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Coincident D3-branes placed at a conical singularity are related to string theory @ixXdSfor a suitable
five-dimensional Einstein manifolds. For the example of the conifold, which leadsXg=T*=[SU(2)
XSU(2)]/U(1), theinfrared limit of the theory orN D3-branes was constructed recently. This ishN&al
supersymmetriSU(N) X SU(N) gauge theory coupled to four bifundamental chiral superfields and supple-
mented by a quartic superpotential which becomes marginal in the infrared. In this paper we consider D3-
branes wrapped over the 3-cycles Bf! and identify them with baryon-like chiral operators built out of
products ofN chiral superfields. The supergravity calculation of the dimensions of such operators agrees with
field theory. We also study the D5-brane wrapped over a 2-cyclé-gfwhich acts as a domain wall in AgS
We argue that upon crossing it the gauge group chang8&J(®dl) X SU(N+1). This suggests a construction
of supergravity duals afV=1 supersymmetriSU(N,) X SU(N,) gauge theoried.S0556-282(198)01624-3

PACS numbdrs): 11.27+d, 04.65+e, 11.15-q, 11.25.Hf

I. INTRODUCTION serves 8 supersymmetries, while for otipesindq all super-
symmetries are broken. Therefore, one expects type 1IB
Over two decades ago 't Hooft showed that gauge theotheory on Adgx T*! to be dual to a certain largl N'=1
ries simplify in the limit where the number of color, is  superconformal field theory in four dimensions. The dual
taken to infinity[1]. A number of arguments suggest that, for theory constructed if20] turns out to be a non-trivial infra-
large N, gauge theories have a dual description in terms ofed fixed point. It is theSU(N) X SU(N) gauge theory with
string theory[ 1,2]. Recently, with some motivation from the chiral superfieldsA,, k=1,2, transforming in the N,N)
D-brane description of black three-branés-5], and from  representation an®,, 1=1,2, transforming in the ﬁ,N)
studies of the throat geomet§], Maldacena arguef?] that  representation. These fields acquire infrared anomalous di-
the N=4 supersymmetriSU(N) gauge theory is related to mensions equal te- 1/4 determined by the existence of an
type-lIB strings on five-dimensional anti—-de Sitter spaceanomaly-freeR-symmetry. A crucial ingredient in the con-
(AdSs) X S°.1 This correspondence was sharpenefiri0], struction of [20] is the quartic superpotentialW
where it was shown how to calculate the correlation func-=ATr(A;B;A,B,—A;B,A,B;) which becomes exactly
tions of gauge theory operators from the response of the typmarginal in the infrared.

IIB theory on AdSx S° to boundary conditions. The construction of the field theory [20] was guided by
According to general arguments presented 1], type the observation that it is the infrared limit of the world vol-
IIB theory on AdSX Xz, where Xs is a five-dimensional ume theory on coincident Dirichlet three-branes placed at a

Einstein manifold bearing five-form flux, is expected to beconical singularity of a non-compact Calabi-Y@TY) three-

dual to a four-dimensional conformal field theory. Construc-fold (this is a special case of the connection between com-

tion of field theories for various manifoldés, in addition to  pactification on Einstein manifolds and the metric of three-

the maximally supersymmetric ca¥g=S°, has become an branes placed at conical singularit{@?,20,23,29. The CY

active area. In one class of exampl¥s,is anS® divided by ~ manifold relevant here is the simplest non-compact threefold

the action of a discrete group. The field theory one thugvith a conical singularity. This is the conifol@5,26], which

obtains is the infrared limit of the world volume theory Bin ~ for our purposes is the complex manifali

D3-braneqg11,12 placed at an orbifold13—-16 or 7-brane s o o o

and orientifold singularityf17—-19. 71+2;+23+2,=0, (1)

Very recently, a new example of duality was fouf0] ) . o ) _

whereXs is a smooth Einstein manifold whose local geom-With @ “double point” singularity ai;=0. The metric on the

etry is different from that of°. The X for which the dual  conifold may be written as

field theory was constructed jR20] is one of the coset spaces

TPA=[SU(2)X SU(2)]/U(1) originally considered by Ro-

SZ’T)S Iir; tge;:nf:;|0fsfsll:§ﬁ_l<lgntﬁzp%g;?ggf]{;;z: OfHere gij is the metric on the base of the cone, which is

