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Fermion propagators in type Il fivebrane backgrounds
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The fermion propagators in the fivebrane background of type Il superstring theories are calculated. The
propagator can be obtained by explicitly evaluating the transition amplitude between two specific NS-R
boundary states by the propagator operator in the nontrivial world-sheet conformal field theory for the five-
brane background. The propagator in the field theory limit can be obtained by using point boundary states. We
can explicitly investigate the lowest-lying fermion states propagating in the nontrivial ten-dimensional space-
time of the fivebrane backgrounkt®x W(* , wherew(" is the group manifold of SU(2)< U(1). Half of the
original supersymmetry is spontaneously broken, and the space-time Lorentz symmetry SO(9,1) reduces to
SO(5,1) in SO(5,5x SO(4)C SO(9,1) by the fivebrane background. We find that there are no propagations of
SO(4) (local Lorentz spinor fields, which is consistent with the arguments on the fermion zero modes in the
fivebrane background of low-energy type Il supergravity theories.
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I. INTRODUCTION ries as the solutions of string theorif®,9]. Therefore, in
principle we can calculate fermion propagators in string
The quantum effect of gravity may shed new light onth_eories perturbatively with respect to the string coupling
unsolved problems in particle physics. It has been pointedVithout any low-energy approximatidri0,11]. o
out that supersymmetry can be spontaneously and dynami- The _number of fermlon zero modes in nontnwal four-
cally broken by gravitino condensatidi,2] in nontrivial dlmensmn_al space of_ fivebrane backgrounds in low-energy
space-time backgrounds. It has also been suggested that S{fPergravity theories is well knowii]. There are four fer-
the global symmetries in the low-energy effective field MoN zero modes in type I theorigd2] and two fermion
theory should be broken by the effect of quantum gravityZ€r° modes in _heterotlc theonéls’af]. If we believe the path
[3,4]. It is very important to investigate these possibilities inintegral formalism of supergravity theory, these numbers

string theory, which is a strong candidate for consistenf€an four-fermion condensations in type Il theories and fer-
theory of quantum gravity. mion pair condensations in heterotic theories in nontrivial

If we have a fermion propagator, or a fermion two-point four-dimensional space. Although the case of the heterotic
function, in some nontrivial backgroundpace-time metric €Oy is much more interesting than the case of the type |l

or gauge fields we can obtain a value of the fermion pair theory in terms of the strategy of extracting the value of the

condensate, which can be an order parameter of some Syrﬁe_rmion pair condensate from the propagator, there are some

metry breaking. For example, in the case of the B)J( technical difficulties in calculating the fermion propagator
gauge theory with massless vectorlike fermions in the funda(€SPecially for gravitino and dilatindn heterotic string theo-
mental representation of the gauge group in Euclidean spacE€S- (The calculation of the gaugino propagator is possible,
time, the zero-instanton sector in the path integral of thétnd the work is under wayln this paper we calculate the
fermion two-point function gives a Euclidean propagator,9ravitino and dilatino propagators in the fivebrane back-
and the one-instanton sector gives a fermion pair condensat@found in type I string theories as the first attempt. If the
which triggers chiral symmetry breaking. In the same systenfath integral formalism of the supergravity theory is correct,
in Minkowski space-time a full propagator should include thére should be no propagation of the light fields in SO(4)
the mass function whose integral gives the value of the fer{local Lorenta spinor representations. .

mion pair condensate through the arguments of operator, | "€ Paper is organized as follows. In the next section we
product expansion. Therefore, it is interesting to investigatdVe @ brief review of the fivebrane background in type Il
the fermion propagator in nontrivial space-time background$tn9 theories. The conformal field theory for the fivebrane
in string theories. background is introduced. In Sec. Ill the closed string bound-

