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ABSTRACT

It is known that the Dp-brane world-volume is non-commutative
if open string ends on a Dp-brane with Neveu-Schwarz field B,,,,. We
will show that the dilaton field & turns the conformal part of the
world-sheet metric to new non-commutative variable and the coordi-
nate in 0, ® direction to commutative one. We apply the canonical
method and treat the boundary conditions as constraints.

1. Introduction

Quantization of the open string, ending on Dp-brane with nontrivial anti-
symmetric tensor field B, leads to non-commutativity of Dp-brane world-
volume. This result has been obtained in the literature [1]-[3], for constant
metric G, and antisymmetric tensor B, .

In this lecture notes, following ref.[4], we include the linear part of the
dilaton field ®, which turns the coordinate in d,,® direction to commutative
one. We preserve the condition for the background fields G, and B, to
be constant, and impose the same assumption for 0,®. This choice is
consistent with the space-time field equation, obtaine(f from the quantum
world-sheet conformal invariance. The noncommutative properties of this
theory, have been studied in refs. [4], [5].

In the above choice of background, conformal part of the world-sheet
metric, F', is a dynamical variable. So, beside the known boundary condi-

ton 7§0)|32 = 0, corresponding to the Dp-brane coordinate x* there is an

additional one (%) |os; = 0, corresponding to the variable F'. In ref. [4], the
conformal part of the metric has been fixed and the additional boundary
condition, ’y(o)!az = 0, has been lost.

Following the paper [4], we apply the canonical method and treat bound-
ary conditions as canonical constraints. We show that they are of the second
class. Instead to use the Dirac brackets, as in ref.[3], we explicitly solved the
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constraints in terms of the open string variables: the effective coordinate
q" and the effective conformal part of the world-sheet metric f.

We find the energy-momentum tensor components in terms of the open
string variables. They have exactly the same form as original ones, but
with different Dp-brane background fields. The explicit dependence on
antisymmetric field disappears and it contributes only to the effective metric
tensor Gjj. This metric tensor and the non-commutativity parameters,
explicitly depend on the dilaton field. The effective dilaton field is linear
in the open string coordinate ¢*.

We calculate Poisson brackets of all the variables. We find that the
conformal part of the metric does not commute with the Dp-brane coordi-
nates, on the world-sheet boundary. On the other hand, there exists one
Dp-brane coordinate, x = 2#0,®, which commutes with all other variables.

In ref.[5] the commutative direction is a consequence of the relation,
0,®BY, = 0. In particular, this condition reduces our effective met-
ric tensor and non-commutativity parameter to ones of ref.[5], while non-
commutativity parameter between coordinates and conformal factor van-
ishes. Consequently, our results are more general, because they valid with-
out above restriction on background fields. Boundary conditions, which we
obtained from the action principle, are enough to fulfill requirement that
there is no net flow of energy and momentum from the boundary.

2. The model
We are going to consider the action [6]-[10]

1 of
S = /{/ d’¢\/—g { [590‘66’“1,(30) 4+ Fuv(x)| Ozt Oz’ + @(x)R(Q)} ,
)

V=g
(1)

which describes propagation of the bosonic open string. By z#(§), (un =
0,1,...,D — 1), we denote the D dimensional space-time coordinates, and
chose the gauge so that z'(i = 0,1,...p) are the Dp-bane coordinates.
Here, £“ (v = 0, 1) are coordinates of the two dimensional world-sheet 3,

while gng is the intrinsic world-sheet metric and R® is the corresponding
scalar curvature. The string propagates in the non-trivial, z* dependent,
background described by: metric tensor G, antisymmetric tensor field
B, = —B,,, dilaton field ® and U(1) gauge field A; living on the Dp-
brane. The modified Born-Infeld field strength

.7:“,/ = Bwj + (@A] — a]Al)(S;(;lJ, , (2)
incorporate the antisymmetric field with the field strength of the vector

field. We will use the notation 0, = agim Oy = % and 0; = %.
In the conformal gauge

Gop = € Nag (3)
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we have R® = 2AF, and the action takes the form

1
S = K,/ d*¢ { [—no‘ﬁGW(:U) + e F,(x) | Daxt Oz’ + 2(I>(;1:)62FAF} .
by

2
o . . (4)
As a consequence of nontrivial dilaton field, the action explicitly depends
on the metric tensor component F' and looses the conformal invariance.

