy g 31 (50050). Ho g 4 (10395), Hig92,1 (3200). Hyg93 (1155), Ho g 4 5 (331695), Ho g 51 (107250), Hyg9.3,1,1 (45045), Hg g3 (31185),
Hy g (9240'),2Hig 94,1 (2% 17280), Hyg 10.2,1,1 (1485). Hig9 5 (2310), H1( 1031 (990). Ho g5 3 (926640). Ho g 6 (351000). H1( 94,1 (424710),

Hy09.43 (126720), H\0,95,1,1 (T07250), 2 H10955 (2 x 83T60), Hyg,10,3,1,1,1 (T7160), Ho 9.7 1 (35045), Hyg 10,32, 2T120),2H)0104,1,1 (2 x 9240,

2H096,1 (2 x TT280), Hy 10,42 6930). H, 10,51 (2310, Ho o g (1485), Hi( 97 (990), Ho g 6 4 (T201200), Hy( 953, (1415700), Hg 9,73 (63320),

H10,10,42,1,1 (193050). Hy 9 5.4 (242550), H10 96,1 (395495), Hg 10,43,1 (103950),2H10 9,63 (2 x 168960), H10 1055,1,1,1 (35045 ), 2H]10,52,1 (2 x 63360),

Hy g8, (61425), Hig 9711 (50050), Hyg 10,53 (20790).2H1g972 (2 x 40095), 2 Hy 10,6,1,1 (2 % T0395), Hy 10,62 (8250). Ho g9 1 (2145),2H 0981 (2 x 3200).
Hy0,10,7,1 (155). Hig 9.9 (35). H10,9,6.4,1 (2081079). H10 10,53,1,1 (729729). Hg 975 (T29729). Hy(,9.73,1 (786500). Hy 10,54, (228096). H10 10,62,1,1 (250250),
Hy0,9,6,5 (228096). Ho 9 g 4 (250250),2Hy( 10,63,1 (2 % 155925). 2H10,9.7.4 (2 x 155925). H1,9.8 2 1 (99099). Hyg 10,64 (29700). H1g 107,1,1,1 (24024).

Hy g3 (24024),2Hy 10.72,1 (2 % 35200),2H09,83 (2 x 35200). Hy 10,73 (12375). H10.9.0.1.1 (2925).2H1010,8,1,1 (2 X 2376).2H0 9.9 (2 x 2376),

H10,10,8,2 (1925). H10,10,9,1 (99, H10,10,6,4,1,1 (1201200), H199.75.1 (1415700). H10,10,7,3,1,1 (463320), H10,10,6,5,1 (242550), H10,9,8.4,1 (495495), Hg g 8 ¢ (193050),
2H10,10.7.4,1 (2% 168960). H1 97,6 (103950), Ho g 9 5 (45045'). Hi( 10.8.2,1,1 (61425).2Hg 985 (2 x 63360), H10 9931 (50050), Hig 10,75 (20790),

2H10,10,8,3,1 (2% 40095),2H1 9.9 4 (2 x 10395), H1,10,8 4 (8250), H10,10,9,1,1,1 (2145),2H]0,10,9,2,1 (2% 3200), H10,10,9,3 (1155), H}0,10,10,1,1 (55)
H10,10,7,5.1,1 (926640). Hg 10.8.4,1,1 (351000), Hig o861 (424710). Hyg 107,61 (126720), H1 9951 (107250), 2 H10 10,851 (2 x 83160), H1(10.93,1,1 (45045),

Hy 997 (17160'), Hyg 9,87 (21120), 2H)0,10,9.4,1 (2 % 17280),2H] 9,96 (2 x 9240'), H1, 10,86 (6930). H10,10,102,1,1 (1485), H10,10,9,5 (2310), H0,10,10,3,1 (990),
H10,1086.1.1 G3T695), H10,109.5,1,1 (T07250), H10,9.9,7,1 (3095), H10,10,8.7.1 BTI85), H10,10,10.4,1,1 OT0),2H10,109,6,1 2 x TT280), Hyg,10,10,5,1 @310),
H10,9,9,3 (1485). H10,10,9,7 O90). H10,10,9,7,1,1 50050). Hy,10,10,6,1,1 (10395). H10,10,9,8,1 (G200). Hi,10,10,7,1 AT55). H1g,10,10,8,1,1 (2376)]

3 HAl---s,Blz

(19150670)

3x[Hyggo (1925), Hig g3, (40095), Hio g (8250), Higgo | (3200), Higo3 (1155), Hig 102 (45). Higg 42 (261360), Higgs | (83160), Hig g3 1, (45045),
Hyp93, (31185),2Hig 94 (2 x 17280), Hyo g ¢ (6930), Hig g5 (2310), Hyg 1002 (825),2H10103,1 (2 x 990),2H)g 104 (2 x 210), H|g g 5 3 (T11480),
Hy09.42,1 @28710). Hygg 2 (261360). 10,943 (126720). H1095.1,1 (T07250). 2H)0,952 (2 x83160), Hi,10,3.2,1 @T120). Hyo 87,1 GTI85). Hig 104,11 O240).
Hy0,103,3 (3950),2Hy 9,61 (2 x T7280), 3Hyq 1042 ( x 6930). 3H)q,10,5,1 G x 2310), Hig 83 (825). Hyg,9.7 (990), 2H 10,6 (2 x 210), H 0,8 6,4 (882090),
Hy09,53,1 (1415700), Hy( g 7.3 (317625). Hyg 954 (242550), Hy,9,62.1 (495495), Hyg 10,422 (101640), g 10.4.3,1 (103950),2H10.9.6.3 (2 x 168960),
2Hi0,10,52,1 (2 % 63360), Hy, 10,44 (T3860"), Hy 8,52 (33880), Hyg9.7,1,1 (0050),3Hyg 10,53 (3 x 20790), 2H1(,9.7 (2 x 30098), H, 10,611 (T0399),

4H)0 10,62 (4% 8250).2H)g 951 (2 % 3200).3H]g 107, 3 x 1158), 2H10 10,8 (2 x 45), Hy0,9,64, (2081079), H|( 1532 (490050'), Hio g7 5 (90050 ).
H10,9,7,3,1 (786500), H1o 10,5.4,1 (228096), H1g 65 (228096). H10 10,622 (136125), Hy g5 4 (136125). 2H|( 10,631 (2 x 155925).2H1(,9.7.4 (2 x 155925),
H10,10,5,5 (19404). Hig 981 (99099).3H1g 10,64 (3 % 29700),2Hy 10.7.2,1 (2 x 35200), 2H10,9. 3 (2 x 35200). 4H1( 10,73 (4 x 12375). H199.9.1.1 (2925).
H10,10,8,1,1 (2376). H10,9.92 (2376).4Hy,10,82 (4 x 1925).2H10,10,9,1 2 % 99). H10,10,10 (- H10,10,6,4,2 (882090). H10,9.7 51 (1415700). H10 10,65, ] (242550),
H10,10,7,3,2 (317625). Hi(,9.8 4,1 (495495), Hig g5 6 (101640).2H] 10.7.4,1 (2 % 168960). H( 976 (103950),2H10.9.8 5 (2 X 63360). Hy 10,66 (138607).
H10,10,8,2,2 (33880). Hi09.93.1 (50050),3H1g 1075 (3 x 20790),2Hy 10,83, (2 x 40095), Hig 994 (10395).4H) 1084 (4 x 8250).2H} 10,92,1 (2 x 3200),
3H10,10,03 3 x 1155), 2H10 10,102 (2 % 45). H10,10,7,5.2 (T11480). H10 9861 (424710). H10 10,842 (261360). H1( 107,61 (126720). Hig 9951 (107250),
2H10,10,85,1 (2 x 83160), H1g 10,932 (31185), Hig 98 7 (21120), Hyg 10.7,7 (4950'). 2 H} 10.9.4,1 (2 % 17280), Hig 996 (9240)).3 Hyg 10,86 (3 X 6930),
3H10,10,9,5 3 X 2310), Hi,10,10,2,2 (825) H10,10,10,3,1 (990), 2H10,10,10.4 2 X 210). Hi, 10,862 (261360), H10,10,9,5,2 (B3160), H10,9,9.7,1 (45043,

H10,10,8,7,1 BT185),2H10,10,9,6,1 (2 x 17280), Hi,10,10,4,2 ©930), H19,10,10,5,1 2310), H10,10,8,8 B25),2H10,10,9,7 (2 % 990),2H19,10,10,6 (2 x 210),
H10,10,9,7,2 @0095), Hig,10,10,6,2 B250). H10,10,9,8,1 3200), H19,10,10,7,1 (T55). H1g,10,10,8 @5). H10,10,10,8,2 (1925)]

2HA1,,.5,312,C

(25681920)

2% [Hog s (63360), Hog ¢ | (424710). Ho g 51 (107250), Hiog 5,1 (83160), Ho g 7 (21120), Ho g 6 (9240'), Hiog 6 (6930). Hig g 5 (2310), Ho g 7 5 (823680),

Hy g1, (334675), Hy g 6., (351000). Hi(g6,1,1 (331695), H1o 862 (Z61360), H1g 9511 (107250), Hog g | (47190), (9.5 (83160),2Hg g7 (2 x 45045),
2H)0g7,1 (2% 31185),3Hygg61 (3 x T7280), Hyg 10,51 (Z310), Ho o g (T485), Hio g g (825),2H10,97 (2 x 990), Hyg 10,6 (210). Hy 9771 (1330560),

Hog g3 (395495), 10 g7, OT5200), Hig 96 1.1,1 (344960), Ho g 73 (d63320), Hyg 873 B17625).2H)09,62,1 (2 x 495495), H)( 9,63 (168960), Ho g g | | (T6230).
Hig,10,52,1 (63360), Hio g1 @2120), 2Hg g8 7 (2 x 61425), 2H|( 5 g5 (2 x 33880),3H097,1,1 ( x 50050), 4 H{( 97 (4 x 40095), 2Hy 106,11 (2 x 10395),
2H10,10,6,2 (2 x 8250), Ho 991 (2145),4 H10 9,81 (4 x 3200), 3 H10 10,7,1 (3 x 1155). Hig.9.9 (55), Hyg,10,8 35). H10,0,7,2,1,1 (1234926). Ho g g 3 | (1234926),
Hy0,8,8,3,1 (675675), Hi0972 (675675),2H0973,1 (2 x 786500), H10 10,62,1,1 (250250, Ho g g 4 (250250). Hy(, 10,622 (136125). Hi( g g 4 (136125),
H10,10,63,1 (155925), H10,9.7.4 (155925), Hi09.8.1,1,1 (67200). Ho 995 1 (67200),4Hyg 9821 (4 x 99099). H1(10,7,1,1,1 (24024), Ho g 9 3 (24024),

4H10,10.7.2,1 (4 x 35200),4H1g 983 (4 x 35200),2Hy 10,73 (2 x 12375). 2H10,9.9,1,1 (2 x 2925).3H1010,8.1,1 (3 X 2376). 3H1(,9.9 (3 x 2376),

4H)0 10,82 (4% 1925).2Hg 10.9,1 (2% 99). Hig9,83,1,1 (1330560). H10 10,7.2.2,1 (495495). Hig983 (915200). Hyg 107.3,1,1 (463320), Hg g9 4.1 (344960).
H10,10,7,3,2 (317625). 2H10 98 4.1 (2 x 495495). Hy( 10.7.4.1 (168960). 1090711 (76230).2H1010,82,1,1 (2 X 61425). Hig 98 5 (63360), H1( 9.9 7 (42120),
2Hy0,10,82,2 (2 % 33880).3H10993,1 (3 x 50050),4H]0 10,83,1 (4% 40095),2H109.9.4 (2 x 10395). 2H10 10,84 (2 x 8250), H1(10,9,1,1,1 (2145).

4H10,10,9,2,1 (4x3200),3H10,10,93 3 x 1155). Hg,10,10,1,1 (55), H10,10,10,2 (45 H10,10,8,3,2,1 (823680), H109.9.4,1,1 (444675). H(,108,4,1,1 (351000),
Hy0,99,4,2 (331695), H],10,8,4,2 (261360), H10 9.9 5,1 (107250), H1g 10,8,5,1 (83160), H10 109,221 (47190),2H(,10,9,3,1,1 (2 x 45045),2H10 109,32 (2 x 31185),
3H10,10,9,4,1 G x 17280), H10,10,10,2,1,1 (1485), H10,10,9,5 (2310), H10,10,10,2,2 (825),2H10,10,10,3,1 (2 % 990), H10,10,10,4 (210), H10,10,9,4,2,1 (424710),
H10,10,9,5,1,1 T07250), H10,10,9,5,2 B3T60), H10,10,103,2,1 GTT20), H10,10,104,1,1 O, H10,10,104,2 @30, H10,10,10,5,1 @310). H10,10,10,5,2,1 63360)]

Hy, ¢5c
(6409935)

Ho g 4 (10395), Ho g5 | (107250), Hy09 4 (17280), Ho g ¢ (9240), Hi(9 5 (2310), Ho g 6> (35T000), Hi( 9511 (107250), Hy 95 (83160), Ho o7 | (35045),
Hig,10.4,1,1 O240).2H)0 961 (2 x T7280). Hyg 1,5, (2310), Hy g g (T485). Hy( 9 7 (990), Ho g 73 (463320, H|(,9.6.,1 (495495), H)( 96 3 (168960).
H10,10,5,1,1,1 5045)), Hy0,10,5,2,1 (63360), Ho g8 » (61425). Hi09,7,1,1 (50050), 2H10,9,7,2 (2 x 40095), 2H1,10,6,1,1 (2 x 10395), Hyg 10,62 (8250). Hy 99,1 (2145),
2Hy098,1 (2 x 3200). H10,10,7,1 (1155). H19.9.9 (35). H10,9.7,3,1 (786500). H10 10,6.2,1,1 (250250). Ho 9 g 4 (250250). H1(10,63,1 (155925). 0,974 (155925).
H10,9,82,1 (99099). H1 107,1,1,1 (24024). Ho 993 (24024).2Hyg 1072, (2 x 35200),2H0 983 (2 x 35200). Hyg 10,73 (12375). 100911 (2925),
2H10,10,8,1,1 (2% 2376).2H)09,92 (2 x2376), Hy010,8,2 (1925). H10,10,9,1 99)- H10,10,7,3,1,1 (463320), H10 98 4,1 (495495), H( 10,7,4,1 (168960),
Hy 995 (45045). Hio 10.8.2,1,1 (61425). H1g 985 (63360). Hig 9931 (50050).2H10 10,831 (2 x 40095).2Hg 994 (2 x 10395), Hyg 10,84 (8250),
H10,10,9,1,1,1 (2145),2H10,10,9,2,1 (2 x 3200), H1,10,9,3 (1155), H10,10,10,1,1 (55 H10,10,8,4,1,1 (351000), 109 9 51 (107250), H},10,8,5,1 (83160),
H10,109,3,1,1 (45045),2H10,109.4,1 2 x 17280), H10,9,9.6 (9240'), H10,10,10,2,1,1 (1485). H10,10,9,5 (2310), H10,10,10,3,1 (990), H10,10,9,5,1,1 (107250),

