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We study the relation between the instanton expansion of the Seiberg—Witten (SW) prepo-

tential for D = 4, N' =2 SU(2) SUSY gauge theory for Ny = 0 and 1 and the monstrous

moonshine. By utilizing a newly developed simple method to obtain the SW prepotential,
A2

it is shown that the coefficients of the expansion of ¢ = ¢**'* in terms of 4> = ez (Nr =

0) or % (Ny = 1) are all integer-coefficient polynomials of the moonshine coefficients of
the modular j-function. A relationship between the Alday—Gaiotto-Tachikawa (AGT) ¢ =
25 Liouville conformal field theory (CFT) and the ¢ = 24 vertex operator algebra CFT of

the moonshine module is also suggested.

Subject Index C32, H10, H16

Seiberg-Witten (SW) theory [1,2] is a method, or the entire framework thereof, for solving
analytically (and/or geometrically) the low-energy strongly coupled dynamics of D =4, N' = 2
(originally SU(2)) SUSY gauge theory, based on the idea that, after all, the complexified gauge
coupling can be identified (for the SU(2) case) as the complex structure modulus of an elliptic
fibration (see Ref. [3] for a review). It succeeded in determining the exact low-energy effective
prepotential including the full instanton contributions [4] in terms of some integrals on the
Seiberg—Witten curve. It has developed in connection with various research areas of modern
string theory and mathematical physics, such as embedding into M-theory/Gaiotto duality [5,
6], 7-brane system/F-theory [7-9], E-strings [10-13], Alday—Gaiotto-Tachikawa (AGT) 4D/2D
correspondence [14], and matrix models (see, e.g., Refs. [15-19]).

Monstrous moonshine, on the other hand, refers to the curious fact, first noticed by John
McKay in 1979, that the Fourier coefficients of the modular j-function can be written as a
simple linear combination of dimensions of irreducible representations of the monster group
[20] (see Ref. [21] for a review including interesting anecdotes about monstrous moonshine).
The reasoning for this coincidence was given by constructing ¢ = 24 vertex operator algebra
conformal field theory (CFT) whose character is the j-function such that the monster group
acts on this module as a symmetry [22, 23]. Later it was shown that this was a Z, asymmetric
orbifold [24].
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In this letter, we study the relation between the two. In fact, the fact that the two are related is
not in itself surprising. This is because an SW curve is a rational elliptic surface over the u-plane
and the j-function is a fundamental function in the theory of elliptic functions. However, the
details of this specific relationship have not been known until now. This letter fills this gap.

We use a newly developed method for easily deriving the SU(2) SW prepotential to show that
the coefficients of the instanton expansion of the prepotential are related to the monstrous

moonshine in a way specifically explained in the text. In particular, it is shown that, in the Ny

= 0 case, the coefficients of the expansion of ¢ = ™" in terms of 4> = %:2 are all integer-
coefficient polynomials of the moonshine coefficients. A similar thing holds for Ny = 1.
The idea of the new method is very simple. The modular j-function has an expansion in terms

of g = e as!

1
J(T) = = + 744 + 196 884¢ + 21493 760¢> + 864 299 9704 + 20245856 2564* + O (¢°) .(1)
q

Thus ¢ is conversely expanded in terms of % as

2 3 4 5
g="'4a () +@+a)(}) +(@+3aa+a)(t) +0 ((;) ) 2
where ay = 744, a; = 196884, ay, = 21493 760,... are the coefficients of the expansion (1).
Note that the coefficient of the (%)k term in Eq. (2) is an integer given by a (k — 1)th-order
homogeneous polynomial of g; if the “degree” of g; is counted as i + 1. Since ¢ = ¢*™'*, we can
obtain 27i times the prepotential by taking its logarithm and integrating it with respect to «

twice. On the other hand, if we suppose that the SW curve is given in the Weierstrass form

Y2 =X+ f()X + g, (3)
then its complex structure modulus 7 is found by inversely solving the equation
123 -4 f(u)’
i(t) = : 4
= 7wy + 27507 @

We expand the rhs of Eq. (4) by u around u = oo, thereby obtaining a 1/j-expansion of 1/u.
Furthermore, since the 1/a-expansion of 1/uis obtained by the period integral on the SW curve,
we end up with the 1/a-expansion of ¢, from which the 1/a-expansion of the prepotential F is
obtained.