SU(2)><SU(2)'gif bR arg th: enerators of the left and precisely the Romans manifoli-* [26,20. The isometries

: e i €9 L R of T4, which form the groupSU(2)xXSU(2)x U(1), are

right SU(2)’s, then theU(1) is generated byos+qo3.  regjized very simply in terms of thecoordinates. The,

Romans found that fop=g=1 the compactification pre- transform in the four-dimensional representationSui(4)
=SU(2)XSU(2), while, under theU(1), z,—€'“z,. The
metric onTY! may be written down explicitly by utilizing

This type 1B background was originally considered[8]. the fact that it is dJ(1) bundle overS?x S?. Choosing the

dsg=dr?+r2g;(x)dxdx (i,j=1,...,59. (2
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coordinates €,,¢;) and (6,,¢,) to parametrize the two We further argue that a domain wall made out of a D5-
spheres in a conventional way, and the angke[0,47) to  brane wrapped over a 2-cycle df! separates &U(N)
parametrize th& (1) fiber, the metric may be written §26] X SU(N) gauge theory from &U(N) X SU(N+1) gauge
theory. Indeed, passing a wrapped D3-brane through such a
domain wall produces a fundamental string stretched be-
tween the D3-brane and the domain wall. On ®E(N)
5 X SU(N+1) side we find baryon-like operators which trans-
E 462+ sir? 2 form in the fundamental representation of one of the gauge
i:l[ 07 +sin”; di’]. (3 groups, and identify them with the wrapped D3-brane at-
tached to a string.

Explicit calculation shows that this metric is indeed Einstein-
ian, R;;=4g;; [26,30. IIl. THREE-CYCLES AND BARYON-LIKE OPERATORS

It turns out that the coset spac@l!=[SU(2)
X SU(2)]/U(1) may be obtained by blowing up the fixed  After placing a large numbe of coincident D3-branes at
circle of $/Z, (an operation that breaks=2 to A’=1) [20].  the singularity of the conifold and taking the near-horizon
On the field theory side, th&/=2 superconformal theory limit, the metric becomes that of AdS Xs:
corresponding tadS°/Z, flows to the /=1 IR fixed point
corresponding td1L. The necessary relevant perturbation of
the superpotential is odd under tdg and therefore corre-
sponds to a blowup mode of the orbifdla7,2§. It is inter-
esting to examine how various quantities change under th
renormalization grougRG) flow from the S°/Z, theory to
the T theory. The behavior of the conformal anomaly
[which is equal to theJ(1)3 anomaly was studied if29].

1
gij (x)dx'dx =g (dy+ cosd; dpy + cost dp,)?

o -

+

2 d 2
r M\ sV 2 r i v
dsio=12 7,,dy*dy’+ L% — +g;(0dxdx | (D)

The scaleL is related toN and the gravitational constant
througtf [29]

Using the values of th&-charges deduced if20], on the L4= VN (®)
field theory side it was found that 2Vol(Xs)
EZZ_? (4) Now consider wrapping a D3-brane over a 3-cycle of
cuy 32 T Topologically, T* is $2x S* which establishes the ex-

istence of a 3-cyclg26]. In fact, this is a supersymmetric
On the other hand, all 3-point functions calculated from sucycle; this fact was used {i81] where a three-brane wrapped
pergravity on Ad§xXs carry a normalization factor in- over this cycle was argued to give rise to a massless black
versely proportional to Vol Xs). Thus, on the supergravity hole. An immediate guess for a 3-cycle of minimum volume
side, is to consider the subspace at a constant valu&@ofd,) in
the metric (3). We have checked that the three-brane
cr VoI(SYZ,) wrapped over §,6,,¢4) coordinates indeed satisfies the
a: W' (S) equations of motion and is thus a minimum volume
configuratior® To calculate the 3-volume, we need to find
Since[29] the determinant of the following metric:

3 77_3 L2 L2
, Vol ($°/Z,)= - (6) o (di+cosd d¢)2+€[d92+ Sir? 6 dep?]. 9)

