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[1 AdS/CFTcorrespondenceéfaldacena '9)is an explicit example of Holography.
[1 The most understood example is
supergravity orAdS x S «— 4d N=4 SYM

(Gubser, Klebanov, Polyakov, Witten 'Pgive how to compute correlation functions
In CFT from supergravity.tie AdS/CFT dictionary

[1 Many deformations have been discussed since then.

ReplacingAd S by an asymptoticallAd S space, such as an extremal or non-extremal
AdSblack hole. Compactifying time direction with SUSY breaking boundary condi-
tions. In CFT side, these modifications correspond to turning on couplings, tempera-
ture or etc.

[1Holography('t Hooft '93, Susskind '94 is a more broad conjecture. If there is a con-
sistent quantum gravity on a spacetime background, we expect there is a holographi
description by a theory on one dimension less spacetime.
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[1 There many other speculation of holography.

(Strominger '0), dS/CFT,  dS,gravity«— CFTond =p—1

(de Boer, Solodukhin 08  gravity ond = p Minkowski «+— CFTond =p—1
(Alishahiha, Karch, Silverstein and Tong '04, '0%A)dS/dS

gravity onAdS, ordS, < CFT ond$S,_4

However since a string realization of these holography has been not known, their ar-
guments are limited to be qualitative.

[1 A special case ofA)dS/dSis
AdS gravity < CFT ond&
This is unexpected since the originedlS/CFTtells
AdS gravity <~ N=4 SYM on 4d MinkowskKi

These two descriptions are very different.
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[1What | will study in my talk is:

e | realize(A)dS/dSsetup in string theory in a probe limit.

e Then | follow the AAS/CFT dictionaryGubser, Klebanov, Polyakov, Witten P8
which give how to compute correlation functions in CFT from supergrauvity.

e Then | checkf resultant correlation functions are consistently understood as those
ond$, space
Sinced & has a finite temperature proportional to inverse of curvature, | will focus
on the temperature effects on correlation functions and will clfeitle tempera-
ture effects are properly reproduced in my calculations

e Yes! Therefore my results suppo#)dS/dS

e Then we will have a question why two very different theories can be dual to a same
AdS gravity.
| will speculate a certain conformal transformation rel&d8&/CFTwith (A)dS/dS
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Realizing (A)dS/dS setup in string theory

(11 use D3/D7 system. Since | will modify the supersymmetric D3/D7 system, | first
give a brief review of supersymmetric D3/D7 system.

[1 CFT sideof supersymmetric D3/D7 system.

The low energy effective theory dw. D3-brane isid N=4 SYM

Adding N¢ D7-branes, CFT becomdsl N=2 SYM withN¢ Hypermultiplets
The D3-D7 open string introduce Hypermultiplets.

Xo - X3 | Xq+ - X7 | Xg, Xo
D3 0 X X |D3islocated aXy=---= Xq9=0.
D7 0 o) X | D7 is located aXg = m, Xg = 0.

The superpotential becomég,_, + mHH..

[1 Take Largd\; and Large 't Hooft coupling limit.
Flavor physics is described by gauge invariant operators, i.e. Meson and Baryons, an
the characteristic scaletise chiral condensat@q).

5



[1 Gravity sideof supersymmetric D3/D7 system.
The near horizon limit of D3-brane backgroundigdS x S whose metric is

d€ = RAX,,+ dR2+R2d§22) RZ= (Xg)%+ -+ (Xg)?
Xz + - d><9_dr +rodQ5+dXg +dX5, R=r"+Xg+X%&

(] IntroduceN; D7-branes intdAdS; x S as aprobe(N; < N) (Karch, Katz '09. It
IS consistent with larg#l; limit.

[0 D7-brane world volume has 8 dimensions and extends ald#gS® andr and is
localized atXg and Xo.

Because the metric is nontrivial m Xg can depend on, i.e. Xg = Xg(r). Because of
rotational symmetry, D7 is placed 4§ = O.



