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Quark Number Susceptibility -

Ref. Larry Mclerran PRD 36 (1987) 3291

If the effective mass of baryons in the quark-gluon plasma is small
compared to what it is in the hadron gas, then the baryon number
concentrates in the region of quark-gluon plasma.

The baryon number density near zero chemical potential

k= / Bz (pp(z)pp(0))

In large N_c limit, Pa = Neps
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Quark Number Susceptibility

Ref. Cheng et al. PRD 79, 074505 (2009)

<The pressure>

l :
'?4 = —= InZ(V, T, up, ps, o) = Grand potential
T VT
_1, 42 _L, 1 _l 1

<The definition of susceptibility for various charge>

BOS _ af+j+k /T4
ijk S ian)a
0 Ly dpgd s | u=o

fx = ux/T

Under conditions met in RHIC and LHC the net baryon number is small
and QCD at vanishing chemical potential provides a good approximation.
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Quark Number Susceptibility

Lattice Results
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AdS/QCD at finite temperature

esesersaoms

Geometry
Confinement phase Deconfinement phase
2 s DN o 1
Thermal AdS ~ AdS Black Hole
1 . » 1 ,  dz? o
ds® = = (d7? + dz* + d73) ds” = = (f(z)dT + ) + da3
The periodicity The Hawking temperature
BI = T2y f(ﬁ) T = 1/(7T2h)
¥

The black hole horizon

The Euclidean gravitational action

1
Sprav = — — [ d’x/g(R+12)

2K2
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Hydrodynamics

esesersaoms

The long-distance, low-frequency behavior of any interacting theory
at finite temperature must be described by hydrodynamics.

<The retarded thermal Green’s function>
;i’/(wa q) = —-i/d4:r e O(t){[Ju(x), 3 (0)])

where, q = (w,q), = = (t,x).

This function determines the response of the system on a
small external source coupled to the current.

When omega and q are small, the external perturbation
varies slowly in space and time, and a macroscopic
hydrodynamic description for its evolution is possible.
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Hydrodynamics in AdS/QCD

<The gravity/gauge theory duality>

<BIBM éU@) — B_Scl[qsﬂ}

<The method to obtain the retarded Green'’s function>

1) From classical action,

Se = % / dud*z A(u)(0,0)° +

i) With incoming-wave boundary condition at horizon,
o(u,q) = fy(u)do(q) fq(©) =1 at u=0 by definition of mode eq.

i) The retarded thermal Green’s function is

M) = A(u) f—q () O fg(u)|u—o -
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Hydrodynamics in AdS/QCD

Ref. G.Policastro, D.T.Son and O.Starinets JHEP 09 (2002) 043

How do we calculate the retarded Green'’s function in AdS?
M) = =i [l 00 (O(). O0)

<The metric and action>

1 1
ds? = t’?(—f(u)dt2 + da?dy? + d=?) + 102 f () du® u==z/z,
1
S =— /ddrFFfI/F“"
193¢ 'L

<The equation of motion for gauge field>

wHp Vo _
F [V —=g9"" g7 (9,45 — Dy A,)] =0
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Hydrodynamics in AdS/QCD

<The Fourier decomposition>

d4q —iwt+i1q-x
Ai_/(gﬂ)4e g Ai(qﬁu)

We choose, ¢ = (w,0,0,q)

: : " W _ 1
dimensionless quantities, 1w = 5T =57
wA; +qf AL =
The e.o.m can be written as, , 1,
Al — — (g=A A.) =0,
T (97 4; +wqA.)
Al + f’A’ +i( “A. +wqA) =0
TS apr o
/ 2
sl +—(ti—q2)Aa — 0.
f AN
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Hydrodynamics in AdS/QCD

The equation for time component

(uf) w” —q° f(u)
Al + FA;’ - ne A, =0

We substitute, A = (1 —u)"F(u)

then, we obtain with incoming-wave condition, »— = —ito/2

The equation for F(u)

1 — 3u? i iw(1 + 2u) w2[4 — u(l +u)?] 9>
& £’ F F——F=0.
4 +( uf +1u) * 2uf * dus f2 wf

‘ F(u) = Fy +wk; + %G1 +w’Fy +we’Hy + 9 Gy + - - .
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Deformed AdS Space

Ref. Y.Kim, T.Misumi, and 1.j.Shin [arxiv 0911.3205]

5D action for scalar field

, 1
S = / Pj 55 R+ TO XM X = V(X))]