. i i -
H10,10,10,4,1,1 9240), H19,10,9.6,1 (17280), H19,10,10,5,1 (2310), H19,10,10,6,1,1 (10395)

6HA1...6,812

(5542680)

6 x [Hy0,3,4 (8250), Higg s | (83160), Hig 94,1 (17280), H g ¢ (6930), Hig o5 (2310), Hig 10,4 (210), Hio g6 (261360), Hig g5 1,1 (T07250), Hg 95, (B3160),
Hy0g7,1 (31185),2H10 961 (2 x T7280), H 10,42 6930),2H10 10,5,1 (2 x 2310), H{g 8 g8 (825), H1g9,7 (990), 2H1g 10,6 (2 x 210, Hygg,7,3 (B17625),
Hi0,9,62,1 (395495), H),9,63 (168960), H10,10,5,2,1 (63360), H1o g3 (33880), H109.7,1,1 (B0050), Hyg 10,53 (20790),2Hg 97, (2 x 40095), H1g 10,6,1,1 (10395),
3H10,10,6,2 (3 x 8250), 2H10,9,8,1 (2 x 3200), 3H10,10,7,1 3 x T155), 210 10,8 2 x 45), H10.9.73,1 (786500), H10, 10,622 (136125), H1( g g 4 (136125),
H10,10,6,3,1 (155925), H10,9.7.4 (155925), H109.82.1 (99099), H10 10,64 (29700),2H10,10,7,,1 (2 X 35200), 2H)998 3 (2 x 35200), 3 H}g 10.7,3 (3 x 12375),
H10,99,1,1 (2925), H10,10,8,1,1 (2376), 109,92 (2376),4H10,10,82 (4 x 1925), 2H1,10,0,1 2 % 99), H1g,10,10 (1 H10,10,7,3,2 (317625), H10,0.8 4,1 (495495),
H10,10,7,4,1 (168960), H10 9.8 5 (63360), H10 10,822 (33880), H109.9.3 1 (50050). Hyg 10.7,5 (20790).2H10 10,831 (2 x 40095), Hg 9.9 4 (10395),

3H10,10,8,4 (3 x 8250). 2H10,10,92,1 (2% 3200). 3H10, 10,93 (3 x 1155). 2H10,10,10,2 (2 X 45). H1(,10,8,4,2 (261360). H10995,1 (107250, Hyg 10851 (83160),
H10,109.3,2 G1185).2H10,10,9.4,1 (2 x 17280). H0,10,8,6 (6930).2H0,10,9,5 (2 x 2310). H1,10,10.2,2 (825). H10,10,103.1 (990).2H]0,10,10,4 (2 x 210),
H10,10,9,52 B3160). Hig,10,9,6,1 (17280), Hi,10,10.4,2 6930). H1g,10,10,5,1 @310, H1g,10,10,6 10, H10,10,10,6,2 (B250)]

5HA1...9>A

(3048474)

5x[Hy0,9,1 (99). H10,9.2,1 (3200), H10,9,3 (1155), Hy0,10,1,1 (55). H10,10,2 (45). H10,9.32 (31185), H10,9,4,1 (17280). H10,10,2,1,1 (1485), H1g,9.5 (2310),

H10,102,2 (825).2H10,103,1 (2% 990). Hy0 104 (210). H10 94,3 (126720). H10,952 B3160). 10 1032,1 CT120). H1g,104,1,1 O240). Hyg,1033 @950,

Hyg9,6,1 (T7280).2Hy 10,42 (2 x 8930). 2H10 10,51 (2 x 2310), Hyg,9.7 (990). Hy 10,6 210). Hyg9 5.4 (242550). H1,10,4,3,1 (103950). H1g 963 (168960),
H10,10,5,2,1 (63360), Hyg 1044 (13860"), 2 H1( 10,53 (2 x 20790), Hy0,9.7,, @0095), Hyg 10,6,1,1 (T0395),2H} 10,62 (2 x 8250), Hig 98 (3200),

2Hy0,10,7,1 2 T155), Hy9,9.9 (55), Hig,10,8 @5), H10,10,54,1 (228096), H109.65 (228096), H{( 10,63, (155925), H} 9,74 (155925), H}( 10,55 (19404),
2H),10,6,4 (2% 29700), Hy,10,7,2,1 (35200), H 09383 (W),ZHIO’IO’U (2 12375), Hy,10,8,1,1 (2376), H10,99,2 <ﬁ),2H10’10,8‘2 (2 x 1925),

2Hi0,10.9,1 2% 99). H0,10,6,5,1 (242550), Hi 1074, (168960). H1( 97,6 (103950), Hyg 9.8 5 (63360), Hyg 10,66 (138607),2Hy 1075 (2 x 20790),

H10,10,8,3,1 (40095). H10,9,9,4 (10395),2H)0, 10,8 4 (2 x 8250), H10,10,9,2,1 (3200).2H]0,10,9,3 (2 x 1155). H19,10,10,1,1 (55):H10,10,10,2 (45). H10,10,7,6,1 (126720),
Hi0,10,8,5.1 (83160), Hyg 987 (21120). Hy 10,77 (4950). H10,109.4,1 (17280). H19 99,6 (9240)). 2H10 10,86 (2 x 6930).2H10,10,9,5 (2 x 2310). H]g,10,10,3,1 (990).
Hi0,10,104 210, H10,10.8,7,1 BT185), H10,10,9,6,1 (17280), Hi,10,10,5,1 (2310), H10,0,0,8 (1485), Hi,10.8,8 B25).2H10,10,9,7 2 x 990), Hig,10,10,6 C10),
H10,10,9,8,1 3200), H19,10,10,7,1 (1155), H10,10,0,0 55 H10,10,10.8 45, H10,10,109,1 9]
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6Hy .5

(1385670)

6% [H1093 (1155, Hig94,1 (17280). Hig 95 (2310), H19 1031 (990). Hig 10,4 (210), Hig9 52 B3T60). Hig,104,1,1 O240). Hi9.6,1 (T7280), H1g,10.4.2 (6930),
2H10,10,5,1 (2% 2310), 10,97 990), Hg,10,6 (210). H10,9,6,3 (168960), H10 10,52,1 (63360). Hyg 10,53 (20790). H1g97, (40095). Hyg 10,6,1,1 (10395),

2H10,10,6,2 (2 % 8250), H10,9.8 1 (3200),2H)0,10,7,1 (2 x 1155), H999 (55). H10,10,8 (@5). H10,10,6,3,1 (155925). H1,9.7,4 (155925), H}g,10,6.4 (29700),

H10,10,7,2,1 (35200), Hyg9.8 3 (35200), 2H)0,10,7,3 (2 x 12375), H10,10,8,1,1 (2376), H{(,9,9> (2376),2H)0,10,8,2 (2 x 1925),2H}0,10,9,1 (2 % 99),

Hy0,107.4.1 (168960), Higg g5 (63360), Hyg 10,75 (20790), Hig 108,31 (40095), Hyg99.4 (10395),2H10 10,84 (2 x 8250), Hyg 10921 (3200),2H10 10,93 2 x 1155),
H10,10,10,1,1 (55): H10,10,10,2 45): H10,10,8,5,1 (83160). H10,10,9.4,1 (17280). Hy0,9,9.6 (9240"). Hyg,10,8,6 (6930). 2H1,10,9,5 (2 x 2310), Hi,10,10,3,1 (990).
H10,10,104 (210). H10,10,9,6,1 (17280). H10,10,10,5,1 2310), H10,10,9,7 O90). H10,10,10,6 210). H10,10,10,7,1 (T155)]

2HA123,312,C

(1351680)

2x [Hog 7 (21120), Hogg | (47190), Ho g 7,1 (45045), H (8 71 (31185), Ho g g (1485), H g8 g (825), H10,9,7 990), Hogg 1 1 (76230), H1ggg 1,1 (42120),

Hy g8 (61425), Hig g8 2 (33880), Hg9.7,1,1 (50050), Hy 97,2 (40095), Ho g9 | (2145).3Hig 98,1 (3 x 3200), Hyg,10,7,1 (1155), H1099 (55). Hyg,10,8 (35).
Hig98,1,1,1 (67200), Ho g9 | (67200),2Hy0982,1 (2 x 99099), Hyg 10.7,1 (35200), H 983 (35200),2H 09911 (2% 2925),2H}g 108,1,1 (2 x 2376),
2H)0,9,9,2 (2% 2376).2H)0,10,8,2 (2 % 1925),2H10,10,9,1 (2% 99). H10,092,1,1 (76230), H10,10,8.2,1,1 (61425). H10,9.92 2 (42120). H}0,10,82,2 (33880),

H10,9,9,3,1 (50050), H10,10,8,3,1 (40095), H1,10,9,1,1,1 (2145),3H10,10,9,2,1 3 x 3200), H},10,9,3 (1155, H10,10,10,1,1 (55 H10,10,10,2 (45). H10,10,9,2,2,1 (47190),
H10,10,93,1,1 (45045), Hy,10,9,3 2 (31185). H10,10,10,2,1,1 (1485). H10,10,102,2 825). H10,10,10,3,1 990): H10,10,10,3,2,1 21120)]

3 HAl---4,B,C

(723520)

3 x[Ho g6 (9240'), Ho g 7,1 (d5045), H10,9.6,1 (T7280), Ho g g (T485), H10,9.7 (990). Ho 98 > (61425). H109,7,1,1 (50050), H1g,9.7 > (40095), Hyg,10,6,1,1 (10395),
Hy 99,1 (2145), 2H)09,8,1 (2 x 3200), Hy,10,7,1 (T155), H10,9,9 (55). H10,9,82,1 (99099). H10,10,7,1,1,1 (24024), Ho 9 9 3 (24024), Hy,10,7,0,1 (35200),

Hy0,9,8,3 (35200, Hy0,9,9,1,1 (2925),2H]0,10,8,1,1 (2 x 2376),2H10,99,2 (2 x 2376), H10,10,82 (1925), H10,10,9,1 (99). H10,10,8,2,1,1 (61425), H19,9,93,1 (50050),
Hi0,10,8,3,1 (40095), 10,994 (10395), H1,10,9,1,1,1 (2145),2H]0,10,9,2,1 (2 x 3200), Hyg,10,9,3 (1155), H]0,10,10,1,1 (55), H10,10,9,3,1,1 (45045),

—
H10,1094,1 (17280). H1,10,10,2,1,1 (1485). H10,10,10.3,1 (990). H10,10,10.4,1,1 (9240)]

6HA1.“4,B12

(592515)

6 x [H10,8,6 (6930), H10,8,7,1 (BT185), H10,9.6,1 (17280, Hi0,8,8 (825), H10,9,7 O90), Hig,10,6 (210, H10,88,2 (33880), H10,9.7,1,1 (50050), Hig 9.7, (40095),
Hi0,10,6,2 8250), 2H10,9.8.1 (2 x 3200), 2H10,10,7,1 (2 x T155), 2H1g,10,8 2 x 45), H10,0,82,1 (99099, H1g,10,7,2,1 (35200), H199,8 3 (35200), Hyg,10,7,3 (12375),
Hy0,9,9,1,1 (2925). H10,10,8,1,1 (2376). 10,992 (2376).3H10,10,82 (3 x 1925). 2H10,10,9,1 2 % 99). H10,10,10 (D H10,10,8.2,2 (33880). H1(,9,93,1 (50050),
Hy0.10,8.3,1 (40095), Hy 10,84 (8250, 2H10 10921 (2x 3200, 2Hg 1093 (2 x 1155),2Hg 10,102 (2 x 45), Hi0 10,932 (1185). Hig 109,41 (17280),
H10,10,10,2,2 825). H10,10,10.3,1 990). H10,10,104 (210). H10,10,10.42 (6930)]

7 HAIWS (125970)

7 x[H10,10,2 45). H10,103,1 (990), H10,104 (210), H1g,10,42 (6930), Hyg,10,5,1 2310), Hyg,10,6 210), H1g,10,5,3 20790). Hi 10,62 B2Z50). Hi 10,7, (AT55),
H10,10,8 (45). H10,10,64 (29700). Hy,10,7,3 (12375), H19,10,8,2 (1925), H10,10,9,1 (99). H10,10,10 (1. H10,10,7,5 (20790), H10,10,8,4 (8250), H10,10,9,3 (1155),
H10,10,10,2 (45), H10,10,8,6 (6930), H1910,0,5 (2310), Hig,10,10.4 (210), H10,10,9,7 B90). H10,10,10,6 210). H1g,10,10,8 @5)]

8 HA1...5,B

(266475)

8 x [H10,95 (2310), Hig 9,61 (17280), g 10,5,1 (2310), Hig,9.7 990), Hig 10,6 210) H10,9,7,2 @0095), Hig,10,6,1,1 (10395). Hi,10,6,2 BZ50). H1g,9.8,1 (3200),
2H10,10,7,1 2 x 1155). H10,9,9 (55). H10,10,8 (45). H10,10,7,2,1 (35200).H109,8 3 (35200). H1 10,73 (12375). H10,108,1,1 (2376). H10,9,92 (2376).