As a concrete example, let us consider the pure (N = 0) SU(2) N' = 2 SYM theory. The SW
curve is given in the quartic-polynomial representation as [25]

¥ =C(x)* — G(x), C(x)=x*—u, G(x)=A* (5)
This is equivalent to the Weierstrass form
Y =X+ f(w)X + gu),

16
Sw) = —?Mz +4A%,

128 16
g(u) = —7u3 + ?A“u. (6)

The integral of the holomorphic differential along the cycle that collapses as u — oo yields g_Z’
which can be obtained by, for instance, solving the Picard—Fuchs equation [26]. The result is

da N2 (13 A
w3 v

Z ) Zs ) u2
IAll the series expansions performed in this letter have been assisted by Mathematica.
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Integrating this with respect to u, we find
(4n —3)!
Z 42n (n;)z uz ’ (8)

where we have used the infinite series representation of the hyperelliptic function.

Looking at this, it might appear that, except for its prefactor, « has a series expansion in
‘;—24 with rational-number coefficients whose denominators are integers containing very many
prime factors. This is not case, however, as all the factors of powers of odd prime integers in
(n!)? are contained in (4n — 3)!! and hence cancel out, leaving only powers of 2 in the denomi-
nator. Moreover, these factors of powers of 2 turn out to be absorbed if we take the expansion

A4 - A4 .
parameter to be ¢ instead of 5. Therefore, defining

U=—, 9)

A? is expanded by U as
U
(S et avey)’
= U +8U> 4 168U° + 5056U7 + 184 040U° + 7525440U'" 4 332612800U 13
+ 15538219 520U + 756 483 502 440U 17 + 38 023 703 291 200U °
+ 1960287432256 832U%" + 103 165644 665826 816U + 0 (U*), (10)

A =

where the coefficients are all positive integers. Note that the factor of 8 in the denominator of
U is the smallest one that can absorb all the factors of powers of 27! in the expansion. This U
is inversely expanded by A% as

U=A>—8A4°+244"0 — 4484 — 45204'% — 151 8724%* — 40952964
— 1240704004 — 388603063243 — 126 167 064 6404°% — 4206 822 732 736 4%
— 1433838135659524% + 0 (4™). (11)

On the other hand, by plugging Eq. (6) into Eq. (4), we have
1 U*(1-64U%)
o (1-480?)
= U* 4 80U + 4608U% + 221 184U + 8847 360U > 4 254803 968U '
— 782757789 696U '® — 84537841287 168U%° — 6763027 302973 440U >
— 476 117122129330 176U + O(U%). (12)
Thus, using this in Eq. (11), we obtain an 4%-expansion of % This expansion can be further
used in Eq. (2) to finally obtain an 4%-expansion of ¢. We can see from Egs. (2), (12), and (11)

that its expansion coefficients are all integer-coefficient polynomials of the a;. Though we do
not present an explicit expression for this expansion of ¢, we instead show the expansion of its
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Table 1. The instanton expansion of the prepotential for Ny = 0 and the monstrous moonshine. If we use
the actual values of the Fourier coefficients a; of the j-function in the middle column, we re-derive the
correct F in the right column on the corresponding row. Since each ¢; is an integer-coefficient linear com-
bination of the dimensions of irreducible representations of the monster, Fy is also a rational-coefficient
polynomial of them.

k Rational-coefficient polynomial of ¢; F
1
1 44 3 2 2
2 a1)+9 %
2
3 48(00 304) 3
412.11-10 218
4 3 (a(J+2496ag+201 1570368 ) 1469
231
5 8 (5a0+88()a0+10a1 —3352464) 4471
420.19.18 2%.5
6 $(a3+7200a3+6a1ag—3447 648a9+14 400, +3a,—3648 416 256) 40397
4742322 25
7 8 (7a3+9968a3 +42ayay—12 245 520a9+19 936a;+21a,—6513 833 472) 441325
4782726 7.7
8 866589 165

64
1 (414208341241 a3 +140 16043 +85 248ay ag+12aza0— 15 707 695 10day-+6a2+280 320a; +42 624ar+-4a; —6519 374 734 464) 2

73130

logarithm:

27it = log A% + 48A4* + (ag + 96)A® + 48(ay — 304)A4"?

