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Phenomenological models

N

mICroscopic

e Dynamic simulation of the

collision process inspired
by QCD

* Tracking of individual
objects

e Propagation of individual

particles through a cascade
of collisions and decays

What about generators?

macroscopic

e No consideration of the
dynamics of individual
objects 1n detail

e Statistical description of
multiparticulate system




THERMINATOR generator

e Generates collisions of relativistic 1ons
e Uses Monte Carlo methods

* Implements thermal models of particle
production with single freeze-out

THERMINATOR: THERMal heavy-loN generATOR
A. Kisiel, T. Tatu¢, W. Broniowski, W. Florkowski. 7
Comput.Phys.Commun. 174 (2006) 669-687



* Homepage: http:

* This code can be freely
* make modi

e code, please contact

# the results obtained w *
$* h #
$* reference to 1 /0504047 and the published version of it, when il
$* available. *
fad )
P L L L T e T T T T
¥

gh this file

= 500

# Start each event with a new random seed taken from current time

Randomize = 1

4 The type of input tables
# NMow available:

input fils are

# Wame of the file to store the events in
EventQutputFile = event.out

# The model of freeze-out to use
4 How available:

# SingleFreszelut

% BlastWaveVT
FreezeOutModel = BlastWaveV.

£ar

3

+ Values of parameters of the ElastWave model
1 this FreezeCutModel is selected

4 Parameters common to both models
% proper time at freeze-out [fm]
.58
% maximum transverse radinz [fm]
RhoMax = 5
# Temperatt [GeV]
Temperature = 0.161
ials for Isospin, Str [GeV
egration for z-variables
.0
% Nunber of samples used in multiplicity and max. integrand determination

E;rrbe:Sf::teg:ateSarr.p'_ea = 1000000




h/0504047 and the

$## Tn

4 Therminator bet

% Humber of events to generate
HumberOfEvents = 500

# Start each event with a new random seed taken from current time

Randomize = 1

4 The type of input tables
available:

# Wame of the file to store the events i

EventQutputFile = event.out

# The model of freeze-out to use
4 How available:

# SingleFreszelut

% BlastWaveVT

FreezeOutModel = BlastWaveVLinear

% Values of parameters of the BlastWave model

4 Parameters common to both models
# proper time at freeze-out [fm]

Tau = §.55

% maximum transverse radinz [fm]
hoMax =
% Temperature [GeV]

Temperature =
¥ ical potentials for Isospin, Strangeness, Bari
-0.0008
0.0069
= 0.304

% Nunber of samples used in multiplicity and max. integrand determination

E;rrbe:Sf::teg:ateSarr.p'_ea = 1000000

make modifications to the code, please contact the authors, especially *
if you plan to publish the results obtained with such modified code. #

Input file takes following information:

The number of events
Parameters:
Temperature [GeV

Ug: Mg M, [GeV
BW V.

T, P

max



Therminator generator — input parameters

» Temperature (T) and chemical potentials:
barion (M), strangeness (U,), third component of isospin (H,) —

thermodynamic parameters

« BWVt — a parameter specific to the Blast-Wave model,
denoting velocity

e Tau, RhoMax — geometric parameters

10



Therminator generator — input parameters

» Temperature (T) and chemical potentials:
barion (M), strangeness (U,), third component of isospin (H,) —

thermodynamic parameters

« BWVt — a parameter specific to the Blast-Wave model,
denoting velocity

e Tau, RhoMax — geometric parameters

BWVt, Tau and RhoMax affect the produced particles

The relation between RhoMax and Tau 1s:

pmax.T: V

11

V 1s the volume of the source



Therminator generator — output file

12



Therminator generator — output file

porticle data group

Output information:
e Type of particle (PDG number)
« Components of the momentum (p_, P, p,) [GeV/c]

* Energy E [GeV]
e Mass m [GeV/c?]

e Space-time coordinates of creation (x,y,z) [fm], t [fm/c]
13



Outline
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RHIC - What have we learned so far?
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Goal of the RHIC Heavy Ion Program:
- search the QGP and measure its properties
- scan the QCD phase diagram




RHIC - What have we learned so far?

Goal of the RHIC Heavy Ion Program:
- search the QGP and measure its properties
- scan the QCD phase diagram

We learned about..

