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ABSTRACT

We discuss an interpretation of a simple supersymmetric matrix model with a
double-well potential as two-dimensional type ITA superstrings on a nontrivial
Ramond-Ramond background. We find direct correspondence between single-trace
operators in the matrix model and integrated vertex operators in type ITA theory
by computing various correlation functions in both sides.

1. Introduction

Solvable matrix models for two-dimensional quantum gravity or noncriti-
cal string theory were vigorously investigated around 1990, where a main
motivation was to understand nonperturbative effects in string theory [3].
While this approach has been succeeded for bosonic string theory, little has
been known for superstring theory, in particular which possesses target-
space supersymmetry (SUSY). We would like to consider (solvable) matrix
models describing superstring theory with target-space SUSY. We hope our
analysis helpful to understand nonperturbative dynamics of matrix models
of super Yang-Mills type for critical superstring theory [4].

2. Double-well SUSY matrix model

Ref. [5] discussed a following simple matrix model:

§ = Nix | LB +iB(6 — 12) + 060 +v9)| (1)
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where B and ¢ are N x N hermitian matrices, and ¢ and ) are N x N
Grassmann-odd matrices. The action S is invariant under SUSY transfor-
mations generated by @ and Q:

Qo=v, Qv=0, Qh=—iB, QB=0, 2)

from which one can see that they are nilpotent: Q? = Q% = 0. After
integrating out B, we have a scalar potential of a double-well shape: %((bQ -
©?)?. A large-N saddle point equation for the eigenvalue distribution of the
matrix ¢: p(z) = %tré(z — ¢) reads

1 3 2
=X HT. 4

1
/dyp(y)Pi +/dy,0(y)P
T —y
Its solution with filling fraction (v4,v_) is given by

[ Bey@eAF ) <e<h)
p(z) { =z /(2 — a?) (0% — 2?) (=b<z< —a) (5)

with @ = /p? —2 and b = \/u? + 2. The filling fractions satisfying v, +
v— = 1 indicate that vy N (v_N) eigenvalues are around the right (left)

minimum of the double-well. The solution exists for y? > 2. The large-N
free energy and <%tr B"> (n=1,2,---) evaluated at the solution turn out

to all vanish. This strongly suggests that the solution preserves SUSY.
Thus, we conclude that the SUSY minima are infinitely degenerate and
parametrized by (v4,v_) at large N. Note that the edges of the support a
and b are independent of v4. It is considered to be a characteristic feature
of SUSY matrix models, not observed in bosonic double-well matrix models

[6].
There exists a solution having support of a single interval = € [—¢, ¢] for
p? <2 [7):

Lo 5 ¢ 2 _ 2
P(x):g ot Ve (6)

1/2
with ¢ = \/g (,uz +ut + 12) / . Positivity of p(x) yields the condition
©? < 2. This solution gives nonzero values of <%trB > and of the large-N

free energy, showing that SUSY is broken. We observed that the third
derivative of the free energy with respect to 2 is not continuous at u? = 2.
The transition between the SUSY phase (u? > 2) and the SUSY broken
phase (% < 2) is of the third order.

In what follows we will compute various correlation functions at the saddle
point (5) and find new logarithmic critical behavior as y? — 2 + 0. Based
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on the result, we will discuss correspondence between the matrix model
and two-dimensional type ITA superstring theory on a nontrivial Ramond-
Ramond (RR) background. The logarithmic critical behavior is somewhat
reminiscent of the ¢ = 1 matrix model which is a matrix quantum me-
chanics of a single matrix variable [8]. The Penner model is known as a
zero-dimensional matrix model exhibiting the same critical behavior as the
matrix quantum mechanics [9]. ! The partition function is given by

Zpenmer = / d* M exp [Nttr{M +In(1 — M)}], (7)

where the double scaling limit is taken as n — oo, t — —1 with N(1 + ¢)
fixed. It describes noncritical string theory propagating on a two-dimensi-
onal target space: (Liouville direction) x (S! with self-dual radius). So, it
is expected that our matrix model can be regarded as a SUSY version of
the Penner model and describes two-dimensional superstring theory with
SUSY on the target space (Liouville direction) x (S with self-dual radius).
Indeed, two-dimensional type II superstring theory with the identical target
space is constructed [11, 12, 13, 14], where target space SUSY exists only
at the self-dual radius of the circle.

