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U”'Wersytet Statistical Hadronization Model (SHM)

Wroctawski

Particles are produced in accordance with their (statistical)
phase space densities.

E.Fermi, Prog. Theor. Phys. 5, 570 (1950)
When decays of resonances are included, the SHM describes

quantitatively the (relative) yields of measured particles in
heavy-ion collisions.
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* Uniwersytet H H
588) Wrocimmer Hydrodynamical Evolution

” At the moment of a collision the large amount of particles
is created, concentrated in the volume of the size
determined by the range of nuclear forces and collision
energy. With time passing, this system expands,... a part of
the expansion should be hydrodynamical.”

L. D. Landau, lzv. Akad. Nauk Ser. Fiz. 17, 51 (1953)
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8@ Wroctawski &= O plane
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Figure: View of an AA collision at impact parameter b. The region where
the nuclei overlap has been hatched and its area equals Sej ;.
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Steps of a central collision

Statistical model in the description of particle production Dariusz Prorok



* Uniwersytet ..
558) Wrocmme A central collision
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Umwersytet Hydrodynamic equations of the perfect fluid
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0,T" =0

" = (e + P)u'u” — Pg"”

1
ut = ~(1,7) , = —
7(1,7) V= A

Statistical model in the description of particle production Dariusz Prorok



552) e How (when) the statistical system ends?

Generally, the freeze-out moment (the end of a statistical
system) is defined as the moment when hadrons cease to
interact and start to stream freely to detectors.

The whole experimental information we get (the data) is from this
particular moment, this is like the photo taken at this (and only
this) moment.

We model the freeze-out by imposing the condition:

T(r,t) = T}, = constant .

This defines the 3dim freeze-out hypersurface.
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Uni tet . -
Wi Front view of an Au-Au collision
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Uni tet . . ..
Wroemrei Side view of an Au-Au collision
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838) versyte! What does SHM mean?

For the boost invariant system:

(dNi/dy)y=0 _ Ni _ m; y—11 E+prL
(dNj/dy)y=0 N; n; | E—pr

ni(T, pp) = nl""™ (T, up) + Y oli, a) n&""™(T, i) |

n?""™ (T, up) - the thermal density of particle species i at the
freeze-out

0(i,a) - the final number of particle species ¢ which can be
received from all possible decays (cascades) of particle a, the sum
is over all kinds of resonances in the hadron gas
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Uniwersytet . . . . .
550) ey Primordial distributions

At the freeze-out the momentum distributions are frozen and these
are primordial distributions:

fprim _ (231' + 1) 1
! (2mhe)3 exp { Ei;ﬁi } 11

Wi = Bipp + Sips + Qipg

o > Qi Z
ZSZTM—O, ZBml_A
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Uni tet e . .
588) e>r S The minimization of x? function

n ex
R P Rth(al,..., (&7 2
X2(a17 § o2 )) )
k=1 Tk

R;™ - the kth measured quantity,
Ri"(ayq, ..., qy) - its theoretical prediction,
o) - the error of the kth measurement,

Ngof =n — 1 - the number of degrees of freedom.

2
Xmin ~1
Ndof
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U”‘Wersytet Fit to the ratios: Au-Au at /syx = 130 GeV
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Fig. 2. Comparison between RHIC experimental particle ratios and
statistical model calculations with 7 = 174 MeV and pg = 46

P. Braun-Munzinger et al., Phys.Lett.B518 (2001) 41
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3&‘&?;%2";} Thermal distributions without the flow

The total multiplicity of particle species i:

) &2N;
Ni=V / dj f.(5) = V / dy / dpr(2mpr) Euf; = / dy / dpr
dprdy

The transverse momentum distribution at a given rapidity:

dZNi
2mprdprdy

icosh(y) — p
= VE;-fi = Amg, cosh(y) exp {—mT’ cosT(y) H }

1. EF+pg
my; = \/m? +p%, E; =mp,cosh(y), y= iln s
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B8 ) Lniwersytet The Cooper-Frye formula
W

Wroctawski

_pt
aN = [ fp) dp" do,

the total number of particles with momenta in [p, 7+ dp] emitted
(decoupled) from the hypersurface o#,
do,, is the normal vector to the hypersurface.

dN
d3

d2pT dy

/fxpp doy,

F.Cooper, G.Frye and E.Schonberg, Phys.Rev.D11, 192 (1975)
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X\ Uniwersytet
588) Wrocimmer The Cooper-Frye formula, cont.

ot =dt(a,m,¢) — a freeze-out hypersurface

j* — a particle density current = a fluid 4-flow

d@Q = j* do,, - the amount of the fluid (the number of particles)
passing through the hypersurface element do,

da¥ daP da7

= €uwBy £ 877 8(]5 da dn do

J* = f(x,p) dp % - the particle density current with momenta in
[P 7'+ dp]
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U”‘W”sytet The distribution in the presence of the flow
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o 2s; + 1 1
fi(ra ) ) = ((27Th6)3) quu? (7)) —p; (F,t)
exp { AR } +1
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Uniwersytet
Wr‘ﬁfawysi, The Cracow Model

