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Supersymmetry of Green-Schwarz superstring and matrix string theory
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We study the dynamics of a Green-Schwarz superstring on the gravitational wave background corresponding
to the matrix string theory and the supersymmetry transformation rules of the superstring. The dynamics is
obtained in the light-cone formulation and is shown to agree with that derived from matrix string theory. The
supersymmetry structure has corrections due to the effect of the background and is identified with that of the
low-energy one-loop effective action of matrix string theory in a two superstring background in the weak string
coupling limit.
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I. INTRODUCTION parton of the theory, and the supersymmetry in the super-
gravity side. The resulting dynamics will be compared with
that from the matrix string theor{8], which is the SYM

In the context of matrix theory, the 11-dimensional M description of DLCQ M theory on a circle.

theory in the infinite momentum framle] or the discrete Since the background corresponding to the matrix string
light-cone quantized DLCQ) M theory [2] is described theory is curved, as noted above, we need the superstring
nonperturbatively by the supersymmetric quantum-action in a Type IIA supergravity background for our pur-
mechanical system with 16 supersymmetries. Upon toroidabose. The superstring action should be of Green-Schwarz
compactification, the DLCQ M theory ontorus withp  (GS) type because the matrix string theory is the free GS
=3, has a description in terms b - 1)-dimensional super jight-cone superstring at its conformal point. The desired ac-
Yang-Mills (SYM) theory on a duap torus[3]. In the dual  jon, expanded up to quadratic order in terms of the anticom-
supergravity description, they can be described by M or Supting coordinates, has been reported in iR&. which will
perstring theory on the appropriate supergravity background,e resented in Sec. II. In consistency checks of it, which

For the DLCQ M theory, we thus have two descriptions: . : o )
the SYM theory and the supergravity theory. On the super-have not been done in R4R], we will show that it is su

gravity side, the process of having the DLCQ M theory and[r:)nea[tsignmmetrlc and invariant under tlkesymmetry transfor-
its compactified theory on p torus, leads us to the super- '

gravity or superstring theories in certain backgrounds, as The other sections are organlzed_as f_OHOWS' In Sec. lll,
shown in Ref[4] we study the dynamics of superstring in the background

For the uncompactified case, it has been shown thafo'responding to the matrix string theory and compare the
the leading-order dynamics from the low-energy effectiveresults with t_hose from the matrix string theory. The light-
action of matrix theory, agrees well with that of the classicalCO"€ 9auge is natural for our purpose, and the phase-space
supergravity. (For a review, see, for example, Relf5] a}pproach of Ref[lO] is adopted.for the Ilght—cong formula-
and references thereinThis remarkable agreement be- tion of superstring. We would like to note that, in a recent
tween these two descriptions is basically due to the factVork [11], the phase-space approach also has been well ap-

that we have enough supersymmetry, 16 supersymmetriddi€d in Sthe program of quantizing the GS superstring in
[6]. Though it is true that the supersymmetry alone doed‘dSsxS’[12].In Sec. IV, we investigate the supersymmetry
not give all possible dynamics of the theory, this leadstransformations rules, which have corrections due to the ef-
us to consider an issue about to what extent the supeféct of the background and the supersymmetry algebra. The
symmetry restricts the dynamics. Concerning this issyeldentification of the supersymmetry structure with that of the
one of the present authof§] has considered the matrix matrix string theory effective action for two superstring
theory in the supergravity side and obtained the SuperJz_)ackgrounds, is discussed. Finally, a discussion follows in

symmetry transformations rules for the 11-dimen-S€C V.
sional supergraviton on the lifte®0-brane background,
which correspond to those of the low-energy one-loop effec-
tive action of matrix theory for two supergraviton Il GREEN-SCHWARZ SUPERSTRING ACTION
background.
In this paper, we are concerned about the matrix string
theory. We study the dynamics of superstring, which is the In this section, we review the ten-dimensional Type IIA
GS superstring action in the bosonic supergravity back-
grounds constructed in Rdf9], with the aim of fixing our
*Electronic mail: hyun@kias.re.kr notations and for the self-containedness, and investigating its
"Electronic mail: hshin@kias.re.kr symmetries: supersymmetry amrdsymmetry.
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We begin with the superstring action embedded in theKlein reduction, we can obtain, from the expansion of super
ten-dimensional target superspdce: elfbein[15] with vanishing fermionic backgroundghe fol-
lowing expansion of the pullback of super zehnbgin:

1 1 B B
S= 2m'f dzcr( = oV = Y G e I, = dpXke, +i 01" 9 0-+idpX (0170, 0)
1 '_ r il 4
+§6mnH$HEBBA), 2.1 + 5 onXte, (7101,0)+ O(6), 2.3

where vy, is the string worldsheet metric, ang,s is the where we have defined

ten-dimensional flat target sp/?ce—time metF.[qﬁ1 is the pull- Q=0T o+ %Frsev[reﬂ(%(ﬁJr P itedE
back of the super zehnbel,," onto the string worldsheet,
with the expression +TPTHH,,,+ T,P7€F
A= 0,ZVE,\", (2.2 Q= —3T#TH9, - 5T +7e%F,,
andB,g is the second-rank antisymmetric tensor superfield. + 55 (80#"PH ,,,+ T T#77efF, ). (2.4

ZM are the supercoordinates of the target superspace and are . s . i

denoted byzM= (X*, %), where §* are the anticommuting Heree, is the_ zehnbglan the spin connection, and the
coordinates, the 32 component Majorana spitalthough,  dilaton. H,,, is the field strength of_ the Neveu-Schwarz—
using thel''! matrix, the ten-dimensional chirality operator, Neéveu-SchwarZNS-N§ antisymmetric second-rank tensor
we can splitd into two Majorana-Weyl spinors with opposite B.» field. F,, and F,,,, are the field strengths of the
chiralities with 16 independent components, we will keep Ramond-RamondR-R) fields A, and A,,,, related toD

!

to be Majorana for a whilg. branes. The field strength/y,, is the modified gauge invari-

The action(2.1) is the one expressed in the context of ant four-form field strength defined by
superfield formalism. For practical applications, it is less .
useful in its form and should be expanded in terms of anti- pvpo = Fuvpot 4ALH
commuting coordinate®. The expansion coefficients and ., . . . .
, . I'" are the ten-dimensional Dirac gamma matrices and the
the component fields, are the functions of the ten'followin tensor structures have been defined in ¢):
dimensional Type IlA supergravity fields. However, the com- 9 '

vpa] *

ponent field expansion is a formidable task basically because TrPoh= %B(vam_&s[ v eoxly

of many supergravity fields: five kinds of fields even in the # " " ’

bosonic sector. An easy way for obtaining the expansion is vpo_ 1 pvpo_ a slvppol
TPr=2(T7=65,T7),

given by the facf13] that the ten-dimensional Type IIA GS

superstring is related to the 11-dimensional supermembrangnere T+ - is the totally antisymmetric products of the
[14] through the double dimensional Kaluza-Klein reduction. pjrac gamma matrices.

