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direct QCD approach to heavy ion collisions

glasma picture

f~1/as, as(Qs) <1

F. Gelis, E. lancu, J. Jalilian-Marian, R. Venugopalan,
Ann.Rev.Nucl.Part.5ci.60:463-489,2010

kinetic theory

takes over around f ~ 1 Anisotropy: P,/ P,

Kinetic theory [ Both  Classical
< YM
A. Kurkela, QM 2015 arXiv:1601.03283 Initial
Thermal
fro f~1 f~ott

Occupancy: f'




dual N’ = 4 SYM approach to heavy ion collisions

shockwaves <+ nuclei, black hole formation < thermalization

ds® = % [sz + (g;(to,,) + zzg‘(ﬁ,) + z4g,(ﬁ,) + z*lnz hg‘g + (9(26, zﬁlnz)) dx" dx"]

g;(gz) = Nuv

1 Choose ds2,;;,; such that
?Q’uu t*Y (t;) o g,(ﬁ,)(t,-) mimicks a CGC




dual N’ = 4 SYM approach to heavy ion collisions

shockwaves <+ nuclei, black hole formation <> thermalization

ds? = % [d22 + <g;§°) + zzgffl,) + z4g$,) + z*Inz hﬁfﬁ +0(2%, zslnz)> dx“dx"]

gSB = Nuv
Choose ds2,;;;.; such that
() o g\ (t) mimicks a CGC

C. Ecker using a notebook by W.v.d. Schee
(https:/ /sites.google.com /site /wilkevanderschee/phd-
thesis)




compare both approaches to heavy ion collisions

to get both on the same page one employs a geometric quench
d2—ld2—|— O 4 2250 4 4@ | 07 b 4 0(2, Inz)) dxdx”
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@ g,(ﬁz dxMdx” = —dt® + dx® + dy® + di’g(t)
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z—29;w g(-00) = 1, gl+o0) = £




compare both approaches to heavy ion collisions

to get both on the same page one employs a geometric quench

ds? = % [d22 + (g;(g,) + zzgfﬁ,) + z4g£4,,) + z*Inz hﬁg +0(2°, zslnz)> dx“dx"]
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L. Keegan, A. Kurkela, P. Romatschke, W.v.d. Schee, Y. Zhu, JHEP 1604 (2016) 031




But heavy ion collisions don't happen in curved space.



But heavy ion collisions don't happen in curved space.
Right?



semi-holographic approach to heavy ion collisions

the gravitational dual encodes the RG flow

N. Behr, A. Mukhopadhyay, Phys. Rev. D 94, 026002 (2016)
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semi-holographic approach to heavy ion collisions

semi-holographic proposal
E. lancu, A. Mukhopadhyay, JHEP 1506 (2015) 003
A. Mukhopadhyay, FP, A. Rebhan, S.A. Stricker JHEP 1605 (2016) 141
solve gravity dual with boundary conditions (sources) at z = 0 deformed by
gauge invariant operators (glasma)
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solve the UV theory deformed by marginal operators obtained from the gravity
dual
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semi-holographic approach to HICs

equations of motion and conserved energy momentum tesor
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on shell and by the gravitational Ward identities.




Lets get familiar with the model



Simple toy example

Setup

homogeneity, isotropy, « = 8 =0, N. =2, Aj =0, A? = 67f(t)

= g2 = Nuv + Zrtuw is conformally flat, p(t) = 1/3=(t) = 1/2[f'(t)* + £(t)"]
= the bulk metric is diffeomorphic to AdS-Schwarzschild with mass ¢
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Simple toy example

Iterative algorithm

Initial values: £(0) = (2po)"/*, 2
£(0)=0 )
f(t) = (2p0)*cd(w]—1) w=(2p)"*
A
E+P =
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Simple toy example

Iterative algorithm

Initial values: £(0) = (2po)'/*,
£(0)=0 :
(1) = (2po) cd(w]| —1) w=(2po)"*
1
2
g+p = L :

272 /T = 3ypo[L + Fpo]*/2




Simple toy example

Iterative algorithm

Initial values: £(0) = (2po)'/*, ~

F(0)=0 )
1.0 ! »\\_/.'/‘ \Yk‘\u /
1-12(& +Po)
() = (2p0)*cd(w| —1) w=(2po)/* 2 =
(1) (2p0)"*cd(w| — 1) (2po) T+ 1@ +P)
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Simple toy example

Iterative algorithm

Initial values: f(0) = (2po)*/*, o
f'(0) =0 o
w N\ N
1- 3 2:(&+P0)
f(t) = 2p01/4cdw—1 w:2p01/4 % ——
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Simple toy example

Iterative algorithm

Initial values: £(0) = (2po)"/*,
£(0)=0

f(t) = numerical
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Simple toy example

Iterative algorithm
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Simple toy example

Iterative algorithm

Initial values: £(0) = (2po)'/*,
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Simple toy example

Results
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A. Mukhopadhyay, FP, A. Rebhan, S.A. Stricker JHEP 1605 (2016) 141
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Simple toy example

Outlook

study isotropization/thermalization by including anisotropy or the dilaton
C. Ecker, A. Mukhopadhyay, FP, A. Rebhan, S.A. Stricker
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for late times replace glasma by kinetic theory
A. Mukhopadhyay, FP, A. Rebhan, A. Soloviev
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