Our matrix model is interpreted as the O(n) model on a random surface
with n = —2, whose critical behavior is described by the ¢ = —2 topological
gravity [15]. The partition function after B, 1 and 1 integrated out is
expressed as a Gaussian one-matrix model by the Nicolai mapping H = ¢?,
where the H-integration is over the positive definite hermitian matrices, not
over all the hermitian matrices. Ref. [16] discusses that the difference of
the integration region has only effects which are nonperturbative in 1/N,
and the model can be regarded as the standard Gaussian matrix model at
each order of genus expansion.

The Nicolai mapping changes the operators %tr ®*" (n =1,2,---) toregular
operators %tr H"™. Hence, the behavior of their correlators is expected to
be described by the Gaussian one-matrix (the ¢ = —2 topological gravity)
at least perturbatively in 1/N. However, the operators %tr Pt (n =
0,1,2,---) are mapped to :l:%tr H"1/2 that are singular at the origin.
They are not observables in the ¢ = —2 topological gravity, while they are
natural observables as well as %tr #?" in the original setting (1). In the
next section, we will see that correlation functions among operators

1 2n+1 1 2n+1 1 T2n+1 _
Ntr¢ ’ Ntr?/) ’ Ntrw (n_071727 ) (8)

exhibit logarithmic singular behavior of powers of In(u? — 2) at the planar
topology.

! Also is the normal matrix model [10], which corresponds to ¢ = 1 noncritical strings
on S' with a general radius.
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In considering correspondence of the matrix model to superstring theory,
the following observation will be helpful. Suppose i and ¢ are regarded
as target-space fermions in the corresponding superstring theory. Namely,
1 is interpreted as an operator in the (NS, R) sector and v in the (R,
NS) sector in the RNS formalism. Then, under the so-called (—1)¥% and
(—1)F& transformations changing the signs of operators in the left-moving
Ramond sector and those in the right-moving Ramond sector respectively,
they transform as

—¥, 9)
(10)

(_1)FL : ¢ — 1/}7 1; —
(“DFr: = -y, Yo

In order for the matrix model action (1) to be invariant under the trans-
formations, B and ¢ should transform as

@ I

(-1)fr. B B, b — —0o, (11)
(-1)fr: BB, = ¢ —¢. (12)

This indicates that B corresponds to an operator in the (NS, NS) sector,
and ¢ in the (R, R) sector.

3. Correlation functions

3.1. Planar one-point functions

The planar one-point function <%tr ¢">O (n=1,2,---) are computed as

< tr¢"> /dx:c p(z (13)

n 3 4
= (s + ()@ + P (<558 )
where the suffix “0” in the left hand side indicates the planar contribution.
For n even, the expression is reduced to a polynomial of u? giving nonsin-
gular behavior as expected from the ¢ = —2 topological gravity. On the
other hand, when p? is odd, it exhibits logarithmic singular behavior as
p? —2+0:

1 2/€+1> 2812 (2k + 1)! WFt2
<Ntr¢ , (vy —vo) 2 nw (14)

with w = i(;ﬂ — 2). The symbol “~” denotes equality up to additive less
singular terms. Explicit form for a first few expectation values reads

1 64 16 2
<Ntrq§>0—(1/+—1/_) [157r+37r + —w Inw+ Ow?)|,
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1 1024 12 1 4
<tr¢3> =(vy —v_) {0 + —8w+ 776 24 wglnw+(9( H,
0

N 1057 5%8
1 . 8192 2048 128 , 160 5 10
—t (e — ) |22 R0 20y Y 1
<Nr¢>0 (v V){3157r+21ww+ P L
+ O(wﬂ ,
......... , (15)

Matrix models can be seen as a sort of “lattice models” for string theory. In

the hypergeometric function F ( 5, ;‘, 3; 1 +w) for n: odd, the logarithmic

singular terms can be regarded as universal parts relevant to “continuum
physics”, whereas polynomials of w as nonuniversal “lattice artifacts”.