.. strongly interacting, hot, dense matter with partonic collectivity




Beam Energy Scan at RHIC
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Beam Energy Scan at RHIC

lEaﬁy Universe The Phases of QCD
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Beam Energy Scan at RHIC

Early Universe
l LHC Experiments
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RHIC was built to find QGP.
QGP is new and complicated phase of matter

QGP exhibits unique and unexpected
properties

Big progress in understanding its nature:
- high collision energy — cross over transition

- low collision energy — 1% order transition and the
Critical Point

Vs ~ 7.7 - 200 GeV

20 MeV<1;<420 MeV

20



BES goals

1. Search for turn-off of SQGP signatures
2. Search for the QCD critical point
3. Search for the signals of phase transition/phase boundary

Where are we on the
QCD Phase Diagram ?
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BES goals

1. Search for turn-off of SQGP signatures
2. Search for the QCD critical point
3. Search for the signals of phase transition/phase boundary

STAR: http://drupal.star.bnl.gov/STAR/starnotes/public/sn0493, arXiv:1007.2613
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http://drupal.star.bnl.gov/STAR/starnotes/public/sn0493

Relativistic Heavy Ion Collider (RHIC)
Brookhaven National Laboratory (BNL), New York
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Therminator model

spectra
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Therminator model

The parameters for collision energy V S — 200 GeV:
*T=161[MeV]
e Mg =28.5 [MeV]

cBWVt=0.311
e Tau = 8.55 [fm]
e RhoMax = 8.92 [fm]

Comput.Phys.Commun. 174 (2006) 669-687
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Therminator model
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Therminator model
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Therminator model

| 7.7 GeV |
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Therminator model

19.6 GeV |
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Therminator model
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Tab. 1: Parametry Therminatora dla energn BES

Therminator model

Energia [GeV] || T [MeV] | g [MeV] Pmaz [fm]
7.7 160.9 406.9 8 2.1
11.5 161 304 8.55 2.75
19.6 161 197.3 8.55 1.6
27 161 149.44 8.55 5.42
39 161 107 8.55 5.485
62.4 161 69.1 8.55 5.76




Therminator model

Nucl.Phys.A772:167-199,2006

T[MeV] = Tiim(1 —

0.7 + (e

pp[MeV] =

W v 7 g

Tab. 1: Parametry Therminatora dla energn BES

Energia [GeV] | T [MeV] | pg [MeV] || 7 [fm] | pmaz [fm] | Vi
7.7 160.9 406.9 8.55 2.1 1.59
11.5 161 304 8.55 2.75 1.575
19.6 161 197.3 8.55 1.6 1.547
27 161 149.44 8.55 5.42 L.51
39 161 107 8.55 5.485 1.27
62.4 161 69.1 8.55 5.76 1.23
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RhoMax

Therminator model

Tab. 1: Parametrvy Therminatora dla enersun BES
au -

0 20 40 60 80

100 120 140 160 180 200
EnergialGeV]

0 20 40 &0 80 100 120 140 160 180 200
EnergialGeV]

Energia [GeV] | T [MeV] | pg [MeV] || 7 [fm] | pmaz [fm] | Vi
7.7 160.9 406.9 8.55 2.1 1.50
Nucl.Phys.A772:167-199,2006 11.5 161 304 855 | 275 | 1575
T[MeV] = Tim(1 — . {1 - 19.6 161 197.3 | 855 46 | 1.547
0.7 + (eV*INIEVT _2.0) /1.5 27 161 149.44 8.55 5.42 1.51
up[MeV] = E s — 39 161 107 855 | 5485 | 1.27
+hala]GeV] 62.4 161 69.1 8.55 576 | 1.23
Parametr RhoMax (dla Tau=8.55) Parametr Vi (dla Tau=8.55)
_;-_2."rl:l 001533/ 4
L = r
o Prok 1
9 ¥ 16
2 - Constant  1.973 + 04172
: Maan 8037 + 64.21
E:— 1'4__ Sigma 1516 + 11.79
Tj 12
6 =/ ot 1.272/5 1:_
Prob 0.9378 :
5:— po 2.001+ 0.1885 B
L 08—
L pl 0.4037 £+ 0.1025 B
A= i
: o8
ab I
B 04
2 [
I.JllllIlJI]IlIlJlJIlIl]IJIl]LJIlIl]lllllll 'U‘.E‘I’lll]llllil]l]lllI.JIJIl]lJllII.J[lIlIlJI]II.! 34




RhoMax

Therminator model

Tab. 1: Parametrvy Therminatora dla enersun BES
au -

EnergialGeV]

EnergialGeV]

Energia [GeV] | T [MeV] | pg [MeV] || 7 [fm] | pmaz [fm] | