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Outline

Introduction

Holographic model: U(1)y, X U(1), + Stueckelberg === Real-time simulations

Non-expanding plasma:
* LHC/RHIC-like simulations.

Expanding plasma.



* Chiral magnetic effect: TCME = 86ﬂ5§ «

Anomaly coefficient
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Intrinsic property
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Property of the state. Only defined for
conserved charges in (near)-equilibrium!
Axial charge is not conserved.
Generated from non-trivial topological
gauge configurations of the vacuum.

Property of the state.
Dynamically generated due to
motion of (mostly spectators)
charged particles.
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Introduction

* Physical system and setup :
* Off-centered collision -> Almond shape

 Strongly coupled plasma -> Good for holography

* Short-lived magnetic field "' ~0.6fmi/c

TéHC ~ 0.02fm/c

* Focus on non-conservation of axial charge



* Holographic dictionary

Introduction

QFT
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Energy momentum
tensor THV

Metric 8,1

Conserved current
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Gauge field Aﬂ

Scalar operator (O

Scalar field @

Temperature T

Black hole

Anomalies in currents in
QFT due to coupling to

non-dynamical gauge field.

(FF term in QCD axial
anomaly)

Anomalies in currents in
QFT due to dynamical
gauge field.

(GG term in QCD axial
anomaly)
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Chern-Simons
term in the bulk

Mass term for the
gauge field in the
bulk



Holographic model
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* 6 dual field to Tr{ GG}

* The number of counterterms diverges as A — 1 and is minimum
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Holographic model
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Holographic model
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Holographic model
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Holographic model
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* We study CME and Axial Charge in:

* Non-expanding plasma = Explore parameter space (a, A)

Explore different states (B, T, ns(0), 715(0))
Simulations for RHIC and LHC

* Expanding plasma ==  Simulations for RHIC

+SGHY+Sct A=—1+ 1+m



Holographic model
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* We study CME and Axial Charge in:

* Non-expanding plasma = Explore parameter space (a, A)

Explore different states (B, T, n5(0), 715(0))
Simulations for RHIC and LHC

. Focus of the talk
* Expanding plasma == | Simulations for RHIC




Non-expanding plasma
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* Ansatz:
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V= E(xdy — ydx) +V._dz
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Non-expanding plasma

* Ansatz: ,
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* Asymptotic solution:
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Non-expanding plasma

Simplification!
Small charge

Justification!
ns/s S 0.1 in collisions

[S. Shi, Y. Jiang, E. Lilleeskov, J. Liao](2018)

Interest!
Numerical simplification
and stability



Non-expanding plasma
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Non-expanding plasma
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Non-expanding plasma

* Ansatz: ,
2L _ . _L limé =0
ds® = =] dv* - 7du dv +2 (ef(dxz +dy?) + e 25‘&2) - T u=0 Asymptotically
B : 2 AdS
A=-Adv V= E(xdy —ydx)+Vdz 0=0 lim,_o f ==

* Asymptotic solution:
! 6~
u QFT quantities B N’L
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Non-expanding plasma

Ansatz:
2 , 207 E o n oy 2652 limz = =
ds* = —fdv —7dudv+z(e (dx* + dy?) + e™*°dz?) —fp M=
B _ 2
A=-Adv V= E(xdy —ydx)+Vdz 6= G lim, o f ==

Asymptotic solution:

1
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Static Background

Asymptotically
AdS
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Quasinormal modes
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RHIC and LHC simulations \d

Centrality bin 10 — 20% 20— 30% 30 —40% 40 — 50% Centrality bin 10 —20% 20 —30% 30 —40% 40 —50%

(ns/s)o 0.065 0.078 0.095 0.119 (ns5/s)o 0.039 0.045 0.059 0.075

To (GeV) 0.341 0.329 0.312 0.294 To (GeV) 0.48 0.47 0.43 0.40

eBmaz(mZ) 2.34 3.1 3.62 4.01 Bmaz(m3) 59.2 78.5 91.7 101.6

Tyim (GeV) 0.429 0.414 0.393 0.370 Tsim (GeV) 0.87 0.85 0.78 0.73

eBsim(m3) 1.87 2.48 2.90 3.20 eBsim(m2) 2.28 3.02 3.53 3.91
B 1/3

B = 1+n:2w;zg I(x) =Ty <%)

[S. Shi, Y. Jiang, E. Lilleeskov, J. Liao](2018)
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Expanding plasma
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* Ansatz:
= —fdv? - —du dv +2(e 12y 4 efldy2 + efzdzz)
A=-Adv

B
V= E(xdy — ydx) +V._dz

limds? = (—dv? +v2dx* + dy* + dz?)
6 = 6 u—0 uzl?
"Energy dependence of the CME in expanding holographic plasma” arXiv:2112.13857
[C.Cartwright, M. Kaminski, B. Schenke]



Expanding simulations |
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Summary & Outlook

Axial charge dissipation weakens at Bt in the presence of the anomaly.

For small values of A both initial states considered result into the same CME signal.
For bigger values of A the CME signal may be up to 25% smaller.

The CME signal obtained for RHIC and LHC are of the same order. The threshold

between higher signal at RHIC or LHC is at nSLHC/ n?HIC ~ 3.

The different lifetimes of B in both simulations is key to arrive at these conclusions.

Go beyond small charge limit, include time dependent B, include masses of quarks...