3.2. Eigenvalue distribution with source

In computing higher-point correlators <HZ 1 Ntr ¢”1> co at the vacuum

)

with general filling fractions (v4,v_), it is useful to reduce them to those
at the vacuum with (v4,v_) = (1,0). We can show

(1,0)

Ko (v4,v-) K 4
()" et (f ) o

i=1 C,0 =1 C,0

up to K = 3, by explicit calculations. Here, the suffix “C” means taking
the connected correlator. The superscripts (v4,v_) and (1,0) are put to
clarify the filling fractions of the vacua at which the expectation values are
evaluated, and # counts the number of odd integers in {nj,---,nx}.

In order to obtain higher-point correlators of -+ ~tre? (p = 1,2,--+), we
introduce source terms » 7, jptr ¢F to the partltlon functlon

Nt | L(¢2—p2)2-3"®
ij:/sz¢e Nt [2(¢ BA2=3 0 aﬂ det(6o1+100). (7)

In the large-N limit, the eigenvalue distribution p;(x) satisfies the saddle
point equation

1 1 X ni
Javpi) (P 4P ) e Y el (1)

r—y x+y =1

Let us consider the case of the filling fractions (1,0) with the support of
pi(z) [aj,b;] (0 < aj <b;). We change variables as

a? + b? b? — a?
> =A+ B¢, y*=A+Bp with AE%, B=-21_7.
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B

and put p(n) = 7, p;(y), to simplify (18) as

Lot 1 1 2 — PJ p1
5 _1d77P(77)Pﬁ §(A—M +B§)—p§14p(14+35) (20)

for £ € [—1, 1], where p is normalized by f_ll dnp(n) = 1.
We act f_ll dg WPTL& to both sides of (20), and apply the formula

/dy\/l— 2Pfy — = 1+ 712V1 —u26(u—x) (21)
for x,u € [-1,1]. Then
5(0) = ;Nllj[z ~(a-se- B (¢ - ) (22)

© Bl | -
+pz::1p‘7p27r/—1d§ 1—§2P@(A+B§)2 ]

is obtained. The condition p({ = +1) = 0 determines A and B as

1 2B
A= M+ZJP2A+B)_1F(—+1 ,1,A+B> (23)
=
1/2
]pp 2 b on(_P 3 23)
1+Z ( )B(A+B) F(2+2 S ,
(24)

from which A and B are obtained iteratively with respect to {j,}. Up to
the first order of {j,},

p_ 1 4 ,
A=p +ij2 (2+ %)z 1F( 2+1,2,1;2+M2>+0(J2)7 (25)
p=1
B_2~|—Z] <—1)(2—|—u)_2F<p 233'4>+O(j2)
p2 9 9 ,27 a2+'u2 )

=
(26)

where O(j?) means a quantity of the quadratic order of {j,}.
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3.3. Planar two-point functions (bosons)
Let us express the planar expectation value of O under the partition func-

tion with the source terms (17) as <(’)>8j ). The cylinder amplitude at the
vacuum with the filling fractions (1,0) is given as

1 1 (1,0) 9 /1 )
- ot d _ g
<Ntr¢pNtr¢> ' < tr¢>

.0 Djp \N 0 |{j3=0
0 1 a _
= 67 dC(A+BC)2/)(C) (27)
p i {ip}=0

Combining (27) and (16) leads to the result for general filling fractions. In
what follows, we omit the superscript (4, v_) of the correlators when there
is no possible confusion. It turns out that the amplitudes take quadratic
forms of the hypergeometric functions. When p and ¢ are even, they are
polynomials of w independent of (v; — v_), which is expected from the
¢ = —2 topological gravity. When p and ¢ are odd and even respectively,