Using this fact, the authors of Re] have constructed the | writing the Type I1A GS superstring action constructed
Type IIA GS superstring acgon in the bosonic Type llIA su-in Ref. [9], we split Majorana spino® into two Majorana-
pergravity background starting from the supermembrane aGneyl spinors with opposite chiralitie®)* and 62, by using

tion expanded up to the quadratic orde®ifil5]. Though the  {he gamma matri''L. We assign positive chirality t6* and
action is not a fully expanded one and has couplings only tchegative chirality to?;

the bosonic backgrounds, it is enough and suitable for our

purpose. ret=¢', T1e?=-62 (2.5
Before presenting the action, we give the component ex-

pansion of the pullback of the super zehnbein ugtorder, Then the Type IIA GS superstring actid® in nontrivial

which will be used in the discussion of symmetries and in theébosonic supergravity backgrounds, expanded up to the qua-

later sections. Following the double dimensional Kaluza-dratic order in the anticommuting coordinates, is

S=Suint Swz, (2.6

The index notations adopted here are as folloMsN, ... are  \yhere Sun and Sy, are the kinetic and the Wess-Zumino

used for the target superspace indices, wAilB, . . . areused for (WZ) part, respectively. Their expressions are as follows:
the tangent superspace. As usual, a superspace index is the compo-

sition of two types of indices such ad =(u,«) and A=(r,a).

m,v, ... (r,s,...) are thegen-dimensional targétangent space-

time indices taking values in 0,1.,9. a,8,... (a,b,...) are 2For the vanishing fermionic backgrounds as in this paper, the
the ten-dimensional(tangent spinor indices with values in order of ¢ increases by two for all quantities having expansion in
1,2,...,32.m,n, ... are the wrldsheet vector indices with values terms of#; if the leading-order term is of the eveéadd) order iné,

7 anda. The convention for the worldsheet antisymmetric tensor isall the higher-order terms are of the evid order in 6.

taken to bee™=1. 3In our conventiong= 6'I°.
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1

Suin=— f d2o = yy™(9 X+ 0T #3,,6") (9, X”

4aa’
_ i
+i0°T"9,60°)G,,,—

f d?o\— yy™9, XH9, X"

4a’

1 1
X| (0T urs6) 07— 787 (OTL70NH,

urs
1 i1 po p2\ ad 1iTP p2\ nd
+Z(6F 0°)e’F,,G,,— (0 FMB )e’F,,
+ (@D R)etE! G
48 POKN= v

1
_ 6(01FZUK02)6¢F’ +O(94) , (27)

VpoK

whereG,,, is the target space-time metric,J=1,2, ands'’
is defined as

slle —g22—1 gl2—g2l_g
and
i i
Swz="— 27Ta’f dzaem“s”( I XH+ EGKF"“amHK
_ 1
X(60'T ,0,6")— f d20 €M XH X"
4aa’
i — i
X|B,,+ ES'J(H'FMSHJ)LO:,S— 7 0'T?70"H,,,

i i
12 11po p2
+ (66 )e¢FW+Z(a ro26%)e’F,,

N

+ 2 (6'TP76%)e’F/

nvpo

([
__(plypokk 2
e )

-

XeUF! o\ +0(0Y)|. (2.9
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Note also that, at the linearized level in the supergravity
fields B,,, A,, Aups 9uv, and ¢, where G,,=17,,
+9,, and ¢= ¢..+ ¢, the action can be thought of as the
sum of free string action and vertex operators for emission of
bosonic supergravity fieldsin this sense it is very natural
that the vertex operators f®-R fields starts withg? order,
as there are target space-time supersymmetries connecting
the NS sector an® sector. Schematically, under space-time
supersymmetry transformations in their leading orde®jn
the vertex operator¥ys.ns and Vg corresponding to the
fields in the NS-NS andRk-R sectors, respectively, should
satisfy

6Vnsnst 6rVRR=0,

where subscript® and F denote the supersymmetry trans-
formation of bosonic coordinat¥* and fermionic coordi-
nate#, respectively. In the following section, we will see that
this is indeed the case.

A. Local supersymmetry

In this and the next section, we investigate the invariance
of the superstring actio§, Eq.(2.6), under the supersymme-
try and k-symmetry transformation in order to check
whether or not the action was correctly expanded. We note
that, for the simplicity of presentation, we will not split Ma-
jorana spinors ¢, n, k) into Majorana-Weyl spinors.

The local supersymmetry, super diffeomorphism, is the
local change of supercoordinate$, K, 5,6%). Since its pa-
rameters are superfields, the transformations of supercoordi-
nates have component expansion in terms.ofn the 11-
dimensional case, the expansions of the parameters have
been given in Refl15]. With the vanishing fermionic back-
grounds, the Kaluza-Klein reduction of them to ten dimen-
sions leads to

8 XH=1 0T 7+ O(6%),

8,0=n+0(6%). (2.9

The terms on the right-hand sides are enough for the trans-
formation of the superstring action expanded ugtamrder,
since higher-order corrections in the transformation rules re-
quire terms of higher order tha#? order in the action. Fur-

There are several notable features in these actions. First §i€rmore, the supersymmetry variation of the action is valid

all, as expected, we have expli@f coupling in the linear

up to the linear order i, because the transformatiahX*
acting on the terms of? order, requires thé® order terms in

terms in theR-R fields, A, andA,,,,, which was first sug-

gested by Tseytlifil6]. Furthermore, as fundamental strings e action. _ _ _ _
are neutral undeR-R fields, it is natural to couple witR-R The superstring action contains background fields as well
fields, if any, via their field strength. In particular, consider- 25 supercoordinates. Thus the action is in fact not invariant

ing these actions as describing the interactions of the funda¥ith only the above transformations, E@.9). As noted by

mental string with the background supergravity fields, thesdh€ authors of Refl15], the invariance of the action means
couplings have a natural interpretation as a spin-orbitlikdn@t the super diffeomorphism induces the supersymmetry
coupling with backgroun-R fields and imply that the fun- transfo_rmatlons of the b_ac_kground_ fl_elds. In other words, t_he
damental string has dipole interactions WiRR fields. In- action is supersymmetric if its variation under the super dif-
deed the interactions with the Lorentz spin connection give

