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Decoupling

(J. Knoll)

Golden rule

Metamorphosis of Diagrams

Golden rule:
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Exact Decoupling Rates

Decoupling

) detector yield of particle a:
source dist. waves
dN,(Pa 271'
4 T 4., 44 i i B
SN )= [ o aty (G000, v 000
rates
2p (5,| ™ |v5,)  Gyulassy '78, Danielewicz '92
A
Wigner transformation (x,y) — (X,p)

local decoupling rate:

spectral function
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Semi-classical Rates

B wave functions: built up by bundles of classical paths (X(t), p(t))
el escape probability: Pe...(X, p) ~ exp(—x(X,p)) with
X.p)= [ TX(E).pE)  with
t
Semi- X ——1I I'IRXZ‘
classical ( ’p)i % m ( ’ )

rates

classical paths: given by Re M7(X, p)

spectral funct.: 15! ord. gradient expansion of Kadanoff-Baym Eq.

2p°r (X, p)
(p? — m2 — Re NMR(X, p))? + (p°T (X, p))?”

local decoupling rate:

A(X, p)=

4 dNa(X, p)

(2m)* Gxgt gip ~ 1 (X-P) A(X.p) exp(—x(X. p))




Conserving scheme

Decoupling conserving scheme:

local rate:

(2m)

drain terms:

Conserving
scheme

s
aﬂj a, ﬂu1d

ny
Tﬂu1d

source x width x attenuation
4 dNa(X, P) ~ I—Igain

axat dip = e (XP) AalX, p) exp(—xa(X, p))

dNa(X, p)
4 a(
Z e"’“/ 9P pdtd X

Z / dpp L dNa(X, p) n interaction
d4pdtd3X terms
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Local Equilibrium — Cooper-Frye limit

Decoupling

local equilibrium: | N (X, p) = f,(p°) 2p° T(X, p)

(J. Knoll)

/oo dt I(t)exp{— [~ dt'T(t')} = 1.

P(t)

maximum at: [f(t) + Fz(t)} =0, with Pi(tmax) = I(tmax)/e

tmax

€
[(tmax)

uncertainty relation: | Afy. ~

(2m)*

N oo /
T 2/ pOdp® o, fin(p%) A(X, p) (X, p)e= ST
d3p ———
=d*X
Cooper-Frye limit:
= dp°d®ay, 2p fin(0°) A(X, p)
instaneous limit + O cep(P)

(Cooper-Frye-Planck)



Local Equilibrium — Cooper-Frye limit

Decoupling

local equilibrium: | N (X, p) = f,(p°) 2p° T(X, p)

(J. Knoll)

/oo dt I(t)exp{— [~ dt'T(t')} = 1.

P(t)

maximum at: [f(t) + Fz(t)} =0, with Pi(tmax) = I(tmax)/e

tmax

€
[(tmax)

uncertainty relation: | Afy. ~

(2m)*

ng(p) _ 2/p°dp° dSUMdX“ fm(Po) A(X, P) r(X, p)e* Jeodt'
ad P ———
=a'X
Cooper-Frye limit:
= dp®d®a,, 2p" fin(p°) A“(X, p) ©(do,p" > 0)
instaneous limit + O crp

(Cooper-Frye-Planck)



Expansion model

Decoupling schematic expansion model:
(J. Knoll)
decoupling probability [c/fm]
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Input: Vo 3
Rl'reeze =6fm
Viow = 0.5 ¢C
= Tchem = 100 MeV

Atpem =~ 5 fm/c

dN/dt [(fmic)™

IQMD, Nantes
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IQMD calc. of KT & K—;
Hartnack et al. 2007

Aty =~ 10 fm/c
pi/pr~=5



Expansion model

Decoupling schematic expansion model:

(J. Knoll)

decoupling probability [c/fm]

chemical  p?
0.15
0.1
0.05
5 10 15 20 25
t [fm/c]
Expansion |nput: V x t3
model
Rfreeze =6fm
Viiow = 05¢c

= [¢hem = 100 MeV
Atpern =~ 5 fm/c
Al =~ 7 fm/c

RQMD(v2.3 cd)
01 T T

mean time
0.08 = o p 27.8(fm/c)

- %&ﬂ A Q 12.5 (fm/c)

0 25 50 75 100
Freeze-out time (fm/c)

RQMD calc. of Q & P;
van Hecke, Sorge, Xu 98

Aty ~ 25 fm/c
pi/pr =~ 8



Temperature distributions

Decoupling

(J. Knoll)

temperature distribution [1/MeV]
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Phase transition

Decoupling

) Kol temperature distributions: Py (T) = Pdec(t)%

200
temperature distribution [1/MeV]
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using: TV*~1 =const.



Finger prints of short lived resonances

Decoupling

(J. Knoll)
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Finger prints of short lived resonances

Decoupling

(J. Knoll)
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Summary

Decoupling nuclear collisions: decoupling time  volume growth
(J. Knoll phase transition: 6-10fm/c >5
chemical freeze-out: > 5 fm/c >4
kinetic freeze-out: > 8 fm/c > 6
CMB early universe: Z =[1300 — 800] (13/8)3 =43
126F Time = 58 fm/c :4.T\m =116 fm/e ”94[
83? ¢ 5:8 i 6.8 7
S9F /@? 541 5400
et d 3 !
E 1.4 T 1.4 ;
L o 1.—’ 0.1

. i hy?dro “vanov, Russkikh & Toneev

why is Tchem SO sharply determined*
= signal for latent heat, phase transition?

S— * finger print of short lived resonances;
(two slope behaviour: signal for spread in T7?)

* HBT: the method determines the active emission zone
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