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(J. Casalderrey-Solana, M. Chernicoff,

. DF, D. Mateos, D. Trancanelli, ‘09-12)
Holographic Plasmas

String endpoint moving sufficiently fast radiates mesons via Cherenkov.

e Energy loss ~ O(N,) effect. Bouadary
e Universal mechanism! T Quark ® — "
e Exactly calculable for N' = 4 SYM plasma. — P/..-f"/ —Vim o
The study of probes is especially useful: ——
they’re produced within the same collision
that produces the strongly coupled plasma itself. (Backreaction ignored in the N; < N, limit)

QGP created in HIC is time dependent and anisotropic:

: Tilso
® | | >
— - Y ! Isotropization
Out of eq.l  Anisotropic !
'hydrodynamics .

Anisotropy might play an important role.
This was investigated for several observables.



Holographic Plasmas

* Thermodynamics of anisotropic brane

f

N,

C

Probe limit: € = small.

But asymptotics of metric and embedding
are different for e = 0 and for € # 0.

—> UV limit does not commute with probe limit.
— Trouble with counterterms!

e Historical motivation for holographic renormalization:
Finiteness of the on-shell action.

(I. Papadimitriou, ‘10)

e Actual motivation:
Requirement that the variational problem at infinity be well defined.

Condition that determines Sy, : di(S +Sp) —— 0
r —
e additional requirement

which amounts to a phase space transf.: PPat i Symplechc
( T ) ( II ) ( e 66% ) form must be preserved:
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Induced gravity at the boundary

FG-type expansion: g, = g(o)r + g(l)fr == - (D. Marolf, 08)

(0)

Formal construction: Promoting g,/ to a dynamical field,
define “induced gravity” partition function:

Zpulk = / Dy ZDk, [9(0)] = / D Dy e buk

ZDir { (0) / DO Dy ¢iSvuik In the semi-classical limit,

g—g(©® dShue = EOM + 2 @gw v g(0)

bdry. stress tensor

Natural bdry. cond. are such that g(*) free = 7}, = 0.

Claim: This theory corresponds to
the induced gravity on the CFT.

5SCFT

=T, = 0 is the EOM expected
Ogcrr

in a theory with no EH term.

This corresponds to
the limit Gy — oo.




(J. Erdmenger, DF, H. Zeller, ‘12)

Holographic Superfluids

Holography is useful to study transport properties of strongly correlated
systems at finite temperature.

Take SU(2) Einstein-Yang-Mills theory in the bulk:
1 o’
S = —2/d533\/—g [R— A — TFJ(\I/_,NFGMN + Sbay

2K

with ansatz

A=o(r)T > dt + UJW spontaneous value acquired in broken phase:
y w(r) > w/r?, wh o (J7) 0

chemical potential

o(r) — 1
a? - . | | ~ Study perturbations around this background
e - and relations between sources and vevs to find

IR R-N BH, stable 5 (Uy))_("yy Tayy)( Ly )
| Y - \ew) = \waw 1rw ) \ (v, )1

02r

transport coefficients and viscosities

0.1 - 1
., = —1lim —Im {(T,.T,.,
| Ty wl_qlowm<y y)

R-N BH, not stable
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Holographic Superfluids

 p-wave hydrodynamics

e Spontaneous symmetry breaking of cotinuous symmetry "

e Nambu-Goldstone boson in the spectrum

' \ | .

Y 4 X ;

e New hydrodynamic mode: K /)
[ {»Uﬂ " U;L}a Vy = ,u@p]

Egs. of relativistic hydrodynamics,

= 0]

(J. Bhattacharya, S. Bhattacharyya, S.

derivable from general considerations, consistent with: Minwalla, A. Yarom, '11)

_ Iz
e Lorentz invariance — > Jg { = s e E ’Uzv

e 2°d Jaw of thermodynamics

. i H
e Covariance under time reversal. 8# Js >0

Phase ¢ is coherent superposition in the s-wave condensate. In our case,

Im o

- 7 Re o U(l)g g} 7
Diy/ 5., SO(3) —» SO(2)

o, 3 Goldtone modes = different hydrodynamics.
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Holographic Thermalization

* Validity of hydro approximation out of eq.

Linearizing Einstein’s equations around the final equilibrium state reproduces
the expectation value of the boundary stress tensor with a 20% accuracy.

It would be interesting to understand the reason behind this relative precision.

e Giving initial data
(P. Chesler, L. Yaffe ‘10)
Initial data must describe two well-separated planar shocks,

moving toward each other.

One shock would be ds® = r? [—dz; dv_ +dz? | + %2 [dr® + h(zy)dx? ],
with h a gaussian.

 Generalization to inhomogeneous case

Periodic function in transverse direction:
ik
G = Gy (1t y) + € 5 F0g,,(r, T, y)
1. Spatial grid on r: pseudo-spectral method.

2. Spatial grid on y: Fourier spectral method.

3. Time evolution on t: via finite differences.




Numerical Techniques in AdS/CFT

* Brane intersection solution in Supergravity

Problem: Find gravity dual to
3 dim. supersym. SU(Nz) gauge th. with Ng fundamentals.

M-theory uplift of Ng coincident D6-branes at » = 0:
R x Taub-NUT = M2 in this background?

Ansatz for M2-branes spanning ¢, x1, xo:

ds* = H™2/3 (—dt? + da? + dz3) + H'/3 (dy® + y*dQ3 + ds2y)

Fy = dt Adzy Adzg ANdH ™
Taub-NUT metric (S. Cherkis, A. Hashimoto '02)

Fully backreacted solution found via H(z,y).

Generalization to non-extremal case: include additional functions fy, fo, H.

(This has not been found, but numerically it could be doable)

e ...and many analogous problems in AdS/CMT.






