Dr. Jan Smit, University van Amsterdam (I TP QCD-RHIC Program 4-04-02) | nhomogeneous Hartree Dynamics

TNHOMOGENEOUS HARTREE DymNAMICS

Mischa Salle
Teroen Vimk
L Meotcvakon

2. Harkee Gpprox. . Harkee ewsewlbles

&
3 Munericel simulakrons (n +1D @ moclal
ja] &Umafézak'ovm
Q kenks

4 What have we le arvesdd

Page 1

MOTIVATION

e/a;s(cal o:ﬂ/lroxc'ma'i'an can be Qu#e reasouakle
m‘cdy L‘mcor’vom'@c nou-pe.nf-upb:kve phenomens

Skyﬂh ‘ows monopoles ;PLafe»on: #

put

- how to start + wp — inctval conolchons ¢

- Po.rf-v.'cfe VND‘AJ.CJth v skyrmfon c(.ecay
(effeckve chiral olynaumccs w Qco H’dhsiﬁ‘mﬁ

it breaks down: - classeccal H.ermg bezahkon

hh. = I— E 3’ R q)rol;few
o8

need 1o connect ) %aulum Qovld
Scwmplest apfuoxivma kow Hiat cucorporakes #:

ree
(Whomogeneonus Har




Dr. Jan Smit, University van Amsterdam (I TP QCD-RHIC Program 4-04-02) | nhomogeneous Hartree Dynamics Page 2
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Example: spinodal instability

e(x,t) =0, fi(x,t) = fil()e’®™  homogeneous

(67 + k2 + 12 + 3AC (O] fi(t) =0

. Of = —iwpfi, np=0

leads to

M
(apfrox.)

i o

no thermalization

no scattering contribution

seem to have lost good qualities of classical
approximation

(--+): quantum mechanical expectation value
= homogeneous

classical: average over realizations, typically non-
homogeneous, which contain scattering

mean field (@) = @¢ average classical field

quantum mechanical: ‘realizations’?
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coherent states
1 d.o.f.

s wahl L i .
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2 pE fen weitlen as mean-feeld average

Hartree ensemble approximation:

- write initial state in terms of ‘realizations’

p= [qu Dy p[, ] |mp) (T

- Hartree for each |mp)(my| separately

- average over initial ¢ and =«
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Scattering regained (especially cn brolen phase )

consider incoming two-particle state
wave packets ¥ o:
l1e0) = a'[¥1]al[42]]0)
ally] = Y viay
k

C(X, t, X, t) g— CVBC + hbl(xa t)|2 + Wz(x: t) |2
P(x,t) = Y Yefi(x,t)
k

linearize in ‘broken phase’, ¢ = v+ ¢/

@2 -V24+m?¢ = -3 (jpal? + 12l
(82 - V2 +m? 4+ 6xvg' )12 = O

similar to classical electrodynamics
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Thermalization tests in 14+1 dimensions

Numerical simulations
initial states out of equilibrium

See if the Bose-Einstein distribution emerges
after some time nj — 1/(ePk — 1)?

Caveat: expect equipartition according to Hesr
at large times
Corresponding n; depend on conserved charges

spacetime lattice, N spatial sites,
spatial volume L = Na, cutoff keyt = 7/a

A vacuum o(z,t) = v

‘broken phase’ v # 0 (should go to zero as
L — oo due to non-perturbative effects (kinks))

renormalized mass

m? p2 <+ 32 4 30C
2 02 in ‘broken phase'

weak coupling, expect good quasiparticle de-
scription

}
‘sY mwaebec phase V=©

“

Initial state I: “ Parcsi
Jmax

n) =0, @we=v, mz=Am Y cos(2mjz/L—1;)
i=1

¥; € [0,2m) flat distribution, kmax/m = m/4
E/Lm? = 0.5 in mean field only

BE thermalization would give T'/m ~ 1.1
mL =32, \/m? =1/12, 1/am = 8, N = 256
Results:

- energy goes from mean field towards modes

- initial approach to BE with T/m ~ 1.1, p/m =~
02—-0, rm=15-20

- late time contamination by equipartition, time
scale 0(10%) slowing down

- approximate equipartition at huge times O(10°)
- damping rate of mean field zero mode of

the order of ‘plasmon rate'; ‘Twin Peaks’ phe-
nomenon ind=1
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FIG. 4. Finite temperature effective potential f/A = (u — Ts)/A versus ¢ for various values of FIG. 6. Particle number ng versus &/m for early times.
Bm(p.,0). The potential is again normalized to zero at ¢ =0.
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FIG. 5. The total energy density E/Lm? (horizontal line at 0.5), energy density of the mean
field (lower band) and of the modes (higher band). Also plotted are the various energy densities
in the quasiparticle interpretation, 3 nywy/Lm?.
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FIG. 8. Particle number log(l + 1/n;) (modes only) versus wy for early times. The straight
line is a Bose-Einstein fit for the latest time, over w/m < 1.2.
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FIG. 13. Energy distribution nywi/m (modes + mean field) for a small system with
N=16,lm=1,E/Lm? = 36.
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FIG. 14. Numerically computed auto-correlation functions log | Four(t)| versus time tmy, with
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Initial state II: ¥ Boia = Basslers (98)
plm, @]
1
[Texe {—cewkf’fo - 1) 5— [} +wi(or - v)zl}
A 2wy,

closer to equilibrium as initially all momentum
modes ¢y, T, are populated
however initial mass in wy is m # m(Tp)

To/m =1, 5, \/m? = 1/4, 1/12, Lm = 25.6,
1/am = 10

Results:

- initial thermalization towards BE with m(T),
TBE™M a~ 20 ’

- drift towards classical equipartition with 7¢m =~
2500

- may reduce number of modes <« N

# of yes,
- zeroVmodes, i.e. classical,similar?Ybut O(10)
quicker towards equipartition
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Figure 1:  Particle densities as a function of energy, plotted as log(l + 1/n).
In Figs. a-c the initial To/m = 1. The model parameters are: A/m? =
1/2? = 1/4, Lm = 25.6, 1/am = 10.
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Figure 2: Particle densities as a function of energy, plotied as log(1+1/n).
The initial temperature Tofm = 5. The model parameters are: A\fm? =

1/2v% = 1/4, Lm = 25.6, 1 fJam = 10
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Figure 3: Time dependence of BE (from the modes only) for the data of
Figs. la-c.

tm

5000 10000 15000

Figure 4: Time dependence of classical (from the modes and mean field)
temperatures for the data of Figs. la-c.
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Figure 1: energy density at z = 0 versus time
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Figure 2: classical energy density at = 0 versus time
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