1
<<I>2k+1 Ntr ¢2£> ~ (vy — v_)(const.)w* ! Inw. (28)
c,0

When p and ¢ are odd,

2 1 1 (2k 4+ 1)! (20 +1)!
2m2k+ 041 (k!)? (1)

x WL (Inw)2. (29)

(Pok+1Por1)cg ~ —(v4 —vo)

Here, in order to subtract nonuniversal contributions in the form of the
product: (nonuniversal part) x (universal part), we took a basis of the odd-
power operators (operator mixing)

k
1 1 -
Dopy1 = ~ir P+ (v — o)) a2k+1,2i(w)ﬁtr o (30)
i=1
with agp41,2i(w) being a regular function at w = 0. For example, we can
explicitly construct the basis for the first three operators by considering

<(I)ICI)1>C707 <(I)1(I)3>C,07 ) <‘I)5(I)5>:

¢ = %tr o,
S R R R
By = yytrd® v (14 bl + O) rat
(v — y,)% (1430 - af)w + 0(w?)) %tr 2, (31)
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where @g}% and &éﬁ are undertermined constants. They would be deter-

mined by considering higher operators.

Note that (v; — v_) corresponds to a Ramond-Ramond (RR) charge from
the observation at the end of section 2. ®9;,1 has a RR charge.

3.4. Planar three-point functions (bosons)

Similar procedure to the case of the two-point functions can be used in
computing three-point correlation functions. It turns out that the result
is expressed as cubic forms of the hypergeometric functions. The first two
amplitudes become

(@) = 4 = v)? | {55 ) + O]

<(‘I’1)2‘I)3>070 = vy —v)’ [ :

2 e + Owiney)] . (32)

3
83
3.5. Planar higher-point functions (bosons)

The results obtained for the one-, two- and three-point functions of op-
erators ®or1q (K = 0,1,2,--) naturally suggest the form of higher-point
functions as

<H<1>2ki+1> ~ (vg = v_)" (comst.) w? T2 KD (wyr (33)
i=1 C,0

with 7 = —1. Besides the power of logarithm (Inw)”, it has the standard
scaling behavior with the string susceptibility v = —1 (the same as in the
¢ = —2 topological gravity) and the gravitational scaling dimension k of
Dopt1, if we identify w with “the cosmological constant” coupled to the
lowest dimensional operator on a random surface [17].

3.6. Planar two-point functions (fermions)
The simplest two-point correlator of fermions is computed as

<iftrw Jiftrzﬁ>ao = ;/de % p(x)

I aep (L2 L)
= (s = v2) 5 (A +w) VR (55 3

= (vy —v) [;T+71Twlnw+(’)(w)} (w — +0), (34)

exhibiting Inw singular behavior. SUSY invariance implies that this is
equal to <%tr (iB) +tr ¢>Co
seen from (15). 7

i% <%tr ¢>O, interestingly which can be
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Next, for <%tr 3 %tr 1/?3>CO, we should consider an operator mixing sim-

ilar to the bosonic case (30). Let us take the new basis as

= —tr¢, U, = N trap,
_ 1 3 o 5. L 73 4 (mixi
U3 = wtre° + (mixing), Uy = N tr¢° + (mixing),
- 1
U5 = +tre® + (mixing), Vs = N tr1® + (mixing),
o o (35)
where “mixing” means operators to be added so that
(Uors1Wori1) oo ~ Ok vk (V4 — v_ )22k (36)
with v constants holds for &,/ = 0,1. It turns out that the choice
1 1
Wy = eyt 35 (14w +O(?) e {(iB — & + 1)},
_ 1 - 1 =
Uy = tr U+ 55 (1+w+ (’)(wz))ﬁtr{(iB — ¢+ )Pt (37)
or
Uy = gt = O (1w OWh) i (B — ¢ + i)
N V2 N ’
Un — irdd_ o MLt (6B — 62 + 1)
Uy = Ntr¢ \/i(l—i-w—FO(w ))Ntr{(zB ¢° + )} (38)

does the job (36) with vg = £ and v; = &

The result (36) tells us that Woxq and @2k+1 have the gravitational scaling
dimension k& same as @941 besides the logarithmic factor.