2.1. Solution of the space-time field equations

The condition for the world-sheet conformal invariance produces the space-
time field equations [7]

ﬂg/ERMV_%‘FMPU}-MPU"FQDMQV:Oa (5)
S = D,Fh, — 2a,Fh, =0, (6)
D — 26
B =47k — R+ %}“ﬂpa}wm — 4D, a" +4a2 =0, (7)

were a, = 0,® is gradient of the dilaton field, F,,, is field strength of
the ﬁeﬁl Fu and Ry, R and D, are Ricci tensor, scalar curvature and
covariant derivative with respect to the space-time metric. For

26 - D
a2:/<c7r63 , (8)

there exists the exact solution of the form (see ref.[10])

Guw(zr) = G =const, Fu(x) = F = const,
O(z) = Po+auzt. (a, = const) 9)

As usual, the central charge, c = D + n—37ra2, is equal to 26. We require
a® # 0, so that in the present example, the number of space-time dimensions
is smaller then 26.

For simplicity, we suppose that antisymmetric tensor and the gradient
of dilaton field are nontrivial only along directions of the Dp-brane world-
volume, so that F,, — F;; and a, — a;. We also chose coordinates so that
Guw=0for p=1€{0,1,..,plandv=a€ {p+1,...D -1}

2.2. Canonical analyzes

The canonical analysis of the above action has been done in ref.[11]. The
canonical variables of the theory are z*, m;, F and w. The Hamiltonian
density, which corresponds to Dp-brane part, H. = T_ — T, is defined in
terms of energy momentum tensor components

1 ” B 1. .
T = qiﬂ (GZ]J:tiJ:tj + %Zi) + E(Zil — F’Zi) . (10)
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They satisfy two independent Virasoro algebras
{Tj:,T:t}: —[T:t(U)—l-Ti(ﬁ)]é/, {T:t,T:F}ZO.

The currents on the Dp-brane have the form

i

Ji= P+ 2%’3 . iE =7k 2ka, (11)

. j/ . 7 - 1 -d
J+i = ™ + 2klly07 J =)k T G (12)

1
(Hiij =Fij+ 2Gij> : (13)
We also introduced the projection operators
. aia; T a;a;

= Pi=Gi- g (9

3. Canonical treatment of the boundary conditions

3.1. Derivation of the boundary conditions

The evolution of the open string is described by both the equations of
motion and the boundary conditions. The field equations are standard
Azt =0 and AF = 0. Generally, the boundary conditions are of the form

as s
( ot + 8F/5F> o = 0. (15)

We use Neumann boundary conditions for Dp-brane coordinates x* and
for conformal part of the world-sheet metric F', allowing arbitrary variations
oz and OF on the string end points. It means that

s =0, A1 Vpg =0, (16)
where we introduced the variables
oS - - oS ,
%(O) =5 k(—Gijz?" + 2F;;) — 2a;F"), ~0) = F —2ka;z" .
(17)

Compared with the dilaton free case, the second condition, relating to the
additional variable F', is a new one.

For the other coordinates we use the Dirichlet boundary conditions,
requiring the edges of the string to be fixed, dx%|sx = 0.

In terms of the currents the variables (17) obtain the form

0 : a; .
YO = yiit v, e =TeyJiF ézi’ (18)

1,
O =q_ 47y,  yr=7Foid. (19)

i 2
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3.2. Canonical constraints and consistency conditions

. . . (0) (0) . .
We will consider expressions, 7, |sx and v'%|sx, as canonical constraints.
The constant background fields G;, F;; and a; simplify Poisson brackets

(Hey Jia} = FTpa  Jaea = {Jxi, ik, 2, yai, 72} (20)

The Diarc consistency procedure generate two infinity sets of new condi-
tions %-(n)bg =0 and Y™ |gx = 0, (n > 1), where

W = HeA" Y = 0 (i + (1)) (21)
A = {Ho 7D} = 92 [+ (—1)"s] (22)
We can rewrite all the conditions in the compact form
o
Li(o) = Y- 31" (0) = i (0) + it (o), (23)
n>0
O.?’L
Llo)=> FV(")(O) =7-(0) +7+(~0), (24)
n>0 "

and similarly on the other string endpoint

M) = Y O 0 ) = ) ben o), (25)
n>0 ’

NOEDY (U%)nv(") (7) = 7-(0) + 74 (27 — 7). (26)
n>0 ’

These expressions differ from the boundary conditions, (18)-(19), only in
the arguments of the positive chirality currents. From (23)-(26) we can
conclude that all positive chirality currents and consequently, all variables
", m;, I and 7 are periodic, for 0 — o + 27.