[1 The induced metric becomes

dg = dexﬁﬂﬁ (dr® 4 r2dQ35 + (
=habdxad>3°, (RE=r2+4X&)

dXg(r)

242
dr )ar’)

[1 The Dirac-Born-Infeld action of D7 is then

B = —T7/d8X\/MD /dr r3\/1—|—Xé(r)2

and this becomes an action %¢(r). The equation of motion faXg(r) is

d r3X4(r) B
dr \ VTG0

The asymptotic solution near AdS boundaryH) is
Y

Xg(r) = m—+ 1

Sincev # 0 does not give a regular solution= 0 andXg = m.
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[1 Now we have obtained D7 configuration. We can use the AdS/CFT dictionary, and
the CFT operato? for Xg(r) is known to be ~ qg. (qis a fermion in Hypermulti-

plet.)
L = ZLerr+MO
This is consistent with superpotential in CFT side before.

[1 The correlation function is calculated frofxd Sgravity,
<exp/d4x mﬁ(x)> O lim exp{Sog(Xs(re) = m)}
CFT

[0o—>00
. dSp
(o) 0 m 55

l» IS a cutoff near AdS boundary £ «). In supersymmetric case the chiral condensate
() ~(qq) Uv=0

[1 The Meson spectrum is computed from fluctuations of D7 configuration.

HRY;
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[1 Now we explain how to realizg))dS/dSsetup. We introduce D7 into D3 geometry
AdS x S in a different way.

[1As 4d Minkowski is a subspace &/d S, dS, is also a subspace &dS. ThenAdS
metric is written with usinglS, metric

1 1
ds = r?(1— 4r2l2)2dx§54+ ﬁ(dr2 +r’dQz)
4

dp?+p2dQ2+dy?+dZ, r?=p2+y?+7

[1 Here is an explanation hod&, is embedded iMdS. AdS is a hypersurface in 6d
flat space. The equation is

X+ X3~ X XF—XE— X2 =13

Similarly d& is a hypersurface in 5d flat space. The equation is
XX G XX =]
We can easily see that 4d Minkowski is embedded akng - Xs.

9



[ Since | would like to realizel& in CFT side, | embed D7-brane such that D7-brane
extendslS;, S° andp and is localized ay andz
Since the metric is nontrivial ip, y =y(p) andz= 0.

1 The induced metric becomes

1 1
21 2 2 2402 24 A2
ds® = r?(1 4r2I§) d><ds4+r2(dp + p“dQ5+ ( dp )<dp°)

= hapd@dX,  (r?=p®+y’)

dy(p)

Near AdS boundarp — o, 1/12 term becomes subleading. In CFT this is understood
asd$S, curvature is negligible in high energy limit.

[1 The DBI action of D7 brane becomes

1
Sos = T / d®x+/— dethap O / do(1- 4 5)'0°V1+Y(p)?
4
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Then the equation of motion fg«p) is
Vip) = 3T D5, 2 Y(p) =Py (p)

2¢2 1

(1+y?(p))

[1 Since the solution near AdS boundary determines the CFT operator and coupling
constant, we first study the asymptotic solution near AdS boungesy<).
In(p?+ mz)> v
o) = m(1- i
°) 2307 p2
Using the AdS/CFT dictionary, the CFT operatdis same and i® ~ qq, andy(p —

o) = mis the bare mass farondS,.
(We later give an explanation why this is true.)

[1 v is determined so that the solution is smooth everywhere and we obtainvsuch
numerically by shooting method.
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Figure 2:V Of regular solutions ven. The line is the
best fit functionl.0 x minm

2

Figure 1: Shooting method. Changefixing other
parameters.

[J We have D7-brane configuration. We use the AdS/CFT dictionary to congplite
(y(o0) = m)

Poo—0 d m
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wherep,, is the cutoff near AdS boundapy = « and& is the counter term defined at
P = P SinceSpp, itself is divergent.

4 y 1 3 .Y y
_T7§23/d Xy/— y4 207 p2|§+ 8|2p4+|§p4 (cl+1)ln(l4p)+clln5

1 2
—|—sz + C3—I -+ C4y—|]

p* p* p* P=Pco,Y=Y(Poo)
wherey is the induced metric IMdS at constanp. c; - -- ¢4 are finite counter terms.

(cf. Bianchi, Freedman, Skenderis, Y01

[1 Then using AdS/CFT dictionary,
(6(x)) O v+ %‘(A+ Binm), A=2(ci+1)Inls+ci1+2c;, B=2c,
4

We fix A andB as follows. The curvaturk collections should be negligible as>
1/14 since massive field should be insensitive to low endrdy collections. Therefore
we fix A andB such that &' (x)) — 0asm>> 1/I4 limit.
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[1 Then we obtailPA = 0 andB = 1 numerically and thus the final results of chiral
condensates'(x)) are
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Figure 3: The chiral condensatg’) vsm. 1, = 1.