4. 2D type IIA superstring

The type II superstring theory discussed in Refs. [11, 12, 13] has the tar-

get space (p,z) € (Liouville direction) x (S* with self-dual radius). The
holomorphic energy-momentum tensor on the string world-sheet is

Q

_ L1 P 2, 1
T = —5(02)° = Sthadtps — 5(00)* + S 0% — Sty (39)

with @ = 2, except ghosts’ part. ¥, and 1), are superpartners of x and ¢,
respectively. Target-space supercurrents in the type ITA theory

S

gs(2) = e~ 393 HE)—in(z) g (2) = e~ 12D +3AE)+ia(2) (40)
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exist only for the S' target space of the self-dual radius. ¢ (¢) is the
holomorphic (anti-holomorphic) bosonized superconformal ghost, and the

fermions are bosonized as 1, & i), = V2 eTH 4y +ih, = /2 eFH . Then
the supercharges

dz
21 @+

@, G-=4Z 0 (41)

211

Q+ =

are nilpotent Q2 = Q% = 0, which indeed matches the supercharges @ and

Q@ in the matrix model.
The spectrum except special massive states is represented by the NS “ta-
chyon” vertex operator (in (—1) picture):

Ty = e~ ¢tikatpee T; = €*¢_>+il_ci+pé@7 (42)
and by the R vertex operator (in (—1) picture):
Vie = e~ 5Ot seH+ikatpep Vi .= o 3P+ SEH+ikz+pep (43)
) ) ,E

with ¢, = +1. Locality with the supercurrents, mutual locality, super-
conformal invariance (including the Dirac equation constraint) and the
level matching condition determine physical vertex operators. As discussed
in [13], there are two consistent sets of physical vertex operators - “momen-
tum background” and “winding background”. Let us consider the “wind-
ing background”. 2 The physical spectrum in the “winding background” is
given by

(NS, NS) : Ty T,k (k) €eZ+ *),

(R+, R—): Vi, +1 V—k,—l (k=

22"
(R— R+): VgV (k=0,1,2,--1),
> 13
(NS,R-): T Vogox (k=g 5,
. 13
(R+7 NS) : Vk7+1 Tk (k = 57 57' )7 (44)

where we take a branch of p, = 1 — |k| satisfying the locality bound p, <
@/2 =1 [18]. We can see that the vertex operators

Vi V_; —1 T 1 V_; —1 Vi
2 2 2

L T, Ty (45)

%We can repeat the parallel argument for “momentum background” in the type IIB
theory, which is equivalent to the “winding background” in the type ITA theory through
T-duality with respect to the S* direction.
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form a quartet under Q4 and Q_: 3

@V Vor 4]=T 2 V_y 4, {Qp, TV, 1} =0,
{Q4 Vi T} =T 1Ty, [Q+, T_1 T1] =0, (46)
[Q,,V%’HV 1 1]—*V%7+1 _%v {vavl,JrlT%}_O’
QT 1 Vs (}=T 1Ty, [Q,T 1T1]=0. (47)

Notice that (46) and (47) are isomorphic to (2) and (3), respectively. It
leads to correspondence of single-trace operators in the matrix model to
integrated vertex operators in the type IIA theory:

B s v¢(0)z/dzzv;,+l(z)vf
U = Vw(O)E/dZ,zT_%(z)V_
= [ 2
V) V¢(0)—/dZV§,+1(Z)

U (iB) = Vs0) = [@T () Ty(), (48)

which is consistent with the identification in (9)-(12). Furthermore, it is
natural to extend (48) to case of higher k(=1,2,---) as

(I)2k+1 <~ V¢(k) = /dZZVk+%7+1(Z) V—k—l _1(2),
Uoprn == Vylk) = / T (Vs 4 (2),
Uopr = V) = / P2Vips () Ty (2). (49)