2H10,10,8,2 (2 x 1925),2H]0,10,9,1 (2% 99). H10,10,8,3,1 (40095). H10,9,9 4 (10395). H},10,8 4 (8250), H10,10,9,2,1 (3200).2H0,10,9,3 (2 1155). H],10,10,1,1 (55).
H10,10,10,2 (45). H10,10,9.4,1 (17280). H10,10,9,5 (2310). H19,10,10,3,1 (990). H10,10,104 (210). H10,10,10,5,1 (2310)]

5 HAI»--G (38760)

5 x[Hg,10.4 210), H19,10,5,1 2310), Hig,10,6 C10), H10,10,6,2 B250), Hig,10,7,1 (1159, H10,10,8 (35). H10,10,7,3 (12379, H10,10,8,2 (1925, H10,10,9,1 99
H0,10,10 (1. H10,10,8.4 (8250). H10,10,9,3 (1155). H10,10,102 45). H10,109,5 (2310). H19,10,10.4 (210). H10,10,10,6 210)]

HAlz,B,C (21546)

Hoo g (1485), Hog 9 1 (2145), H109,8,1 (3200), Hi09,9 (55, H10,9,9,1,1 (2925) H10,10,8,1,1 (2376), H100.9> (2376), H10,109,1 (99): H10,10,9,1,1,1 (2145),
H10,109.2,1 B200). Hy,10,10,1,1 (55). H10,10,10,2,1,1 (1485)

SHAlz,Blz

(13090)

5xHy08,3 (825).Hi09381 3200). H10,10,8 (45).H1099.1,1 (2925). H10,10,82 (1925). H10,10,9,1 (99)-H10,10,10 (D-H10,10,9.2,1 (3200). H1 10,102 (45).
Hi0,10,10,2,2 (825

7 HAIZS,B (17765)

7% [Hig,9,7 990), Hig9,81 (3200), Hy0,10,7,1 (T155). H10,9.9 (55). H10,10,8 35). H10,108,1,1 (2376). H10,992 (2376). Hy0,10,8,2 (1925).2H}0,10,9,1 2 x 99),
H10,109,2,1 (3200), Hy0,10,0,3 (1155), H10,10,10,1,1 (55): H10,10,102 45), H10,10,10,3,1 990)]

10Hy, , s

10 x [H0,10,6 @10), H10,10,7,1 (155), H19,10,8 35). H10,10,82 (1925). H10,109.1 99). H10,10,10 (1. H10,10,9,3 (1155). H10,10,102 (45). H10,10,10,4 (210)]

3 HA,B (209)

3x[H109,9 55).H10,10,9,1 99, H10,10,10,1,1 (55]

5 HAlz (190)

5 x[H10,10,8 @5). H10,10,9,1 99 H10,10,10 D). H10,10,102 45)]

?H (1)

?x [Hy,10,10 (D]
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Potentials H (in the generalized R—R sector) which do not contribute to Table 2 are as follows:

0O(10, 10 . .
(10, 10) Type IIA potentials Type IIB potentials
tensors
Hyog (45), Hig,g2 (1925). Hy09,1 (99). Hig,10 (1. H1082,2 (33880),
Hyg8,4 (8250). Hyg g1 (3200). Hig 93 (1155),2H1g 102 (2 x 45),
Hi8,4,2 (261360), Hi0 9221 (47190), H 0932 (31185), Hig 94,1 (17280), Hy08,1,1 (2376), Hg 3] (40095). H 91 1,1 (2145), H1g 921 (3200),
Higg8,6 (6930), Hig9,5 (2310),2Hy( 1022 (2 x 825), Hg,10,3,1 (990), Hi0,10,1,1 (55). H10,8,3,3 (190575), Higg 5.1 (83160), H093,1,1 (45045),
2Hyg,10,4 2 % 210), Hy g 4.4 @90050"), H109.45, (@24T10), H o3 6, (261360), H109,32 GLI85). Hig 94,1 (17280). Hig,10.2,1,1 (1485). 2H10,10,3,1 (2% 990).
H0,94,3 (126720), Hig 952 @3160), Hig 102,22 O075), Hg,10,32,1 (21120), 108,53 (TH1480), H10,9.3.3,1 (330330), Hig0.4.3 (126720), Hig9.5,1,1 (107250),
Hig,9,6,1 (T7280),3Hy 10,42 (3 % 6930), Hyg,10,5,1 (2310), Hiog g (825), Hy0,9,5,2 (83160), H1g10,32,1 (21120), Hyg87,1 31185), Hyg,10,4,1,1 (9240)),
Hig,9,7 O90), 2H10,10,6 (2 % 210), H10,9 44,1 990990), H10,8.6.4 (882090), 2Hi0,1033 2 x 3950, Hyg 9,61 (7280). H10,104,2 @930,
H0,9,54 (242550), Hy09,62,1 (495495), H0,10,4,2,2 (101640), 2Hig,10,5,1 (2 x 2310). Hy( g 55 (609840), Hio g 53, (TA15700),
H10,10,4,3,1 (103950), Hy0,9,6,3 (168960). H,10,5,2,1 (63360), H10,10,3,3,2 (O8010), Hyo g 73 (317625), Hy 9 5.4 (242550, Hy( 10,43,1 (103950),
2H10,104,4 2 x 13860"), H19,88.2 (33880), H1 10,53 (20790). H10,9.7,2 (40095), | Hyg,9,63 (168960, Hip 10,5,2,1 (63360), Hig9,7,1,1 (50050),
3H10,10,6,2 3 x 8250), Hig 9,81 (3200), Hig 10,7, (1T55), 2H10,10,8 (2 x 45), 3H10,10,5,3 G x 20790), Hi0,9,7, (40095), H1g,10,6,1,1 (10395), H1g,10,6,2 (8250),
H10,9,6,4,1 (2081079), H1 104,42 (365904), H{( g 6 6 (365904), Hig9.8,1 (3200),2Hyg 10,7,1 (2 x 1155), Hig 9551 (1415700"),
H- H10,10,5,4,1 (228096), H( 9 65 (228096), H( 10,622 (136125), H]o g g 4 (136125), H0,10,5,3,2 (490050'), H198 75 (m’),]’lovg’l}’[ (786500),
A1..10-B12 || 10,10,63,1 (155925). Hy0,9.7,4 (155925), H10,9.82 1 (99099), Hi,10,5.4,1 (228096), H1o 96 5 (228096), H)0,10,63,1 (155925), 10,974 (155925),
(14284998) 3H10,10,6,4 G x29700), Hi,10,7,2,1 (35200), H10,9,8,3 (35200), H10,10,7,3 (12375), | 2111 5.5 (2 x 19404), H1 10,64 (29700), Hi10,7,2,1 (35200), H1g 933 (35200),
3Hi0,10,82 G x1925), H0,10,9,1 99, H10,10,10 (D H10,9,6,6,1 (990990), 3H10,10,7,3 (3 x 12375), H0,0.0.1,1 (2925), H10,108,1,1 (2376). H109.9.2 (2376),
H10,10,6,4,2 (882090, H10,10,6,5,1 (242550), H10,9,8,4,1 (495495), Hig,10,82 (1925), Hy0,10,9,1 (99). H10,10,5,5,2 (609840°), H{ g 75| (1415700).
Hy0,88,6 (101640), H10,10,7,4,1 (168960), H10,9,7,6 (103950), H198 5 (63360), Hi0,8.7.7 (98010), H1g 10,651 (242550). H10.10,732 (317625).,
2H10,10,6,6 (2 x 138607), H10,10,82,2 (33880), H10,10,7,5 (20790), H10,10.7.4.1 (168960), H10 .76 (103950), H1005.5 (63360), Hi0 993, (50050),
H10,10,8,3,1 (40095),3Hy10,8,4 (3 > 8250), H10,10,9,2,1 (3200), H10,10,9.3 (1155), | 3111 1075 (3 x 20790, Hg 10,8.3.1 (40095), H1 994 (10395), Hig 1084 (8250),
2H10,10,102 (2 X 45). H10,10,6,6,2 (490050"), Hi( 98 6,1 (424710). H10,109.2.1 (3200).2H)0 1003 2 x 1155, Hyg 10752 (T11480),
H10,10,8.4.2 (261360). H10,10,7,6,1 (126720), H10,10,8,5,1 (83160). H10.888 (075). | b1 7 7| (330330), Hyg 107,61 (126720). Hig g5 | (107250),
H10,9,8,7 (21120). H10.10,9.4,1 (17280).3H10,108,6 (3 x 6930). H10,109.5 2310). | ) 1055 | (83160). Hyg 10932 (31185). Higgg 7 (21120),
H10,10,10,2,2 (825). H10,10,10,3,1 (990). 2H}0,10,10,4 (2 x 210), 2Hig,10,7,7 (2 x 4950"), Hi(,10.9.4,1 (17280), H{( 99 (9240'), Hyg 1086 (6930),
H10,10,8,6,2 (261360), Hy998.8.1 (47190), H10,10,8,7,1 (31185), 2Hi,10,9,5 (2 x 2310), Hyg 107,72 (190575), Hi( 109,52 (83160),
H10,10,9,6,1 (17280), H10,10,10,4,2 (6930), H1,10,10,5,1 (2310). Hyg,0,9,7,1 (5045), Hy( 10,87,1 31185), Hy( 100,61 (17280), Hg 998 (1485),
2H10,10,8,8 (2 X 825), H10,10,9,7 (990). 2H0,10,10,6 (2 x 210), | 2Hy0,10,9.7 @ x 990), Hg,10,9,7,2 (@0095), H109.9.9.1 (2145), Hg,10,9,8,1 (3200),
H10,10,8,8,2 (33880). H10,10,10,6,2 (8250). H10,10,9,8,1 3200). H10,10,10,7,1 A155). | 11y 19 9.9 (35), H10,10,9.9,2 (2376)
2H10,10,10,8 (2 x 45), H10,10,10,8,2 (1925). H10,10,10,9,1 %) H10,10,10,10 (D,
H10,10,10,10,2 (45)
3x[Higg (35), Higg (1925), Hig 9,1 (99). Hig,10 (1) Hig,,2,2 (33880),
Hyg,g.4 (8250), Hig 92 (3200). Hygg3 (1155),2H1g 102 (2 x 45).
3x [Hy8,1,1 (2376), 10831 (40095), Higg | 1| (2145), H{g g, | (3200), Hi0,8,4,2 (261360), H092 21 (47190), Hg,9.3 2 (31185), Hyg 94,1 (17280),
Hig,10,1,1 (55) H10,833 (190575), Hyg g 51 (83160), Hig 9311 (45045), Hio,8,6 (6930), Hig,9,5 (2310),2H10,10,2,2 (2 x 825), H},10,3,1 (990),
Hy0.93,2 (31185), Higg 4.1 (17280). Hyg,102.1,1 (1485). 2101031 (2 x 990), 2Hi0,10.4 2 % 210), Hyg g 44 @0050"), Hy9 451 @24710), Hy(86 (261360),
Higgs3 (TIT480), Hy( 9 33| (330330), Hy( 9 43 (126720). Hy 95,1, (T07250). |H10943 (126720), Hig952 (83160), Hi 102,22 9075), Hyo,103,2,1 (21120,
H109,5 (B3160). Hy 10321 @1120), Hiog 7,1 (1185), 2H10 1033 (2 x 3950), | 11109,6,1 (17280), 3101042 G x 6930), H10,10.5,1 2310), Hyp,8.8 825,
o ton 1.1 G380, Hig o.s1 T80, Hio 102 @300, 2H1o 10,51 @ x B0, | 1097 0901 2M10,10,6 ¢ x 210). Hig9.44,1 (G990, Hio.g.6.4 (B2050),
1041, , 9,6, 104, 10,5, Hi0,0,5,4 (242550), Hy0,9.6.1 (495495), H}( 10,42, (101640),
Ho,5,5 GBI ), Hyp,9,5,3,1 (HATSTOO), Hig,10,3,3,2 OB0T0). Hig 8,73 GTTER), | o'\ | (T03950), Hy.9.5.3 (169960), Hig, 10551 (63360,
s B0 o) (50, s (900, 0521 (OO0 |21 . 1.0 0805 GO 10 O
Hio 1059 (8250). Higos | (3200),2H @ % T188), Hy 055 1 (1415700, | >1710.10,62 G x8250). Hig9,8.1 (3200), Hig,10,7,1 (1155),2H1 10,8 (2 % 45),
10,10,6,2 - H10,9,8,1 10,1071 10.9,5,5,1 Hio.0.6.4.1 (Q0B1079), Hiq 10,442 (365904), Hi .6 6 (365909),
+ H0,10,5,3,2 (490050'). H1g g 75 (490050'). H1g,973,1 (786500), Hi0,10,5.4,1 (228096), H10 96 5 (228096), Hyg 10,622 (136125), H1g g g 4 (136125),
3 HAI 10,812 || 10,1054, G28096). Hi0.,6,5 (228096), Hio.10,63,1 (155925), H109,7.4 (IS925). 41y 3 1 (155925). 10,974 (T55925). Hi,9,8,2,1 (99099).
o 2H10,10,5,5 (2% 19404), Hyg 10,64 (29700), Hy,10,7,2,1 (35200). 109,83 (35200). | 370 /64 (3 x 29700), Hyg 10.7.2.1 (35200), Hyo 9.8 3 (35200), Hyg 10,73 (12375),
(14284998) 3Hi,1073 G X 12375, Hi090. 1.1 @925). Hip,10811 2376110002 B30 | 3110 10e @ x 1925), H10 1ot 99, H1o 10,10 (b H10.9.6.6.1 (990990),
Hig,10.8,2 (1925), H10,10,0,1 (99), H10,10,5,5,2 (609840'), 190,751 (1415700), | 1y o (882000), Hyg 10,651 (242550). Hygo54.1 (495493,
Hiog,7,7 (98010), Hg,10,6,5,1 (242550), H10,10.7,3,2 (317625, Hyggg.6 (101640), H1g 107,41 (168960), Hyg 9.7 (103950), Hig 985 (63360),
H10,107,4,1 (168960), Hi,0.7,6 (103950), Hio,9,8.5 (63360), Hig.0.0.3,1 (S00S0). | g1\’ o' 13860°), Hyg 10,82 (338803, Hig,107.5 (0790),
3Hy0,10,7,5 G x 20790). Hyg,10,8,3,1 (40095). Hyg,9,9.4 (10395, Hig,10,8.4 B250). | 17y 10 '3 | (40095),3H g 10.8.4 (3 x 8250), H10,10.9.2.1 (3200), H1g 1093 (1155),
H10,10,9.2,1 (3200), 2H1,1093 (2 x 1155), Hyg,10,7,5,2 (711480), 2H)0,10.102 @ % 45), H10.10.6.6.2 (4900507), H10.0g.6,1 (424710),
H10,9,7,7,1 (330330), Hyg,10,7,6,1 (126720). H1099.51 (107250), Hi0.10.8.4.2 (261360), H1g 10.7.6.1 (126720), H1( 1085, (83160), Hig g8 (9075),
H10,10,8,5,1 (83160). Hyg,10,93 2 (31185). Hig 98 7 (21120), Hig.9.87 (21120), Hyg 10,041 (17280).3Hyg 1086 (3 X 6930). H|g 1005 (2310).
2Hy0,10,7,7 @ % 4950°), H10,10,04,1 (17280), 199,06 (9240), Hyg,10,8,6 6930), | pry 0" 0% 5 (825), H1g 10,1031 990, 2H10.10 104 @ X 210),
2H0,10,9.5 (2% 2310), Hy0,10,7,72 (190575). Hyg,109,52 B3160). Hio 108,62 (61360), Hi0.9551 @7190), H10 10571 (GT185),
H10,9,9,7,1 (@5045), Hy0,10.8,7,1 (31185), H10,109,6,1 (17280), H1g 993 (1485), Hig 10961 (T7380), H1g.10.10.4.2 (6930). H10,10.10.5.1 (Z310),
2H10,10,9,7 @ % 990), H10,10,9,7.2 @0095). H109.9,9,1 2145, H10,10.9.8,1 G200), | 2 10'cs (2 x 828), Hy,10.9.7 (90), 2H110.10.6 (2 x Z10),
H10,10,9,9 35) H10,109.9,2 (2376)] Hi0,108,82 (33880). H10,10.10,6.2 B250). H1010.98,1 (3200). H10 10,1071 (1155),
2Hy0,10,10,8 (2 x 45), H10,10,10,8,2 (1925). 10,10,109,1 99): H10,10,10,10 (V-
H10,10,10,10,2 (45)]
H 0. H 45), Hi 825), H 210), H, 6930), o -
H, ©2378) || Hyg 1064 29700), Hig 10,82 (1925), H1g 10,10 (Ds H10,10.6.6 (13860") o053 @730 Ho.10.7.1 (1153, H10,105,5 (19404, H10,107.3 (13379,
1.-10 "I(),I(),6.4 s H10,10,8,2 - H10,10,10 . H10,10,6,6 ] Hio.109,1 99). Hyo,10.7,5 Q0790). Hig 10,03 (1155). Hyg,10.7,7 (4950,
10,10,8,4 (8250), H10,10,10,2 (45), H10,10,8,6 (6930), H19,10,10,4 (210), Hio109.5 (2310). Hyo 10.9.7 390). Hig 10,99 (5)
H10,10,8,8 825, H10,10,10,6 210). H10,10,10,8 45). H10,10,10,10 (D T o T
3 H+ 3 x1H10,10,1,1 (55). H10,10,3,1 999). H10,10,3,3 @950'). Hy,10,5,1 (2310), j_]x ["IO,I(Z)T:]Uv[;’IO.Iol (4f;16’(;/9‘1(1)_'[2’2 (825)’:;2;]]02 <2I0)<II%|0‘4,2 @30
4y...10 H10,10,5,3 (20790), Hy9,10,7,1 (1155), H1g,10,5,5 (19404), H10,10,7,3 (12375), 10,106 210 10,1044 ( - M10.106.2 B250). H1,10.8 (45).
H10,10,9,1 (99). H10,10,7,5 (20790), H0 10,93 (1155), H}g 10,7,7 (4950°), 10,1064 29700). Hi,10,8,2 (1925 Hig.10,10 (- H10.10.66 (13860°),
(92378) 10,9, ,10,7,5 157> 710,109,322 10,7, H, (8250), H. 45), H (6930), H (210),
Hi010.0.5 2310), Hi0 1007 090), Hg.10.0.9 (5] 10,10,8.4 (8250), Hig,10,10,2 45). H10,10,8,6 (6930). H10,10,10.4
o B o Hyo,10,8,8 825). H1o,10,10,6 210). H1g,10,10,8 @5). H10,10,10,10 (D]

