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Quark-Gluon Plasma

Quark-Gluon Plasmais formed in Heavy Ion Collision at RHIC and LHC.
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Quark-Gluon Plasma

T Ludlum and L McLerran,
Phys. Today 56N10 (2003)
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Quark-Gluon Plasma

Shear viscosity

Hydrodynamics prediction: n <0.1—-02 Teaney (2003)
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AdS/CFT predicts a universal lower bound for the ratio of shear viscosity to entropy.

Kovton, Son and Starinets (2003)

Rapid thermalization: T, ~035 fm
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Chesler and Yaffe, PRL 106 (2011)
Janik et all (2012),(2014)



AdS/CFT Correspondence

Maldacena Conjecture

Classical gravity on AdS,.,

Strongly coupled d - dimensional CFT which lives on
boundary of AdS,.,

Maldacena 98

Duality unproven, but many consistency checks performed.



AdS/CFT Correspondence

Anti-de-Sitter space (AdS;) Js? — dx"d X, T du’
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4D boundary
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5D bulk m
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u¢ string propagator
in the bulk

u plays a role of inverse energy scale in 4D theory



Light-Quark in string Setup

N =4 Super-Yang-Mills theory in 4d in “ A Classical supergravity on the
large N¢ and strong coupling limit A 10d AdS xS :

Studying the theory at finite temperature ﬁ Adding black h(.)le to th? geometry:
AdS-schwarzchild metric

Fundamental quarks in theory ﬂ Open strings moving in the 10d
geometry
. . . D7 u=0

Fundamental quark is dual to a string in the
bulk with an endpoint attached to a D7-brane U=Up,
ending at u,,,. .

. 1 1 v
For a massive quark at rest: m, = T, L2 —

Q 0

Light Quarks ¢y  Falling Strings



Falling String
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Jet Energy Lost

0.0
Prescription of jet in AdS/CFT
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Jet Nuclear Modification Factor

0_125 — AdS5 metric . .
i JP metric We define a renormalized Ry, in AdS/CFT:
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Light-Quark Dynamics

0.0 . - . . .
String's endpoint trajetory Light quark dynamics highly depends on
the initial conditions of the string.
oo E,=100 GeV | 8
Virtuality of quark: Q° = E? — P?
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Further progress in describing experimental 04
results will require significant advances in 5]
the understanding of string initial

y Q%0 Q%0

conditions. 000 002 004 006 008 010 012 014
uc (fm)
The only way, is calculating the energy-momentum

tensor of the string on the boundary and compare
11 with the QCD results.




SYM Stress-Tensor

@ Presence of string source with the following (THv) "
energy-momentum profile in the bulk perturb !
the metric: A
T, z
tMN = _0 V=990, XM, XN (r —r,) %
_ . 3 ha N
& Metric perturbatlon hiv: Guy = GEW)N + hyn %
@ Linearized Einstein equation for hyy:
up,
—D2hMN—|—2DPD(MhN)p—DMDN}Z—I-%h MN
+ (D2h—DPDQ hp — 12z h) G(ON —2/-65 tMN,
@ On-shell gravitational action: Sa = 9.2 d°x/— <72 + ) + San
5
@ SYM energy-momentum tensor: TH(x) = 2_ 9%
Vo' 5gul/ (37)

hyiy has 15 degrees of freedom (s T, has S degrees of freedom

12 o



Gauge-Invariants

It 1s possible to construct gauge invariant quantities out of linear combinations of hyyy and its
derivatives:

v There are just 5 of them.
v' Their equation of motions are completely decoupled.

The scalar gauge invariant Z, can give us the energy density of the SYM stress tensor on the
boundary:

In AdS;s background:
9
7"+ AZ' + BZ =S A= -2 B=w-+
U
L4 o i J : 8 2 8 .
S =81, +§u(q 0" =3q'q’)t; +8imt +3—u(q u”- —6)t, —3qu ts—8iq't,;
Asymptotic behavior of Z: Z(u) _ Z(2) u? + Z(S) w4 - u—0
L3
Energy density: E=_—"_7
2 7(3)
8K

13 P. Chesler et al, hep-th/1001.3880



Boundary Energy Density in AdS;

E(ty,rp) = Ealty, ) + EB(Th, Xb)

2L3 4 du 17 )
5A(tb7 I'b) = — d’r el @(tb — t) ) (W) [u(2t00 — t55> — (tb — t)t05 + (xb — 33) ti5]‘

2L3 du . .
8B(tb, I‘b) = g /d47“ Z @(tb—t) (5”/(W) HI‘b — I“2 (2t00—2t55—|—t7;i)—3(mb—:13)z (mb—x)J tij]

(tyore)

W=—@t-t)Y+F-r) +u’ 0
o) AM
At time t, the bulk excitation localized at (t, r, u) §
emits a gravitational wave hyy which propagates % han
through AdSs at the respective speed of light up to g

the measurement point (t,, 1,) on the boundary.

Uhp

14



Boundary Energy Density

Heavy quark at rest with
finite mass in AdS;

Heavy quark with finite mass and
velocity v=0.9 in x direction in AdS;

15




Boundary Jet Energy Density in AdS;
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Current plan:

In AdS-Sch background:
Z"+AZ'+BZ =S P. Chesler et al, hep-th/1001.3880

24 44¢°u* 4+ 6f + ¢*uPf — 307
uf (u?q®> +6 —6f) ’

S _ 8, 4 (¢*u*+6-6f)

;o Bug? f

A =

w_2 + q2u2(14—5f_q2u2) + 18(4—f—3f2)
I? u?f (q*u® + 6 — 6f)

8q°u

B =

(q25ij—3qiqj)tij — tss — 8iq't;s

N 8iwt N 8u [¢* (¢*u?+6) — f (12¢>—9f")]
f 32 (¢u® = 6 +6)
Construct Green’s functions G(u, u’) out of homogeneous solutions by considering the

appropriate boundary conditions at the boundary and at the horizon and convolve with source
as

uy, L3
Z(u):j; du'G(u,u') S(u') ) 6(6_])’("}):_F (3)
K l
= d4q = iQx
Y EGn= [ ——re@we
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