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AdS/CFT Dictionary

4D CFT (QCD) ——- 5D AdS

4D generating functional ——— 5D (classical)
effective action

Operator ——— 5D bulk field

[Operator] ——— 5D mass

Current conservation ——— gauge symmetry
Large Q ——— small z

Confinement ——— Compactified z
Resonances ——-— Kaluza—Klein states



Bottom—up AdS/QCD model

( look at QCD first !!!)

Let’s start from 2—flavor QCD at low
energy and
attempts to guess its 50 holographic dual,
AdS/CFT dictionaries.

4D generating functional : Zy[¢o(x / D[P e:i{p{an + 1 / oo(x
5D (classical) effective action : Fa[¢(I z) = ¢olx)]:idolz) = @lz, 2 = [1),

AdS/CFT correspondence : Z, = I';.



* 5D field contents

Trqy, —“‘ scalar @
aryY*qr — vector L,
ar'ap — vector R,
(A =p)(A +p—4) =m; mg = —3



* 5D Symmetry

SU(2) XSU(2); gauge symmetry in AdS;

* Background: AdSs

. 1 .
dsé = — (*.r}m,rd;r“ dr” — d,‘f:‘z)



* Conflnement Polchinski & Strassler ‘00

Ly, Lo, Ly,Ty

(PD(fﬂ) ql)(m?z)

o2

2
I
S

z2=€—0

UV bulk R



Hard wall model

S, = / dzdz\/GLCs,
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J. Erlich, E. Katz, D. T. Son and M. A. Stephanov, Phys. Rev. Lett. 95, 261602 (2005)

L. Da Rold and A. Pomarol, Nucl.Phys. B721, 79 (2005)
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Var ~ Ly + By, Ay~ Ly — R,
P — SE’EP;IF[E}‘ t:{g] = {5} )
¢ — X, 'L‘I:E'}*Z—}XD.



Example: vector—vector correlator

( i ‘W'l'w)f—)
g ot T 2o\ PIE LK) £ 3q 5% 3605
‘iq_L/A-L)‘)} h"/— }
§ 2

4P 3%
o~ N f
- Py T W ',,'. {. .
s e L: J L I &7 \ L A )
,::., ").'h/\,;.lr :}'C_l G ’ .9 f'\
.Z_" O
Vv






7 5.¢.M
= - -:jL’-' Sdsf V,, [f' ()zf('z%af}z.z 'J:Za/

+9d, V2



Vo (e2)=y@a)YR) V(2o
T—r.(m*“’- torm 6T
e Vet Cuudeh‘}

| .
éq, = - :_—é;- &d‘fx W‘(E) ‘%’_‘3%\/[1") V,/_(t-)
V,- \/ Lorr€ l‘\""k-
Setw {I0Tp 2 = (é.fﬂf@,) T, (s)
Q=-&"
T) 'SB, 51»
‘Rv(‘f—): ';13}}62)-
2 \J_T"
ds =g

'.:)OP'E
)= «//L&



Example: 4D vector meson mass

( 1) T
My =~ (11— —
§ _1 E???
1 | .
my =m, , — =320 MeV.
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Example: Chiral condensate

Klebanov and Witten ‘99

d(z.x) — 2973 do(x) + 0(zH)) + 7] A(x) + 0(zH)],

l
24-d

A(x) = (O(x)).

H(2) =12+ 25, 2— 0; ¢ ~ mg, €3~ (qq).






Example: Deconfinement tempreature:

Hawking—Page in a cut—off AdS;

E. Witten, Adv. Theor. Math. Phys. 2, 505 (1998),
C. P. Herzog, Phys. Rev. Lett.98, 091601 (2007)

| 5 12
I=- 2k /d&mi’sﬂ (R " ﬁ) |

k~ 1/N., F?~ N,

So, gravitational action:~N_?
Meson action:~N,



1. thermal AdS:

dt 4+ di? + d.":"z)

3

i

ds® = L* (

B : the periodicity in the timedirection, (undetermined)

2. AdSblackhole: ()12
“h
, L7 u ; dz?
ds? = = dt? + di? + — ) 0<t<mz,
2= L (s =

Transition between two backgrounds <«—— (De)confinement transition
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1. Cut-off thermal AdS:

4L°

0
Vile) = dt dz z7°

2. Cut—-off AdS black hole:
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Hawking—Page at finite density

YK, B.—H. Lee, S. Nam, C. Park, S.=J. Sin, hep—ph/07062525, to appear in PRD.

gl Vo(2) = g +
,u;t,-'}rgt'} —— Vylz) = pr diag(1, —1) +

For example,

. [iﬂﬂf}(:]} =0, Ve =ey + 22,
oo = 1272 pq/Ne
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Pa = Oyt
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The final result for z, < zjp 1s
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Nuclear matter in AdS/QCD

YK, C.—H. Lee, H-U. Yee, hep—ph/07072637

Hard wall model with baryons:

D. K. Hong, T. Inami and H.-U. Yee, Phys. Lett. B 646, 165(2007).
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(N(2,2)7"N(z,2)) = > f(2)*((x)0(2)); pp = @(x)T(x))

1. Chiral condensate x, = (x)

3 3

1 g
[07 — ?,} + 3 — X0 = 1—3(sz fir)Ps  where ps = (U(2)0(z)).

1 .
Xo(2) = g Ma? + Er:rz&?

2. In-medium nucleon mass (iteratively)
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We may have to consider back—-reaction of matters on the background.



More phenominological approach

1 r .
Xﬂ{ﬁ) — I::E'nlqﬁ' —+ aﬂgz'j)l,

o(p) ~ o(pp = 0)(1 _ 03??}—3) .
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Figure 3: In-medium nucleon mass in the more phenomenological approach. Here Ry, =
ﬂf_,n.,r(pg)/ﬂf_,n‘r(pg = 0)



summary

« Although there Is no robust proof,
bottom—up AdS/QCD approaches are
describing QCD relatively well.

e |t IS Important to see what we can do,
what we cannot do and what we should

not do with the approach.