the genuine spin-orbit coupling between the string and the

gravitational backgrounds and has been extensively studiedRecent construction of vertex operators in the GS superstring
with regard to the matrix theor}6,17-2Q. theory is given in Refg.21,22.
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feomorphism vanishes modulo supersymmetry transforma- 1

tions of the background fields. This fact requires us to have\"=i(6I'* 7)o - |¢9(1ﬂr'Srt I'sYnet'a, ¢
the supersymmetry transformation rules for the background

fields. What we need are rules for fermion background fields, o 1 _

because the transformation rules of bosonic fields lead to + ——=i6I'"T' 116, \ — =i(6I11m)e?F's

fermionic fields, which are turned off in this paper. Fermion V2 2

fields in ten-dimensional supergravity are the graviting 1 _

and the dilatino), which are Majorana fermions and split + ol OIS HH, +120 T H™) 5

into two Majorana-Weyl fermions with opposite chiralities 36
1//;1;2 and\'? respectively. We note that their transformation 1
rules are to be written in the string frame, since the object —_jg(IrstwwelE!
affected by the backgrounds is the string. Under the super- 144

symmetry variation, the gravitino transforms as (2.13

+240 e ?F 'S p+ O(6%).

tuvw

— 1 I AvS 145
Otu=Dul@)n=sllsme,e™d,¢ w6, Though it has a slightly complicated expressidn,does not
X (T i— 147, L) pe?FSt+ 9—16e;L enter into the variation of the kinetic part, since two superze-
stu 1l 1 hnbeins enter into the kinetic part symmetrically. We now
X(IPH=9sT)I 7H st 763€, see the supersymmetry transformations of fermion back-
X (3TSW — 208571 pe?F !, | (2.10 grounds,é,,% and ,\, which have been ide_ntified on the
right-hand sides of Eq$2.10 and(2.1]) at the final stage of
deriving Eqs.(2.12 and(2.13. However, this does not con-
where the Lorentz covariant derivati®, (), is given by  clude that the component expansion of the pullback of su-
D, (w)=d,+ 30} Ts. As for the dilatino field, the super- perzehnbein or the kinetic part has been obtained correctly,
symmetry transformation rule is since the expansion has been given with the vanishing fer-
mion backgrounds. Thus, we turn on the fermion back-
grounds temporarily and investigate how they appear in the
Sh=— —F Iye’s,d— irrsnetb[: superzehnbein. What we should be concerned about are the
i rs . . . .
2\/_ 16y2 linear order terms ir¥, which can be seen by looking at the
superelfbein expanded in R¢fl5]. The correspondlng term

StypH o+ rrsirilyedp! in the expansion of the superelfbem iSO zpﬂ, wherey is
24\/— 1922 the 11-dimensional gravitino, and and p are the 11-

(2.1 dimensional flat and curved indices, respectively. The

Kaluza-Klein dimensional reduction of it can be done in the

. _ o usual mannet,and leads to
These transformation rules are those with the vanishing fer-

mion backgrounds. In the study of supergravity, the transfor-
mation rules are usually written in the Einstein frah2g], B P P
which can be obtained from the above transformation rules 2i 9F’¢#+—9F11>\er ———0I"T\. (2.19
by a suitable rescaling of fields and supersymmetry param- V2 “o3y2
eter. The resulting transformation rules are the same as above
except for the absence of the term involving the derivative of
the dilaton in Eq.(2.10 and some change in powers of the We see that the supersymmetry variation of the fermion
dilaton factor. backgrounds in this result exactly matches with the terms
For the supersymmetry variation of the kinetic term, Eq.appearing in Eqs(2.12) and(2.13. This concludes that the
(2.7), it is enough to consider the variation of the pullback ofkinetic term of the superstring action has the correct compo-
superzehnbein under the super diffeomorphism,(E¢). A  nent expansion and is consistent with the local supersymme-
straightforward calculation shows that try.
We now turn to the supersymmetry variation of the Wz
term, Eq.(2.8). After the same type of calculations with
5,7H,rn=i8mX“ 25Fr57,<//,ﬁ ier ﬁ,n&n)\ those for the kinetic term, it is given by

\/EM

— AT +0(6%), (2.12

SThrough the Kaluza-Klein reduction, the 11-dimensional grav-
itino is related to the 10-dimensional graviting, , the dilatino\,
where A} is the local Lorentz transformation parameter as-and the dilatone as follows: s, =e~*®(y,— (v2/12) ,T*\),
sociated with the super diffeomorphism and is preciselyi,,=(2.2/3)e>#®\. Here the ten-dimensional quantities are those
given by in the string frame.
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1 K TH 3
57,(—6”‘“H$HE’BBA) S XI=ik. T 0+ 0(6),

21
. 6.02=Kk2+0(6%), (2.19
— _ i mn 7 v AT 11 sy
| ImXEonX| 2018y, \/Ear”"a”)\ where we have defined
+9,S"+O(6%), (2.19 k.=(1+TT k. (2.20

whered,,S™ is a surface term, which can be ignored since weThe matrixI” is given by
are concerned about the closed string. This is the desired
result. However, as in the case of the kinetic term, we need to

1
know the terms of linear order ifi containing the fermion r= €™M I INg= ——=€"T [,
backgrounds in order to check the supersymmetry of the WZ 2\—g9 2\—g9
term. The 11-dimensional term relevant to them comes from (2.21

the component expaﬂsion of the third-rank tensor superfield,h r h back h idvol ¢ th
and is given by—6i 67 fp,,] [15]. Through the dimen- wherel, are the pullback onto t e worldvolume of the
X . . “ space-time Dirac gamma matrices:

sional reduction, it reduces to

_ _ — r
—4i 6F11F[M¢V]—\/§i or .\ (2.16 Fm=Hnl- 2.22
I" has the properties such as projection operator and anticom-

Obviously, the ersymmetr ariation of this exactl : !
VIOUSy supersy y_vanau S ex ymutes with the pulled back gamma matridés:

matches with the terms of Eq2.15. This tells us that the
WZ term of the superstring action as well as the kinetic term

2_ —
has the correct component expansion and is consistent with I"=1, TT'=0,
the local supersymmetry.

We have seen that each term of the superstring action PM— - mnp 2.23
transforms properly under the supersymmetry transforma- a o \/_—ge n- :
tion, and has the consistent and correct component expan-
sion.

