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Crash review of AdS/CFT

@ 't Hooft genus expansion

@ D-brane constructions of gauge theories

@ Black hole microstate counting ; cross—sections
@ Polyakov’s insight: warped 5d geometry

@ Maldacena’s breakthrough

@ GKP’s recipe

@ Wilson lines from strings

@ Witten on confinement

@ Probes to a strongly—coupled plasma
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Crash review of AdS/CFT
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Crash review of AdS/CFT
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Crash review of AdS/CFT

strong coupling

Minkio
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Black hole thermodynamics vs. QCD data

@ Near—extremal D3-branes describe N/ = 4 gauge theory at finite

temperature
°
R? dz?
2 _ _ 2 2 2 2 2
ds® = 72,2.,22 ( f(z)dt® + dx“ + ) + zpz dQ5>

f(2)=1-24T=—
TZH

® A = 4ngsN = 4ngd,N >>1, N>>1
@ Entropy density from Hawking—Bekenstein formula

2

N’T?V

G. C. Giecold (IPhT) Langevin Dynamics from AdS/CFT LAPTH, October 15, 2009 7/19



Black hole thermodynamics vs. QCD data

Energy density and pressure lattice calculations
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Black hole thermodynamics vs. QCD data

® SUGRA computations suggest 2 > ;1%

@ Hard work for lattice QCD
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Heavy probes and trailing strings

@ Jet quenching in pQCD :
AE — %asCH(A](AX)Z,
(pt)

9= AX

@ Liu, Rajagopal, Wiedemann prescription :

(Wwadoint(c)) ~ exp (—lf]LzAx> ,

@ Gubser et als approach : falling strings
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Heavy probes and trailing strings

@ Total multiplicity from point—sourced gravitational shock wave
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@ Energy loss, momentum broadening from string hanging in AdS
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Heavy probes and trailing strings

e Nambu—Goto string action : S = —5; [ d?0/—det (hys)

@ x5 = vt + Y2t (arctan z — arctanhz)

dp _ A T2

@ Dragforce 37 = -5~ T ﬁ

@ Calculate stress—tensor gauge theory correlators from linearized
bulk Einstein equations — jet—splitting
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Heavy probes and trailing strings

@ Stochastic forces on heavy quarks from fluctuations around the
trailing string

o
S = ATZ / dtoz / AtdzP*d,5%

- / ataz [ T 0.6%:050% + T070a0x D0x!

o
2 ZH
po _ TVVAT 2179
272 1
o
> zy 1—(225)* V2
TAB _ ATeb _ T AT 72 (1—z4s)2 1—z4
€ sy 252 V2 74— z¢
s 1—z4 zn22

@ EOM and induced metric : world—sheet causal horizon at

Zs = ZH/\H
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Heavy probes and trailing strings
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Interlude : Schwinger—Keldysh / Penrose diagram
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Heavy probes and trailing strings

62InZ 1
CIDEE [”1’2’”172}_/'((311 G@).

2 Snjon Gz1 Gz

{ Gr1(t,x) = —i(TT(t,x)T7(0)),  Gia(t,x) = £i(TT(0)T(t,X)),

Gor(t,X) = —i{(T(,X)TT(0)),  Gao(t,x) = —i(TT(t,x)TT(0)),

The boundary SUGRA action yields the expected structure for
real-time correlators (written here for scalar operator / bulk field):

Gr1(k) = ReGr(k) + i coth(37)Im G (k)
Gio(k) = 27" ImGg(k),

621 (k) 12166 gg; |mG,q(k),

Goo(k) = —ReGr(k) + icoth(£)ImGg(k).
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Heavy probes and trailing strings
@ Kruskal coordinates :

uv = _ﬂefZarctan(z/zH) L\j _ _e4t/ZH

1+2z/zy ’
° vz
X3 = TH log V + vzy arctan(z/zy)

@ Expand fluctutions in retarded / advanced basis :

Yr(w, 2) = A(w)vret(w, 2) + B(w)Yagy (w, 2),
1 (w, 2) = C(w)ret(w, Z) + D(w)Yagy (w, Z)

(5)-(o o )(5)
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Heavy probes and trailing strings

o
. . [ d
Sty =1 [ G ¥3(-) G(w)02()

_;/g;jlﬁg(—w)Gsym(w)wg(w)

© Yr=3(WYR+uYL), Ya=vL— YR
® Ggym(w) = —(1 + 2n)(w)IMG%(w), with the thermal distribution at

Teff = Tplasma/ \ﬁ

@ Hubbard-Stratonovitch transform to linearize the quadratic term of
the advanced field results in a Langevin equation for the heavy
quark :

[ G t)(E)+ P —€(1) =0, (E(Et)) = Com(t.)

@ Einstein relation breaks down in the relativistic case. Seen in
experimental data.
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Heavy probes and trailing strings

Dominant pQCD mechanism for broadening :
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At strong coupling :
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Summary and outlook

@ Extensions to other aAdS backgrounds, possibly with applications
to ‘latest game in town’ AdS/CM [GCG, 0904.1874 (JHEP
0906:002), C. Hoyos-Badajoz, arXiv:0907.5036 (JHEP 0909:068),
S. Gubser, A. Yarom, 0908.1392]

@ The real-time formalism has been developped by Leigh, Hoang
for Schr/nrCFT.

@ Extensions for fermionic operators
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