Appendix G. Decomposition of p-forms: E, — O(D,D) — SL(D)
In this appendix, we decompose the E,, U-duality multiplets of p-form given in Table (2) into O(D, D)

potentials. We further decompose the O(D, D) potentials into type II mixed-symmetry potentials in
d dimensions. By uplifting the obtained type Il potentials to 10D, we obtain Table 4.
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Gl d=38

The 1-form multiplet, (3,2) of E3, is decomposed into the following O(2, 2) tensors:
n || O(2,2) tensor ITA \ 1B
0 B4 (4) Iﬂ (2), Bi;1 (2)
1 Ci. 2) G (@), Cip (D Ci1 (2)

The 2-form multiplet, (3, 1) of £3, is decomposed into the following O(2, 2) tensors:

n[]O(2,2) tensor ITA \ 1B
0 B, (1) B, (1)
Ca 2 | Cua @ G (D, G (1)

The 3-form multiplet, (1,2) of E3, is decomposed into the following O(2,2) tensors:

n| O(2,2) tensor IIA 1IB
G 2) |G M), G (D) G (2)

The 4-form multiplet, (3, 1) of E3, is decomposed into the following O(2,2) tensors:

n| O(2,2) tensor IIA 1IB

1 Cyu (2) Cy1 (2) Gy (1), Gy (D

2l D, (1) D

The 5-form multiplet, (3,2) of E3, is decomposed into the following O(2,2) tensors:
n| O(2,2) tensor ITIA 1IB

1| GCs, 2 |G @), Csp (1) Csi (2)

2 % 4) Ds; (.D5,1 )

The 6-form multiplet, (8, 1) of £3, is decomposed into the following O(2,2) tensors:

n|| O(2,2) tensor 1A 1IB

1| Coa 2 | G (2) Co (1), Cep (1)

2| Di,, 3 | Dsir Q) D¢ (1), Dg (1), D (1)
Ll De (M) ] Dg, (1)

3| B @ [ Esaa @ Esa (1), Esaz (1)

The 6-form multiplet, (1,3) of £3, is decomposed into the following O(2, 2) tensors:

n| O(2,2) tensor ITIA 1IB
2 Dﬁ_:Alz 3) D¢ (1), Dgp (1), Dsp (1) Dg;11 (3)

The 7-form multiplet, (6,2) of £3, is decomposed into the following O(2, 2) tensors:

n|| O(2,2) tensor ITIA 1IB

1 Cu@ |G M, Ca () C @

2 D74 (4) D7y @,D721 @

3 E; i (6) E711 (3), Erp11 (3) E71 (2), E72.1 (2), Er22.1 (2)

The 7-form multiplet, (3,2) of E3, is decomposed into the following O(2, 2) tensors:

n| O(2,2) tensor IIA ‘ 1IB
2| D@ Dy (2), Dro1 (2)
3] B @ [[Erp ), B (O | Era1 (2)
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The 8-form multiplet, (15, 1) of £3, is decomposed into the following O(2, 2) tensors:

n|| O(2,2) tensor ITA 1IB
Cea 2 ||Csa (2) Cs (1), Gsp (1)

2|| Diy, B ||Dsi1 (3) Ds (1), Ds (1), Dsy (1)
Dg (1) Dy, (1)

3 Egupe @ || Esi11 D Es (1), Esp (1), Espn (1), Espop (1)
Eg; (2) Egp1 (2) Egy (1), Egpn (1)

4| Fgy, G |[Fe21 ) Fyp (1), Fypp (1), Fyppo (1)

The 8-form multiplet, (3, 3) of £3, is decomposed into the

following O(2, 2) tensors:

n| O(2,2) tensor

ITA

1IB

2

D8—;A12 A)

Dg (1), Dg, (1), Dgpp (1)

Dg;11 (3)

3

Es.qp: (6)

Eg;1 (2), Espy1 (2), Egpo, (2)

Eg11 ), Es11 )

The 8-form multiplet, 2 x (3,1) of E3, is decomposed into the following O(2, 2) tensors:

n| O(2,2) tensor 1TIA 1IB
2/ 2D 2 x1) 2 x [Dgz, (D]

3)|2Es @ x 2)|2 x [Esar @)] 2% [Esa (1), Ep (1]
G2 d=17

The 1-form multiplet, 10 of E4, is decomposed into the following O(3, 3) tensors:
n| O(3,3) tensor ITIA 1IB
0 B4 (6) 5 (), Bi;i 3)

1 Ca@ |G ®,Cy0O) Cii 3),Ci3 (1)

The 2-form multiplet, 5 of £4, is decomposed into the following O(3, 3) tensors:

n|| 0@, 3) tensor ITA \ IIB

0| B, () B, (1)

1 G (4) G (3), G (D G (1), Gy 3)

The 3-form multiplet, 5 of E4, is decomposed into the following O(3, 3) tensors:

n| O(3,3) tensor 1A 1IB

1 [&PRC)) G @), Gy 3) G (3), Gz (D

2/ Dy || D35

The 4-form multiplet, 10 of E4, is decomposed into the following O(3, 3) tensors:

n|| O3, 3) tensor ITA 1IB
Coa ) || Caa ), Cuz (1) Cy (1), Cay 3)

2 % 6) Dy 3).D431 3

The 5-form multiplet, 24 of E4, is decomposed into the following O(3, 3) tensors:

n| O(3,3) tensor 1TIA 1IB
1| Ca@ |G (D), Csa 3) Csa (3), Csi3 (1)
2|| Dsy, (15) Ds;1 ), Ds,1 ®),Ds;3 (0, D532 3)
Ds (1) Ds3 (1)
31 Esa ) ||Eszn (3), Esas () Es3 (1), Es3p (3)
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The 6-form multiplet, 40 of E4, is decomposed into the following O(3, 3) tensors:

n| O(3,3) tensor ITIA 1IB
L Coa @ ||Ca1 ), Csz (1) Cs (1), Csz (3)
2| D&y, (10) | Derit (6), Doz (3), Deas (1) Ds (1), Dz (3), Desaz (6)
De.4 (6) De> (3), Ds3a1 (3)
3| Eeus (20) | Esz1 (8), Eszii (6), Eean (), Esni 3) | Esp (), Espa (6), Eezn (3), sz (8)

The 6-form multiplet, 15 of E4, is decomposed into the following O(3, 3) tensors:

n|| O(3, 3) tensor ITA 1IB

2|| Dgy,py (10) ||Ds (1), Dz (3), D2z (6) D11 (6), De31 (3), Doz (1)
31 Eea ) | Esz (1), Es3z (3) Ee31 ), Eezz (1)

4 Fs (1) Fess (1)

The 7-form multiplet, 70 of E4, is decomposed into the following O(3, 3) tensors:

n|| O(3, 3) tensor ITIA 1IB
Cra (4) G @), Crp 3) Cr1 (3), G (D
21| Dyy,, (15) D71 @), D72, ®),D73 1, D735 G)
D; (1) Dy5 (1
3| B (36) E7.1,1 (6), E7p11 (15), E73, (E): Ezy (3)_, E751 (8),_E7;3 (1), Ezp2.1 5s),
—= E7301 (8), E733 (1), Ez332 (3) Er32 (3), Ez322 (6)
Ery (4) Er31 3), E73z (1) E73 (1), E73,5 (3)
41 Fiy,, (10) | Fra11 (6), Fra51 (3), Frass (1) Fr3 (1), Fr32 3), Fr322 (6)

The 7-form multiplet, 45 of E4, is decomposed into the following O(3, 3) tensors:

n[[O(3.3) tensor A | 1B
Dy, (15) D71 (3), D721 (8), D73 (1), D73 (3)
3 Erua 20) | Ezp (3), Eznn (6), Ezsy (3), Evsni (8) Er21 (8), Ez311 (6), Ez32 (3), E7331 (3)
E7s (4) || E731 B), E7a3 (1) Ers (1), Ez3, (3)
4 Fr.4 (6) ) G Er sl ©)

The 7-form multiplet, 5 of £4, is decomposed into the following O(3, 3) tensors:

n[[O(3, 3) tensor A | 1B
2 D; (1) D75 (1)
3 B @) | Eraa 3),Eras (1) |Era (1), Ergz B)
G3. d=6
The 1-form multiplet, 16 of Es, is decomposed into the following O(4,4) tensors:
n [ 0@, 4) tensor A I 1B
of] Bia® Bl @.B1;1 @)
1] ca® [[C® i 6.04 ® ‘ﬂ @.Cr3 @

The 2-form multiplet, 10 of £, is decomposed into the following O(4, 4) tensors:

n [] 0@4,4) tensor 1A I 1B
[of| B | By (1)

1 Cry B Cy;1 @), Cr3 @) ‘ G (1), Gy (6), Ca 4 (M)

2 Dy (1) Dyg (1)
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The 3-form multiplet, 16 of E5, is decomposed into the following O(4, 4) tensors:

n [] 04, 4) tensor 1A 1B
1 C34 (8) C3 (1),C352 (6),C3.4 (1) C3,1 @, C33 @
2 D34 8) D33 (2)703;4,1 (©)

The 4-form multiplet, 45 of Es5, is decomposed into the following O(4,4) tensors:

n || O(4.4) tensor A 1B
1 Cay 8 Cy1 @, Ca3 @) Cy (1, Cap (6), g (1)
2 [[ Dgzay, @8) Dy (6),Dg;3,1 (15), Dara (1). Dyg (6)
Dy (1) Dyeq (1)
3| Ega ® || Eaa) @ Egaz @ ‘@ (1), g4 (6). Egaq ()

The 5-form multiplet, 144 of Es, is decomposed into the following O(4, 4) tensors:

n 0(4,4) tensor [ 1B

1 Csyq 8) Cs (1. Cs3 (6), C54 (D) Cs;1 @), Cs3 @)

2 DS;A]B (56) lﬂ (4),% (E),Dsg (Z),Dsg,z (20), D541 (‘U,M @
Ds.4 (8) Ds;3 @), D541 (4)

3 Es.44 (56) Lki (15)VE5;i (ﬁ),M (10), Es:4 (6),M as) E573 (Z)v&i (20), Es;4 1 (‘U,M (20), Es.43 (Z),M @)
Es.q (8) Esiq (1), Es.42 (6), Es;44 (1) Esig1 4).Es43 ()

& Fs4 ® Fs43 @.Fsa41 @)