Scalar field solution for
{ Thermal AdS : X = Xy(z2) = (lefo/Q)(qu—i—crzg)

AdS BH : X = Xo(2) = (In;xn, /2)mg2
. o

0=0 is assumed in AdS BH since this background corresponds
to high temperature deconfined phase.
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Deformed AdS Space

The deformed AdS Black Hole
<The back-reacted metric>

d82 _ E_QK{Z)(f(E)dtQ o d.’fg) . dzﬁ/(zﬂf(z))

1/ 2\
where, K(z)=Inz+ 1 (—) 2 =6/(K*Nymg)
~Q

flz)=1-2 (;)4 [1 _ (1 _ (;)2) e(z/zcﬁ]

<The Hawking temperature for black-hole>

ﬂ}?

1 = 3
D 7= ()i
TZH 2

2n/z0)t — 2
where, 2 = ZQ\/I + ProductLog [( h/ g) ]
[
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Deformed AdS Space

essesersaom

<Change of critical temperature by quark mass>

Tc (Mev)
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= /f we consider only the effect of back-reacted quark mass, the
change of critical temperature is small.
(Here the change of scale is not considered.)
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Deformed AdS Space

< A dimensionless coordinate>
w=(z/zg)* :u=1is horizon and u=0 is boundary.

The metric rewritten as
(du)?
4u? f(u)

(ds)? = 72K (= f(u)(dt)? + (47)?) +

1 INEI A%
where, K (u) = Slog(shu) + 7 (5) w

2010 Dec. 10~11 Heavy lon Meeting 15/24




Quark Number Susceptibility

et

<The 5D action for U(1) gauge field>

1
S = i /dg’m\/—ganFm” with gauge choice, Ay(z) =0

_|% 5D gauge coupling constant

The Fourier decomposition
4 .
Au(tjzju) :f% e—iwt—I—chzAH(wj .It', u)

<The equation of motion for A_t>

0= (e‘%(%)i“A;(u))’ _ %(k%@) +wkA. (u))

0 = wAj(u) + kf(u) A (u),

2010 Dec. 10~11 Heavy lon Meeting 16/24




Quark Number Susceptibility

<The equation of motion for time component>

0 = (s 8 ag)’
()b g Y b

(3£)

1
We substitue, Ai(u) =e*' 72" X(u)

» 0= (u.f(t.:.)X’(u))! + 9 e%(z_g)zu( wz. — kz)X(u).

A solution as,

X(u) = (1 —w)'F(u) v=—i
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Quark Number Susceptibility

The small parameter expansion of F(u)
F(u) = Fo(u) + wF,(u) + k*Fya2 (u) + O(w?, wk?)

0= (uf(u)Fy(u))

=

Fo(u) =
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Quark Number Susceptibility

oSt —

The solution of At
2/ 1(zm)%,  1(zH)?

ZH
0 1(zH )2 1(zg )2
— At z(eg(zQ)u_eQ(zQ))
1(20)
l_ez ZQ

<The quark susceptibility from the on-shell action>

1 4h —1(Z2)% u=0
5= Z/C 1°© 25 Ar(—k) Ay (k)
9575 J (2m) u=1
1
Xa = — l(z_H)Q
g_;fzé(cQ *Q —1>
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Quark Number Susceptibility -

Thermodynamic analysis

<The grand potential>

) = T'Son-shell . o . .
\’The 5D bulk action on-shell action in Euclidean spacetime

1(zm )%,
Solution of time-component of gauge field, A}(u)= —d eQ(zQ)
A2Vs [0 1(z),  2d*V3zE 1020 )2
0 B [0, O 2 st
95~y J1 95
when chemical potential is defined as,
0 2d 22 1(zH )
,u:f du Aj(u) = — QQ(l—eg(zQ) )
1 “H
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Quark Number Susceptibility

et

<The grand potential>

V3#2

iy (1))

Q=T

<The quark number susceptibility>

1920
A AR A
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Quark Number Susceptibility -

essesersaom

<The quark number susceptibility in deformed AdS>
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Summary and Outlook

==

& The quark number susceptibility has a feature that it is
suppressed by quark mass.

€ Using hydrodynamic and thermodynamic approaches
to AdS/QCD, we can obtain same result in quark
number susceptibility.

& Using D3/D7 model, in top-down approach we can
obtain quark number susceptibility.
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Thank you!