Since the “tachyons” of the negative winding [d?2T_,_1(2)T; 1(2) (k =
2 2

0,1,2,---) are invariant under Q4 and Q_, they are expected to be mapped
to {#tr (—=iB)*"} (k =0,1,2,---) perhaps with some mixing terms. We
see in (49) that the powers of matrices are interpreted as windings or mo-
menta in the S' direction of the type IIA theory. Although such interpre-
tation is not usual in matrix models for two-dimensional quantum gravity
coupled to ¢ < 1 matters, refs. [19] show that a positive power k of a matrix
variable in the Penner model correctly describe the “tachyons” with nega-
tive momentum —k in the ¢ = 1 string on S', which is in harmony with our

3We here assume that Q commutes with 75 and anti-commutes with V%, &> and that
Q_ commutes with T}, and anti-commutes with Vj .. It is plausible from the statistics
in the target space. In ref. [2], we introduce cocycle factors to the vertex operators in
order to realize the (anti-)commutation properties.
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interpretation. In [19], the positive momentum “tachyons” are represented
by introducing source terms of an external matrix via the Kontsevich-
Miwa transformation in the Penner model. In turn, it is natural to expect
in our case that the positive winding “tachyons” [d?zT , 1 (2) T}, 1 (2)
(k=—1,-2,---) in the type ITA theory are expressed in a similar manner
in the matrix model.

Note that (R—, R+) operators are singlets under the target-space SUSYs

@+, Q—, and appear to have no counterpart in the matrix model side. Since
the expectation value of operators carrying the nonzero RR charge (®2x41),
does not vanish as seen in (14), the matrix model is considered to corre-
spond to the type ITA theory on a background of the (R—, R+) fields. We
may introduce the (R—, R+) background in the form of vertex operators,
when the strength of the background (v — v_) is small.

5. Correspondence between the matrix model and the type
ITA theory

Correlation functions among integrated vertex operators in the type IIA
theory on the trivial background are given by

. SCFT —Sint
<1:[Vz> VoL CKV /D x, @, H,ghosts) e e HVZ’ (50)

where

Scpr = i d*z {61’8% + 0p0yp + —~ ngo +0HOH + (ghosts)} ,
Sint = 1 / d*zT

The 0-picture (NS, NS) “tachyon” is given by

()11 (2). (51)

w\»—'v

i ; —1 ikx
10 = 5 [ = e+ e+ R)e ] i,
10 = = (e = B 4 (o Rye ] et (52)
NG

We consider correlation functions in the ITA theory on a nontrivial (R—,
R+) background as a form

(02 = () )

The background Wgrg is invariant under the target-space SUSYs:

Wgrr = (vy —v_) Z ay plf"'lVER,
keZ
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VRR _ fdQZVk—11( )Ykﬂ(?)l 1 (pe=1—1k|, £ <0) (54)
BT S @2 v v (z) (pe =1+ [k, k> 1).

ap, is a numerical constant. Although the nonlocal operators in (54) with
p¢ > 1 do not satisfy the Dirac equation constraint on the trivial back-
ground, these operators are necessary to see the correspondence to the ma-
trix model as we see later. Since the RR background possibly change the
on-shell condition, it seems not so strange. We treat the RR background
for (v4 —v_) small as

(1 ()om)-E2 (o). o

and the picture is adjusted by hand so that the total picture is equal to
—2.

In computation of amplitudes in the type ITA theory, we consider the so-
called s = 0 amplitude in the Liouville theory, which is interpreted as a
bulk amplitude insensitive to details of the Liouville wall [20]. It is con-
sidered to be in harmony with considering the leading nontrivial contri-
bution for small (v; — v_), because higher orders of (v; — v_) seems to
detect a cigar geometry deformed from the two-dimensional target space
(Liouville direction) x (S! with self-dual radius) [12]. The direction to the
Liouville wall corresponds to the direction to the tip of the cigar. The
Liouville computation yields