The 6-form multiplet, 320 of Es, is decomposed into the following O(4, 4) tensors:

n 0(4,4) tensor A 1IB
1 Cea ® Co;1 @, Ce3 @ Co (1), Co;2 (6), Coq (1)
2 [ 0fy, 09 || Pat 40,0631 (19,0635 @ Ds (D2 (), Deinz @), D (1) Deia2 O, Do ()
Doy, (28) Dg: (6), Dg:3,1 (15), D4 (1), Dgg2 (6)
Dg (1) Dg:4 (1)
R Feptpyi 160 Eg2,1 (370),56;3.1,1 (36), Eg3 2 (20), Eg.41 (), Eg;33,1 (36), Eg.42,1 (20), Egp (6),5(,;,2_2 (20'), Eg3,1 (15), Eg4 (1), Eg321 (64),2E6,42 (2% 6),
o Vi Eg43 @.Ega32 20) Ega22 @0).Eg431 (15 Esaq (U, Ega42 (6)
264 ) 2 x [Ega1 @), B3 D] 2 x [Ega (1, Egiap 6), Egi4 (V]
4 Fgr;,“m4 35) Fea,1,1 (10), Fga31 (15), Fgi.3.3 (10) Fea (1, Feia (6), Fesann 20, Forqq (1, Foaa2 6 Foaas (1)
Fotyp @8 Fe42 6). Fea3,1 (15, Foaq (1. Fe442 (6)
Fg (1) Foaa (1)
[ Gea® || Gssar @ Gosas @ | Goaa O Gosaa ©- Gesaa (O

The 6-form multiplet, 126 of Es, is decomposed into the following O(4, 4) tensors:

n 0(4,4) tensor 1A 1B

2 D(;Al 4 39 Dg (1). Dg;2 (6). D22 (20'), Dgi4 (1), Dg:a2 (6), Dgia 4 (1) Dg;1,1 (10), Dgy3 1 (15), Dg;33 (10)

3 Eg:4q (56) Ee3 (1), B3 20), Ega 1 (@) Egan 1 @0),Ega3 @), Egaa1 @) Ee3,1 (15). 633 (10), Ega1,1 (10), Egan (6), Ega 31 (15)
1 Fop 35 Fe33 (10 Fea3.1 (15). Feag,11 (10)

The 6-form multiplet, 10 of £, is decomposed into the following O(4,4) tensors:

n 0O(4,4) tensor A 1B
2 Dg (1) Dg.4 (1)

3 Egq 8) Ega1 @.Eg43 @) ‘ Eg4 (0. Eg42 (6). Eiaq (1)

4 Fe M Fo.aa )

G4. d=5

The 1-form multiplet, 27 of E¢, is decomposed into the following O(5, 5) tensors:

n 0O(5,5) tensor A 1B
0 By.4 (10) Bl (3),B,1 (5

1| cwas || cowcpan.cy® | anscs@asw

2 o

Dys M

2-form multiplet, 27 of Eg, is decomposed into the following O(5, 5) tensors:

n 0(5, 5) tensor A I 1B
0 By (1) By (1)

1 C (16) Cy;1 (8), O3 (10), Cp.5 (1) ‘ Cy (1, C (10),Cpq )

2 Dj.4 (10) Dy (5), D251 (5)
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The 3-form multiplet, 78 of E¢, is decomposed into the following O(5, 5) tensors:

n 0(5, 5) tensor A 1B
1 C3.4 (16) C3 (D, C3 (10),C34 ) C3;1 (5),C33 (10), G35 (1)
2 D3.4,, (45) D33 (10), D34 1 (24), D35 (1), D3,5, (10)
D3 (1) - by
3 B35 (16) [l B350 (5). E3;53 (10), Ey;55 (1) ‘ E3;5 (.35, (10), 354 65)

The 4-form multiplet, 351 of Eg, is decomposed into the following O(5, 5) tensors:

n 0(5,5) tensor 1A 1B

1 Cy (16) g1 (5), Ca3 (10), Cys (1) C4 (1), Cap (10), Cyq B)

2 Dy, (120) Dy;p (10),Dg3.1 (45). Dy (5), Dya (45), Dy;s ) (5). Dyys 3 (10)
Dy.y (10) S Dyy B),Dgesy (5) I

3 Eaga (144) Ey41 (24), Eg43 (40), Eys 11 (15), By (10), Egs 3.1 @5), Egs 4 (9), Ey4 (), Ega) (49),Eys1 (5), Egisp1 @0), Egag (15), Egs 3 (10),
Hda Eg55.1 5 Eg541 24)
Egq (16) Egs (1, Egsp (10), Egs 4 (5) Eys1 (5) Eys3 (10), Egss (1)

4 Fazay, @9 Fas3 (0), Fas1 @9, Fas s (D, Fas5 (10)

The 5-form multiplet, 1728 of E¢, is decomposed into the following O(5, 5) tensors:

n O(5, 5) tensor 1A 1B
1 Cs,4 (16) Cs (D, Csp (10),(?57;4 ®) Cs;1 (9).Cs3 (W),(,ﬁ a
2 || Dsyy. , 210) Ds;1 (5). D51 (@0), Ds;3 (10), Ds;35 (75), Dsia,1 (24), Ds;5 (1), Ds;4.3 (40), Ds;s 5 (10), Ds;s5.4 (5)
D54, (45) - Ds.3 (T0), Ds.41 (24).Dss (1),/)5;5’2(? o
Ds (1) Ds.5 (1)
Es3,1 (35),Es;33 (50), Esig 1,1 (70), Es;a ) 45), Ess 1 (5), Esia 31 (175), Es;3 (10).Es3 (75). Esg1 (24). Es;5 (1), Es;42.1 (175), Es;g 3 (40),
3 Es:4,,4 (560) Es;s,1 (0),2Es;s3 2 x 10), Es;s3 (79), Esis 4.1 (24), Es;ss (1, 2E5;55 2 x 10), Esigg.1 (T0), Es;sp2 B0), Ess 31 @), Esis g ),
Es;5.52 (10) Es;5.4 (45)
Esgq (144) 25;4 (). Es;4 (45),Es;5.1 (5, Es;501 (@0), Esg 4 (15), Es;5 3 (10), Esyg1 (24),Esy43 (40), Es;s 1) (15), Es;sp (10), Es;s 3.1 (@5), Es;s 4 (5),
5:5,4,1 (24) Es;55.1 (5)
2Es;; (2% 16) 2% [Es;s) (9).Es;s53 (10). Es;55 (1)] 2 x [Es;5 (1). Es;s 5 (10), Es;s 4 (3)]
4 || Fy g 029 % E:)S) Fagai (b Rigan b ag Ohibas (0 Fs;5 (1, Fs;5 (10). Fs;s00 (50), Fs;s54 5. Fs5.42 (49), Fs.s544 (15
Fs.415,8 (320) Fs:43 (@0). Fs441 (T0). Fs;531 (35), F5;5.4 (5). F5;541,1 (70). Fs;545 (45). F5;551 (5). F5;552,1 (d0)
Fs:41,3 (120) - Fs;50 (10). Fs;531 (45). Fs;5.4 (). Fs;542 (45). F5;551 (5. Fs;553 (10)
Fs.4 (10) Fs;54 5. Fs;551 (5)
] ey 149 Gsis1 2405543 @0, Gs;s 51,1 (19.Gs;s 50 (10, Gs;s 53,1 @, Gsi54 B O5i542 (49,5551 ). Gs:5.50.1 @), Gsis 4 09
=44 Gs:554 3).Gs5551 ) G553 (10), Gs5.54.1 (24)

The 5-form multiplet, 27 of Es, is decomposed into the following O(5, 5) tensors:

n 0(5,5) tensor A I 1B
2 Ds (1) Ds.5 (1)

2 Esia (10 Esi1 5 Es;s3 (@0), Es;s5 (1D \ Es;s (1), Es;sp (10), Es;s 4 (5)

4 Fs.4 (10) Fsis4 (). Fs;551 (5)

G5 d=4
The 1-form multiplet, 56 of E7, is decomposed into the following O(6, 6) tensors:

n 0(6, 6) tensor TIA I 1B
0 By (12) B] 6,81 (6)

1 Cliq (32) C| (1), Cypp (15), Cpyy (15), Cp (1) ‘ C;1 (6),Cp3 (20),Cy5 6

2 Diy (12) Dy;5 (6). Dy (6)

The 2-form multiplet, 133 of £7, is decomposed into the following O(6, 6) tensors:

n 0(6,6) tensor 1A I 1B
0 By (1) By (1)
1 Cry 32) Cy;1 (6), Ca3 (20), C;5 (6) ‘ Cy (1), Gy (15), Cayg (15), oy (1)
2 G D4 (15). Dy;5.1 (35). Day (1). Dy (15)
Dy (1) D
3 Eyg (32) Eyg1 6. Epp3 (20).Exgs © Eyg (1. Eg6 (15). Exga (15), g6 (1)
4 P Fag6 ()
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The 3-form multiplet, 912 of £7, is decomposed into the following O(6, 6) tensors:

n 0(6,6) tensor A 1B
1 C354 32) C3 (1), C3; (15), C34 (15), C3.6 (1) 31 6).C33 20). Cy;5 ®)
2 || Dy, @20) D33 (29), D341 ), D5 6, D350 (89 D361 (6, a3 (20)

D34 (12) D3;5 (6). D361 (6)

35,1 (35), E3;53 (105), 31,1 @1), B30 (15), B33, (105), E3;55 (21), B35 6), B350 (84). E3i61 (6), E3i60,1 (70), 354 (T0), E363 (20),

} B B3 - Eypa,1 9. Ez5 ©.E3661 ©

E34 (32) E36 (1), B3 (15), B34 (15), E3i66 (1) E36,1 (6. E3;63 (20, E3i65 (6)
4[| iy 020 F363 @0, Fyga.1 B0, Fis ©) F3652 69 F661 O Figs 20

F34 (12) Fi.6.5 ), F3:6.6.1 (6)
5 Gy (32) G166 0, T3:6.62 (15), G36.64 (15), G3:6.6.6 (1) ‘ G3:6,6,1 6, G3:663 (20), G665 6)

The 4-form multiplet, 8645 of E7, is decomposed into the following O(6, 6) tensors:

-+
4| Fiyy e 62

Fydyy3.8 (2079)

Fapy .y 495)
2Py, (2% 66)
Fy (1)

Fg65,5 1)

n 0O(6, 6) tensor JIVN 1B

1 Cyy (32) Cy;1 (6), Ca3 (20), Cyi5 ®) Cy (1), Cyp (15), Cypg (15), Ca (1)

2 04;,,7“ . (495) Dy (15), D3 (195). Dyy (15). Daap (189), Dys | (35).Dag (1. Dyis3 (105), Dy p (15), Dy g (15)

Dyepy, (66) Dy (15), D51 (35), Dysg (1), Dyy (15)
Dg (O D6 (1

Eg4) 83). Egq3 (210), Egs 11 (120), Egs 0 (84), Egey (6), Egs 31 (540), Eg4 (15), Egqp (189), Egs ) (35).Eas (1. Eg51 (384). Egqg (105),

3 || Egappa 1728) a1 (). Eas 4 (T0),2Eg63 (2% 20), Egg 32 (10, Eg;55,1 (120). Eg:53 (105), 2465 (2% 15), Eg;5 4.1 (388), Egi2 (105), Eq.631 (105),
Egi64,1 B4). Egi65 (6). Egi50 (84) 2E464 2x15),E4647 (189), E4;651 (35), Eg66 (1), E4i662 (15)

E4pq (352) Eg5 6. Eq;5p 84). Eae1 (). Eais.a (D). Eagn1 (70). Eae3 (20), Eas,1 39 Eys3 (109), g 1,1 (1), Eaen (19), Ege3,1 (109), Eys s (D),
Eg:64,1 B84),Eq65 (6), E4661 (6) Eg64 (15), E465.1 (35)
2Ey 2x30) || 2% [Ege (6). Eg3 Q0), Eggs 6] 2 x [Eqg (1, Eg62 (15), Eg6.4 (15), Eg66 (D]

Fai6,1,1 @1). Far3,1 (105). Fai3.3 (175). Far6 5.1 (35). Fag 53 (105). Fas (0. Fag (15), Fag00 (05), Fag 4 (15), Fag42 (189), Fap6 (D),

Fai6.44 (105), Fa6.65 (15). Fai6.64 (15). Fai6.6,6 (1)

Fg;53 (105), Fy5.41 (384). Fa631 (105). Fa55 (21). Fay64 (15). Fay5.52 (280). Fa64.1,1 (280). Far642 (189).2F 4651 (2% 35). Fai 50,1 (384). Fag 53 (105),

Fa66,1,1 @D Fae6 (15), Fa6.63,1 (105)
Fa;62 (15). Fa:63,1 (105). .64 (I5). Fr.42 (189). Far65.1 (35). Far 6 (1. Far653 (105). Fag 6.2 (15). Fai6.6.4 (15)
2x [Faa (15), Fap5,1 39, Fazs6 (D, Fazg2 (15)]
Fa66 M)

S || Gaappa 1728)

Gapq (352)

26y 2 x32)

Ga64,1 (39,
Ga:6,5,3,1 (540), Gas662.1 (70). Gazg 5.4 (70).2Gai663 (2% 20),
Gy6,63,2 210), Gyp55,1 (120), Gap 64,1 B4, Ga665 (6), Gazp652 (84)

Gy64 (15), Gayp4p (189), G651 (35), G5 (1, Gap52,1 (384),
4 (105), G4.6.53 (105),2 G662 (2 x 15), Gyp 54,1 (384),
Ga6.622 (05). Gag.63,1 (105).2Ga.6.4 (2% 15). Garg6.42 (189),

Ga;6,6,5,1 (35), G666 (1), Gay6,6,6,2 (15)

643 (210), Gai6.5,1,1 (120). G652 (84), Gas,6,1 (6.