[J First it is actuallynontrivial if ('(x)) — 0 is realizable usingh andB, sincev(m)
can be an arbitrary function of.
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Thus it is a nontrivial check of AAS/CFT dictionary.
(1 Second, this is totally different from supersymmetric case whete)) = 0 always.

[1 This behaviour is very similar to that studied frédd Sblack hole. (CFT is CFT at
finite temperature.)Rabington, Erdmenger, Evans, Guralnik, Kirsch,)03
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Figure 4:The chiral condensate from AdS Schwarzschild black hole. Copied from hep-th/0306018

[1 Therefore we have seen that ttieral condensatshows a proper finite temperature
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dependence.

[1 We have also studied theeson spectrurfrom fluctuation of D7-brane configura-
tion, and thequark anti-quark static potentifiom Wilson line in my setup and all of
them have expected temperature dependence.

In meson spectrum, we find confinement and deconfinement phases

In quark anti-quark potential, we find the string tension is redumethed$, curva-
ture.

[1 Therefore our results give positive supports(6ndS/dS
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Why succeeded?

[1 Then the next question is why we have obtained reasonable results. Why can twc
different theories be dual to a sarAd S gravity? | will give a speculation.
| again study a field and operator matching in AAS/CFT dictionary of origid&/CFT.

[1 Let us study a scalar field ikd S with massM
S = /dsxv —QAds(—(a(P)z— MZ(PZ) :

[1 Consider astatic solution alonglS, directions The asymptotic solution near AdS
boundary is

o(U) = U +cu,  ay=-2+v4+M?
here | use thd&dS metric

-1
dsidgz(uz—é>dxﬁs4+(u—é> A7, dxﬁm_— _d2+d)
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The coordinate transformation
u=Rt/l;, s=({t?—1/R%)Y?
changeAdS metric
1
dsigg = RidX + AR, gy = —dt®+dX
Therefore in this coordinate system, the asymptotic solution becomes

@(U) = C1(Rt/14) 4+ co(Rt/14)9-

[J Then using the original AAS/CFT, singgu) [ ci(t/I4)%* in R— oo limit we obtain

L = Bt/ O(X), S= /@g
<ﬁ(x>> . Rloir—r}oo (Rt/|5)8a+5cl Cl—>ODC2<t/I4) _

The scaling dimension af' (x) is4-+ a...
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[1 Therefore we were studying time dependent mass term for quarks (thus SUSY s
broken) and were studying the responses to it.

[1 Sinced& is conformal to flat Minkowskiwe act the conformal transformation (+
scale transformation to fields)

|
Oma = Q_ng547 Q= ?4

Then
Ci(t/1)0(x) — Q7 *Q *Q* % 0(x)
(O() Dealt/la)™ — QY OX)06Q T,  (ay=-2%V4+M?)
and the action becomes,
L = Lagt+a0(X), S= / Nt
(0(x)) U ¢
These coupling and the VEV are the exactly ones obtained ffonis/d3
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[1 We studied D7 configuration which is static along;.

In AdS/CFTpicture, we were studyinggyme dependent madsr quarks.
In (A)dS/dSpicture, we were studyingonstant masfor quarks ord .
And these two are related by a certain conformal transformation.

[1 This is naive argument, but a conformal transformation from flad $ connect
AdS/CFTwith (A)dS/dS
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[1 Summary
e We realize(A)dS/dSsetup in a D3/D7 system where D7 is treated as a probe.
e \We follow the AdS/CFT dictionary to compute thairal condensatm CFT.
e The resultant chiral condensate is consistently understood as tH&.on
e Thereforeour results give a support ¢A)dS/dS
e \We speculated aonformal transformatiorelatesAdS/CFTwith (A)dS/dS

[1 Some future directions
e Construct a model much closer to QCD

e Introduce chemical potential and study phase diagram
Apply to physics of early universe

e study quantum theory oS, in more detail. ¢ vacua)
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e phenomenological application.
We realizedl S, space from string theory and the localized gravity in D3/D7 system
has been discusseHi(zpatrick, Randall 'Ok

Thank you!
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