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Outline

»Few things about the Boltzmann equation
*Why do we need modifications?
>A toy model for modified BE

»Long-time behaviour in
the case of two components
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What is BE & why do we like it?

time evolution of an ensemble

f1= Whasa(fsfa — f1f2)
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What is BE & why do we like it?

time evolution of an ensemble
equilibration & thermalization
str.fwd. calculations around the equilibrium

(transport coefficients, rel. time approx.)

moment equations => hydrodynamics

phenomenology

relatively easy to solve numerically
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Where does a BE come from?

Microscopic description:

field theory (DS-equ.)

Boltzmann equation

gradient expansion
(& Wigner-trf.)

quasi-particle approx.

weak interaction
on-(mass-)shell
separation of coupling expansion

time-scales

Kinetic equation
(Kadanoff-Baym)
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Where does a BE come from?

Microscopic description: f1= Ja Wizsa(fsfs = f1f2)
field theory (DS-equ.)

G=G"+G"«x2 QG

Boltzmann equation

gradient expansion
(& Wigner-trf.)

quasi-particle approx.

weak interaction
on-(mass-)shell
coupling expansion

Kinetic equation
(Kadanoff-Baym)
21p(9X1GW (p, X) = X12iG12 — ¥911Gy k;lg (p, X) = n(p, X)p(p)
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Modifying the Boltzmann equation

1, o 3, «

Ey + by = FE3 + By

2

time
)
2. 4, B

fo(p1) =) [234 0(P3 +Pa — P1 — P2)0(L3 + Ey — By — E3)x
Wi (F(p3) fP (pa) — f¥(p1) P (p2))
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Modifying the Boltzmann equation

L, a, v

3, «

A DoS

1
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~t1 + ko = B3 + by

2, P

2

time -

4,
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Modification by averaging

/dBP/dw/dw/CmszL (2 —w JTA( w) &

K134 = wia34(f3f4 — f1f2 U2 (w) :/0 dvyg(v)py(w)

~ /dBP /d@ 1C1234(Q — AZ +O(A?) &

=Ki1234lp,— g, 45-Es—n

~ / 0(F1+ FEy — E3 — By — A)Kq234
234
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Modifying the Boltzmann equation

1, o 3, «
Fi+ FEo+...=FE3+ FE4+ ...
time -
2. 4, B

f*(p1) =) [234 0(P3 + Pa — P1 — P2)0(E3BE, — E1SE,) X
Wi (F(p3) fP (pa) — f¥(p1) P (p2))
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Examples for modified BEs

microscopic reasons:

dense electron gas
(H. Haug, C. Ell: Phys. Rev. B 46, 2126; PRL 73, 3439)

non;instantaneous collisions
(Spicka et.al.: Phys. Rev. E 59, 1219; Phys. Lett. A 240, 160)

phenomenolgy:

power-law tailed spectra
(T. S. Bir6 et. al.: Eur. Phys. J. A 40, 325)

noisy environment
(Rafelski et.al.: Lect. Notes Phys. 633, 377, arXiv: physics/0204011v2)
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The case of two components

= | WS = )+ | Wik (f 0 — 1 f)
234 234
£ = » WES (FL 2 — L f9) + » WES (2 8 — fE £
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The case of two components

1 3 1 3
-, 0 el
234 234
2 4 2 4

1 3 1 3

le:/234 , O ) +/234 2/‘\4
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The case of two comDonents
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The case of two components

L >0< L e

E1+E2

2

fA(Es) fP(Exb B0 Es) = f2(E1) f7 (Eo)
B+ By = E3 + by E1DEs = E3BEy

fP(E3) [N E1DEs0Fs) = fP(Ey) fA(Es)

fP(E3)fP(Ey + By — E3) = fP(Ey) f7(E»)

1 3 1 3

le:/234 , O ) +/234 2/‘\4
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Long-time behaviour

eOne-component
> detailed balance:

® [wo-component
> detailed balance: NO x
> for long times: various scenarios
= warming or cooling system
=» saturation - in special cases
=>» scaling solutions
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Long-time behaviour

eOne-component
>

detailed balance: YES

100
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2 3 E4(er5;erg6y) 7 8 g 10 . (energy)
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Two components —some details

simple modification FE @, F' = FE+ E' + A3 EFE’

dap

modification scale fixed relative to avr. energy A,z = )

case |l.

AAA — ABB —

asp =apa =: a1 >0

ag, a1 are constant ap, b, Ao are constant

exact scaling: (E) ~ e
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Two components

detailed balance X
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Two components, case |.
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F(E)

Two components

detailed balance X
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Two components

detailed balance
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Two components, case Il.

detailed balance X
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Two components, case Il.

detailed balance X
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summary

* modification from a phenomenological viewpoint
* multicomponent — several types of collisions
* no detailed balance in MC case

* asymptotic behaviour: driven or saturating

open system dynamical threshold
for the modification

dynamical control is needec
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Thank you for your attention!

Questions?
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Thank you for your attention!

Questions?

Stay tuned!
arXiv: 1309.?7?7?7?
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Backups — case |l.: saturation
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Backups — modification by averaging

— / /dCUQé(El + w9y — b3 — E4)ﬂfy(w2 — EQ)/C1234 —
234
— / py(Es + Ey — Ey — FE9)Kq234 = /dSP /dQUPfy 0)K1234(0)

/d?’P /dcu /dcu,a7

(W) = w)i234(w) =
— [P [45 [awp,@) Kran(@—w) |

=Ki1234lg, — g, 15w
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Backups — modification by averaging

7 = /dvg(w)z7 = /dSP /dc,Nu /dwlC1234(Q—w)JA(w) ~
0
T - /d3P /(~ _ Eop @)Kz (D) ~)

73 (w) = /dvg(v)pw(w)

0
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Backups — modification by averaging

7= /owg(y)z7 = /d3P /dza /dwlC1234(Q —w)JA (W) &

0

~ /d3P /diE {IC1234(Q —A) /deA(wH

+8%K1234(Q — A) /dw(w — A)JA(LU)—I—
+80—;K1234(Q — A) /dw(w — A)2JA(CU)—|—

b [dw0(w - 2775 | ~
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Backups — modification by averaging

7= /owg(y)z7 = /d3P /dza /dwlC1234(Q —w)JA (W) &

0
~ /dSP /d(:} /C1234(Q — A) —|—O(A)2 ~

— ’C1234|E4=E1 +&—E3—A

~ / 0(F1+ FEy — Es — By — A)Kq234
234

03.09. 2013 M. Horvath: MCM Boltzmann equation...



Backups — detailed balance

for a = f () f(Ba) = £ (Es) f*(Ea)
Lo (Ey) + LO(By) = L*® (Es) + L°*(Ey)

s N

fO(B) [P (Br) = fa(Es)fﬁ(EzL@

VaaLaa (El) + VBBLﬁﬁ (E2) — fYozozLaa(ES) + /YBBLBB (E4)'

AND for a # (3

L% (Ey) + L*P(Ey) = L*P(E3) + L*P(E,)
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Backups — model used in simulation

Constant rate function (no dep. on out-g. energies)
f(p) =
- [ [P 8K p.r!) - B@) & B@)(F@)f(@") - [

- [ /dSq%(sc D@ - o) [EBFw) [da (. )

\

N

=1

Z(p1,po,p1 - P2) = /d3q5<f< ~E(g) @ E(P — q)))

¢ =p+p —q
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