1 48
+3 (ag + 2496y + 2a; — 1570368) A4'® + < (Sag + 880ay + 10a; — 3352464) 4>
1
+3 (ag + 7200a5 + 6aag — 3447 648y + 14400a; + 3a, — 3648416 256) A*
48
+ = (7Tag + 9968ag + 42ayay — 12245 520ay + 19936a; + 21a, — 6513 833472) 4%

1
+7 (ag + 1420843 + 12a1a + 140 160ag + 85 248a1ay + 12aaq

— 15707695 104ay + 64> + 280 320a; + 42 6244, + 4a;

— 6519374734464) 4% + O (4**). (13)

Thus we can find the expansion of 2xi times the prepotential F by integrating Eq. (13) with
respect to a twice. For example, if we integrate the second term 484* with respect to a twice,

we get
(f day 48  A* 1 A*
484* — 14
#3282 RNa 19
which agrees with the k = 1 term of the known N, = 0 prepotential
ia A 4k
F=>= 410g——6+810g2 ka (15)
2w p a

(Table 1). From the third term (ay + 96)A4% we can compute the k = 2 term. By using ay = 744
we find
(J day ay+96 Al 5 A% 5 A8
96)4° == 16
(60 +96) .76 a5 T 16384 a5 21 4 (16)
which is also the correct result.
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In fact, ap = 744 (= 3 x dimEg) has nothing to do with the monster; the first Fourier coefficient
a; related to monster representations appears for the first time in the 4'® term. From this, by
using ap = 744, a; = 196 884 and integrating with respect to a twice, we find

o (do 5(=1570368 + 2496ay + aj + 2a1) A'°
41615 14 a*

1
E(—1570 368 + 24964y + aj + 2a;) A

1469 A1

= 31 L4 (17)

which is a correct answer. In this way, all the known results can be correctly recovered. Inciden-
tally, since this method directly determines t, it also correctly produces the perturbative part
of F (15). Indeed, 2L><

1 A8
/da/dalogAg = 64> + 34 ?log (216a8) (18)

coincides with the perturbative part.
Similar is true for Ny = 1. The SW curve for Ny = 11is

P =Cx) - G(x), C(x)=x>—u, G(x)=A(x+m) (19)
in the quartic-polynomial representation, whose equivalent Weierstrass form reads

Y2 = X3+ f(u,m)X + g(u, m),

16
f(u,m) = ——u 2+ 4N%m,
128 16
g(u,m) = 27 4 ?A mu — AS. (20)

From these data, 1/j can be computed as
1 U (649 +432) U3 — 72mU? — i?U + 1)
j (48mU? — 1)’
=—U’ + it U* — 72mU° + (80r° — 432) U° — 3456/° U’

+ (13824s71* — 144im (6417 + 432)) U® — 110592° U°
+ (110592070 — 13 824s* (64sir° + 432)) U™
+ (79626 240m° — 1105920s° (64’ + 432)) U'? 4 382205 95273° U
+ (5
+

350883328/ — 79 626 240" (641’ + 432)) U'* + 42807 066 62417°U 1°
342456 532992/ — 5350 883 32871 (641° +432)) U'° + O (U"), (1)

A

where U = & 7 = # in this N; = 1 case.
On the other hand, % is given by using the quadratic and cubic transformations of the hy-
pergeometric functions [27]

da _ F(llz iz li 11)
u  /2A=3f(u, m))i

5/9
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Plugging Egs. (20), (21) into this equation, we find
da 1
232

—360360/*U7 + (900 90077:* + 2162 16072) U® + (—24 504 4803° — 4084 080) U”