Ga6,5 (6). Gar52 84), Ga66,1 (6). Gazg 5.4 (T0), G621 (70), Gai6,5,1 (35). G653 (105), G611 (1), Ga.62 (19, Ga6.63,1 (105),
Ga:6,63 20, Ga6.64,1 B, Ga66.5 ©, Ga666,1 © Gaz6,5,5 @1). Ga;6,64 (15), Ga6.6,5,1 (35)
2x [Ga6,6,1 (6) Gas63 20), Gag65 0] 2x[Ga.6 (1), Gag62 (19), Ga6.6.4 (1) Gag 66 (D]

6| Haay_, 499
Hyy,, (66)
Hy (1)

Hy6.6,2 (15). Hag 63,1 (105), Has.6.4 (15). Hasg .40 (189), Hag. 651 (35). Hag 6.6 (- Haze.6,5,3 (105). Hag 66,2 (15). Haz6.6,6,4 (15)
Haz6.64 (15). Hae.6.5,1 (35): Hag 6.6 (1) Hag 662 (15)
Hyp6.6 D

7 Igy (32)

I4:66.6.1 6 14:6.663 20). 116665 © ‘ l4:66.6 (D 14:66,62 (19 la6.6.64 15 146,666 D

The 4-form multiplet, 133 of E7, is decomposed into the following O(6, 6) tensors:

n 0(6,6) tensor A I 1B
2 Dy (1) Dy (1)
3 PE) 46,1 ©), Ea3 20), Eags © | Ea (0.5 (15).Eggq 0By D
4 Faey, (66) Fapa (05), Fags | (35, Fag6 (1), Fap6 (15)
Fg4 (1) Fa6.6 M
5 Gy (32) Gas66,1 (). Ga663 (20), Gap65 6 ‘ Ga6,6 (1. Gaz,62 (15), Ga.6.4 (15). G666 (1)
6 Hy (1) Hy666 ()

G6. d=3

The 1-form multiplet, 248 of Eg, is decomposed into the following O(7, 7) tensors:

n 0(7,7) tensor 1A I 1B
0 By (14) Bl (1), By, (1
1 a(ﬂ) €L ), Crp @D, Crg @),% @ — rm ™, €13 39),Cys (ﬁ),m 1
2 DEZ 1) Dy;5 (@1). Dy (48), Dy7 (1. D17 (21)
Dy (1) Dy7 (1)
3 El (64) Erza (D.E173 39).E175 @0),Ey;77 (1) ‘ Ely7 (0, By @D, Epyyg (ﬁ).m @
4 Flzq (14) Fi;7.6 D Fi;7,7,1 O
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The 2-form multiplet, 3875 of Eg, is decomposed into the following O(7, 7) tensors:

n 0(7,7) tensor 1A I 11B
0 By (1) By (1)
1 Cosa (64) Co1 (1. Ca3 (39). Coi5 @), Cp7 (1) | QWG an 39,0 D
2 || Dayyy (364) Dy4 (35), Dy.5,1 (140), D26 (7).1@ (140), Dy;7,1 (1), Dy;7,3 (35)
Dy.4 (14 Dais (1), Dp.7.1 (1)

Byl (48), Eni3 (224). Epig 1,1 (28), Enyzp (1), Epz 31 (210, Epye s (112),
Eyg4 (35), Eyzs,1 (140), Eyz6 (). Eggg7,1 (D)

3 Ep.uq (832)

Eyg4,1 (224).Ex6 (8).Ep 75 (20).Ep761 (48)

Epe (D, Engp (140), Exg 1 (1), Epia (210), Exg oy (112), Epg 3 (35),

Epy (64) Eyg (1), Epgp 1), Epig 4 (35), Epi6 (1) Eyg1 (D.Epg3 (35). By s (1), Eyig g (1)
4 || Foay. 4 (100D F;73 (35),F741 (224).Fayp s (1), o750 (392).Fp761 (48),Fo77 (1, Fp7,63 (224). Fay7. 72 (1), Fag.7.4 (35)
Fyp (104) P66 ). F76,1 @8), Fa7,7,1,1 (28)

F‘2;7’5 (ﬁ)'FZﬂ,(J,l (48).["2;7'7 1), F 7.2 @1

12 OV

£y ()

Fa70 @M

Gayg (64)

5 Goota (832)

G276 M. Goy7.62 (140). Goi7.7.1 (1. Go7.64 (210). Goi7.70,1 (112),
G773 (39).Go7741 224).Go766 (8. G775 D). Go7,7,6,1 (48)

G2.7.71 D, Go;7,73 39, G775 @D, Go7,7.7

G2:7,6,1 48), Goi7.63 (224), Goy7,7,11 (28), G770 1), Gz, 73,1 (210),
G765 (112).Gy;7.74 (35). Goy7.7.5,1 (140). Goi7.7.6 (1. Goy7.7.7.1 (D

G277 0, Go7.72 (1), Go77.4 (35), Goy7.76 (D

6 || iy G64)

Hyz,74 (35, Hyg75,1 (140), Hyg 76

(). Hy77.60 (140). Hy;7771 (. Hyg.7.73 (35)

Hp.q (14) Hyg76 M. Hy777,1 (1)
7 I (64) hya7 W.D7772 @D.07774 G076 D ‘ b1 Mi7773 G5.h775 @D.hy777 (D
8 J (1) 2,777 ®

The 2-form multiplet, 1 of Eg, is decomposed into the following O(7, 7) tensors:

[[ 0,7 tensor []

1A

I 1B |

n
[« mRao ]

a7 |

The 3-form multiplet, 147250 of Eg, is decomposed into the following O(7, 7) tensors:

n[[ 0(7.7) tensor A 1B
1] a6 |fes .63 a0, Ca 39 C36 @ 3,1 (7. C33 (39). Cy5 (@D, C37 (D
2| D3;44,,.4 (1001 D33 (35), D34, (224), D35 (21), D357 (392), D361 (48), D37 (1), D3,63 (224), D37 (21),D3.74 (35)
D34y, O o Dy;5 (21). D361 (48). D37 (1.D375 21) -
D3 (M D37 ()
E3.5.1 (T80), 3,53 (588), E36.1 ) (189), B3 (140), E371 (1), E3g3,) (1323), Ex;s (D), B350 (392, Es (48), Ezg (1. Eze2.1 (739), Eas 4 (490),
|| £3p0 929 35,5 (196), E36.4 (310) B30 (122573 (2% 35) By7.30 (90), By 024).2E37) @ x 2. Eyga1 (B23). Ey700 (199). Byz3,1 @10),
— E3:6,5,1 (735), E3.;7.4.1 (224),2E3.75 (2 x 21), E3.75 2 (392), E3.7,61 (48), E3.6,5 (112),2E3,74 (2% 35), E3,742 (588), E3.661 (189), E3,751 (140),
£3;7,7 (). £3;7,72 21) E37,6 (1, E3.767 (140)
E3.44 (832) E3:6 (1), E3i6p (140), E3.71 (1), E3i4 (210), E3i751 (112), E3;73 (39), E36,1 (48). E3:63 (224), B39 1| (28), E3;75 (1), E3;731 (210), E365 (112),
> E3:7.4,1 224), E3.66 (28), E3;7,5 (1), E3;7,6,1 (48) E3;74 (35),E3;75,1 (140), E3.7.6 (1), £3;7.7,1 (1)
2E3, 2% 64) | P x [E37,1 (D, B33 (35), B35 @), B399 (1] 2 x [E37 (1, 372 @1), E3;74 (35), B376 ()]
ol Fras F363 (224), F3,6.4,1 (1323), F3,;73 1 (210), F3,65 (112), F37.4 (35), F3,655 (2016), F3;7.4.1,1 (840), F3.7.45 (588), F3,66,1 (189),2F3,751 (2 x 140), F3.7.6 (7),
(11648) I73.7.5.2.1 (2016), F: (840), F3.753 (588), F3.7.6.1.1 (189).2F3.762 (2 x 140), F3.771 (1. F3.7,63.1 (1323), F3.764 210),F3.77 (112),F3.773 (35). F3.77.4.1 (229)

+
F3;A1...7 ane

F354..5 2002
F3:41.8 896)

2F3.41p5
@ % 364)
2Py @ x 14)

F3.7.1,1 (8).F3.73,1 10). F3.733 @0, F3751 (140), 3755 (588),
F37.7.1 (. F3.7,55 (196).F3,773 (35).F3,775 GD. F3.7.77 (D

F3;7 (1).F372 1), F3;7 (196). F3.7.4 (35). F3;7.42 (588). F3.76 (D).
F37,44 (490), 37,65 (140), F3;7,6.4 (210), F3;766 (28)

P32 @1), F3731 @10), F3:7.4 (35), F3.7.45 (588), F3.75.1 (140), 376 (1), F3;7,53 (588). F3:7,65 (140), F3:7.7.1 (7). F3:7,64 (210), F3.7.73 (35), F3;7,7,5 1)
Fa65 (112), F36.61 (189). F3;751 (140), F3.7.6 (1), F3;7,61,1 (189), F3:7,62 (140), F3;7.71 (D, F3,7.71 (112)

2% [F374 (35). F3751 (140), F3.76 (1. F3:7,62 (140). F3:771 (7). F3.7.73 (35)]

2x[F3y

6 M. F3771 D]

o

G3:41554 (17472)

G3:4,Bq (5824)

G3:typa (4928)

36344 (3 % 832)

2G3y (2 X 64)

G374, (@28, G3,743 (184), G37511 (540), G355 (392), G376 (48),
53,1 (3402), G375 4 (490), G376 1 (735),2G3.763 (2 x 224),

G3;7,7,1,1 (28), G3;7,72 (1), G3;7,63,0 (3024), G755, (1260),

G3.7.64,1 (323).2Gy.7731 2 x 200), Ga765 (112),2G3.7.7.4 (2 % 35),

037,652 @016), G3:7.733 @0), G3.7742 (88),2G3.775,1 @ x T40),

G3:7.76 1> G3:7,7,5,3 (588), G3.7.7,62 (140), G3:7.7.7.1 (1), G3;7,7,7,3 (39

G3:6.6 (28). G366 (540). G3.76.1 (48). G3664 (756). G3.7,62.1 (735).

G3;7,63 (224), G3;7,7,1,1 (28), G3;7,64,1 (1323), G3;772.1,1 (378),

G3:7,73,1 @10, G366 B4). 3,765 (112), G317.7,4.1,1 B40), G3.766,1 (189),

G3;7.75,1 (140). G3,77,6.1,1 (189)

G3:7,5 @D, G3;752 (392), G3:76.1 (48), G377 (1), G3:7.60,1 (735),

G3;7,54 (490), G3;763 (224),2G3;7,72 (2% 21), G3;7,64,1 (1323),

G3;7,7,2,2 (196), G3,;7,731 210),G3;765 (112),2G3;7,7.4 (2 % 35),

G3;7,7,4,2 (588), G3.7,66,1 (189), G3.7,7,5,1 (140), G3:7.7,6 (1), G3;7,7,6,2 (140)

B x[G3;7,6,1 (48),G3;763 (224),G3;7,7.1,1 (28), G377 (1), G3y7.731 (210),

G3:7,6,5 (112), 63,774 (35), G3;7,75,1 (140), G3;7.7,6 (D, G3;7,7,7,1 (7]

R x[G377 (1, G3i772 @D, G37.74 (35).G3i7,7,6 D]

G374 (39). G374 (388), G31751 (140), G376 (1), G3;7,50,1 (2016),
G37.44 (490), 3753 (588).2G3,76 (2x 140), G3.77.1 (1), G37.54.1 (3024),
Ga7.600 (1260), G3.7.63.1 (1323263764 (2 x 210), G3.7.72,1 (112),

2G37,73 (2x35), G764 (3402). G3.7.73 5 (490). G3:765,1 (735).
2G37,74,1 2 x224),G3766 (28). G3:7.7,5 @D, G3;7,743 (784),
G37,6,62 BH). G3,7,7,52 (392). G3;7.7,6,1 48). G3,7.7,63 (224)

G356,6,1 (189), G3i6.63 (840), G37,6.1,1 (189), G376 (140), G37,631 (1323),
G3:6,6,5 (378, G3,7,7,1,1,1 (84), G3.7,64 (210), G3;7751 (112), G317.73.1,1 (756),
G376,5,1 (739).G3:7.7.41 224), G766 (8), G3;7,7,5,1,1 (540), G3:7.7,6.1 (48),
G3:7,7.7,1,1 (28)

G3;7,5,1 (140), G3:7 53 (588), G37,6,1,1 (189), G3:7,6 (140), G377 (D),
G37,63.1 (1323),G3.75,5 (196), G3.7,64 (210), G37.70,1 (1),

2G3;7,73 (2% 35),63;7732 (490), G3;7,65.1 (735), G3;7,74,1 (224),

2G3;7,7,5 @ x21),G3;7,7,52 (392), G3;7,7,6,1 48), G3;7,7,7 (1), G3;7,7,7,2 (21)

3x[Gy7,6 M, G376 (140), Gai7.71 (1), G364 (210), G377 1 (112),
G3:7,7,3 (39).G3:7,7.41 (224), G3:7,66 (8), G3;7.75 2D, G3;7,7,6,1 (48)]

2x (G371 (. G3773 39).G3;775 @D.Ga777 )]

”3:/11.‘.5,11'
(24024)
Hagy g (3003)

2H3:4123.B
(2 x 4004)

H3:7,62 (140), H37,6.3.1 (1323), H3.7.64 (Q10), H3:7721 (112), H3:7 73 (35), Hy;7,642 (3402), H3,7.7.3.1,1 (756), H3;7.735 (490), H3.7 651 (735),2H7,7.4.1 (2 % 224),

H3:7.66 @8), H3775 @D, Hy;77.40,1 (2940), H3:7653 (3940), Hy;77.43

(784), H3.775.1,1 (540). H3.7 6.6 (540), 2H3.7 755 (2 x 392).2H3,77,61 (2 X 48),

H3:7,7,53,1 (3402), H3.7,6.64 (756), H3;7.75.4 (490), H3:77.60 1 (735),2H3:7763 (2 X 224), H3,77.7.11 (28), H3,77,72 @D, H37764,1 (1323), Hy;7773,1 C10),
H3776,5 (112). Hy:77.7.4 (5. H37775,1 (140)