Under thex transformations, Eq2.19, the pullback of
the superzehnbein transforms as
B. k symmetry
As another consistency check, we now consider the in- 8JII[=2ix 3,60+l 2k [ Q0+ k. T);,06")
variance of the superstring action, E@.6), under thex

3
transformation. The investigation of the symmetry will M+ 0(6%), (2.24
give us the confirmation on the correctness of the relative o
coefficient between the kinetic and the WZ part. where Q(Q449) is Q4(Q49) in Eq. (2.4 without terms in-

For the k symmetry, it is convenient to work with the volving the derivatives of dilato. Mg is an antisymmetric
superstring action with Nambu-Goto type rather than thematrix just like the Lorentz transformation parameter in
Polyakov type action, Ed2.1), which avoids the complexity Eq. (2.12), whose detailed from is not necessary because it
due to the variation of the worldsheet metri€"". The  does not give any contribution to the variation of the super-
Nambu-Goto-type action is obtained by solving the classicatring action. Thec transformation of the kinetic term of the
equation of motion fory™" and putting the result back into  Nambu-Goto type is then
the action Eq(2.1), and is as follows:

i _
1 1 ) -:——de V—gg™ 21}k 3,6
S d2o —\/—_g‘i‘—GUHAHBBBA , «Sin oma g g9 2k I dy
27a’ 2! t
(2.17) I TTS (2K, T, 00+ 7k, T 10 1160) + O(6°)].
whereg is the determinant of the induced metgg,, given (2.295

by
For the WZ term, we have the following transformation:

gmn:H:nHrinrs- (2.18
i

We notice that thex transformation rules also have a 6,Syz= fdzaem“[—ZH[n;+FrF“ﬁn6
component expansion in terms @fAs in the case of super-

symmetry, however, only the leading-order terms in the ex- FS e 1l & — L o= 3
pansion are needed to show that the superstring action, con- (20 T Q60+ 104 Trs216) + O ]

structed up to9? order, isk symmetric: (2.26

2ma’
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With these transformations, and by using some properties ajeometry, what we need to write down the superstring action
the matrixI", Eq. (2.23, we can now show that the Nambu- is the spin connection for the geometry, whose nonvanishing
Goto type string action, Eq2.17), is x symmetric up to the components are given by

quadratic order irg:

in= wBZw?I —wg= 1729, hdx,

i ~
5KSNG=—EJ d?o\=gK (1-TTH (T M9y +TTQp, 0d=wd=1f"15hdx, (3.5
T ) 0+ O(63) =0+ O(6°), (2.27 where we have definefi=1+ h.

As is well known and shown explicitly in the previous
where;+=;(1+1*l““) and (L+TTY(1-TTY =0 have section, the GS superstring action has worldsheet local fer-
mionic k symmetry, which indicates the doubling of the de-
grees of freedom described W Our study of the string
dynamics begins with the consideration of fixing the fermi-
onic symmetry. Since our basic concern is the supergravity
side description of the DLCQ M theory, the light-cone gauge

In this section, by using the superstring action E26) fixing condition is very natural. In the flat background, the
presented in the previous section, we study the dynamics dight-cone gauge fixing condition for thesymmetry enables
the superstring on the gravitational wave background correus to have a greatly simplified action. As we shall see, this is
sponding to the matrix string theory. From the matrix stringalso the case in the backgrou¢2). The x-symmetry fixing
theory side calculations, though the dynamics related to theondition we choose is then
fermion bilinears has not been completely determined, we

been used.

Ill. GS SUPERSTRING ON THE GRAVITATIONAL WAVE
BACKGROUND

compare some of the reported results with die. As will r*6'=o. (3.6
be shown in this section, they agree with the bosonic part of _ )
our result. In order to solve this, the representation for t8€)(1,9)

The ten-dimensional supergravity background, correPirac gamma matrices is in order. The representation we take

sponding to the matrix string theofy] is the geometry ob- in this paper is as follows:
tained after the following procedure; one begins with the

0_; .2 9_ 3 i 1 i
DO0-brane geometry, follows the prescription of Seiberg and P=iocels, IP=0'0ls I'soey,
Sen[3] and with the TST-duality chain the same as that used © o0
for obtaining the matrix string theorfg8]. In the resulting r==r-"=r- 3.7

background, only the metric is nontrivial. The dilaton is just , ] ) . )
constant and all other supergravity fields are simply zero. Ivhere o’s are Pauli matrices, andl,¢ is the 16<16 unit

we introduce the light-cone coordinates matrix. y' are the 1& 16 symmetric real gamma matrices
satisfying the spin (8) Clifford algebkay',y'}=26", which
xT=x2+x0, (3.2 are actually reducible to th8,+ 8. representation of spin
(8). With this representation, the-symmetry fixing condi-
then the background geometry is as follows: tion (3.6) implies that#' has the following form:
d2=dx*dx~+h(dx" )2+ (dx)?, !
o=\ (38

I . _ . _ .
wherei is the index for the eight-dimensional flat transverseWherel// Is the 16 qqmponent Majorana-Weyl spinor. |
The gauge condition for the symmetry now simplifies

space taking values in, 1 .,8 andgs as the string coupling . L
constant. As an important structure of this geometry, th(—:'Ehe superstring action in the background geomg) as

lightlike directionx™ is compactified with the radiug, lead-

. 1
ing to the DLCQ: S=-— Ef d?ovV— Y[ Y™ X+ X)X~
X =X +2mR, - neZ. 33 + ™9 Xig X+ 8if 29, X" +haX")
h'is the harmonic function in the eight—dirpgnsipnal trans- X Pyl o y) + 4if ~Y29.hg, X1 g X~ PmY
verse space spanned kyand withr = (x'x)¥2 is given by )
X (Y1) + 0], (3.9
218
4 gSIS NS niJ : .
h= e (3.4  where Eq.(3.9) has been used arf™"" is defined by

. . . 1 6mn
wherely is the string scale anis the light-cone momentum pmnli— _( s ——gl | (3.10
of the background. In addition to the above background 2 V=
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which are the projection tensors that project a worldsheefrom the action(3.9), the Lagrangian in the first-order form
vector into its self-dual I(=J=1) or anti-self-dual (=J is then given by

=2) pieces. For notational convenience, we have sat2
=1 in the action3.9). We note the overall factdr *2in the
fermion bilinear terms can be made disappear in the actio

|4Z=X+P‘+X‘P++XiPi+4i((P+—hP‘)5”
simply via the rescaling

1 . 2 ,yT(T
| fU4y) 3.1 +—(X’++hX’)S”)(¢//'1//J)+ ————=Hoot+ —Hox,
4 v (319 2 Y-y y
This is possible due to the fact that the Majorana-Weyl (3.13
spinors ' satisfy /'/'=0. In what follows, this rescaling
will be understood. where