1
Vol(T) = >7

the supergravity calculation is in exact agreement with thgntegrating the square root of the determinant over the three
field theory resul(4). This is a striking and highly sensitive ¢qordinates, we find/s=872L%/9. The mass of the three-

test of theA’=1 dual pair constructed if20]. _ _ brane wrapped over the 3-cycle is, therefore,
In this paper we carry out further studies of this dual pair.
In particular, we consider various branes wrapped over the J7 52 3
cycles of T2 and attempt to identify these states in the field me=Va o _ 8L (10)
theory. Wrapped D3-branes turn out to correspond to K 9«

baryon-like operatoré&™ and BN where the indices of both

SU(N) groups are fully antisymmetrized. For larde the

dimensions of such operators calculated from the supergrav-2an easy way to derive this relation is by equating, a§ah the

ity are found to be BI/4. This is in complete agreement with  Arnowitt-Deser-MisnefADM) tension of the three-brane solution,
the fact that the dimension of the chiral superfields at thexvol(X.)L/ «2, to the tension oN D3-branesN 7/ .

fixed point is 3/4 and may be regarded as a direct supergrav-gquivalently, we could consider the subspaces at constant
ity calculation of an anomalous dimension in the dual gaug€e,,¢,) and the significance of this in the dual field theory will
theory. become clear shortly.
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To relate this to the dimensioA of the corresponding op- erators(12), (13). This can be regarded as a new test of the
erator in the dual field theory, we use the result§®fi0]  AdS conformal field theoryCFT) duality at finiteN.

which for largemL imply A=mL. Using Egs.(8) and (6) Finally, let us compare the actual dimensions of the op-
for the case off*%, we find erators. Since thé'’s and theB’s have infrared dimension
3/4 in the construction df20], we see that the dimension of
8724 3 the baryon-like operator is indeed®4, in perfect agreement
A=mL= 9k ZN- 1D with supergravity® We regard this as a highly non-trivial

check of both the AASCFT) correspondence and of the
What are the operators in the dual field theory whosesonstruction of the dual’=1 superconformal field theory in
dimensions grow aBl? The answer is clear: since the fields [20]. ) ) i )
A{'s carry an index in the N of SU(N); and an indexg in As a slight digression, and also to check the consistency
the N of SU(N),, we can construct a baryon-like color- of our approach, we show followin@2] that an analogous

. . - A calculation with a wrapped D3-brane produces agreement
singlet operator by antisymmetrizing completely with réSpPeClyith the field theoretic dimension of the Pfaffian operator in
to both groups. The resulting operator has the form

SO(2N) gauge theory:

N
Bi=¢€, 6B1---BND:‘1---'<NH Al (12) €a, ... a, DU .. DAN-1%N, (14)
1 N i=1 |ﬁ|

- Since the dimension ob is not renormalized in this case,
where D;*"""™N is the completely symmetricSU(2) we see that the dimension of the Pfaffian operator is equal to
Clebsch-Gordon coefficient corresponding to forming theN.
N+1 of SU(2) out ofN 2’s. Thus theSU(2) X SU(2) quan- The SO(2N) theory is dual to supergravity on AdS
tum numbers of8;, are (N+1,1). Similarly, we can con- XRP®, and now
struct baryon-like operators which transform as L+ 1):

L4 \/;KN N

Ky ...k N = T o (19
Bleeal.”aNEBl...BNDll.” N]:[l Bf.la.' (13) 2V0|(RP ) m
i= i<
The object dual to the Pfaffian operator is the D3-brane
Under the duality these operators map to D3-branes classjyrapped overRP3=S%Z,, whose volume isVy=m2L5.
cally localized at a constan®(, ;). Thus, the existence of Thys,

two types of baryon operators is related on the supergravity
side to the fact that the base of tbié1) bundle isS?x S2. Jr
We can further explain why one of tHeU(2) quantum A=LVz;— =N,
numbers is preciselijl+ 1. As shown in[32] in the context K
of an analogous construction of Pfaffian operators, it is nec- o ) )
essary to carry out collective coordinate quantization of thé?Ce again in perfect agreement with the field theory.

