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Why heavy quarkonium?

QCD (QGP): AdS/QCD:

« Reveals non-perturbative « Due to HPT, AdS BH is
nature of QGP. not stable below T, .

 Matsui, Satz (1986): + No T dependence of
J/psi will completely hadrons?

disappear just above T.
due to the color
screening.

e Asakawa, Hatsuda(2003):

J/psi will survive well
above T. up to ~ 2 T.

« Heavy quarkonia above
T

C .



Bottom-up AdS/QCD

"In the bottom-up approach, one

looks at QCD first and then

attempts to guess its 5D-
holographic dual’



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



* 5D field contents
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% Confinement

Polchinski & Strassler, 2000
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Hard wall model

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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ds§ = (nm,,d;r“d:r” — dzj)

[I) — -STE:iP;?I:g}H tq(z) — i:_:)f::' ]
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The model describes p2, d1, T, O, ...



Example: 4D vector meson mass

V(e,2) =Y folz)V(x)

_ 1 .
(0? — —0J, + ’1fo(2) =0, ¢ =m?
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my =m,, — =320 MeV.
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Soft wall model

4 — i .
Sh(JCTD_[I:/d4.I'dEE ey, D = c2*.

A. Karch, E. Katz, D. T. Son and M. A. Stephanov, Phys.Rev.D74:015005,2006

» Mode equation

. =100,

0 (E_Bf}z'l_.-‘n.) +m2e
where B = ®(z) — A(z), with e**) = 271 Substitute v,, = /%,
i 2 h 1 I 2 l t
—Pn T V(E’)ﬂ?n = MnpPn, V (Z) = Z(B ) - EB :
® Withd =22V =2*+ ﬁg — 2d harmonic oscillator (radial, m = 1).

m2 = 4(n + 1)



Deconfinement tempreature:

Hawking-Page transition in a cut-off AdS.

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

1 5 — 12
I = 5,2 ]t’fﬁ;??yﬁg (R—F E) :

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

Gravitational action:~N_?, Meson action:~N_



1. thermal AdS:

dt? + di? + dz?
-2

ds? = L* (

B : the periodicity in the timedirection, (undetermined)

2. AdS black hole: NP _ 1
acC ole f(z] _1_;;% T P
2 2
ds? = L— f(z)dt? + d7* + 4 0<t<mz,
z2 flz)

Transition between two backgrounds «— _
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Heavy quarkonium in bottom-up

Z ~ My zrf;:, ~ AQ(;U_l ~ 1/(320 MeV)



Soft wall model

mi =4(n+1)c

where \/c ~ 1/2H. Again the lowest mode (n = 0) is used to fix ¢, \/¢ = 1.55 GeV. Then the

mass of the second resonance is mq =~ 4.38 GeV and the third one mg ~ 5.36 GeV.



Dissociation temperature

v

L —_
~ M, Zm ~ NQep

Tp ~ 1/(mz:)

Tr

so the predicted dissociation temperature in the soft wall model is ~ 494 MeV.



The equation of motion for the vector field at finite temperature in the soft-wall model 13
given by

4-3f  m?
f)d-l—

-
o~ 2 f f?

— Vi =0.



Prediction from the bottom-up AdS/QCD model
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Deconfinement + temperature effects

YK, J.-P. Lee, and S. H. Lee, PRD (2007)



Holographic heavy quark potential

1. Gluon condensation and heavy quarkonium
are both telling us about the non-perturbative nature of QGP.

2. Temperature dependence of gluon condensation is conveyed into
the temperature dependence of heavy quarkonium in QCD sum rule
[K. Morita and S. H. Lee, PRL (2008) ]

3. So there should be a close relation between the two.



A detor

med AdS due to the

glu
 The dilaton

ONn condensate
couples to the gluon

operator trG2 :
non—zero gluon condensate in QCD =

the dilaton

will have a non-trivial

background.

A. Kehagias, K. Sfetsos,

Phys.Lett. B454, 270 (1999), hep-th/9902125.

S. S. Gubser, hep-th /9902155,



B T ,121,.,_,_.

Einstein equation and the dilaton EoM with the following Ansatz:

ds® = e~ *4WWy  datda” — dy?

b =o(y).

4A” — A" = 4R?
IE 1
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Klebanov and Witten ‘99

For small z (d=4)

H(z,%) — 2974 do(x) + 023 ] + 22[A(x) + 0(zH)],

I

AX) =534

(O(x)).

. [R% 1
o Tr2Yy = 44/
> (TrGT) = 4y 3\/ P






AdS black hole type solution

1o 12 1.
Ansatz,
. R? . : .
dSz _ ;dﬂg + EEA(E](d:fE . EEB(z}dtl)
6 = 92

S. Nojiri and S. D. Odintsov, Phys. Rev. D 61, 024027 (2000)

YK, B.—H. Lee, C. Park, and S.-J. Sin, JHEP (2007)
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HQ potential in the deformed
AdS

Let’'s see how the gluon condensate affects the HQp.



Static quark potential

Gauge theory description:

‘\H\

. o "~ gluon flux lines
String theory description:

Malddacena; Rey, Yee
Qur (3+1)-dim world,

\/

_ _ — "x\ /
String lives —— - \
in one extra

dimension Gravity approximation: finding
minimal energy string shape

Hong Liu@INT2008-01
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summary

* A prediction from the AdS/QCD model
and the holographic potential study: the
mass of heavy quarkonum drops at
and/or very near Tc, but is increases
afterwards with increasing temperature.

e Stringy set—up? D3/D7, etc



