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Gauge dynamics far from equilibrium

Abelian Higgs model in 2+1 dim
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Classical action of Yang-Mills theory in diagonalisation gauges:
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Quiz

Complex scalar vs Abelian Higgs
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Gauge dynamics far from equilibrium

Abelian Higgs model in 2+1 dim
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Gauge dynamics far from equilibrium

Abelian Higgs model in 2+1 dim

‘overpopulation’ initial conditions

modulus of Higgs relative phase
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Gauge dynamics far from equilibrium
Abelian Higgs model in 2+1 dim
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Spectral functions & transport coefficients

M. Haas, Fister, JMP "13

Christiansen, M. Haas, JMP, Strodthoff, in prep.

Helmboldt, JIMP, Strodthoff, in prep.




Heavy ion collisions

( Shooting the elephant )

Proof of principle calculation:

Zhi‘Qiu and U. Heinz, to be published e Take ensemble of sum of deformed Gaussian profiles,

) _iig'ﬁi‘fm&f ;/30'3)0.217:0.005 S(T_L) = sa9(7r ] ; &2, P2) + s3(r);Es, Y3), with
,'_'_'?:gﬁ}gjﬁﬁﬁj ?,5:28;,;};3%1 ) 1. equal Gaussian radii R% = R% = 8fm? to reproduce (ri) of MC-KLN
10 ™ ] source for 20-30% AuAu
=8 et 2. £9 and €3 adjusted such that
! 1 = _ 20—30% /« g
S8 - 3= (6213>KLN ("MC-KLN-like")
4 - £33 = (62’3)2G01_30% ("MC-Glauber-like")

3. g = 0, ¢3 (direction of triangularity) distributed randomly

2 Au+Au @2 RHIC, 20-30%
. e Use v3 (pr) from VISH241 for /s = 0.20 with MC-KLN initial conditions
80 oz 04 cevy® 08 10 for 20-30% AuAu as “mock data”

I MCOKLNIEe n/s ~0217 e Fit mock vg (pr) data with VISH2+1 for "MC-Glauber-like" or “MC-KLN-

4:'_"_','?}83{2::5'& B 0111 £0.001 like” Gaussian initial conditions with both elliptic and triangular deformations
i ) by adjusting /s

il — (n/s)kLN = 0.217 & 0.005 for “MC-KLN-like",

% : . (n/s)c) = 0.111 £ 0.001 for "MC-Glauber-like"

) - e Compute v; (py) for "MC-KLN-like" fit with (7/s)G=0.217 and repro-
duce it with "MC-Glauber-like” initial condition by readjusting n/s
== (*r;/s)g1 = 0.224 + 0.005 for “MC-Glauber-like"

Au+Au @1 RHIC, 20-30%

e Compute v3(pp) for “MC-Glauber-like" initial profiles with readjusted

86 o0z o4 o8 08 10 v ,
pr (GeV) (n/s)G3] = 0.224 and compare with "MC-Glauber-like” fit to original

mock data == clearly visible (and measurable) difference!

This exercise proves: (i) Fitting vs(pr) data with MC-Glauber and MC-KLN initial conditions yields the
same 77/ s (within narrow error band); (ii) The corresponding vo(pr) fits are quite different, and only one
(more precisely: at most one!) of the models will fit the corresponding v, (pr) data.

U. Heinz, talk at RETUNE '12
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Heavy ion collisions
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Transport in QCD

correlations of energy-momentum tensor

Flow

M. Haas, Fister, JMP "13
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full vertex

[3: classical vertea
Diagrammatic representation

pﬂ-ﬂ- - é:}+ %ﬁ+ :‘::“ /.::':. + -
g closed form

full computation Christiansen, Haas, JMP, Strodthoff, in prep.
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Transport in QCD

correlations of energy-momentum tensor

Flow

M. Haas, Fister, JMP "13
, RSN
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full vertex

[3: classical vertea
Diagrammatic representation
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g closed form

full computation Christiansen, Haas, JMP, Strodthoff, in prep.

Complete 2-loop corrections

O
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Transport in QCD

correlations of energy-momentum tensor

M. Haas, Fister, JMP "13
Flow

Current approximation

Pr /L ( 3: full vertea

Prr = with optimised RG-scheme from Fister, JMP '13

n rim.
PT/L The (Pr/r with MEM )

[m ) = 25 [ tgye 0K = 0K +-0)] (Verpr(R)pr (+ ) + Ve pr (k) (5 + ) + Vi pr (B)ow (5 + pﬁ
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Transport in QCD

correlations of energy-momentum tensor

M. Haas, Fister, JMP "13
Flow

, & RSN
] ® * 1 @ @

Current approximation

Pr /L ( 3: full vertea

Prr = with optimised RG-scheme from Fister, JMP '13

n rim.
PT/L The (Pr/r with MEM )

‘Those are my methods (principles),
and if you don’t like them...well, I have others’

direct computation Groucho Marx

[m 0) =252 [ gy (1K) =k + )] (Verpr(k)pr (k+ ) + Verpr(R)pu(k -+ p) + Viwon(0)ps (k + pﬁ
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Transport in QCD

correlations of energy-momentum tensor

Shear viscosity

M. Haas, Fister, JMP "13
1 d )

n= = - prr(w,0)| Kubo relation

20 dw| _,

Current approximation
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Viscosity In pure glue

Transversal Propagator G
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Viscosity In pure glue

gluon spectral functions

M. Haas, Fister, JMP "13
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Spectral function for p

Viscosity In pure glue

spectral functions
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Viscosity In pure glue

spectral functions

pion and sigma spectral functions

4d N=2 exponential regulator, e=0.1 MeV
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‘Those are my methods (principles), and if
you don’t like them...well, I have others’

direct computation Groucho Marx
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Viscosity In pure glue

spectral functions
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Viscosity in pure glue

spectral functions
M. Haas, Fister, JMP "13
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Viscosity In pure glue

shear viscosity

I ]

* MEM result

— MEM fit
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* Meyer (2007/2009) (SU3)
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Viscosity In pure glue

shear viscosity

Christiansen, M. Haas, JMP, Strodthoff, in prep.
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Viscosity In pure glue

shear viscosity

Christiansen, M. Haas, JMP, Strodthoff, in prep.
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Viscosity In pure glue

shear viscosity

Christiansen, M. Haas, JMP, Strodthoff, in prep.
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" Gauge dynamics far from equilibrium

Abelian Higgs
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