wrapped D3-brane. While classically the wrapped D3-brane N many orbifold theorie$14] there are analogues closer
is localized at a point in the remaining two dimensions,han the Pfaffian of th&O(2N) theory to the baryons con-

quantum mechanically we have to find its collective coordi-Sidered in Eqs(12) and(13). Namely, from a bifundamental
nate wave function. In the present case the wrapped D3natter fieldA charged under two gauge groups of the same
brane acts as a charged particle, while the 5-form field fluéiZ€; One can make a singlet operator by completely antisym-
through T effectively gives rise to ordinary magnetic flux Metrizing both upper and lower color indiceve will men-
through theS%. We need to ask how many different ground tion the two simplest examples. AM5=1 theory results from
states there are for a charged particle on a sphere Mith t_he_: tran65|t|veZ3 orbifold action onS’> defined by coordlr_1a—
units of magnetic flux. The answer to this problem is well-1iZing R” by three cgrnglex numbem , z;, zz and consid-
known: N+ 1 (in fact, one is dealing here with a supersym- €rng the mage,—e“™*z for all k. The theory has gauge
metric quantum mechanics &). This degeneracy is due to group SU(N)*® with three (N,N) representations between
the fact that the lowest possible angular momentum of &ach pair of gauge groups. Baryons formed as in EbJ.
non-relativistic charged particle in the field of a monopoleand (13) from the bifundamental matter have dimenshin
carryingN elementary units of magnetic chargeN£ [33]. Minimal area 3-cycles 08°/Z; can be constructed by inter-
Thus, the ground state collective coordinate wave functions

form an (N+1)-dimensional representation of ti&U(2)

that rotate§ thSZ_Wh'Ch IS not wrapped by the D3-brafhe ‘It is possible that there are N/corrections to the field theory
D3-brane is obviously a singlet under the otBd#(2)]. The  resyit which would be difficult to see in supergravity.

infinity of classical ground states is turned i+ 1 quan-  SThere are more exotic possibilities involvirig lower index
tum mechanical ground states. TB&I(2) X SU(2) quantum  e-tensors andt; upper indexe-tensors withk; k,N powers of a field
numbers of the collective-coordinate quantized wrapped D3A in a (k;N,k;N) of SU(k;N)x SU(k,N) wherek, and k, are
branes are exactly the same as those of the baryon-like opelatively prime.
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secting the 4-plang = 0 for any particulak with the sphere  Or

|z4]2+|2,)%+|z3/?=1. Now we have

€
ag...ay

B1...8 ay aNp AN+

ef1 N+1Aﬁl .. 'ABNABN+1 (18b)
3 kN 2

_> _% 213

=5 5 V3—3’7T L?,

4 (16)  where we have omitte@ U(2) indices. Either the upper in-

dex Bn+1, indicating a fundamental dBU(N+ 1), or the
upper indexay. 1, indicating a fundamental dbU(N), is

and we find thath = LV3\/7/x=N as expected. free.

H 5

As a secpnd example we may consider ffe2 S°/Z, How can this be in supergravity? The answer is simple:
theory. In this case the orbifold group does not act freely, b”{he wrapped D3-brane must have a string attached to it. In
has a circle of fixed points o&. The blowup of the orbifold the S%/Z,, theory from which our originaBU(N) X SU(N)

. 2 3 . .

can be depicted as &1 bundle oveiS® [20]. The$’ fibers in theory descends via RG flow, it is clear that a string ending
thls bundle would be three-dimensional analogues_of_ greal, the holographic world-volume transforms in thid,{)
circles onS®, except that th&, acts on them by identifying ®(1, N) of the gauge group. The same then should be true
a point with its image under a 180° rotation. Their volume is the T- theory. The new feature of the domain wall is that

thus cutin half, and for a D3-brane wrapping a fiber we have, gyjng must stretch from it to the wrapped D3-brane. There