Hyg7.1 (D, H3;770,1 (12),H3;773 (35). H37 732 (390), H3g 741 (224), H3775 @1, Hyg9.43 (184), Hyg.95 5 (392), H3:7.7.6.1 (48). H3:7.7.7 (1), H3;7.75 4 (490),
H37763 224), Hy:77.75 @1, H3g765 (112), H3:9.7.7.4 35), H37,776 (1)
2x[Hy7,64 @10, H3765,1 (735, Hy7,74,1 @289, 37,66 28).H377,5 @D, Hy7660 (40, Hag751,1 (540), H3:7752 (392),2H3;7,7,6,1 (2% 48). H377,621 (735),
H377,63 @24, H3;7.7.7,1,1 28), H3:7.7.70 @), Hy7.773,1 G10)]
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234y — _ _
@ x 1001) 2% [H3;773 (39), 374,10 @2, Hy7,5 G0, Hagg,50 (92, Hagg,61 (@8), Hg77 (0, Hyg 763 (224, Hag 772 @D, Hag7.7.4 (G9)]
RH3.4.8 (2 x 104) 2% [H3766 @8). H3:7761 (48). H3:7,77,1,1 28)]
2H3,4,, 2x91) 2x [Hy775 @D, Hyg76,1 @8).H3;777 (D, Hyz77, @]
H3 (1) H3;777 D
g 35), I5. 588), I3. 140), I3 7). I3 2016 37
[3:7.7.4 G- w‘ . 13,7,7,5,1 140, I3:7,7.6 (7). I3,7,7,52,1 (2016), B7741 @,07743 89,13.7751.1 (40).137752 (92),13.77,61 48),
3,7,7,44 (4907, 13,7753 (588), 213,776 (2% 140), 13,7771 (D), B;7753,1 3402), 137 754 (490),13,7762.1 (735),213,77,63 (2 x 224),
3024), I 1260), 1323), 21 2 %210 S i —
7| |2 (17472) 202541 DO U023 1 a0 LI P04 2O B37,7,7,1,1 @8, 137,772 @D, I3;7,7,632 (3024), I3;7.7,5,5,1 (1260),
Bdipza 372721 2,237,773 239, 13:7.7.6.42 (322)’13;7’7’7’3’2,(490)’ 577641 1B323),21377731 @x210),13:7765 (112),213.7774 (2 x 35),
377,651 (139, 203:77741 2 x224).13:77 66 (28).13,777,5 (21), 377652 @016). 1377733 @0). 137774, (88).213.7775,1 2 x 140),
3,7,7,7.43 (184, 13,7.7,6,6,2 (540), 13,777,523 (392),13;7,7,7,6,1 (48), P e
7 2 (224 137776 M. 13,7,7,7,53 (588),13;77762 (140). 1377771 (D 13,777,723 B9
3,771,763 (224) 371,753 137,773
3:7,6,6,1 (m),l3;7,(,76y3 (840), /3:77,6,1,1 (189).13.77,62 (140), 53766 (ﬁ)'[3;7‘6,6‘2 (m)~[3;7‘7,6,1 48),13:7,6,6,4 (756),13:77,62,1 (735),
P (s824) 3:7,7,63,1 1323). 137665 (378),13,7,7.7,1,1,1 84).13;77,64 (210), 57763 2241377711 28).13:77641 (BB). 13777211 G7),
3id.Ba 3,7,7,7.2,0 112),13;7773,1,1 (756),13:7,7,6,5,1 (735),13;7,7,7.4,1 (224), 1377731 @10, 13,7666 B, 13,7765 112, 13,777.4.1,1 (840),
3:7.7.66 28).13,7,77,5,1,1 (340 13:7.7,7,6,1 48).13,7.7,7,7,1,1 28) 377,661 (189,137,775, (140), I3,7,7,7,6,1,1 (189)
37,751 (140). 137753 (588). 1377611 (189).13:7762 (140).13:7771 (7). 775 @D.13:7752 (392).13:7761 @8).13:777 1. 137762,1 (735).
3,7,7,6,3,1 (1323), 13,7755 (196), 13:7 7 6 4 (210), 13,7775 1 (112), 137754 (490),13.7 763 (224),213.77 72 (2 x 21),13.77 6 4.1 (1323),
Bid1pa (4928) | 2137773 2 x35).13,77732 @0), I3,77,651 (735), 13:77,7.4,1 (229, 13;77,7,22 196), 1377731 @10), I3:77.65 (112), 213,777 4 2 x 35),
2137775 Cx 20, 1377750 (392, 1377761 (48),13:7.7,7,7 (1), 57,7742 388). 1377661 (189), 13,7775 (140),13:77.76 (.
13;7,7,7,6,2 (140)
5 3x (377,61 48,137,763 @24).13777,1,1 (@8). 13,7772 @D,
Bx (3776 M. 137762 140). 137771 (D.137764 (210).137772 (112),

313,44 (3 x 832) 377,62 LT BT T N0 137,764 10 357,772, K773 @I0).137765 (12). 137774 35). 1377751 (140, 137776 (.
3:4a 37773 351377741 @24.13.7766 @8.13,7775 @D, 1377761 (48)] I; 7;731 ] 7.7.6. 37,77 77,7 3,7,7,7,6
23,5 @x64) | 2x[l37771 D.13:7773 39.03:7775 @D 13,7777 D] 2% [I3y777 M. By7772 @D. 17774 G5).5;7776 D]

377,63 24,737,764, (1323).J3:77731 @10).J3.7765 (112).J3:777.4 35)./3:7,7,6,52 2016).3:7.7.741,1 B40).J3:77742 (588)./3.7766,1 (189).
J3. — —
8 73(’14116;3)’3 2J37,7,7,5,1 2 x 140), J3; 7,52,1 (2016),73.77663 (840),J3,77753 (588),3,7,7,76,1,1 (189),2J3;7,
J3:7,7,7,64 210,J3:777721 (12).J3:77773 (35),73;7.7,7,74,1 (224)
37,77 0037772 @D.J377,722 (196).73:7.7.7.4 35).73,7,7,7.42 (588), 377700 @8).73:77731 @10, 7377735 @0), 737775, (40),
T34y 4 4710 744 (490),73:777.6 (140), /377764 (210), 73,7.7.7.53 588). 377771 (D J3:7,7,7,55 (196)./3,7.7.7.73 35).
J3,7,7,7,7,5 @D 377,777 D

Jid < (2002) 377,72 @D 7377731 @10).J3:777.4 §5).J377742 588)./377751 (140). 737776 (D. /377753 (388)./3.77762 (140).73,777.7,1 (D). /377764 (210).
A5 7377773 39.737.77.75 @

I3:415.8 (896) 537,765 M2, J3.7766,1 (189),7377751 40), 737776 7. /3,777,611 189,737,776 (140), /377771 (D, J3,77,7,721 (112)

2034
(21‘ % 2x[37,7,7.4 B9, J3;77,7,51 M40),J37776 D.J3:7,7,7,62 A40,3777,7,1 (D /37,7773 39)]
23,4 @ x 14) 2x 37976 D2 372370 D]
K3:7,7,7,5 @D.K3:7,7,7,52 (392).K3:77,7,6,1 48).K3:777,7 (1, K3:777,5,1 (140),K3.77753 (588),K3,7.7.7,6,1,1 (189),K3,7.7,7,6,2 (140),
17.7,7,62,1 (739, K3:77.7.54 (490),K3:77763 (224),2K3;7,77,72 (2 x2D), 7770 D.K3:777631 (1323, K3.77755 (196), K3.77.7,6 4 (210),
9| | K3:415q (4928) | K3:7,7,7,64,1 (1323).K3:7.7.7.72 (196).K3:7.7773,1 210).K3:7776,5 (112), K3:7,7,7,72,1 (12).2K377773 2x35.K3,777732 (390).K3:7.7765.1 (735,
PK3:7,7,774 2% 39.K3777,742 (588).K3:7.7.7.66,1 (189).K3,7,77751 1400 K3:977741 (29).2K377775 @x2D).K3777.752 392.K3:7.777.61 (48).
37,774 6.2 (140) K3:7,7,77,7 1. K3;7.77,7,7.2 @D
377761 48).K377763 224.K3,7.777.1,1 28).K3,7.7.772 QD). 7776 D-K377762 40, K3.77771 (D.K3:77764 210,
K345 832) | K3;7,7,7,73,1 210),K3:7.7765 (112),K3,7.7.7,7.4 (35),K3,77.7,7,5,1 (140), 77720 A12,K3:7.7773 35).K3:7.7.774.1 224).K3.77766 (28),
37,7776 M- K377,7,7,7,7,1 D K3:7,7,7,75 @D, K3:77,7,7,6,1 (48)
2K3,4 2 x 64) | P x[K3:7777 (D.K3;777,72 @D.K3:7777.4 39).K3:77.77,6 D] 2% [K37777.1 D.K377773 §9.K3:77775 @D.K3:7.7.7.77 (D]
10 | £3;4;...4 (1001) 1377713 G L3777741 @24, 1377775 @D, L3;77,7.7,52 392).L3,7.7,7.7,61 @8).L377777 1.L3:7777.63 224.13:777,772 @D.L3;777774 35
L3:47, OD 1377775 @D, 13;777,7,6,1 481377777 1.13:77,77,7,2 2D
L3 M L3777 M
11 M35 (64) M3:7.9,7,7,7,0 D-M3:7.7,7,7,7,3 39, M3:7.9,7,7,7,5 BD.M3:7.7,7,7,7,7 (D M3:77,7,7,7 10:M3:777772 @D, M3777774 35, M3:777776

The 3-form multiplet, 3875 of Eg, is decomposed into the following O(7, 7) tensors

n 0(7,7) tensor A I 1B
2 D3 (1) D37 ()
3 E3 (64) E371 (0.E373 (35).E375 @1, E377 (1) ‘ E3;7 (1), E3;70 @), E374 G5).E3;76 (D
4 || Faay,y 364 F3:74 35).F3751 (140). F3;76 (1, F3,762 (140), F3.771 (). F3:7.73 (35)
F3.4 (14) F376 M. F3:771 (D
5 Gy (832) 037,61 (48).G3.763 224). G3:7,7,1,1 @8). G377 @D, G37,73,1 210), G376 (M- G37,62 (140), G771 (1, G764 (210), G377, (112),
’ G3;7,6,5 (112), G3;7,.7.4 35). G3;7,7,51 (140), G3;7.7,6 (1), G3;7,7,7,1 (1) 63,773 (39, G3;7,74,1 (224), G3;7,66 (28). G3;7,7,5 (21), G3;7,7,6,1 (48)
G35 (64) G377 (1. G3772 @1, Gy;7.7.4 35).G3776 D G3;7,7,1 (1. G3,7.73 (39, G3,7,75 2D, Gyy777 (D
6 || H3yy. 4 (1001) Hyg73 35). Hyg741 (24).Hy75 QD). Hyg75 (392).Hy7761 48).H3777 (0. H37763 224). Hy:7772 @D.H37774 35)
Hy 4 p (104) 37,66 28),H3;7,7,6,1 (48), H3;7,7.7,1,1 (28)
Hy gy, O 3775 @D. H3;776,1 (48). 137,77 (1. H3;77.75 21)
Hy (1) Hs.777 (1)
, ota 832) Ba16 D I37762 14037771 (DB37.7.64 210,137,771 (12), 137,761 48137763 @24.13:7,77,1,1 @8). 137772 @D.1377,731 210),
? 13,7773 35).13;7,7,74,1 224). 13,7766 (28).13;7,7,7,5 21, 13:7,7,7,6,1 (48) 137,765 2137774 39).1377751 0. 137776 . 1377771 (D
13,4 (64) B0 D.13:7.7,73 49,137,775 @D. 137,777 (1) B,77 0137772 @D, 13,7774 (39, 13:77.7,6 D
8[| /34,5 (364) J37,7,74 G9:J3:7,7,75,1 140),J3:7,7,76 (1,377,762 (140,937,7.7,71 D:43,7,7,7,7,3 (35)
3.4 (14 532726 - 37,7771 (D
9 K3;q (64) K3:7777 1.K3:77772 @1.K377774 35).K377776 (D K3:777,71 (D:-K377773 35).K3:77775 @D.K3:77777 ()
10 Ly M 1377777 @
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The 3-form multiplet, 248 of Eg, is decomposed into the following O(7, 7) tensors:

0O(7,7) tensor 1A 1IB
P34 (14) P76 D F37,7,1 D)
G3q (64) G377 1, G3i772 @1),G3774 (39),G3i7.7,6 D ‘ G377, (. G3;773 39).G3775 @D). G377 (1)
H3.4,, O1) Hy75 CD.H3;776,1 (48), H3;77,7 (1, H37.77, (21
H3 (1) 23737 @)
30 (69 57270 D 1377,73 G5, 13,7.7.75 AD. 137777 (D ‘ B77 137772 @D 137274 (9. 5377,76 D
3 J3.4 (14) 537376 D-S377771 D

ENIECA RN

-

Appendix H. SUSY potentials from B to Z

As discussed in Appendix F, O(10, 10) potentials with level n = 6 are the maximal we can determine
through the level decomposition of E11. If we do not care about the multiplicity, we can determine
all of the allowed O(10, 10) potentials up to level n = 34. As we observed at the low levels, the
underlined potentials are always coming with multiplicity 1, but some of the allowed potentials may
have multiplicity 0. Thus, in order to check whether such O(10, 10) potentials really appear in the
adjoint representation of £, we take a different approach.

InRef. [37], the Eg U-duality multiplets of exotic branes are searched by using the 7- and S-duality,
and we take a similar method here.!” Starting with a standard potential, such as the R-R potential, we
repeatedly perform T-duality (58) and S-duality (25) and obtain a chain of the underlined potentials,
which we here call “SUSY potentials”. Of course, this procedure generates infinitely many SUSY
potentials, and we need to cut off the potentials at a certain level. By using the ancillary files for
arXiv:1907.07177 [94], we have checked that we can determine all of the SUSY potentials, at least
up to level n = 36.!! Then, among the allowed O(10, 10) potentials generated by SimpLie, we have
identified which O(10, 10) potentials indeed appear with multiplicity 1, by comparing them with a
list of mixed-symmetry potentials.

We have determined all of the SUSY potentials up to n = 36, but here we show the results only
up to level n = 11. The results up to level n = 24 (potential Z) are given in the ancillary files
for arXiv:1907.07177 [94]. In addition, for potentials with level n > 1, we display only the type
II mixed-symmetry potentials associated with the highest-weights and the number of the poten-
tials (with different tensor structures) contained in the O(10, 10) multiplet is given in the square
bracket. For example, at level n = 1, there is only one O(10, 10) multiplet C; and it contains
five type IIA potentials, C1, C3, Cs, C7, Co, and six type IIB potentials, Cy, Co, C4, Cg, Cg, C1p.
The detailed contents for the higher levels can be easily generated by using the ancillary files for
arXiv:1907.07177 [94].

In this paper, we determined all of the SUSY potentials up to level n = 6, and they are precisely
the same as those obtained here. Namely, at least for n < 6, all of the underlined E1; potentials
are in a single orbit of Weyl reflections (7-/S-dualities). We expect that this is the case also for the
higher-level potentials, and the SUSY potentials obtained in this appendix will be all of the SUSY
potentials (with n < 24) predicted from the E1; conjecture.