Having fixed thex symmetry, the actiof3.9) still has an
additional local symmetry, the worldsheet diffeomorphism.
We fix this symmetry by taking the light-cone gauge. Since
the diffeomorphism is two parameter symmetry, two condi- _ )
tions are required. We choose the first to be that the light- +(X")Z]+2i((PT=hPT)sV+ 3(X' " +hX' ™) 8Y)
cone timeX™ is proportional to the worldsheet time In the L1y i g —pi s yriald
DLCQ framework, since a certain sector of the light-cone Xy —iain(PT (P14 XTIs™)
momentum, canonical momentum Xf , is considered, it is —IX T (PISP+ XT8N (YT )+ O(y*), (3.14
convenient to have constant light-cone momentum indepen-
dent on the worldvolume spatial coordinate Thus it is Hoi=P X't +P X' “+PX'T+i((PT—hP™)s"
natural to choose the second condition as constant light-cone
momentum. This type of light-cone gauge, the same type as +3(X'T+hX )Y (g g )+ O(yg*). (3.19
in the case of a flat background, is the one taken in what is
known as the phase-space approach of string quantizatidi Ed. (3.13, the worldsheet metric is nondynamical and its
[10]. The phase space means that we should formulate owombinations, 147"\/—y) and y™/y™", act as Lagrange
system in its phase space because one of the gauge fiximgultiplier fields leading to the constraints
conditions we choose is imposed on a canonical momentum.

In order to impose our gauge fixing condition, we should Hog~=0, Ho1~0, (3.16

rewrite the Lagrangian in the phase space, that is, in the

first-order form. It should be noted here that we will not which are just the Virasoro constraints. As usual, these en-

touch the fermionic part, since the canonical momentum ofible us to determin®~ and X' in terms of the canonical

the fermionic coordinate is a constraint, which will be treatedpairs of the transverse coordinateX,,P'), and the fermi-

later. We first obtain the canonical momenta of bosonic coonic coordinatesy'.

ordinates from We now fix the worldsheet diffeomorphism by the light-
cone gauge alluded to above, which is explicitly given by

o1
Hoo=P (P*—hP7)+3(P)%+ ZIX (X HhXT)

oL aL - aL
= P =

Pt X*=27, PT=p*l l=const (3.19

e ax*’ ax!’
wherel is the range otr integration, which we set equal to
where the dot means the derivative with respect to the worldpne (=1). p* is the center of mass momentum in tke
sheet timer. In what follows, the prime will be used for the gjrection and its value is quantized as=N/R (N is an
derivative with respect to the worldsheet spatial coordinatgnteger and means that we are in tNesector of DLCQ
o. The explicit expressions for the canonical momenta arjnce thex ~ direction is compactified as in E€3.3). After

then as follows: imposing this light-cone gauge and the constraiffs).
_ . (3.16] in a strong sense, we are left with the reduced system
Pt=—1J—9[y7(XT+2hX )+ (X' " +2hX' 7) containing only the physical degrees of freedoi, P'), #'

o . L m o and the canonical pair corresponding to the center-of-mass
+8INP™ (o) + 41 9ihdnX P R(PYTYNT e ofx, (x-.pt).

+O(4%), In the phase space, the dynamics are described by the
canonical Hamiltonian. For our light-cone gauge fixed sys-

- e L oI — LG tem, it is just the light-cone Hamiltonian and is given by
P™=—3V=yly"X +y™ X' " +8iP™V (oY)

4 . 1 S 1
+O(y7), H=x‘p++f dg(X'P'+¢'P'—£)=—2f doP~,
0 0
Pi — _ [ ,y[ ,yTTXi + ,yTO'XIi (318)
—2i9;hd, X" P™ (Yl YTy ]+ O(y?). (3.12  whereP' is the canonical momentum @f given by

046008-7
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oL o Lo
Plza_',p':_m((p —hP7) 8+ ShX sV [y +O(y?).
(3.19

The detailed form of the Hamiltonian is then

1 : )
H= fld(f[(PI)2+(X”)2+il/fll,//,l_il/lefflz
2ptJo

_ (Pi+X/i)2(Pj_xlj)2_ ih
4(p*)? 4(p*)?
X Pi_xri 2.1 rl+ . aih Pk_er2
(P=X )20t e i )

ih

X(PLEXT) gyt + (P X2y

PHYSICAL REVIEW B4 046008

2i 1
(I)|:P|+_ (p+_hpf)5l\]+_hxlfsl\] I/IJ

V2p? 2
~0+O(43), (3.22
where the rescalin3.21) has been performed. HeRe and
X'~ should be understood as the solutions of the Virasoro

constraints(3.16. Then by using the canonical Poisson
brackets

{Xi(U)an(U,)}pB: 5ij§(0’—o"),

[ (0),PP(0")}pg=— N 6BS(a—0'),
(3.23

one can show tha®' are in second class and their time
evolutions give no more constraints. The usual Dirac proce-

4(ph)? dure for the constrained systg@6] then leads to the Dirac
bracket{,}p, consistent with the constraint8.22. The re-
+ : aih(PX+ X" 92(PI— X' 1) 2y, sulting nonvanishing Dirac brackets are
8(p*)2 " ! o
{X'(0),P'(c")}p
O |, (3.20 =818(c—a')+0O(y*),

la 18 ’
where, in order to make the kinetic term fgt to be of the (o), "o ")}o

canonical form, the following rescaling has been performed: (
=—i|1- (P'=X"12|8*B5(o—a")+O(?),
Sty 321 4(p*)?
— . .
2\2p" {2 (0), 070

The dots in Eq.(3.20 denote the terms of ordeP(h?),
which basically correspond to those of higher derivatives =—|( —

than four. These are beyond our interest, since in the super- 4(p*)?
gravity side analysis, we are concerned about the terms cor-

responding to the so-called one-loop exdt or four- {X'(0),¢'*(c")}p
derivative terms and their superpartners in the low-energy
effective action from the SYM side, which are of linear order

(P'+X"N2 | 5°P5(0— ')+ O(4?),

— (Pi5lJ—X'iSIJ)lﬂJa5(O'_O")+O(l//s),

in hin Eg. (3.20. Thus, from now on, we will keep only the 4(p™)?
terms up to linear order ih in all expressions in the remain-
ing part of this paper. (P(0), (o))

The Hamiltonian(3.20 shows typical interaction terms
between the superstring and the background geon(@i#y.