are two roughly equivalent ways to see that this string must
L4:ﬂ Vo= 723 (17) be present. Most directly, one can recall that a D3-brane
e 3 ' crossing a D5-brane completely orthogonal to it leads to the
production of a string stretched between the two. In flat
Once againA=LV3\7/k=N in agreement with the field space this effect was discussed in detai[35,36 and is
theory. U-dual to the brane creation process discovered3in.’
Equivalently, one can proceed along the line$3#], noting
1. DOMAIN WALLS IN AdS & first that there is a discontinuity ofsHgg across a D5-
brane. Since we have assumed that on one side the theory is
Domain walls in a holographic theory come from three-the originalSU(N) x SU(N) theory, all theH z-flux should
branes in Ad$ [32]. The simplest example is a D3-brane pe through three-spheres on the other side. More precisely,
which is not wrapped over the compact manifold. Throughon the SU(N)x SU(N+1) side,Hgg is an element of the
an analysis of the five-form flux carried over directly from third cohomology group H3(T™Y), which is one-
[32] one can conclude that when one crosses the domaigimensional. Using the basis one-forms generated by the
wall, the effect in field theory is to change the gauge groupielpeins of T1L
from SU(N) X SU(N) to SU(N+1)XSU(N+1).
The field theory interpretation of a D5-brane wrapped e’= 1 (diy+ cost, dep; + cosh, dep,)
aroundS? is less obvious. Recall thath! has the topology
of X S?; so there is topologically only one way to wrap 1 1
the D5-brane. If on one side of the domain wall we have e1= %del’ et1= %Slnﬁl deoy (19
the original SU(N) X SU(N) theory, then we claim that on
the other side the theory iSUN)XSU(N+1).5 The
matter fieldsAy and By are still bifundamentals, filling - idez, et2= isinaqusz,
out 2(N,N+1)®2(N,N+1). An anti-D5-brane wrapped \/5 \/E
aroundS? will act as a domain wall which decrements the ] )
rank of one gauge group, so that traversing a D5 and then af{€ can express the harmonic representatives of the second
anti-D5 leads one back to the origin®U(N)x SU(N)  and third cohomology groups as

theory. 0 b1 ab P 2,711
The immediate evidence for this claim is the way the e"/\ef1—e\ef2e HY(T™) 20
baryons considered in Sec. Il behave when crossing the D5- e¥AefiA\ed1— e¥Aef2A\eb2 e H3(TLY).

brane domain wall. In homology there is only o8& but for
definiteness let us wrap the.DS-brane around a particulafne p3-prane wrappin@l) needs a fundamental string at-
three-spher&) which is invariant under the groBU(2)s  tached to it to compensate for the flux bfzg from the
under which the field8, transform. The corresponding state

in the SU(N) X SU(N) field theory isB, of Eq. (13). In the D2 2ran€: Ber—Bre—f on the D3-brane wheredf
SU(N) X SU(N+1) theory, one has instead =2mdép andf is the dual of theU(1) world-volume field

strength on the D3-brane.
€ el "BNHAZi AN (183

al s aN BN
"Note that while the D5-brane and the D3-brane may not be
strictly orthogonal in our setup, they do traverse complementary
SWe are grateful to O. Aharony for useful discussions on thisdirections inT% so together they fill out eight spatial dimensions.
possibility. This is sufficient for the arguments (37,35,36 to apply.
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The baryonB, corresponding to a D3-brane wrapped TheN;# N, field theories are somewhat analogous to the
around the three-sphere which is the orbit of the othestandard model, wher@U(2) andSU(3) have positive and
SuU(2), S(?’z), also becomes a non-singlet in tI&U(N) negative beta functions, respectively, and left-handed quarks
X SU(N+1) theory: it transforms in theﬁ 1)69(71 N+1). form bifundamentals under these gauge groups. Two salient
This is appropriate becauﬁz) is opposi'éeS?l) ir,1 homol- differences between the standard model and our theories are
ogy, as one can see from the minus sign in E86). Thus the chiral cpuplmg of the Wgak interactions and the presence
the three-form flux through the D3-brane changes sign, an f mater fields(leptong which are neutral under the larger
the fundamental string that runs from it to the domain wall(~;’|aL"~_:J(;a ?r?ﬁp‘ An %ngxsl's%_ allgrt]ﬁ th? Imgs[SB] ma)_/t help
must be of opposite orientation to the previous case. In eféluciaate the possibly=1fie eories. supergravity com-

i . . : pactifications which have both 5-form and 3-form fields
];enct?g 3D§r:r:aenaer§lzcr)1té;3r@2) 's topologically equivalent to an turned on and which preservé=1 supersymmetry appear to
I (1)

be good candidates for their dual description.
It may be objected at this point that nothing selects which g P

gauge group gets changed as one crosses a D5 domain wall.
There is no problem here because in fact nothing in the origi- IV. OTHER WRAPPED BRANES

l’l 1 i i i . . . . . .
nal T~ solution distinguishes the two gauge groups. Our |, his section we list other admissible ways of wrapping
only claim is that crossing a domain wall increme(@s for — aneq over cycles oF** and discuss their field theory in-

anti-DS's, decremenjsthe rank of one gauge group: we do yohretation. Our discussion is quite analogous to that given
not attempt to distinguish betwe&U(N) X SU(N+1) and by Witten for AdS,x RP [32].

SU(N+1)><SU(N)', if indeed there is any difference other ~ g; o =, (TYY is trivial, there are no states associated
than pure convention. with wrapping the 1-branes. For D3-branes there are two

The domain wall in Ad§ made out ofV wrapped D5-  neg of wrapping. One of them, discussed in the previous
branes has the following structure: on one side of it thesection, involves 3-cycles and produces particles onAdS

3-form field Hgrg vanishes, while or; the other side there are g|ated to the baryon-like operatats?) and (13). The other
M units of flux of Hgg through theS®. Thus, the supergrav-  olves wrapping a D3-brane over & and produces a

ity dual of theSU(N) X SU(N+M) theory involves adding  gyring in AdS;. The tension of such a “fat” string scales as
M units of RR 3-form flux to the Ad$< Tl'l baCkgrOUnd. If LZ/K""N(gSN)_]'/Z/CY’ . The non-trivial dependence of the
M_ is held fixed Whi|e|\!~>00, then the additional 3-form field  {onsion on the 't Hooft couplingN indicates that such a
v_v|II not alter the gravity and the 5-form bagkground. In par- string is not a Bogomol'nyi-Prasad-Sommerfi¢gPS satu-
ticular, the presence of the AgSactor signals that the 516 object. This should be contrasted with the tension of a

theory remains conformal to leading orderNin This agrees  gpg string obtained by wrapping a D5-brane o in
with the fact that assigning-charge 1/2 to the bifundamen- [32], which is ~N/a'.

tal fields A, and B, guarantees that the beta functions for™ |, discussing wrapped 5-branes, we will limit explicit

both SU(N) andSU(N+ M) factors vanish to leading order giatements to D5-branes: since a,q) 5-brane is an

in N (for l\_/l#O there are, however, N/ corrections to the SL(2,2) transform of a D5-brane, our discussion may be

beta fgnctmn}s o . o immediately generalized to wrappeg,{) 5-branes using
A different situation occurs if the larghl limit is taken o SL(2,Z) symmetry of type IIB string theory. If a D5-

with fixed M/N. Then it is obvious that addition d¥l flux brane is wrapped over the entifé%, then according to the

guanta ofHrg will have a back-reaction on the geometry arguments 132,34, it serves as a vertex connectiNgfun-

even at leading order iN. Some solutions with both 5-form 4 mental strings. Since each string ends on a charge in the
and 3-form field strengths were discussed2d], but they  {nqamental representation of one of &&(N)’s, the re-

were found to break all supersymmetry. For comparison withying field theory state is a baryon built out of external

=1 supersymmetric field theory, one presumably needs tQ .-« A D5-brane wrapped over 8A produces a domain
find a static supergravity background with the same degre all discussed in the previous section.

of supersymmetry. We leave the search for such back- If a D5-brane is wrapped over &%, then we find a mem-