The fivebrane background is a nontrivial background of2fy State to which a single fermion stdteft-handed Neveu-
the space-time metric and fields in type IIA, type 1B, and Schwarz and right-handed RamofidS-R) statg can couple

heterotic string theoriefs,6,7]. Half of the original super- is introduced. In Sec. IV fermion propagators are calculated

symmetry is broken, and the space-time Lorentz symmetr;l?y evaluating the transition amplitude between boundary
reduces to SO(5,1) from SO(92)50(5,1)x SO(4) by the states by the propagator operator in the world-sheet confor-
fivebrane backg;ound. Although genéral fivebrane backmal field theory. In the last section we summarize our results
grounds are realized as the solutions in the low-energy si?d give some comments.

pergravity theory of each string theory, in some special cases

. . 1. FIVEBRANE BACKGROUNDS IN TYPE Il STRING
they can be described by world-sheet conformal field theo-

THEORIES

The fivebrane backgroundor the NS5-brane is a
*Electronic address: kitazawa@phys.metro-u.ac.jp Bogomol'nyi-Prasad-Sommerfield (BPS  configuration
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which preserves half the supersymmetry of the theory. In
type Il supergravity theories, which are the low-energy effec- Va(2)Wy(2')~—
tive theories of type IIA and type IIB string theories, the

space-time metric configuration of the fivebrane backgrounghe N=4 superconformal symmetry transformation is gen-
(NS5-branes at the origins explicitly given by

5ab
z—z'"

®)

erated by the following energy-momentum ten§é9f1(<4)(z),
4

(4)

0,,=€?%5,,, (1) supercurrentsszvk (2), and SU(2), currentsS;(2):

20 _ 2, N w12 55

e =e° 0+ w7 2 T =73 m\]i +J5—V, 0P, +Qdly |, (6)
wheren is an integeru=6,7,8,9 are the indices of the non- W 2 1
trivial four-dimensional space in the whole ten-dimensional i = Vil JiVa—epdi ¥+ e Wawpw
space-time, and2229=6x“x“. We usep=0,1,...,9 as

. H . . L= =3, ¥,—QaV¥;, (7)

the index of the whole ten-dimensional space-time and
=0,1,...,5 as theindex of the flat six-dimensional @ > 1
Minkowski space-time in the whole ten-dimensional space- GX"k S IV i+ ey W |+ 3,V
time from now on. The geometry of the space-timeM$§ k+2 3!
X RX S with varying radius ofS® from \na' to infinity + Qv ®)

along with the value of the coordinate Bffrom —oo to .
These solutions in low-energy supergravity theories are con- 1 1

sidered to be exact solutions in type Il string theories. The Si= —(\If4\1fi+ —ei“\Ifj\h). 9
world-sheet conformal field theory for these backgrounds 2 2

can be explicitly constructed in the casee3o=0. In this
case the space-time geometryNEEx W*), whereW(*" is
the four-dimensional group manifold of SU(Z)U(1) with

The background charg® determines the gradient of the
linear-dilaton background = QX*=8. The world-sheet field

v (4) ; : 3 X”ZG(ZE) is called the Feigin-Fuchs field, and the theory of
pas '\t/'hond?’a';‘lj‘;' k'ofT gf geomeny %Wka,'ang?,'ngfesd this field is called the linear-dilaton theory. The val@
— @ I(k+2) y ' =\a'l(k+2)=2/(k+2) is required for the correct central

: harge ofc,p=6, and the Kaédvoody leveln of SU(2), is
In the case of flat space-time the world-sheet theory of; 4D ) 7 N
type Il string theory consists of one free bosonic fieldﬁ)«ad o unity due to the relation af=c,p/6. The antiholo-

— T ~n morphic sector has exactly the same structure.
X*(2,2) and two free fermionic fieldg*(z) andy*(z). The The world-sheet theory of the © part consists of one free

system has N,N)=(1,1) superconformal symmetry with posonic fieldx“(z,z) and two free fermionic fields#(z)
central chargec,,=cp,=10+10/2=15, which is cancelled 4,4 \jﬂ(;)_
by the ghost contributionc,=cy=—26+11=—15. The
nontrivial backgrouncl\/lﬁxwi‘” can be described by replac-
ing unconstrained field&* (u=6,7,8,9) with the fields con- M6 1 - 1 -

strained on the group manifold of SU(IU(1); namely, T == 5 IXFoX + Vi, (10
the part of the world-sheet theory corresponding to the
space-time coordinates pf=6,7,8,9 is replaced by the com-
bination of the SU(2) Wess-Zumino-WittefWZW) model

and the linear-dilaton theory. The new part has,N)  The antiholomorphic sector has exactly the same structure,
=(4,4) superconformal symmetry and has the same centradlnd theM® part has (\I,N)=(1,1) superconformal symme-

charge of the original part,p=6. =
The holomorphic sector of the SU(JU(L) part is de- Y- The whole world-sheet theory hablN)=(1,1) super-

6 (4)
scribed by three SU(2)bosonic currentd;(z) (i=1,2,3), conformal symmetry, and we také=T" +T"" and G

. _ -6 . 6 W(4)
one free bosonic curred(z) =9X*~°, and four free fermi- —gM +G,* as the currents of that symmetry. The super-
onic fieldsW, (a=1,2,3,4). These currents and fields SatiSfy\ﬁrasoro generators, (neZ) and G, (reZ+1/2 in the

the following operator product expansidve seta’=2  Nayey-Schwarz sector and Z in the Ramond sectpare

In the holomorphic sector the energy-
momentum teno™°(z) and the supercurre@™"(z) are

GM°=WhoX,. (11)

from now on in this section for simplicily defined by
DI () O I &) dz__.2
e 2 (z—z")2 ", Ln= jgmz T(2), (12)
JN(2)du(2')~— ! (4) G, = %EZHWG(Z) (13
N P = P 2miz -
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The antiholomorphic sector has exactly the same structure. - . -
The partition function, or one-loop vacuum amplitude, is ex- IB(y,8)*=[Bx(¥))®|Bgn ® ¢ 1] 0)ns® bR, (18)
plicitly calculated in Ref[9] for evenk. We considek as an
even number from now on. The difference between type I1AVhere|0)ys is the Neveu-Schwarz vacuum state iWQR Is
and type 1B theories is the difference of the usual universafhe Ramond vacuum state. The spin states;®s,®s3
Gliozzi-Scherk-Olive(GSO projection. In addition to the ®S4®ss with s;=*+1/2fori=1,2,...,5 isdescribed by
universal GSO projection, we have to do tmditional GSO
projection by which the half breaking of the space-time su- hs= 1@ 172@ N3® 74 ® 75 (19
persymmetry is realized in the world-sheet theory. with
o) 13
- . : (20)
The propagator of the closed string in type Il theories can 0 1

be calculated as the transition amplitude between two appro-
priate boundary states by the propagator operator in thfr si=1/2,-1/2, respectively. Théc ghost stateBgy) is
world-sheet conformal field theory. In the case of flat space€Xplicitly given by
time, the propagator of bosonic stat@s the bosonic string " oz
theory) is extensively studied in Refl14], and the propaga- _ -~ ~ CotCo
tors in the superstring theory are calculated in Rgl6,11]. |th)—exp[ 2 (C‘“b‘”_b‘“c‘“)] 2
In order to obtain the propagator in the field theory ligmibt (21
the low-energy limit, the point boundary stateswhich de-

scribe the states of the closed string shrinking to a point irand
space-time, should be used. For the boséNiB-NS or R-R

Ill. BOUNDARY STATES FOR PROPAGATORS
ni=

states of strings, we can use B1)-brane, or D-instanton, ~ bo—bo — ~
stateg 15]: < oh :<T|®<T‘ 5 X nzl(bncn_cnbn) :
(22)
[B(y))=[Bx(¥))®|B,)®|Bgr) @|Bsgy, (14
Using the propagator operator

where

D= B, L J P2 i 23)

* =—-Gp' 5 z—»z\0zb0
h Foag 70 2 lzj<1 WZ

R 1 - .
IBx(y))= 51°(x—y)exp{ nZl ﬁaﬁna_n,;] 0y (15)
we can explicitly calculate the fermion propagator as fol-

describes the state of the closed string shrinking at a spactgws.
time point ofy (or the state where the edge of the open string AU N
is fixed at a space-time point 99, |B,) is the world-sheet Pe(y' —y)se= “(B(y’,s’)|DF|B(y,s))V
fermion contribution which is determined by the supersym-
metry andT duality, and|Bg,) ®|Bsgy is the contribution of
world-sheet ghost fields, tHec ghost state and th@y ghost =—i— E d(Ny)- J’ (2 )1o¢s'qp
state, respectivelyWe are using the notation of Rgf16]

except for a factoi for world-sheet fermion fields.The ; 1 o0y —y)7
propagator X TPy —rq vz & . (24
Pa(y’ =¥)=(B(y")Ds|B(y)) (16) WhereME,X=4Nx/a’ with the levelNy of the bosonic ex-
with the propagator operator citations on the world-sheet, aifNy) is the degeneracy of
the open superstring state with the bosonic léNgland zero
a’ 1f 1 | —= fermionic level. In the momentum space,
Dg=—- = d“zr==2"0z 1
B a4 2) i< 2 0 o
Pe(a)s 2 d(Nx)- ;I vz (@9

can be explicitly calculated.

For the fermionic(NS-R or R-NS states of strings, we
cannot use the D-instanton states, because they do not couflbis result can be understood as the sum of the propagators
with a single fermionic state. Therefore, we have to intro-of the fields that satisfy some nonlocal field equations. The
duce some source boundary states which couple with a singtiifferent GSO projections for type IIA and type 1I1B theories
fermionic state. The source states do not necessarily correorrespond to taking different chiralities fer ands. Not all
spond to some physical objects such as D-branes. We cothe NS-R fermionic states in type IIA and type 1IB string
cretely introduce the following boundary state for NS-R fer-theories in the flat space-time are included in this propagator,
mionic states. but all the NS-R massless fermionic states are included.

+MNX
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To do the same in the fivebrane background, we need thehere
explicit expression for the D-instanton state for the bosonic

sector in the fivebrane background. L LFFLTFF , 2 _

The D-brane boundary state in the SU{2yZW model is r(p’|gto Tro “eFF ) ee=S(p’ —p)gPTq M
discussed in Refd.17,1§. It is possible to explicitly con- o
struct the D-instanton state. The place where the edge of the <IT 1-=¢2~1 (30
open string is fixed is the north or south pole f. The n=1

D-instanton state is the Cardy state

K with cee=1+6Q%/ a'. The statedp)gs With a continuous
_ parameter—o<p<o are the highest-weight states of the
€) 20 @“% 26) continuous representation of the linear-dilaton conformal
field theory with weight ¢'/4)[p?+ (Q/a')?]. The bound-
where ary state|B(y))gr satisfies the Cardy condition:

s, [ 2 | (I"+1)(1+1) 27 .
)= sin| -
k+2 k+2 <BFF(y)|ngF+LgF—cFF/12|BFF(y»:a—mzH (-2 1,
n=1
and|l) is the Ishibashi state, which satisfies (31)

, WZW | TWZW\1/2) 1y = 5 g~ Stiky (K) - ) )

(Ilabo™ +Le™) ™) =dma 2 ™(@ - (28 whereq=e 277 with q=e?"'". The parametey does not

with S =[(1+1)/2]%/(k+2)—3/24 and the SU(3)char- necessarily mean the position where the edge of the open

actery{®(q). In the statdC) there is no explicit dependence string is fixed. But in the smalD limit, which is the limit we

on the spatial point where the edge of the open string igvill consider, it has the meaning of the position. Here, we

fixed. This is due to the fact that the state is constructed in aRote that the discrete representation of the linear-dilaton con-

SU(2), invariant way. formal field theory need not be considered in the calculation
The D-brane boundary state in the linear-dilaton backof the tree-level propagator corresponding to the two-point

ground is investigated in Ref§19,20. It is impossible to amplitude at genus zef@].

impose Dirichlet boundary conditions in a conformally in- ~ USing the D-instanton boundary states for the SY(2)

variant way on the Feigin-Fuchs field because of the nonzer$/ZW model and the linear-dilaton theory, we introduce the

background charg& [19]. Although we can construct a following boundary state for the calculation of the fermion

boundary state that satisfies Dirichlet boundary conditions ifPropagator:

the same way as E@L5), it is not conformally invariant. The

Dirichlet boundary state can be defined, not by directly ap- o o

plying the Dirichlet boundary condition, but by using the [B(y.9) |BX(y)>M6®|BFF(y)>®|C>®|th>®|8“”(8)> ’

Cardy condition[20]. The states are described in a similar (32)

way to Eq.(26): .

where|B (s))* is the contribution of the world-sheet fermi-

_(dp ons in the NS-R sector. The sta®,(s))* has a slightly
[Bre(y)) = f 2m° PIp)er, (29 complicated form due to the add?iioﬁal >GSO projection:

e [ W ONs® [T, (54,88)= (112~ 1/2),(~ 1/2,1/2), -
’ PdOns® TR, (4,59 = (12,112),( 112~ 1/2),

with a total odd number o§,= —1/2 (odd ten-dimensional source boundary states by the propagator operator of EQ.
chirality) for type IIA theory and with a totally even number (23) with the operatord.q, Lo, andG, defined in the previ-
of s;=—1/2 (even ten-dimensional chiralityfor type IIB  ous section.
theory. The space-time index of the state is restricted depend-
ing on the spin state, and the number of allowed states is half
of the states in the case of flat space-time. This is the real- IV. FERMION PROPAGATORS IN FIVEBRANE
ization of half supersymmetry breaking by the fivebrane BACKGROUNDS
background in the world-sheet thedi§].
Now we can calculate the fermion propagator in the five- The explicit form of the fermion propagator is described
brane background as the transition amplitude between theses follows:
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o0

PRV R '’ v - 1. -~ .
Pe(y’ —Y)g=*(B(y",5)|De[B(Y,9)) BF— 3 | 0BGt 28,70, (a4
C!I 1 d2 1 I;<B( ! /)| "
= - Z—> ,S
4 2 |z|<1 |Z|2 Y
X602L0;0|B(y,s));’. (34) Here:]g' is tbe, zero mode in the mode expansion of the
WZW currentd® (J; with i=1,2,3 in Sec. Il correspond to

Here, I+ with u' =789, respectively We did not explicitly

write the contributions of the nonzero modes of the world-
; sheet fermions, because they give no contribution to the fer-
Lo=LY +LEF+ LW Lghost o, (35  mion propagator of Eq(34).
The calculation is straightforward except for one quantity

Lo=TM+TFF TWaW T ghost 7, (36)

with
(C[3 20 lezte e ). (45)

6 a
L?)/I 4 p p,LL+2 a_ na,u.n+ 2 rl/l l;bp.rl ( 7)
We can show that this quantity vanishes by using the condi-
tions of conformal and SU(2)invariance

FF_a’_, _ Q a,_, < . 6
Lo = 2 (p o 4 o +nzl a’ o
Ly#Yslc)=Lg?"slC), (46)
+2_ ry (38)
WZW_ | Wzw . - ¥loy=-3'10), (47
Lo?=Lg et 2 rytiut (39)
. and the definition of the Ishibashi state
L ghosts Z,l n(b_,Cn+C_nby)
=3 IiNj)e TN, (48)
+ E r(B_rve—v—Br), (40 .

r+v=1

and the same fok,. The eigenvalue of the momentum op- whereU is a unitary operator introduced in Rg21], and the
eratorp®—iQ/a’ corresponds tp in Eq.(29), Lg"*"|g is the

bosonic contribution, ang.’=7,8,9. For the NS-R sector, SU(2) Kat Moody algebra with 6<I<k. The states!;0,])
»=1/2 andv=0. Furthermore are in the orthonormal representations of the SU(2) algebra

with —I<j=<I, andN denotes the ways of operating some

N O I 5 -
GO:G(,\),'6+G\(;VK +Gghost (1) J_n, to the states. We obtain
with =0 WZW| —FWZw
(C3g 20" leztole|C)
e fal e . o .
Gy =—i\ 5P Y0+ fermion nonzero modes(42) 2_% SOI|Z|2LO(I,N)§j: (I;Nj135 [I5N,j)=0,

~ 4 — ! (49
S \f\/HJ —((p——)%

whereLq(1,N) is the eigenvalue of the operatbp’"|5 on

1 ~ I~ I~ r . .
P o U W the state|l;N,j). The second equality comes from the fact
that the trace ofj over a representation of SU(2) is zero.
+fermion nonzero modes, (43 The result of the calculation is
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o k
A;, _ Q ’ ’ ’ -~
Pr(Y = Y)5s= —I—f e y)”z/fsf(q,,rffﬂ g e TN T gy 3 d(N9 2, 3 [2(k+2)
X= = = —00
xm+1+1] 2 |+1) ! (50
m SN ~ )
k+271 "+ 2 gt (Qla’ )2+ M3+ (4la) [ (k+2)me+ (1 +1)m]

wherep,o,6=0,1, . ..,6. Weused the explicit formula for K 2 [+1
SU(2), character |:Eo (1+1) ) ——sin T
1 [+1 ;
n(7)® T 2(k+2) V72 "1-codnl(k+2)] (53)
2
Xer{zwi(kJr 2) 7| m+ +_1 (51)  This factor diverges in the lardelimit as (vk+ 2)® and can
2(k+2) be understood as the correspondence of the momentum inte-

. . . 3 . . ’ — 7
whereq=e2"'" [22]. In the denominator of the last factor of gration m_theS space with the_ radiug /Q. Ve (I.(+2)'.
Eq. (50), the first term is the squared energy-momentum inBecause in the statgC) there is no explicit spatial point

the flat seven-dimensional space-time, the second term is t her_e the_ edge of the_ open string is fixedS the momer-
um in S is not explicitly introduced. The propagation $3

universal mass shift due to the linear-dilaton backgroun
[23], and the third term is the mass by the usual strm% eXCIcannot be described by using this boundary state. We obtain
the propagator in the momentum space as

tations (M NX—4NX/a’) The fourth term is the contribution
that breaks the ten-dimensional space-time interpretation in

finite k.

The space-time interpretation b W{ in this world-
sheet theory is possible only in the larfgémit. In the large
k limit the contribution ofm=0 dominates in Eq(50). The
propagator becomes

Pr(y’ y) —i£ E d(NX)J'(ZWyeiqZ(V'*Y);
><Z (I+1) 2 oS L:; Ve

1 ’ ’ ’
(qo.ra-+|(g,3|€)\r ’ rF)‘F"F“’)

1

1
Pe(@)” 2 d(wasr(qaml 92 3
71;'“;
"0°05+ (Qla’ )P+ MR
(54)

xeA,K,w,rA’rK’rw’)l/,

This result has a similar form to the propagator in flat space-
time, Eq. (25), but it includes an additional contribution
which is proportional to three gamma matrices. It would be
interesting if the term could results some interesting phe-
nomena like fermion pair condensation, but this is not the
case. We have to do an additional GSO projection. As can be
seen in Eq(393), the additional GSO projection on the spinor
index can be described as the six-dimensional chirality pro-

