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Freeze-out

# Kinetic equilibrium requires scattering rate > expansion rate
# this not valid — system behaves as free streaming particles

# momentum distributions cease to evolve — they “freeze-out”
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Freeze-out

# Kinetic equilibrium requires scattering rate > expansion rate
# this not valid — system behaves as free streaming particles

#® momentum distributions cease to evolve — they “freeze-out

# criterion: expansion rate equal to scattering rate:

-1 4 . oy .
® 7. xXT" — rapid transition to free streaming

# Approximation: decoupling takes place on constant temperature
hypersurface T' = Tj,
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fluctuating initial state — large gradients
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Dynamical criterion

e need to evaluate

e J,u’ known from hydro

-1 2
¢ Tscat *
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Dynamical criterion

e need to evaluate

1 . Tscat
K, 0,u*

e 0,u" known from hydro

—1 2
¢ Tscat *

- Prakash et al., Phys. Rept. 227, 321 (1993):
Parametrization: Daghigh & Kapusta, Phys. Rev. D 65, 064028 (2002)

T 4
1
M eg M
T (1) ~ 16 (100 MeV) eV

e pions only, chemical equilibrium
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Scattering rate

e evaluate scattering rate of pions in thermal hadron gas

— number of scatterings: N = F1N20'12 = nl‘ﬁlg‘NQO'lg

— |th2| = /(5 — Sa)(s — sp)/ (2E Ep)

where s, = (m1 +m3)? and s, = (M1 — my)?

— fold over thermal distributions
— sum over all scattering partners
— scatterings per pion — divide by pion density

Ts_calt — (T i) Z/d:gpﬁ d3p’b Fr (T o) 3 (T phr) \/(S ;;i)éj — Sb)am(s)

e what is O'7m'?
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Cross sections

# as in UrQMD:

® 0,.:(s) for resonance formation using Breit-Wigner
0-771'(5) — Zaﬁi—)R(S)
R

# estimate o0,,,(s) for elastic 7-meson scattering

= check that the result fits the cross section data

P. Huovinen @ SQM2013, July 26, 2013 6/16



1.6

Scattering rate

1.4
1.2

T

T

0.8
0.6
0.4
0.2

tt fm

T

T

Prakashetal. ——— |
PCE
CE

80

P. Huovinen @ SQM2013, July 26, 2013

100 120 140 160
T (MeV)

180

7/16



Hydro

# ideal

# boost-invariant, 2+1D

# lattice based EoS, s595p-PCE-vl
® T em = 150 MeV

® Au+Au at /syny = 200 GeV
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Fluctuating initial state
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o Entropy density is distributed > -2 - 200
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use Gaussian smearing: x [fm]
1 (x — x:)* + (y — 91)°
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Constant temperature surface
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Constant K, surface
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Constant 7' vs. constant K,
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pr spectra
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Main effect:
# pions: fluctuations
o protons: both
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proton vs(pr)
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Conclusions

o constant T freeze-out is an oversimplification

# pion vy(pr) decreases by 10%
» sensitivity to fluctuations increases
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