_grounds_ as a prgblem for the future. S_o_me_ interes_ting phys‘f)rane in Adg. Although we have not succeeded in finding
|chs motwre]ltes th;]S search: f?\“ﬂ&:]\'z’b't IS flmpo_ssmlt-? tob its field theoretic interpretation, let us point out the following
choose the R-charges S0 that the beta .unct|o'ns or bot teresting effect. Consider positioning a “fat” string made
SU(N,) and SU(N,) vanish. Correspondingly, in SUper- o o \yranned D3-brane orthogonally to the membrane. As

gravity, t_he presence of three-form flux generically nece_ssifhe string is brought through the membrane, a fundamental
tates a dilaton profiléand even the converse is true for Stat'c'string stretched between the “fat” string and the membrane

supersymmetric, bosonic type IIB backgroundBurther- 5 created. The origin of this effect is, once again, the cre-

more, the quartic superpotentiaM/=ATr(Ai1B1AsB>  4iion of fundamental strings by crossing D5- and D3-branes,
—A;B,A,B; is no longer margindl. Therefore, the corre- as discussed if85,36.

sponding supergavity background is not expected to have the
AdS; X Xg structure.
V. CONCLUSIONS
The AdSX T model of [20] is the first example of a
8We thank M. Strassler for pointing this out to us. supersymmetric holographic theory based on a compact
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manifold which is not locallys®. Correspondingly, the quan- Walls separating the origin8U(N) X SU(N) theory from a
tum field theory description in terms of ak'=1 SU(N) SU(N) X SU(N+ 1) theory. The essential point is that cross-
X SU(N) gauge theory is in no way a projection of the=4  ing a wrapped D3-brane through a D5-brane creates a string
theory. stretched between the two, so that the baryon is no longer a
In the context of this model, we have provided a stringsinglet, but rather a fundamental of one of the gauge groups.
theory description of baryon-like operators formed from aThis tallies with the field theory, because when one attempts
symmetric product olN bifundamental matter fields, fully to antisymmetrize the color indices on a product\obr N
antisymmetrized on upper and lower color indices sepa--1 bifundamentals oSU(N)x SU(N+1), one is always
rately. The dual representation of such an operator is & D3eft with one free index. Our treatment of the domain walls
brane wrapped arounsd & embedded 'ﬁrl_’l- Two natural  has peen restricted to the test brane approximation. Further
ways of embeddinds® are as orbits of either of the two gyidence for the fact that the D5-brane domain walls lead to
SU(2) global symmetry groups of the theory. A D3'bra”eSU(N1)><SU(N2) gauge theories, as well as perhaps some

wrapping an orbit of onSU(2) can be regarded classically ey phenomena, may arise when one understands the full
as a charged particle allowed to move on 8fewhich pa-  g,pergravity solution.

rametrizes the inequivalent orbits. The five-form flux sup-
porting the Adgx T1! geometry acts as a magnetic field
through thisS?, and the quantum mechanical ground states
fill out an (N+1)-dimensional representation of the other
SU(2). All this meshes beautifully with the field theory be- ~ We thank D.-E. Diaconescu, N. Seiberg, W. Taylor, and
cause théN matter fields are doublets of tI8J(2)’s. More-  especially O. Aharony and E. Witten for valuable discus-
over, the 3-volume of th8U(2) orbits gives a dimension for sions. We are grateful to the Institute for Advanced Study,
the operators, B/4, which is precisely matched by the field where this work was initiated, for hospitality. This work was
theory. supported in part by NSF grant PHY-9802484, U.S. Depart-

We have used this baryon construction to argue that D5ment of Energy grant DE-FG02-91ER40671 and by James S.
branes wrapped around the 2-cycle Df! act as domain McDonnell Foundation Grant No. 91-48.

ACKNOWLEDGMENTS

[1] G. 't Hooft, Nucl. PhysB72, 461(1974). [18] A. Fayyazuddin and M. Spalinski, “Large N Superconformal
[2] A. M. Polyakov, Nucl. Phys. BProc. Supp). 68, 1 (1998. Gauge Theories and  Supergravity  Orientifolds,”
[3] S. S. Gubser, I. R. Klebanov, and A. W. Peet, Phys. Re¥4,D hep-th/9805096.

3915(1996. [19] O. Aharony, A. Fayyazuddin, and J. Maldacena, J. High En-
[4] 1. R. Klebanov, Nucl. PhysB496, 231(1997; S. S. Gubser, . ergy Phys07, 013(1998.