+ (46558 5127 4232792 560°) U'° + (—1629 547 920ri* — 931170 2401i2) U

+ (2498 640 144/1° + 21416915 5201 + 1338 557220) U

+ (—107084 577 600 — 133855722 00077*) U

+ (137680 171200/0" + 1807 052247 000ri2* + 401 567 166 000s72) U'* + O (U"°) X23)

(1 + 12U? — 60U + 420/ U* — 5040mU° + (18 4807° + 13 860) U*

Integrating this with respect to u, we derive a u-expansion of a, from which the expansion of

_ A _ A .
U = i in terms of 4 = 175 18 found as follows:

U =A% —8A%1+244% + 244" rm* + 644" — 8A™ (560 + 81) + 69604 '*rir®
— 404" (i (11312 + 1128)) + 3844 (449s° + 268) — 134447 (i (113117 + 1517))
+ 12847771 (46 7351 + 77 976) — 847 (511 91273° + 11 530 560771 + 2197 485)
+0(4Y). (24)

Thus % is expanded by 42, whose coefficients are this time integer-coefficient polynomials of
mi. This yields

q=—A°+ A%* — 484" + A" (ap + 48 — 504) — 24" ((ap + 372)#r)
+ A" ((ap + 1248)* + 96(ag — 512)11)
+ A" (=192(ag — 212)7#* — af + 1008ay — a; — 61 992)
+ 3A4%°m (32(ap + 88)ir’ + af + 928ag + a; — 939920)
— 347 (i1 ((ag + 2864ag + a1 — 1343 656) i’ + 48a; — 488964y + 48(a; + 67 320)))
+ A% ((ag + 4800ag + a; — 1149 216) 1in® + 48 (9ag — 3264ag + 9a; — 2473 280) rir’
+ ay — 1512a5 — 1512a;y + 3ag(ay + 126 000) + a, — 2282112)
— 447 (i (12 (9a3 + 2640aq + 9a; — 4424 600) 7ir* + aj + 1530a;
+ 3(ar — 915340)ag + 1530a; + a> + 215271 600))
+ 647 (8 (3aj + 28484y + 3(a; — 583120)) 11t + (ay + 4572a5 + 3(ar — 1279 560)aq
+ 4572ay + a, — 632801 280) 771" + 32 (ay — 1524ag + 3(ar + 130 008)ay
— 1524a; + ay — 2995 968) 7i1)
+ A (=4 (a3 + 76144 + 3(a1 — 966 660)ag + 7614ay + ar — 2146 774 992) 1i°
— 768 (aj — 498aj + (3a; — 670444)ay — 498a; + a; + 73 856 560) rir’
— dg +2016a; — 2a° — 948 024a; — 6a3(a; 4 158004)
+ ay(6048a; — 4ay + 67052 160) + 20164, — a3 — 146853 000)
L0 (A32) ’ (25)
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Table 2. The instanton expansion of the prepotential for Ny = 1 and monstrous moonshine. We have
defined 77 = % and 1 = 4Tm. Note that ]-',ivf:l in this table is related to ]-',i in Appendix D of Ref. [28] as

N,=1
Fl= 1A2"]-" /=" (here), A| = A (here).
. . . Ny=l1
k Rational-coefficient polynomial of a; F!
5 3 (96rm—rin*) ot
(4v2)4:32 32 48
3 1 (1512—3ay—1#1°) 3 s
(4+/2)6-5.4 8192 480
4 1 ((4ag+384)i® —iin®) s
(44/2)8.7-6 16384 2688
5 1 ((—240a9+124800)i—1'*) T @
(44/2)10.9.8 393216 11520
6 (=390 096—3024ag+3a3+6a1+(—87 552-+288aq iir* —iin'?) 153 " a2
(4v/2)12.11-10 536870912 262 144 ~— 42240
7 1((7382760—5208a0—Taj —14ay )ir* ') skt
(44/2)14.13.12 536870912 139776
3 %((—46 891 008—393 216ao+384a(2)+768a1 )m+-(—6281 472+9984ao+4a§+8a1 it —i10) 1131 + 1469574 e
(4v2)16-15.14 21474836480 T 2147483648 ~ 430080
3 ( 864a 3 4366 336agi’> — 1728aym® — 3(10 + 4536a — 557928ay
718
9 —18a0a1 +9072a; — 9a> — m'® + 381411 072° + 123 415488) 385 P jon

@V2)5.17-16 T 549755813888 4294967296 1253376

whose coefficients are again integer-coefficient polynomials of «@; and .. The ay, a;, and a3
related to the monster group representation appear for the first time in the coefficients of A4'3,
A% and A%, respectively. Taking the logarithm and integrating with respect to a twice, we can
derive 2mi times the Ny = 1 prepotential

. 2k
FN=1 ’2 (31 a4 —( 9+ 151log2 + i) — OgA Zfo ! < ) ) (26)
with ]—}iv /=! shown in Table 2.

In this letter, we have shown that, in both the Ny = 0 and 1 cases, ¢ is expanded by 4% whose
coefficients are integer-coefficient polynomials of a; (as well as /i1 for Ny = 1) if 4 oc a~! is ap-
propriately defined. As a result, the coefficients of the instanton expansion of the prepotential
are expressed as rational-coefficient polynomials of the “moonshine coefficients” a; (as well as
1 for Ny = 1) as shown in Tables 1 and 2. We expect a similar relationship to hold for Ny =2
and 3, and perhaps even for E-string theory.

From these tables, we can see that in both cases the polynomials contain “inhomogeneous
terms”’; 1.e., the terms that remain after all a; are set to 0. Of course, these numbers are not
arbitrarily determined, but are determined by the given SW curves. In fact, setting all ¢; to 0 in
Eq. (1) amounts to approximating j(t) by é. Since

oS+ 98498 ’
Jj(t) = % . (27)

this implies that the whole affine Eg character is replaced solely by the contribution of the
ground state. Thus we may conclude that these inhomogenous terms represent information on
the ground state of the moonshine module.

We note that something similar occurs with the asymptotic behavior of the Atiyah—Hitchin
(AH) metric, where the similar replacements 93 — 1, 34 — 1, 8, — 0, and n — qlet lead to
the Taub-NUT metric with a negative NUT charge [29-32]. The AH space is known to be the
moduli space of D =3 N =2 SU(2) SUSY gauge theory [33], and the instanton corrections
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resolve the singularity of the negative-charge Taub-NUT. Since the Taub-NUT space is the
transverse space of the M-theory lift of a D6-brane and the AH space corresponds to an O6-
plane, our results in the present analysis may be considered to show the corresponding facts in
the D7/07 system.

The results in Tables 1 and 2 also show that the coefficients of the polynomials of «; con-
tain large integers (unlike the moonshine). Since each term of the instanton expansion of the
prepotential is known to be expressed as a ¢ = 25 Liouville correlation function [14], while the
moonshine module is a Z, orbifold of ¢ = 24 vertex operator algebra CFT [24], we suspect that
these mysterious large numbers may be interpreted as a contribution coming from the missing
¢=1CFT.

The author thanks Kazunobu Maruyoshi, Sota Nakajima, Kazuhiro Sakai, and Taro Tani
for valuable discussions.

References

[1] N. Seiberg and E. Witten, Nucl. Phys. B 426, 19 (1994); 430, 485 (1994) [erratum][arXiv:hep-
th/9407087] [Search inSPIRE].
[2] N. Seiberg and E. Witten, Nucl. Phys. B 431, 484 (1994) [arXiv:hep-th/9408099] [Search inSPIRE].
[3] Y. Tachikawa, arXiv:1312.2684 [hep-th] [Search inSPIRE].
[4] N. Nekrasov and A. Okounkov, Prog. Math. 244, 525 (2006) [arXiv:hep-th/0306238] [Search inSP
IRE].
[5] E. Witten, Nucl. Phys. B 500, 3 (1997) [arXiv:hep-th/9703166] [Search inSPIRE].
[6] D. Gaiotto, J. High Energy Phys. 1208, 034 (2012) [arXiv:0904.2715 [hep-th]] [ Search inSPIRE].
[71 A. Sen, Nucl. Phys. B 475, 562 (1996) [arXiv:hep-th/9605150] [Search inSPIRE].
[8] O. DeWolfe, A. Hanany, A. Igbal, and E. Katz, J. High Energy Phys. 9903, 006 (1999) [arXiv:hep-
th/9902179] [ Search inSPIRE].
[9] Y. Yamada and S. K. Yang, Nucl. Phys. B 566, 642 (2000) [arXiv:hep-th/9907134] [ Search in-
SPIRE].
[10] W. Lerche, P. Mayr, and N. P. Warner, Nucl. Phys. B 499, 125 (1997) [arXiv:hep-th/9612085] [Sear
ch inSPIRE].
[11] J. A. Minahan, D. Nemeschansky, and N. P. Warner, Nucl. Phys. B 508, 64 (1997) [arXiv:hep-
th/9705237] [ Search inSPIRE].
[12] T. Eguchi and K. Sakai, J. High Energy Phys. 0205, 058 (2002) [arXiv:hep-th/0203025] [ Search
inSPIRE].
[13] T. Eguchi and K. Sakai, Adv. Theor. Math. Phys. 7, 419 (2003) [arXiv:hep-th/0211213] [ Search
inSPIRE].
[14] L. F. Alday, D. Gaiotto, and Y. Tachikawa, Lett. Math. Phys. 91, 167 (2010) [arXiv:0906.3219
[hep-th]] [Search inSPIRE].
[15] R. Dijkgraaf and C. Vafa, Nucl. Phys. B 644, 21 (2002) [arXiv:hep-th/0207106] [Search inSPIRE].
[16] R. Dijkgraaf and C. Vafa, arXiv:0909.2453 [hep-th] [ Search inSPIRE].
[17] A. Mironov and A. Morozov, Phys. Lett. B 680, 188 (2009) [arXiv:0908.2190 [hep-th]] [ Search
inSPIRE].
[18] H.Itoyama, K. Maruyoshi, and T. Oota, Prog. Theor. Phys. 123, 957 (2010) [arXiv:0911.4244 [hep-
th]] [ Search inSPIRE].
[19] T. Eguchi and K. Maruyoshi, J. High Energy Phys. 1002, 022 (2010) [arXiv:0911.4797 [hep-th]] [
Search inSPIRE].
[20] J. H. Conway and S. P. Norton, Bull. Lond. Math. Soc. 11, 308 (1979).
[21] J. McKay and Y. H. He, ICCM Not. 10, 71 (2022) [arXiv:2106.01162 [math.HO]] [Search inSPIR
E].
[22] 1. B. Frenkel, J. Lepowsky, and A. Meurman, Proc. Natl. Acad. Sci. U.S.A. 81, 32566 (1984)
[23] I. B. Frenkel, J. Lepowsky, and A. Meurman, in Vertex Operators in Mathematics and Physics
(Springer, New York, 1985), p. 231.
[24] L. J. Dixon, P. H. Ginsparg, and J. A. Harvey, Commun. Math. Phys. 119, 221 (1988).

819

€20z Aenuer Gz uo Jasn uo}01ydUuAS usuoupd 3 sayosineq Aq 680G//9/10912L/21/2z20z/21onie/dayd/woo dnoolwapede)/:sdiy woly papeojumoq


https://arxiv.org/abs/hep-th/9407087
https://inspirehep.net/literature?q=find%20EPRINT%20hep-th/9407087
https://arxiv.org/abs/hep-th/9408099
https://arxiv.org/abs/1312.2684
https://inspirehep.net/literature?q=find%20EPRINT%201312.2684
https://arxiv.org/abs/hep-th/0306238
https://inspirehep.net/literature?q=find%20EPRINT%20hep-th/0306238
https://arxiv.org/abs/hep-th/9703166
https://inspirehep.net/literature?q=find%20EPRINT%20hep-th/9703166
https://arxiv.org/abs/0904.2715 \ignorespaces [hep-th]
https://arxiv.org/abs/hep-th/9605150
https://inspirehep.net/literature?q=find%20EPRINT%20hep-th/9605150
https://arxiv.org/abs/hep-th/9902179
https://arxiv.org/abs/hep-th/9907134
https://arxiv.org/abs/hep-th/9612085
https://inspirehep.net/literature?q=find%20EPRINT%20hep-th/9612085
https://arxiv.org/abs/hep-th/9705237
https://arxiv.org/abs/hep-th/0203025
https://arxiv.org/abs/hep-th/0211213
https://arxiv.org/abs/0906.3219
https://inspirehep.net/literature?q=find%20EPRINT%200906.3219
https://arxiv.org/abs/hep-th/0207106
https://inspirehep.net/literature?q=find%20EPRINT%20hep-th/0207106
https://arxiv.org/abs/0909.2453 \ignorespaces [hep-th]
https://arxiv.org/abs/0908.2190 \ignorespaces [hep-th]
https://arxiv.org/abs/0911.4244 \ignorespaces [hep-th]
https://arxiv.org/abs/0911.4797 \ignorespaces [hep-th]
http://dx.doi.org/10.1112/blms/11.3.308
http://dx.doi.org/10.1112/blms/11.3.308
http://dx.doi.org/10.1112/blms/11.3.308
https://arxiv.org/abs/2106.01162
https://inspirehep.net/literature?q=find%20EPRINT%202106.01162
http://dx.doi.org/10.1073/pnas.81.10.3256
http://dx.doi.org/10.1073/pnas.81.10.3256
http://dx.doi.org/10.1073/pnas.81.10.3256
http://dx.doi.org/10.1007/BF01217740
http://dx.doi.org/10.1007/BF01217740
http://dx.doi.org/10.1007/BF01217740

PTEP 2022, 121B01 S. Mizoguchi

[25]
[26]

[27]

(28]
[29]

[30]
(31]
(32]

[33]

A. Hanany and Y. Oz, Nucl. Phys. B 452, 283 (1995) [arXiv:hep-th/9505075] [Search inSPIRE].
A. Klemm, W. Lerche, and S. Theisen, Int. J. Mod. Phys. A 11, 1929 (1996) [arXiv:hep-th/9505150]
[Search inSPIRE].

T. Masuda and H. Suzuki, Int. J. Mod. Phys. A 12, 3413 (1997) [arXiv:hep-th/9609066] [Search in
SPIRE].

Y. Ohta, J. Math. Phys. 37, 6074 (1996) [arXiv:hep-th/9604051] [Search inSPIRE].

M. F. Atiyah and N. J. Hitchin, The Geometry and Dynamics of Magnetic Monopoles: M. B.
Porter Lectures (Princeton University Press, Princeton, NJ, 1988).

G. W. Gibbons and N. S. Manton, Nucl. Phys. B 274, 183 (1986).

E. J. Weinberg and P. Yi, Phys. Rept. 438, 65 (2007) [arXiv:hep-th/0609055] [ Search inSPIRE].
H. Imazato, S. Mizoguchi, and M. Yata, Int. J. Mod. Phys. A 26, 5143 (2011) [arXiv:1107.3557
[hep-th]] [ Search inSPIRE].

N. Seiberg and E. Witten, arXiv:hep-th/9607163[Search inSPIRE].

9/9

€20z Aenuer Gz uo Jasn uo}01ydUuAS usuoupd 3 sayosineq Aq 680G//9/10912L/21/2z20z/21onie/dayd/woo dnoolwapede)/:sdiy woly papeojumoq


https://arxiv.org/abs/hep-th/9505075
https://inspirehep.net/literature?q=find%20EPRINT%20hep-th/9505075
https://arxiv.org/abs/hep-th/9505150
https://inspirehep.net/literature?q=find%20EPRINT%20hep-th/9505150
https://arxiv.org/abs/hep-th/9609066
https://inspirehep.net/literature?q=find%20EPRINT%20hep-th/9609066
https://arxiv.org/abs/hep-th/9604051
https://inspirehep.net/literature?q=find%20EPRINT%20hep-th/9604051
https://arxiv.org/abs/hep-th/0609055
https://arxiv.org/abs/1107.3557 \ignorespaces [hep-th]
https://arxiv.org/abs/hep-th/9607163
https://inspirehep.net/literature?q=find%20EPRINT%20hep-th/9607163