As a consequence of (20) we have

{He,Ti(0)} =Ti(0),  {Hc,T'(0)} =T"(0), (27)

and all constraints weakly commute with hamiltonian. Therefore, there are
no more constraints.
The constraint algebra has the form

{Ti(0),T(0)} = —kGyd' (0 —3),  {[(0),T(5)} =0, (28
{Ti(0),T(5)} = —2ka;8'(c — &), (29)

were we introduced the effective metric tensor

éi]’ = Gij — 4ﬂkPququ . (30)
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In agreement with ref.[2] we will refer to it as the open string metric tensor,
— the metric tensor seen by the open string.

The variables possessing indices raised with inverse effective metric ten-
sor, G*, we marked by tilde: V* = G"YVj, and V2 = GYV;V;. We also
preserve standard notation, V* = G*V; and V2= GYV;V;.

Direct calculation yields

Ta0),Ta(@)) = —r| 59 20|50 )= A (0 —3),  (31)
7
and ~
A =det App = —4(—rK)PT2G% det Gy, (32)

where 'y = {I';,T'}. We assume a2 # 0, so that rank/\ g = p + 2 and all
constraints are of the second class (except the zero mode, see [12]).

3.3. Solution of the boundary conditions

The periodicity condition solves the second set of constraints (25)-(26). To
solve the first one (23)-(24) we introduce the open string variables

7o) =5 [#(0) +a(~0)] , T0) = [x0) ~ai(-0)] , (3
pilo) = 5 lmlo) +mil=0)] . Blo) = 3 [mle) —m(—o) . (3)
f0)= 3 IF@) + F(=0)l, flo)= 3 [F(o) = F(-)] ,  (35)
po) = 5 ln(o) +(~0)], plo) =3 [nlo) ~m(-)] . (36)

In terms of new variables the constraints obtain the form
. 1 . - _
FZ’(O') = Q(fPT)inj +p; + ﬁ}}ja]p — EGUQJ’ . 2naif’ , (37)

['(0) =p — 2ra;q" . (38)

The symmetric and antisymmetric parts of expressions I';(c) = 0 and
I'(¢) = 0 separately vanish and we have

pi=0,  q'=-26"p;+6'p), (39)

Here 1
04 = —plkF, pTi (09 = -0 (41)
K
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@ar)  (aFG1y

o= 2ka?  2ka? (42)
where in analogy with (14) we introduced tilde projectors
L alal o -~ atald
PLz] — aa_;l , PTZ] =GY — CL&_CZL . (43)

Using (33)- (36) and (39)-(40), we can express the original variables in
terms of new ones

2t :qi —2/ do (@ijpj —|—@ip) ) T = Pis (44)
F:f+2®i/ doy p;, T=p. (45)

4. The effective theory

4.1. The open string background

The original theory is completely described by the energy-momentum ten-
sor T4, eq.(10). We are going to find the effective energy-momentum tensor

T4, in terms of new variables defined by the relation

T.[2(¢", pi,p), mi(pi), F(f, i), 7(p)] = Tu(q", pi, £, p) - (46)

Let us first express the currents in terms of new variables. In analogy
with equations (11)-(12) we introduce new, open string currents

~1

JL=Plj+ ﬁli , i$ = p+ 2ka;q” (47)
~ ~ ; ~ i 1-
Ji =pi £ RGye, § =l G, (48)

so that

- 1 (. . . - 1 - ~
Ty=F,- (G”JﬂJij + ;7—22';’;) + (i - f12). (49)
K a 2

We can conclude that the effective energy-momentum tensor depends
on the open string currents in exactly the same way as the original energy-
momentum tensor depends on the original currents. Consequently, the
complete effective theory is equivalent to the original one, except that it is
defined in new, open string background

Gij — éij =Gy — 4fikPququ s Fij— .7:—1']' =0, &— o = Dy + aiqi,
(50)

using the symmetries 0 — o + 27 and 0 — —o, as orbifold conditions.
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4.2. Non-commutativity in presence of the dilaton field
The standard Poisson brackets

{a'(0),mj(0)} = 8}6(0 —a),  {F(0),m(0)} = (0 — ), (51)

produce

{d'(0),pj(0)} = 605(0,0),  {f(0),p(0)} = bs(0,0), (52)

where

ds(0,0) = % [0(c —a)+d(0c+0)], (0,6 €0,7]) (53)

is symmetric delta-function. So, ¢* and p;, as well as f and p, are canonically
conjugate variables on symmetric subspace. '

~ If we separate the center of mass, xg,, = 1 [ doz'(c), in the form
xz'(o) =z, + X'(0), the Poisson brackets between dynamical variables
obtain the form

' 4 - -1 o=0=0
{X"(0),X’(0)} = Y 1l o=n=0¢ , (54)
0 otherwise
‘ ' -1 o=0=9¢
{X"(0),F(c)} =©" 1l o=7n=g¢ , (55)

0 otherwise

where ©Y and O’ have been defined in (41) and (42) respectively.