% lﬂsﬂ;‘; _ ) (52) jection. The polarization spinafs should satisfy appropriate
a’q3+(Qla’)?+ Mﬁx chirality conditions. The final result can be described as fol-
lows, not explicitly includingyss, but using projection opera-
The summation overis exactly calculable: tors:
( 0 P
1irll 11 Ve q;rgn"” 1i Ve 111-‘11
Nx=0 Sy Q 2
B Qg5 t| 7] TMR,
Pe()*"={ . — (55)
F lirll 1i Y6 q;rgn'“‘V 11 Ve 111-‘11
Nx=0 S [ Q 2
Qg5+ | 7] TMR,
\
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for type IIA and type lIB theories, respectively in sign, The world-sheet conformal field theory is the combination of
whereyg=T°T"t...T andI';=T°T"*...T°, the SU(2) WZW model and linear-dilaton theory, which
The lightest Nx=0) propagation modes can be under-describes the nontrivial four-dimensional space, and the
stood as the components of the supermultiplets in sixtheory corresponding to the six-dimensional flat Minkowski
dimensionalN=(2,0) andN=(1,1) supergravity theories space-time. The KaMoody level k has been taken as an
for type IIA and type IIB theories, respectively. Note that even and large number for the ten-dimensional space-time
there are no propagators of the fields in SO(lal Lor-  interpretation. The tree-level calculation is effective at a dis-
ent2 spinor representations with* (1=6,7,8,9) in the nU-  ance around/a’ (k+ 2) away from the position of the five-

merator, which is consistent with the arguments on the ferpane \where the magnitude of the value of the dilaton field
mion zero modes in the fivebrane background of Iow—energyS small

supergravity theories; namely, the existence of four fermion The form of the obtained propagator is simple, and the

zero modes in nontrivial four-dimensional spab” means lightest propagating modes can be understood as the compo-

that there are no propagatofer two-point functions in nents of the supermultiplets in six-dimensiofNs=2 super-

fSC)(r)rgi)lissgl?g: ;ip;ﬁis;;}ggons, if we believe the path Integragljravity theories. The fact that there are no propagations of

In the case of type IIAIIB) theory andNy =0, the propa- the fi_elds in SO(4XIocaI Lorentz spinor repre;entations is
gator of the first line of Eq(55) corresponds to the propa- f:onS|stent with the arguments at_)out the fermlon zero modes
gations of one complex six-dimensional spin 3/2 gravitinol” |0WW-€Nergy supergravity theories. No signature of the fer-
and one complex six-dimensional spin 1/2 dilatino in bhe MioN pair condensation has been found, which is also con-
=(2,0) [N=(1,1)] supergravity multiplet. Another pair of sistent with the a_rguments_ about the fermion zero modes in
the gravitino and dilatino in the supergravity multiplet should !0W-energy effective theories. o o
be supplied from the RNS sector. The propagator of the sec- It might be interesting to attempt a similar calculation in
ond line of Eq.(55) corresponds to the propagations of four heterotic string theory. From the arguments about the fer-
complex spin 1/2 spinor fields in twl=(2,0) tensor mul- Mion zero modes in the low-energy supergravity theory, the
tiplets [two N=(1,1) vector multiplets of the supergravity ~pair condensations of gravitinos, dilatinos, and gauginos are
theory. The RNS sector gives the fermion components of twexpected. Although it is difficult to construct the source
otherN=(2,0) tensor multiplet§two N=(1,1) vector mul- boundary state for gravitinos and dilatinos without destroy-
tiplets]. ing the Dirichlet boundary condition, it is possible to con-

Note that the propagator obtained correctly describes thstruct the appropriate boundary state for gauginos. The for-
propagation around a certain distance from the position ofmation of the gaugino condensation in the low-energy
the fivebrane. The magnitude of the value of the dilaton fieldsupergravity theory can be understood as the instanton effect
becomes large near and far away from the position of theit the semiclassical level. It might be interesting to ask the
fivebrane[see Eq.(2) with e**0=0 andn=k+2], and the  question how the semiclassical effect in the low-energy ef-

perturbative calculation on the string couplithe genus fective theory is described in the string world-sheet theory.
expansiof does not give correct results. Therefore, the six-

dimensional system mentioned in the previous paragraph is

not the one confined in the fivebrane, but the system of the

bulk with a distance arounda’(k+2) away from the place ACKNOWLEDGMENTS
of the fivebrane.
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