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AdS/QCD (T=0)

Ingredients:

Relevant operators

- - 5D Theory: SU(3)p=xSU(3)g

for chiral dynamics:
qR4r, — scalar @ (3,3)
arvMar ? vector Ly (8,0)
arY"an — vector Ry, (0,8)
“— 5D gauging of SU{3)r=5U(3)k

Chiral breaking: SU(3);,xSU(3)p —SU(3)v

Quark masses M, } \

- (D) ~« 1 Higgsing!
\dR4L/ '

Dim[grqr]=3 — M2 = —3
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A QCD-like holographic mmdell

AdSs
U -bound. IR-bound.
> = Lg Lpnr. Ry, @ > = Ly

AdsS geommetry — conformal 4D theory in UV
boundary at = = L1 — mass gap

Ly =52 Tr [_LI'-..-IZ‘CL}I}; — Ry BN + Dy @2 + 3|'1’|2]

Chiral breaking: (&) = ﬂ-fq.:r.—l—if%j; M,, £ # O force by b.c.
PARAME TERS:

1) 1 /0 s Expansion parameter = 1/N.

I1) 1/L1 Mass gap = Agcp or My

II1) M,; = Quark masses

IV) £ = <Condensate {(gqg)

\, The only extra parameter!
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Schematic view of the
nolographic QCD

zero Temperature:
J. M. Maldacena (1997) QCD

, 1 ,
ds® = —(—dz* + datdzx,,),

finite Temperature:
E. Witten (1998)

thermal QCD

ds? = é(f (2)d#? — (da')? 'l,h}dzf),

PR =1-(=)* 1=—2
~T Tz




Models

ShQCD-1 = j d'wdz\/gLs
]_ AT » AT 0 0y 0y
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Hard wall model at finite temperature

AdSg
L_.*“r ; ”-‘u’ .

K. Ghoroku and M. Yahiro, Phys. Rev. D73, 125010 (2006)



Model—I (hard wall)
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Pion decay constant in AdS/QCD at zero temperature

* Boundary (QCD) side :

‘E""Zﬁc- T

[ B]

* Bulk (AdS) side :




Pion decay constant in AdS/QCD at finite temperature :
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The pion velocity

F3(T)
FY(T)
/

v

K. Ghoroku and M. Yahiro, Phys. Rev. D73, 125010 (2006)
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T
L= (7)*

0, SS, 2002: pion only

1 (0.83-0.99), HKRS,2004:pion+rho—meson,
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Chiral/deconfinement transition
in thermal AdS/QCD

* Chiral symmetry restoration (CSR) through the v.e.v. of the scalar field:

Chiral breaking: (®) = M= +“T33'
"1
)
-7 3
[fjg_ ;IL-'T i Efﬁ]“ i — ()
111 24 ) 33 3 2%
/() ==(My aFil 33 3 + 5 aRlG 13 Tp)

* CSR in the hard—wall mode: M, =0, Y=,



Quark number SUS as a chiral symmetry
order parameter

r=pi°/ps"

In an ideal QGP In the hadron gas phase

4 CB | 32l = pm
pgs_?PTz PE hm(EmT} T .

For example, if we take T—150 MeV, and m—1 GeV,

then r~ 102,
L =UKg
-(

L. McLerran, Phys. Rev. D36, 3291 (1987).
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g 3@ «NZ»
1) —_ _—

Ny=N+Ny=][ dxjo(s, x)  ju(t, x)= WL X)7.y(1, %)

p=Te R, exs] (i1 3 )] fvm <22

i=u,d

. ¢ ¢ = (Iiy
{*) —_ _ _ =

fzzﬁu _ﬁd =J. dszﬂ(tr x) jf#(t? .I) = l,l?(f, ‘I)TI?#'F{I? I)

13' ()

= Xg ' is a good approximation, since the flavor mixing between u and d quarks in
the vectnr channel is almost zero, < uygudyyd >= 0.



VoUS near T,

v (1) = al’?

pQCD, NJL : a=1.3
P. Chakraborty, M. G. Mustafa and M. H. Thoma, Eur. Phys. J. C 23, 591 (2002)

T. Kunihiro, Phys. Lett. B 271, 395 (1991).

HLS/VM :
a=0.7, pion + rho—meson
a=1.3, pion + rho—meson + cQuark

M. Harada, Y. Kim, M. Rho and C. Sasaki, Nucl. Phys. A730, 379 (2004)



Full/Quenched Lattice QCD
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Vector susceptibili
mode

v in AdS/QCD

S

x(T) = 2Ny lim lim G (po, 7:T))|

. — 9N .15 . 00 =
J-_A':T:l = 2N\ f 1151—1-1%;:-1.31—1?(] [G% IIPD.EJ,T:I] .

1/T = —
GHY (pp = ity 7 T = fﬂ dr [ 7 PFe) (1 (7,7 J5(0,0))

1/T I -
GV (po = iwn, 5 T )8ap = [D [fodE'-fﬁ—ellp..r+u:nrJ <J§-|::T_ ‘F]Jg{{"“)>3 :



VSUS in the hard wall model

2 1-.' EE‘E :' - 2

BC at IR: 0. Volo=s,, = €

The limit € — 0 will be taken after calculation. Then the vector susceptibility is given by

/1 a. b
wT) = — w( ”)

I-'-'[F = F=xp
_ _}"-.,fiL _
Jf‘ “m




VSUS in the hard wall model

BC at IR: rl:?" Zm) = h

j— . 1 2(1—h)
wil) = 2Nj———
95 “m
22 .
= 2Nj— (1—h)TZ.



VSUS in the soft wall model

1 2 .
A (=e” 9, Vy) =0,

o
i

We impose the following boundary conditions:
Vo(0) = 1, Voler) =0.

T) = o2Nj 22—t
Vv — 2N;— e,
X fﬂrf' e™r — 1
2 1 o
_ T~ 232
— “-""i*'_g TZ/T2 1’ Tr:
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Figure 1: Solid line is for yy- in Model-1I, where ng = -_1_-"»"J;Tr2;-"g§. Note that ny = Ny At high
temperature v, ,.-"_-“I.’J;TE is saturated to the ideal-gas value, the horizontal solid line. Dashed line is for
schematic behavior of yy near T, taken from lattice caleulations

YK, S.-J. Sin, Kwang Hyun Jo and H. K. Lee, hep—ph/0609008



v (T.) ~ 1.2T7 T. = /.

The value of c is determined by the slope of Regge trajectory,
and we obtain the critical temperature ~195 (158) MeV.
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Coupling constants
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summary

 We can calculate nonperturbatively

the temperature dependent masses and
coupling constant in AdS/QCD.

« vSUS from AdS/QCD is compatible with
LQCD or EFTs of QCD or pQCD results.

*AdS/QCD predicts a reasonable value of
the critical temperature.