W. Broniowski and W. Florkowski, PRL 87 (2001) 272302; PRC
65 (2002) 064905; APPB 33 (2002) 1935

1. The freeze-out hypersurface and the Hubble-like expansion

P
— 122 g2 2 Bo—
T—\/t Ty — T, — T = const, u” =

i
with condition r = \/’I‘%T’r% < Pmaz -

2. Contributions from resonance decays to the measured particle
multiplicities and momentum distributions are taken into
account completely.
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Zia\ Uniwersytet
w%ﬁaxsﬁi Parameters of the Cracow Model

» Statistical parameters T, up
» Geometric parameters 7, pimax
» All four parameters T', (B, Pmaz and 7 are fitted to the

spectra simultaneously in this version of the model
[DP, APPB 40, 2825 (2009)].
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Umwersytet The invariant distribution of particle species i
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dN;
Pordy /P“d% filp-u)

fi - final momentum distribution of the ith particle, i.e. with
contributions from resonance decays:

fi _ flprim + Z fidecay

decay
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552) et RHIC - Relativistic Heavy lon Collider

Wroctawski

BNL - Brookhaven National Laboratory,
Long Island, USA
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Wiocmr RHIC accelerator

Booster
Accelerator

- ~
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ijﬁ'gfgsxtsi In the RHIC channel
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Uniwersytet . .
\X/rlodav?//zki Some technical details
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gygyfgiggﬁ Pion spectra at midrapidity
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Figure: Invariant yields of 7T (left) and 7~ (right) as a function of pr in
Au+Au collisions at /syny = 200 GeV.
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Umwersytet Kaon spectra at midrapidity

Wroctawski
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Figure: Invariant yields of KT (left) and K~ (right) as a function of pr
in Au-+Au collisions at \/syn = 200 GeV.
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U”'Wersytet Proton and antiproton spectra at midrapidity

\X/roc awski
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Figure: Invariant yields of protons (left) and antiprotons (right) as a
function of pr in Au+Au collisions at \/syx = 200 GeV.
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552) e PHOBOS spectra at very low pr
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Figure: Invariant yields as a function of pr in Au+Au collisions at

\/SNN = 62.4 GeV.
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g@ Uniwersytet PHENIX @

Wroctawski

A/SNN = 200 GeV

PRC 69, 034909 (2004)

Centr. T uB Pmaz T ﬁTam X2/
(%] [MeV] [MeV] [fm] [fm] NDF
0-5 150.1+£1.3 24.14£3.7 9.2840.21 9.48+0.19 0.70 0.69
5-10 150.2+1.4 23.5+£3.7 8.75+0.20 8.80£0.18 0.70 0.50
10-15 150.2+1.4 22.8+3.7 8.25+0.19 8.20+0.17 0.71  0.37
15-20  150.0+1.4 22.4+£3.7 7.80+0.18 7.69+0.16 0.71  0.37
20-30 149.6£1.3 24.0+3.5 7.13£0.16 6.96+£0.14 0.72 0.45
30-40 149.8+1.4 23.8+3.6 6.14+0.14 6.03£0.12 0.71 0.66
40-50 148.5+1.4 225+3.7 5.28+0.13 5.27+0.11 0.71 0.89
50-60 147.8+1.5 22.0+4.0 4.38+£0.12 4.55+0.10 0.69 0.96
60-70 144.6£1.7 21.6+4.6 3.63£0.11 3.91+0.09 0.68 1.12
70-80 141.8+2.0 24.14+5.7 2.84+0.10 3.22+0.09 0.66 1.23
80-92 140.6+2.5 14.3+7.1 2.244£0.10 2.77£0.09 063 1.13
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552 et STAR @ /sy = 200 GeV
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PRL 92, 112301 (2004)

max

Centr. T B Prmaz T i X2/
(%) [MeV] [MeV] [fm] [fm] NDF
0-5 160.0+1.2 24.0+2.2 9.224+0.31 7.13+0.19 0.79 0.30
5-10 160.6+1.2 25.0+2.2 8.34+0.28 6.75+0.18 0.78 0.27
10-20 161.24+1.1 229422 7.45+£0.24 6.17£0.16 0.77 0.22
20-30 162.3+1.1 23.14+2.2 6.31+0.20 5.604+0.14 0.75 0.25
30-40 162.04+1.1 20.44+2.2 5.38+0.17 5.15+0.12 0.72 0.19
40-50 163.0+1.1 21.0+2.2 4.46+0.14 4.64+0.11 0.69 0.13
50-60 163.4+1.1 18.84+2.3 3.67+0.12 4.13+0.10 0.66 0.13
60-70 162.4+1.1 16.5+2.3 2.95+0.10 3.79+0.09 0.61 0.26
70-80 163.7£1.2 15.8+25 2.22+0.09 3.16+0.08 0.57 0.61
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U”'Wersytet The freeze-out temperature
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Figure: Centrality dependence of the freeze-out temperature for RHIC
measurements at /syny = 62.4, 130 and 200 GeV.
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558) Wrocme  The baryon number chemical potential
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Figure: Centrality dependence of the baryon number chemical potential
at the freeze-out for /syny = 62.4, 130 and 200 GeV.
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Uniwersytet .
Wr'gfaxsi, Conclusions

» The statistical model well describes yields and spectra of
particles produced in heavy-ion collisions.

» The freeze-out temperature and baryon number chemical
potential obtained in the model depend weakly on the
centrality of the collision.

» For the RHIC range of collision energy the freeze-out
temperature is T, = 150 — 160 MeV, what is of the order of
1012 K !
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