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Au + Au at SPS  decoupl. period  volume growth

phase transition: 6 - 10 fm/c >5
chemical freeze-out: > 5 fm/c > 4
kinetic freeze-out: > 8 fm/c > 6

CMB early universe Z = [1300 — 800] (13/8)% = 4.3




Decoupling
(J. Knoll)
Exact

decoupling
rates

Exact Detector yields

inelastic scattering: (Hiye = Ve + Vies)

T-matrix
Eqdo —_—
dgin x <Xf| Vres_ |\U,> <wl| Vres. |Xf> 5(E, — Ef)
(JT(x)J(y))

inclusive single particle yield:

source
2wrdN
(2@3‘;;7” = / d*x d*y (J1() (1)) XEOOXE(Y)
—_— ————
ﬂgain I—]R

Gyulassy '78, Danielewicz '92

dist. waves

— <Xf| ngain |Xf>
dist. waves X are the optical devices by which the detector

views the source!



Semi-classical picture

Decoupling
(J. Knoll) * The detector views the source by a bundle of classical paths
(x(t), p(t)) which build up the dist. waves Xy;
* classical paths: determined by Rel1®(x, p) (WKB/
o Hamilton-Jacobi); they are locally on mass shell;
e * ImNR(x, p) determines the opaqueness (damping I'(x, p))

defining the escape probability:
Pescape(x, p) = exp(— [~ dt'T(x(t'), p(t")))

inclusive single particle yield:

local on-shell momentum

[} 1L i}
32wrdN 4y M8 (% p(x . blx d(p(x))
225 [ 19 () Prsca, ) )

local decoupling rate:

dNa X, P ain
(27()4#11{4; ~ n% (Xa P) A(X7p) Pescape(Xap)




Conserving scheme

Decoupling conserving scheme:

local rate: ( ) source X width x attenuation
dN,(x, p ain
(277)4m ~ |_|§ (X,P) Aa(x,p) Pescape(xap)

drain terms:

' dN,(x, p)
B 4
8;1J5,ﬂuid(x) - Z eaa/d d“pdtd3

i dNs(x, p)
8# fAuid Z/ d4pdtd3

Conserving
scheme
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Local Equilibrium

Decoupling

local equilibrium: | %" (x, p) = fi,(p°) 2p° [(x, p)

(J. Knoll)

thermal weight x damping

t

/OO dt T(t)exp{— [ dt'T(t')} = 1.

—00
P:(t)
generic features:
maximum at: [F(t) + FQ(t)} .= 0, with Pi(tmax) = [(tmax)/e

€ ri /rmax/ rf

uncertainty relation: | Atge. &~ m %66/2/ 1 /e_e/2




Cooper-Frye (Planck) limit

Decoupling

(J. Knoll)

t

/oo de T()exp~ [ deT(£)) = 1.

B Pi(2)

+dN(p)

(2m) b

N 2/P°dp° dPoudx” fi(p°) Aqr(x, p) T(x, p)e™ ST &
————

= d*x
Cooper-Frye limit:
= dp’d®a, 2p* fin(p°) Aqr(x, p) ©(do,p* > 0)
instaneous limit Y 0 cFp

(Cooper-Frye-Planck)



Expansion model

Decoupling

schematic expansion model:

(J. Knoll)

decoupling probability [c/fm]

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

—1
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Freeze-out Events (weak versus strong coupling)

Decoupling

(J. Knoll)

Freeze-out
Events
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Freeze-out Events (momentum dependence)

Decoupling
(J. Knoll)
hybrid model: Hydro + kinetic Transport (Y. Sinyukov et al.)
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pion momentum = 300 MeV/c pion momentum = 700 MeV/c

(volume decoupling) (surface decoupling)



Freeze-out Events (HBT radii?)

Decoupling hybrid model: Hydro + kinetic Transport (S. Pratt)

50
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HBT radii:
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HBT-radii compatible with RHIC events: R,.;/Rside ~ 1.2



Phase transition
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Decoupling
O e temperature distributions: Pye(T) = Pqec(t) &
temperature distribution [1/MeV]
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e dashed: k = 4/3
. (massless ideal gas)

solid: k=15
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using: TV*~1 =const.

(Flavour kinetics:
Barz et al. (1988))



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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+ 7N correlations
= two slopes from AT?



Summary

nuclear collisions:”  decoupling
phase transition: 6-10fm/c

Decoupling

(. Knoll) chemical freeze-out: > 5fm/c >4
kinetic freeze-out: > 8 fm/c > 6
CMB early universe: = [1300 — 800] (13/8) =43
126?”‘%}Fm‘é“‘;“%‘_‘é”f‘#‘/é‘”"””””””‘94[’ Time = 11.6 fm/c S+
8.3 T 8.1
E 68 I 6.8
3OF 54 54
—0.4f : A
sl 3-% é

F 1.4 14
-2 3 0.1t 0.1

“ B3 i hydre: vanow. Rusckikh & Taneev
stable particles insensitive to in-medium spectral fnct.

* finger prints of short lived resonances not visible;
(two slope behaviour: signal for spread in T7)
R * why is Tehem SO sharply determined?
= signal for latent heat, phase transition?
* HBT: the method determines the active emission zone
squeezed particle-antiparticle correlations disappear!

*
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