R. Klebanov, and A. A. Tseytlinpid. B499, 217 (1997. [20] I. R. Klebanov and E. Witten, “Superconformal Field Theory
[5] S. S. Gubser and I. R. Klebanov, Phys. Letd B3 41(1997). on Threebranes at a Calabi-Yau Singularity,” hep-th/9807080.
[6] G. W. Gibbons and P. K. Townsend, Phys. Rev. L&11.3754  [21] L. Romans, Phys. Lettl53B, 392 (1985.

(1993. [22] A. Kehagias, “New Type |IB Vacua and Their F-Theory In-
[7]J. Maldacena, “The Large N limit of superconformal field terpretation,” hep-th/9805131.

theories and supergravity,” hep-th/9711200. [23] D. Morrison, R. Plesser, and E. Silverstein, “Non-Spherical
[8] J. H. Schwarz, Nucl. Phy®226, 269 (1983. Horizons” (in preparatioft D. Morrison, presented at Strings
[9] S. S. Gubser, I. R. Klebanov, and A. M. Polyakov, Phys. Lett. ‘98, ITP, Santa Barbara, 1998proceedings at http://

B 428 105(1998. www.itp.ucsb.edu/strings98).

[10]E. Witten, “Anti-de Sitter space and holography,” [24] B. S. Acharya, J. M. Figl.Jeroa-.O'Farri'II., C. M. Hull, and B.
hep-th/9802150. Spence, “Branes at Conical Singularities and Holography,”

[11] J. Polchinski, Phys. Rev. Leff5, 4724(1995. hep-th/9808014.
[12] E. Witten, Nucl. PhysB460, 335(1996 [25] P. Candelas, P. Green, and T. Hubsch, Nucl. PB230, 49

8 . (1990.
[13] :\:'l'st;g;’:‘?,'fe s:g /s?é O'\é'fg;e' D-branes, Quivers, and ALE 1,5 b “andelas and X. de la Ossa, Nucl. PIB&42, 246 (1990.

i ) [27] A. Hanany and A. Uranga, “Brane Boxes and Branes on Sin-
[14] S. Kachru and E. Silverstein, Phys. Rev. L8, 4855(1998.

N _ gularities,” hep-th/9805139.
[15] A. Lawrence, N. Nekrasov, and C. Vafa, “On Conformal Field [28] S. Gukov, “Comments on N=2 AdS Orbifolds,”

Theories in Four Dimensions,” hep-th/9803015. hep-th/9806180.

[16] M. Bershadsky, Z. Kakushadze, and C. Vafa, Nucl. Phys[aq] 5. S, Gubser, “Einstein Manifolds and Conformal Field Theo-
B523 59 (1998; M. Bershadsky and A. Johansen, “Large N ries,” hep-th/9807164.

Limit of Orbifold Field Theories,” hep-th/9803249. [30] D. Page and C. Pope, Phys. Leitl4B, 346 (1984).
[17] Z. Kakushadze, “Gauge Theories from Orientifolds and Large[31] A. Strominger, Nucl. PhysB451, 96 (1995.

N Limit,” hep-th/9803214; Phys. Rev. 58, 106003(1998. [32] E. Witten, J. High Energy Phy©7, 006 (1998.

125025-6



BARYONS AND DOMAIN WALLS IN AN N=1 ... PHYSICAL REVIEW D58 125025

[33] See, for example, S. Coleman, Te Unity of Fundamental [35] C. Bachas, M. Douglas, and M. Green, J. High Energy Phys.
Interactions proceedings of the 19th International School of 07, 002 (1997.
Subnuclear Physics, Erice, Italy, edited by A. Zichi¢Rie-  [36] U. Danielsson, G. Ferretti, and I. R. Klebanov, Phys. Rev. Lett.

num, New York, 198R 79, 1984(1997.
[34] D. J. Gross and H. Ooguri, Phys. Rev.(® be publishey [37] A. Hanany and E. Witten, Nucl. PhyB492, 152(1997.
hep-th/9805129. [38] N. Seiberg, Nucl. PhysB435 129(1995.

125025-7