The relation (55) shows that in the linear dilaton field background, the
non-commutativity between the coordinates and the conformal part of the
world-sheet metric appears on the world-sheet boundary. The expression
for this new non-commutativity parameter, ©°, is proportional to Born-
Infeld field, F;;.

The relation (54) has the same form as in the absence of dilaton field
[1]-[3], but there are some significant differences. Let us first explain geo-
metrical meaning of the projectors PT% and PT%. The vector a; is normal
to the Dp-brane p dimensional submanifold M, defined by the condition
®(x) = const. For a®> # 0 (a® # 0), the corresponding unit vectors for the

closed and the open string respectively are n; = \/% and n; = % Here
e = 1(€ =1) if a; is time like vector, and € = —1 (£ = —1) if a; is space like

vector with respect to metrics G;;(G;j). Therefore, we can rewrite (41) in
the form )

0 = —GqWikr G (56)

K
because the projectors, in fact, are the induced metrics on M,

PTij = Gij —Enin; = Gg)) s fN)Tij = éz’j - €fli’flj = ég)) . (57)
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The expression for the non-commutativity parameter is similar to the
corresponding one in absence of dilaton field. The essential part again is
the Born-Infeld field strength Fj,, but in the present case we raised the

indices with the metrics 'Qf submanifold M,,: G and GP)Y instead of
the Dp-brane metrics: G?ff = (G —4FG71F)714 and GY.

4.3. A commutative Dp-brane direction

From the relations a;PT% = 0 and aFa = 0, it follow that a;09 = 0 and
a;0" = 0. Consequently, the component x = a;x* commutes with all other
coordinates as with the conformal part of the metric

{z(0),27(@)} =0,  {z(0),F(3)} = 0. (58)

This is an example of Dp-brane with one commutative coordinate in a;
direction (proportional to gradient of the dilaton field).

5. Concluding remarks

We investigated the contribution of the dilaton field to non-commutativity
of the Dp-brane world-volume. We considered the case, with dilaton field
linear in coordinate and constant metric and antisymmetric fields. This
choice preserves the world-sheet conformal symmetry.

Using the canonical method, we obtain the effective theory in terms of
the open string variables ¢/ and f. It has precisely the same form as the
original theory in terms of the closed string variables 7 and F', but with
different background. The closed string background G;;, F;j = B;j+0;Aj—
0;A; and ® = ®g + a;2°' should be substituted by the open string one

Gij = Gij — AFy PTRF,; | Fij =0, = dy+a;q" . (59)

Instead of the boundary conditions ’)’Z-(O)‘ag = 0 and YO|s5 = 0, new
variables ¢* and f satisfy the orbifold conditions: the symmetries under
0 —o0+2r and 0 — —o0.

The relation between the closed and the open string variables clarify
the origin of non-commutativity. The closed string variables depend on the
open string ones, but also on the corresponding momenta. So, the Poisson
brackets between the variables are nontrivial on the world-sheet boundary.

Beside known coordinate non-commutativity, the non-commutativity
relation between the coordinates and the conformal part of the world-sheet
metric has been established in ref.[4], with explicit expressions for non-co-
mmutativity parameters ©% (41) and ©' (42). For the linear dilaton field
we have q;0%” = 0 and a;0" = 0, so that the coordinate in a; direction is
commutative.

Let us compare the symmetric and antisymmetric string parameters, in
three different cases. In the closed string case, the metric tensor and the
Born-Infeld field strength satisfies

Fi+1G9 = (GG Y. (60)
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The open string is sensitive to the effective metric tensor and to the non-
commutative parameter. In the dilaton free case they produce

K0V £ 3G = (GG )Y (61)
while in the linear dilaton case, corresponding relation obtains the form
ij o 1A el S—1\ij
kOY + QG(p) = (G(p)HiG(p)) . (62)

Here, ijff = (G—4FG ' F)ij and Gy = (G—4.7:G(_p§.7-')ij are the effective
metric tensors in absence and in presence of the dilaton field, respectively.
Therefore, the addition of dilaton field just turns the metric G;;, of the
Dp-brane world-volume, to the metric Gg?)
to a;.

of its submanifold orthogonal
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