(VB(0) Vi(k) VIR ) = 8 (210 pu1), (56)
(Vo) Volka) VER VER) = (8 s 112002, -1 + (01 65 £2)) (57)
2

In the computation (57), we encountered the integral

2, asa] i1 syf = L@+ DB+ (—a—p-1)
/d “(1-2)(1-2) fa1512 Tal(-h) (58)

with
a=a=k + ks, B=p=—k —1, (k1,k2 =0,1,2,---).  (59)
This expression is indefinite. We computed it by regularizing as

a—ate, a—at+e B-B+e B—B+e (60)

where € = CLIVL. Vi =2In ;711 is the Liouville volume, and cy, is a numerical

constant.
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Let us identify the coupling u; of the Liouville interaction Siy in (51)
with the “cosmological constant” w by shifting the origin of the Liouville
coordinate. Then, it leads to the identification

Jvu¢43yzi/d%zf3@‘§%@. (61)

Also, introducing coefficients ¢, d, dj., we precisely express the correspon-
dence in (48) and (49) as

Do 1 = e Vy(k), Uopt1 = diVy(k), Uops1 = dipVy(k).  (62)

We put the overall normalization factor A/ in identifying the amplitudes in
the matrix-model side and those in the ITA theory side:

(Ntr(—iB) Bops1) g = N <<z11 ( / T£0£T§0)> V() >> . (63)

The left hand side is calculated by using (14):

1
(LHS) = —iaw <q)2k:+1>0
28 2k + D!l
~ —(vy — l/_)ﬂ'((k-i-l))! Wl inw. (64)

On the other hand, under a suitable choice of the picture, leading nontrivial
contribution for (v4 — v_) small to the right hand side is

1
Ver (VB(0) Vs (k) Wrr)
= Vel — ) Y arw (Vi(0) Vy(k) VER)
ez
1 k+1
= §(y+ —v_)Negapw™ Inw, (65)

where (56) was used. So, the identification (63) leads to

2 (2k +1)!

Newar = =

(66)

Next, let us consider the correspondence

(Poky+1Poky+1) 00 ZN ((ery Vo (k) cr, Vo (k2) ) - (67)
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Leading nontrivial contribution to the right hand side is obtained from (57)
as

1
NCk1 Cko <V¢(/€1) V¢(k2) 2|(WRR)2>
1
= §ch.1 Chy (V3 — V)2 Z ag, ag, w2 <V¢(k1) Vo (k2) VER V2R>
01 ,02€Z

2
(kY vt

2
= (vy —v_)*Ner gy Cry Qloy+ky A—1 2T < o]
1:K2:

(68)
The result of the left hand side is given by (29). Comparing these we have

(o) () i + Rl + R 1))

1 1
= 69
473 NCLCL_l ( )
It is solved as
ag
ek =co2k+ DL ar = (70)
for k=0,1,2,--- with
1 1
2
= 1
040 473 Nepa_q (71)

Remarkably, (66) is consistent to (70). It serves a quite nontrivial check of
the correspondence.

Also, the correspondence of the amplitudes containing fermions

<‘I'1\I’1>co = N<< d0V¢( )d0V¢(0) >> )

(U303) 00 = N V(1) diVy(1) ) (72)
yields . 5
do(i@ = —ZCO, dlcfl = p% (73)

It leads to the precise correspondence between the supercharges:

d - dy ~
Q=20+, Q=70- (74)
0 €o

So far, the correspondence seems consistent at the level of planar or tree
amplitudes.
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6. Summary and Discussion

We computed planar correlation functions in the double-well SUSY matrix
model, and discussed its correspondence to 2D type IIA superstring theory
on (R—,R+) background by comparing amplitudes in both sides. This is
an interesting example of matrix models for superstrings with target-space
SUSY, in which various amplitudes are explicitly calculable.

It is interesting to examine the correspondence at deeper level in higher
genus amplitudes and in amplitudes containing special massive operators.
Also, it is important to discuss the correspondence in the off-shell formu-
lation such as the hybrid formalism [14].
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