10 Here, we perform the T-duality even in the timelike direction, and under that T-duality, type II theory
may be mapped to type II* theory, but we do not distinguish type II and type II* carefully. At least, the results
obtained here are totally consistent with the E; conjecture.

' A similar result up to level n = 25 has been obtained [80] but the reported number of potentials is much
smaller than that obtained here, and their analysis may be restricted to a certain subclass. For example, as
explained in footnote 6, L1071 (Which is predicted from E;;) was not considered there.
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n 0(10, 10) rep. Ey roots «; type IIA ‘ type 1IB

0 || [0,1,0,0,0,0,0,0,0,0] | [-1,-2,-2,-2,-2,-2,-2,-2,-1,0,-1] B, B, B

1 || [0,0,0,0,0,0,0,0,1,0] [0,0,0,0,0,0,0,0,0,1,0] Ci [5] ‘ Co [6]

2 1| [0,0,0,1,0,0,0,0,0,0] [0,0,0,0,1,2,3,4,3,2,2] Ds [5]

3 1/ [0,1,0,0,0,0,0,0,1,0] [0,0,1,2,3,4,5,6,4,3,3] Eg; [13] ‘ Eg [14]

4 1| [1,0,0,0,0,0,1,0,0,0] [0,1,2,3,4,5,6,8,6,4,4] Fo5[14]
[0,1,0,1,0,0,0,0,0,0] [0,0,1,2,4,6,8,10,7,4,5] Py 9]
[0,0,0,0,0,0,0,0,2,0] [1,2,3,4,5,6,7,8,5,4,4] Fio11 [5] Fy [6]

5 1/ [0,0,0,0,0,1,0,0,1,0] [1,2,3,4,5,6,8,10,7,5,5] G4 [17] G4 [18]
[1,0,0,1,0,0,0,0,0,1] [0,1,2,3,5,7,9,11,8,5,5] Gog [28] Gogs1 [28]
[0,2,0,0,0,0,0,0,1,0] [0,0,2,4,6,8,10,12,8,5,6] Gssi [13] Gss [14]

6 || [0,0,0,1,0,0,0,1,0,0] [1,2,3,4,6,8,10,12,9,6,6] Hipe2 [25]
[1,1,0,0,0,0,0,0,1,1] [0,1,3,5,7,9,11,13,9,6,6] Hog1 1321
[1,0,1,0,0,1,0,0,0,0] [0,1,2,4,6,8,11,14,10,6,7] Hy 74 [24]
[0,2,0,1,0,0,0,0,0,0] [0,0,2,4,7,10,13,16,11,6,8] H 5.6 9]

7 1/ [0,1,0,0,0,0,0,1,1,0] [1,2,4,6,8,10,12,14,10,7,7] Ios2.1 [31] Loso [32]
[0,0,1,0,0,1,0,0,0,1] [1,2,3,5,7,9,12,15,11,7,7] L1074 [40] L1074, [40]
[2,0,0,0,0,0,1,0,0,1] [0,2,4,6,8,10,12,15,11,7,7] Ioo3 [28] loo3, [28]
[0,0,0,2,0,0,0,0,1,0] [1,2,3,4,7,10,13,16,11,7,8] L0661 [17] Lioee [18]
[1,1,0,0,1,0,0,0,1,0] [0,1,3,5,7,10,13,16,11,7,8] logs, [48] Iogs [48]
[1,0,2,0,0,0,0,0,0,1] [0,1,2,5,8,11,14,17,12,7,8] lo77 [24] Io77, [24]
[0,3,0,0,0,0,0,0,1,0] [0,0,3,6,9,12,15,18,12,7,9] Lyssi [13] Iyss [14]

8 || [0,1,0,0,1,0,0,0,1,1] [1,2,4,6,8,11,14,17,12,8,8] o851 [60]
[1,0,0,0,0,0,1,1,0,0] [1,3,5,7,9,11,13,16,12,8,8] J10932 [28]
[0,0,1,1,0,0,1,0,0,0] [1,2,3,5,8,11,14,18,13,8,9] ooI32]
[0,1,0,0,0,2,0,0,0,0] [1,2,4,6,8,10,14,18,13,8,9] Jiogaa [15]
[1,1,1,0,0,0,0,1,0,0] [0,1,3,6,9,12,15,18,13,8,9] Jo.8.7.2 48]
[2,0,0,0,1,0,1,0,0,0] [0,2,4,6,8,11,14,18,13,8,9] Jog53 [30]
[1,1,0,1,1,0,0,0,0,0] [0,1,3,5,8,12,16,20,14,8,10] Jog.6.5 241
[0,3,0,1,0,0,0,0,0,0] | [0,0,3,6,10,14,18,22,15,8,11] Jss586 [9]
[1,0,3,0,0,0,0,0,0,0] [0,1,2,6,10,14,18,22,15,8,11] Jo.7.7:7 6]
[0,0,0,0,0,0,0,1,2,0] [2,4,6,8,10,12,14,16,11,8,8] Ji0.102.1.1 [13] J10.102 [14]
[0,0,2,0,0,0,0,0,0,2] [1,2,3,6,9,12,15,18,13,8,8] Jio77 [16] Ji77.11 [16]
[2,0,0,1,0,0,0,0,0,2] [0,2,4,6,9,12,15,18,13,8,8] Joo6 [28] Joge1.1 [28]
[2,0,0,1,0,0,0,0,2,0] [0,2,4,6,9,12,15,18,12,8,9] Jooe1.1 [28] Joos [28]

9 1/ [0,0,0,0,0,1,0,1,1,0]
[1,0,0,1,0,0,0,0,2,1]
[o,1,1,0,0,0,0,1,0,1]
[1,0,0,0,1,0,1,0,0,1]
[2,1,0,0,0,0,0,0,1,2]
[0,2,0,0,0,0,0,0,3,0]
[o,1,0,1,0,1,0,0,1,0]
[2,0,1,0,0,0,1,0,1,0]
[0,0,2,0,1,0,0,0,0,1]
[1,2,0,0,0,1,0,0,0,1]
[2,0,0,1,1,0,0,0,0,1]

[2,4,6,8,10,12,15,18,13,9,9]
[1,3,5,7,10,13,16,19,13,9,9]
[1,2,4,7,10,13,16,19,14,9,9]
[1,3,5,7,9,12,15,19,14,9,9]
[0,2,5,8,11,14,17,20,14,9,9]
[1,2,5,8,11,14,17,20,13,9,10]
[1,2,4,6,9,12,16,20,14,9,10]
[0,2,4,7,10,13,16,20,14,9,10]
[1,2,3,6,9,13,17,21,15,9,10]
[0,1,4,7,10,13,17,21,15,9,10]
[0,2,4,6,9,13,17,21,15,9,10]

Kio,1042,1 [31]
Kio96,1,1 [48]
Kiog72 [54]
Kio,53 [60]
Kooz [32]
Kiogs,1,1,1 [13]
Kios,64,1 [67]
K973, [60]
Ki07.7;5 [36]
Kogga [50]
Koges [48]

Kig,1042 [32]
Kiooe,1 [48]
Kiog72.1 [54]
Ki09,53.1 [60]
Koo, [32]
Kiogg [14]
Kioz,64 [68]
Ko 973 [60]
Ki0.7,75,1 [36]
Kogs4,1 [50]
Koges,1 [48]

[0,1,1,0,1,0,0,1,0,0]
[1,0,0,1,0,1,1,0,0,0]
[2,0,1,1,0,0,0,0,1,1]
[2,1,0,0,0,1,0,1,0,0]

[1,2,4,7,10,14,18,22,16,10,11]
[1,3,5,7,10,13,17,22,16,10,11]
[0,2,4,7,11,15,19,23,16,10,11]
[0,2,5,8,11,14,18,22,16,10,11]

74/78

[1,1,1,1,0,0,0,0,1,0] | [0,1,3,6,10,14,18,22,15,9,11] Kog76.1 [56] Ko 576 [56]
[0,4,0,0,0,0,0,0,1,0] | [0,0,4,8,12,16,20,24,16,9,12] Kssss1 [13] Kgsss [14]
10 || [0,0,0,0,1,1,0,0,1,1] | [2,4,6,8,10,13,17,21,15,10,10] L10,10,5.4,1 [48]
[0,0,0,1,0,0,0,2,0,0] | [2,4,6,8,11,14,17,20,15,10,10] Lio10622 [25]
[1,0,1,0,0,0,1,0,1,1] ' [1,3,5,8,11,14,17,21,15,10,10] L109.7.3.1 [90]

Liogs2 [72]
L10,9,6,4,3 [48]

Loo761[72]

L9,9.8,4,2 [60]
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[0,0,3,0,0,0,1,0,0,0]
[0,1,0,2,0,1,0,0,0,0]
[1,2,0,1,0,0,1,0,0,0]
[2,0,1,0,1,1,0,0,0,0]
[1,1,2,0,1,0,0,0,0,0]
[2,0,0,3,0,0,0,0,0,0]
[0,4,0,1,0,0,0,0,0,0]
[0,0,1,0,0,0,0,0,3,1]
[0,2,0,0,0,1,0,0,0,2]
[1,0,0,1,1,0,0,0,0,2]
[3,0,0,0,0,0,1,0,0,2]
[0,2,0,0,0,1,0,0,2,0]
[1,0,0,1,1,0,0,0,2,0]

[1,2,3,7,11,15,19,24,17,10,12]
[1,2,4,6,10,14,19,24,17,10,12]
[0,1,4,7,11,15,19,24,17,10,12]
[0,2,4,7,10,14,19,24,17,10,12]
[0,1,3,7,11,16,21,26,18,10,13]
[0,2,4,6,11,16,21,26,18,10,13]
[0,0,4,8,13,18,23,28,19,10,14]
[2,4,6,9,12,15,18,21,14,10,10]
[1,2,5,8,11,14,18,22,16,10,10]
[1,3,5,7,10,14,18,22,16,10,10]
[0,3,6,9,12,15,18,22,16,10,10]
[1,2,5,8,11,14,18,22,15,10,11]
[1,3,5,7,10,14,18,22,15,10,11]

L0775 [20]
L10,8,6,6.4 [27]
L9,8,8,6,3 [48]
L9,9,7,5.4 136]
Log775 [24]

L9.9.6,6,6 [8]

L8,8,8,8,6 [9]

Lig07,1,1,1 [28]
Liggga [38]
Liooes [48]
Logo3 [28]
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Lig,107,1 [28]
Lioggar [37]
Li09,65,.1.1 [48]
Logos1,1 [28]
Lipgga [38]
Ligges [48]

[0,1,0,0,0,0,0,2,1,0]
[2,0,0,0,0,0,1,0,2,1]
[0,0,0,1,1,0,0,1,0,1]
[0,0,1,0,0,0,2,0,0,1]
[1,0,1,1,0,0,0,0,1,2]
[1,1,0,0,0,1,0,1,0,1]
[0,2,1,0,0,0,0,0,0,3]
[3,0,0,1,0,0,0,0,0,3]
[0,0,0,0,0,0,0,0,5,0]
[0,0,0,2,0,0,0,0,3,0]
[1,1,0,0,1,0,0,0,3,0]
[0,0,0,1,0,2,0,0,1,0]
[0,2,0,1,0,0,0,1,1,0]
[1,0,1,0,1,0,1,0,1,0]
[2,1,1,0,0,0,0,0,2,1]
[3,0,0,0,1,0,0,1,1,0]
[0,1,2,0,0,0,1,0,0,1]
[0,2,0,0,1,1,0,0,0,1]
[1,0,0,2,0,1,0,0,0,1]
[2,1,0,1,0,0,1,0,0,1]
[3,0,0,0,0,2,0,0,0,1]
[0,1,1,1,1,0,0,0,1,0]
[1,3,0,0,0,0,1,0,1,0]
[2,0,2,0,0,1,0,0,1,0]
[2,1,0,0,2,0,0,0,1,0]
[1,2,1,0,1,0,0,0,0,1]
[2,0,1,2,0,0,0,0,0,1]
[0,0,4,0,0,0,0,0,1,0]
[0,5,0,0,0,0,0,0,1,0]

[2,4,7,10,13,16,19,22,16,11,11]
[1,4,7,10,13,16,19,23,16,11,11]

[2,4,6,8,11,15,19,23,17,11,11]
[2,4,6,9,12,15,18,23,17,11,11]
[1,3,5,8,12,16,20,24,17,11,11]
[1,3,6,9,12,15,19,23,17,11,11]
[1,2,5,9,13,17,21,25,18,11,11]
[0,3,6,9,13,17,21,25,18,11,11]

[3,6,9,12,15,18,21,24,15,11,12]

[2,4,6,8,12,16,20,24,16,11,12]
[1,3,6,9,12,16,20,24,16,11,12]
[2,4,6,8,11,14,19,24,17,11,12]
[1,2,5,8,12,16,20,24,17,11,12]
[1,3,5,8,11,15,19,24,17,11,12]
[0,2,5,9,13,17,21,25,17,11,12]
[0,3,6,9,12,16,20,24,17,11,12]
[1,2,4,8,12,16,20,25,18,11,12]
[1,2,5,8,11,15,20,25,18,11,12]
[1,3,5,7,11,15,20,25,18,11,12]
[0,2,5,8,12,16,20,25,18,11,12]
[0,3,6,9,12,15,20,25,18,11,12]
[1,2,4,7,11,16,21,26,18,11,13]
[0,1,5,9,13,17,21,26,18,11,13]
[0,2,4,8,12,16,21,26,18,11,13]
[0,2,5,8,11,16,21,26,18,11,13]
[0,1,4,8,12,17,22,27,19,11,13]
[0,2,4,7,12,17,22,27,19,11,13]
[1,2,3,8,13,18,23,28,19,11,14]

[0,0,5,10,15,20,25,30,20,11,15]
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Moo [28]
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[3,0,0,0,0,0,1,0,2,0] | [0,3,6,9,12,15,18,22,15,10,11] L9go31.1 [28] Logos [28]

[1,2,1,0,0,0,0,0,0,2] | [0,1,4,8,12,16,20,24,17,10,11] Logs7[32] Logs711[32]

[1,2,1,0,0,0,0,0,2,0] | [0,1,4,8,12,16,20,24,16,10,12] Logg711 [32] Logs7[32]
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Mio10822 [32]
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