The bosonic interaction is the spinless one, and(&4) tells = ——3h(PI =Xy *8(o—0")

us that it has 1P behavior. In the SYM side, this type of 8(p")

behavior can be seen in the perturbative sector of the result

of Ref.[25]. Comparing the result of Reff24], the structure + [h(P'=X""Yyr*(o")d,8(c— ")

of the interaction also agrees with that in the SYM side; 4(p*)?
more precisely, the matrix string stress ten3or in the +O(yP)
weak string coupling limit in that reference. The term pro- '
portional toy' /' is the spin-orbit interaction term, which i 2as 1
has been found and studied also in other compactifications ({]P (0),47(o")}o
DLCQ M theory[19,20.

Before closing this section, we obtain the equations of T2
motion for X' and ' by using the Hamiltoniari3.20 as the 8(p")
time evolution operator, which will be used in the next sec-
tion. By the way, since we have constraints coming from the - T
momenta ofy', Eq.(3.19, we should take them into account 4(p7)
first. The constraints are +0O(43). (3.29

ah(PI+X'H)2y2e8(a—0o')

[h(P'+X')y**](0")d,8(0—0")

046008-8
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For the Dirac brackets betweéti and P', we have omitted
the terms of orde©(?) since they are of ordeP(h?). The
terms of quadratic order ig¢ in the Dirac brackets between

¢'s have not been given due to the fact that, in order to

determine them, we need to know the terms of o@€¢°)
in the constraintg3.22 which are supposed to come from
the not yet determined)(y*) terms in the Hamiltonian

(3.20.

Having the Dirac brackets, through the time evolutions

X'={X" H}p and¢' ={¢,H}p, we now get the equations of
motion for X' and ¢! as follows:

1
—

, h A . h Lo
Pl (P2 (X' )2IPy+ — 5 (PIX' )X
p (P

2(p*)®

(Pi_x/i)¢1¢/l+l h+)3(Pi+X/i)

|
2(p*)3

X(// ¢/2+ ﬁh(Pk_X,k)zl/Il’yjil/ll

16&(p +)3

o"jh(Pi—X,i)(Pk+X,k)l[I17jkwl

+8(|o+)3

" |
-h Pk er2 2. Ji 2 h
+ 1ap+)3(?l ( + ) l’b Y l’b + 8(p+)3[?l
X (P14 X ) (PR= X" g2y g2+ O(y4), (329
i(ﬂ'l—
p+

(Pi_x/i)2¢/1_

= ! ah
2(p*)3 8(p*)3

c?-h(Pk_X/k)z

X(PI=X"H)A(PI+ X"yt + :
TR

X(PI+ X'y Tyt + 042,

1 : )
__+l/172+ (PI+X!I)2¢,/2_

p

=

g;h
2(p*)® 8(p*)3

o 1
X (P14 XNH2(P=X") g2+ +)3p7ih(Pk+X’k)2

X (PI=X"1) 1 g2+ O(yd). (3.26

We would like to note that these equations of motion in the
point particle limit, i.e., eliminating the terms involving the

o derivatives, agree with those of the 11-dimensional super-

graviton [7] except for the transvers&Q(9) invariance
rather thanSQ(8).

IV. SUPERSYMMETRY IN LIGHT-CONE GAUGE

The system described by the light-cone gauge Hami

tonian (3.20 is supersymmetric. In this section, we investi-

gate the supersymmetry transformation rulesXorand ',

PHYSICAL REVIEW6BD 046008

equation coming from Eq2.10 in the backgroundg, 1,//
=0:

D (w)n'ZO.

The solution of this equation shows thalt is of the follow-

ing form:
| —1/4 el
77 :f ||
€

where €' are the 16 component constant spinors. Sipte
(%) has ten-dimensional positiv@egative chirality, e* is

in the representatio& of spin (8) whilee? is in 8, Thus we

see that the background geomet82) preserves 16 super-
symmetries in total. As shown in the case of the matrix
theory[6], it is this abundance of supersymmetry that is re-
sponsible for the precise agreement between the SYM, ma-
trix string theory, and the supergravity side calculations in
the previous section.

Though they were enough to verify the invariance of su-
perstring action in Sec. Il A, the supersymmetry transforma-
tion rules(2.9) do not give us the full supersymmetry struc-
ture up to the quadratic order in terms @f we need the
transformation rules expanded up @ order. They can be
obtained from the results of Refl15] through the Kaluza-
Klein reduction, and, for the background geomeBy?), are
given by

(4.1)

S XE=10'T#5' +0(6°),

i
5,0'= —Z(aJrﬂnJ)w;frrsa'+c9(a4). 4.2

In the light-cone gauge specified in E¢8.6) and (3.17),
these become
&,X"

=6, X =0+0(6°), 5 X=i6T"7+0(6%,

i _ .
5,0'=n'— folaih(aJr*n YT rie

+;—ff‘1(9ih(031“‘1;3)6'+(9( 0%), 43
with the supersymmetry parametef given by Eq.(4.1)
Swhich satisfiesT ~%'=0. However, sincel'*7'#0, the
above supersymmetry transformation rules break the
k-symmetry fixing condition[Eq. (3.6)], that is, ' 6, 6
#0. This means that we should modify the above transfor-
mation rules for the correct supersymmetry in the light-cone
gauge® In order to preserve the-symmetry fixing condi-
tion, it is natural to use the transformations for the modi-
[fication. We may also include the worldsheet diffeomorphism
with parametet in the modified supersymmetry transforma-

and the supersymmetry algebra. To begin with, we consider
the supersymmetry preserved by the background geometryThis situation has been known in the study of GS superstring
(3.2, which can be seen by looking at the Killing spinor theory in a flat background. See, for example, Chap. 5 of [R&1.
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tion rules, for the possibility of breakdown of the diffeomor- the anticommuting coordinates. At the leading order, we first
phism fixing condition, the light-cone gauge, E@.17. consider the transformation &,

Then the modified supersymmetry transformat#is of the

following form: 50¢'= 56"+ 50+ (O, 6, (4.10

6=06,%6,+ 6, (4.4 where the superscrigh) represents that the explicit order of
. ) 0 (i.e., ¥) is n. To preserve th&-symmetry fixing condition,
where « and ¢ are the functions ofy, i.e., €, to be deter-  this must satisfy
mined by the requirement of preserving the light-cone gauge.
The « transformation rules, which also have an expansion 6@ =1+59¢ + 5&0)0')=0. (4.11)
in terms of & are again obtained from the 11-dimensional K

results of Ref[15] through the Kaluza-Klein reduction and, \we see that the diffeomorphism paramet&P™, which is

for the background3.2), are given by zeroth order ing, does not contribute to this consistency
— | X requirement and may be set to zero. On rewriting E¢4.0
O XF=irk IH0' +0(6°), and (4.1 in terms of y' through Eqs(4.7) and (4.9), one

can show without much difficulty that®¢' is given only in
terms of 5'. If we now express the resulting transformation
596" in terms of the 16 component spinogé and €' by
using Egs(3.8) and(4.1), we then have

where k. is defined in Eq(2.20. In the light-cone gauge,

i —
8:0'= '+ 7 (T kL) w, T (s6'+O(6%), (4.9

Egs.(3.6) and(3.17), we get SO yt=f ANy et
S X =—if "V, T76'+0(6%), SOy2=f-1INy 2, (4.12
8. X" =if 71/2;LI~— 0'+0(6%), where we have defined
) . Tyl T0— — i
5KX|:i;I+F|6|+O(03), N”E Y HT+(7 1/ 7) (413

WH:+<7”—1/J_>H*'

5,0'=r! + 3h(0JF7K+)F r'e with = corresponding tol=1,2 respectively. The above
transformation rules are the desired results that preserve the
—l 3l . k-symmetry fixing condition. Here we would like to note
— 27 NOT ) +0(67). (46 that, in the process of calculation, it is crucial to recognize
the following identity satisfied for each

For the superstring case, it is usually convenient to introduce
YIS+ (Y7 F U=y,
J= N'N'=— —————— —. (414
K= A T, (4.7) y I+ (Y F U= I
2y-g "

In fact, the identity(4.14) is nothing but the covariant Vira-
which allows us to view the transformation parameteas a  soro constraint as can be verified by a direct calculation. At
worldsheet vector. By using Eq&.21) and(3.10), it is easy  this point, one may worry about the presence of the world-
to show thatxﬁ1 (Krzn) satisfies théanti-) self-dual condition:  sheet metric ifN'', about which we have not been concerned
so far. However, as we shall see later, an intriguing fact for
N'"is that, though the worldsheet metric appears in its defi-
nition, the resulting expression f'' is totally independent
Therefore, each of these worldsheet vectors has one indepegn the worldsheet metric.
dent vector component and hence may be represented as et us now consider the leading-order modified super-

" symmetry transformation of', 5VX!. In this case, there is
K!M=2PMmHx . 49 4 problem related to the light-cone gaude =27, Eq.

We now turn to the modified supersymmetry transforma-(3'17)' The transformatiors™X * is given by

Klm: Pmn,llKrl] , K2m: Pmn,ZZKﬁ ) (4.8)

tion, Eq.(4.4), and investigate it order by order in terms of DX =4if ~ V(! 8O yly+ 2007 (4.15
which does not vanish in general and breaks the light-cone
"Detailed expressions of'™ in terms of ' are as follows: gauge fixing condition. In order to recover the light-cone
(1)
W=y K= (1) i gauge,,'*’” should be chosen such as
K2T= ’)/TT)(Z K27 = (y™+ U= 7))(2- g(l)T: —2if _1/2h(l//| 5(0)¢I)_ (416
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Then the transformatio@®X' becomes, up to diffeomor-

1 1
phism in theo direction, fUNY= — (P + X'~ (PI=X"H2(P + X'
2p”* 8(p*)*
SUXI = 4if 71/4¢,I ’inI —2if 71/2h( lﬂl 5(0)wl)>'(i + g(l)a-x/i_ i . . i
(4.17) + " 3h(P'+X”)(lﬂ2¢'2)+ —
4(p™) 8(p")
Since the spatial componetit)” does not appear iaMX ™" e 1 i o
due toX’*=0 in the light-cone gauge, it remains undeter- XhPX ™ (- y gr) + 5 oh(PX")
mined. The requirement of preserving another condition in 16(p")
the light-cone gauge, E¢8.17), is not helpful for specifying X (PR + X% (¢! I y) + O (¢,
it, sincep™ is constant. As a possible way of determining it,
we consider the closure of supersymmetry algebra, a prop-
erty that supersymmetry must satisfy. If we use the leading- 1
order transformation rules fog' and X', Egs. (4.12 and {122 = (P =X") = ———(PI+X"1)2(P'=X"T)
(4.17), and the equation of motion fox', Eq. (3.25, the 8(p")
requirement 0[56(1),55(2)]x'=§mamx' with ™ as bilinear i i
combinations ofe.;, and €,y, makes us get - h(P'=X")(gty'h) —
e(1) and ez g 2p)? v 8(pH)°
(1)o_ 9+ y—1§=1/20 I/ .11 (0),/] . i ) :
Z 2|(p ) f hs (lﬁ 2 w ) (4-1& X&-thX’k(z//Zy"z//Z)Jr ﬁ.h(PI_X/I)
' 16(p*)% "

Through the same procedure performed at the leading or-
der, we can obtain the next-to-leading-order corrections to
the modified supersymmetry transformation. At this order,

there is no need to consider the corrections to the transfos alluded to before, we see thst' does not have the de-
mation of X', since the next-to-leading-order corrections arependence on the worldsheet metric. The final expressions are

of order O(4°) and thus beyond our interest in this paper.
The modified supersymmetry transformations/bfget non-
trivial corrections at the next-to-leading order and they are

obtained as SXi=
5(2)¢l: If *5/4aih( lrlll ,yi el)l/fl
—2if ~(y 8Oy gihNY oy g+ (Mgt
5(2)¢2: if 75/4&ih( wl ,yi El)l/IZ
—2if —5/4( lpl 5(0)¢I)aih N2j ,yj ’}’i l//2+ é‘(l)m(ymlpZ,

where/(M™ are given by Eqs(4.16 and (4.18.

Up to the quadratic order igh, we have obtained all the
information for the supersymmetry transformations in the
light-cone gauge. By gathering the order by order results, the
full modified supersymmetry transformation rules preserving
the light-cone gauge and-symmetry fixing conditions, are
given by

SX'= WX+ O(y®),

Sy =8Oy + 5@y + O(y*). (4.20

The detailed form of the above transformations are obtained
by doing the rescalings fof/_', Egs.(3.11) and(3.21), using

the equations of motion fox' and z/;'_, Egs.(3.295 and(3.26),

and the following expansions fod'', Eq. (4.13:
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X (PRSI + X", (g Ryl + Oyt (4.2

2i

V2p*

h(P'=X")(PI+X")

Ll i
e Sz ()
. i S

ey ——————  h(P+ X'/ (PI=X"]
X (P2 )+ 04,

(Pi+xri),yi61_

h(PI—X"1)2

2
V2p*

X(Pi—I—X'i)yiel-l—

1
2y2p*(p*)?
i ) .
—————h(P'+X")
V2p*(p*)?
: i : .
X( 2 /2) i1 h(PI_X/I)
e ot

XUy )y~ Ah(PX'¥)

[
V2p*(p*)?
. . i : :
1.0,y A0 1 —a:h(P!+ X"}
X(Pylyt)yle +4W(p+)2a' (PI+X")
X(Pkgl‘]'f’x,ks”)(lﬂl’yiklﬂ‘])’ijl

- i—aih(Pj+X’i)(P"5”+X’ks”)
4v2p*(p*)?
X (YY) Yyt + oy,
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2 1 o
——(P'=X"")y' €= —————h(P!+X"})?
v2p” 2v2p*(p*)?

X(Pi_x/i),yiEZ_ h(Pi_X/i)

|
V2pt(p*)?
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The algebra4.24) is what we want in the two-dimensional
theory and corresponds to the anticommutation relation be-
tween the would-be supercharg@sgenerating the transfor-
mations (4.22; {Q',Q’}x8YH+s"P, whereH and P are

the translation generators in two dimensions. Besides the al-
gebra(4.24), another thing to be investigated is the super-
symmetry transformation property of the system described
by the Hamiltonian3.20), which is obtained as

X(z/;lzﬂ’l)yiez-f— —— Zh(Pi"r‘X'i)
v2pt(p") SJH=0+0(4>). (4.26
) i
X(Yty'el) ' 2+ —————a,h(PKX'¥) As usual, this means that the system is supersymmetric. In
2\2p*(p*)? other words, the supercharges are consef@4H]=0.
i . A
a:h(PI—=X'1) V. DISCUSSION

2 i 12\ 0 22
X(Py ¢)76+4\/2—+ -
p (p") : : : :

_ _ We have studied the light-cone superstring dynamics on

X (P + X%y (g vy 4l €2 the gravitational wave background corresponding to the ma-
. trix string theory and investigated the structure of supersym-
: Sh(PI— X/ 1) (Pk§ 4 X ks metry. This is the supergravity side analysis of the matrix

I

B 4\2p*(p+)? string theory. Basically, because enough of supersymmetries
o preserved by the background, 16 supersymmetries, the re-
X (' y*ed) yly P+ O(y). (4.22  sults on dynamics have agreed with those obtained from the

matrix string theory, the SYM side. The supersymmetry
Obviously, these supersymmetry transformations are globatansformation rules in the light-cone gauge have been iden-
from the worldsheet point of view, since the transformationtified with those of the low-energy one-loop effective action
parameterg' are constants, while the starting supersymme-of matrix string theory for two superstring backgrounds in
try transformationg4.3) are local in target spacetime. If we weak string coupling. The importance of our results is that
seth=0 for a moment, the transformations, H¢.22, are  the supersymmetry transformation rules obtained in this pa-
nothing but those of scalar multiplets of two-dimensionalper may provide an alternative approach to determine some
N=(8,8) SYM theory, obtained in the early days of GS su-parts of the higher loop corrections to the low-energy effec-
perstring theory28]. The interpretation of this is clear in the tive action of matrix string theory without explicit loop cal-
context of DLCQ M theory, though it is not so in the original culations. The full expansion of transformation rules, up to
GS superstring theory itself. The transformation rules for thel6th order in terms of the anticommuting coordinaigs
case ofh=0 are those of matrix string theory at the tree will give us more information about the dynamics of matrix
level corresponding to a free superstring. Thelependent string theory or the light-cone superstring on the gravita-
terms in Eq.(4.22 are due to the one-loop corrections to thetional wave background.
matrix string theory for the two superstring background. In our formulation of the light-cone superstring, we have

With the modified supersymmetry transformation rulesfixed two worldsheet diffeomorphisms by choosing two
(4.22, it is a straightforward task to investigate the super-phase-space variable$® and P*, the light-cone gauge
symmetry algebra. Since we have not determined the term@.17). An intriguing fact is that the worldsheet metric has
of the orderO(4?) in X!, it is not possible to check the not appeared in the various final results, and hence we have
supersymmetry algebra fof' to quadratic order in terms of not needed to worry about how it is fixed according to the
. On the contrarydy' leads to the nontrivial check. By light-cone gauge. If it had played a role in any way, our
using theSO(8) Fierz identity for the spinors with the same formulation would be quite complicated. It is hard to believe
SO(1,9) chiralities, that this situation is an accident. We expect that the indepen-
dence on the worldsheet metric also holds in other super-
gravity backgrounds, at least as far as the same kind of cal-
culations done in this paper are concerned.

For supersymmetry in the light-cone gauge, we have not
tried to get the conserved superchar@ésafter obtaining the
supersymmetry transformation rulé4.22). This is because
Q' generating Eq(4.22 should have an expansion up to the
order O(4?), which requires knowledge about the terms of
the orderO(y%) in the light-cone Hamiltoniari3.20. (Re-
call that the terms of that order in the light-cone Hamiltonian
have not yet been determingéurthermore, since the Dirac
bracketg3.24) are used to obtain the supersymmetry algebra
and the transformation rules, i.&8=i€'{Q', }p, we should

(¥ €1) Y €2)=(ey€2) ¥— 3 (€)Y €2)) ¥ o,
(4.2
we can show that, up to the equations of motion,
[8epyy B 10/ = EM0mp + O(4), (429
where the worldsheet translation parametétsare given by
&= 4i(5(11)‘5(12)+ 6%1)652)),
E7=4i(p") " Hepye) — €yerz)- (429
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know the terms of the ordeP(y°) in the constraint$3.22) The final point we would like to discuss is that the for-
to get the Dirac brackets with the expansion up to the remulation given in this paper is essentially perturbative in
quired order. For the case of the matrix theory, one of the/iew of the matrix string theory. Off the conformal point, the
present authorE7] has pointed out that the supercharges doMatrix string theory has the electric sector that describes the
not receive corrections of qubic or possibly higher order indynamics ofD0-branes. In Ref[25], the process of ex-
anticommuting coordinates and have the same form as thgf'@n9ingb0-branes between two superstrings in the trans-
for the flat case, while the Dirac brackets get corrections. I¥/€S€ direction has been considered. It is basically the instan-

we believe that this is also the case in the present paper, tjg"1keé process, and is thus nonperturbative. On the
| : : supergravity side, how to see this process and, more gener-
supercharge®' are simply given by

ally, how to extend the present formulation to the off confor-
mal regime of the matrix string theory, remains an interesting
Q'=\/§(p+)_1’2J do(P'87+X"1sY) y'y. problem.
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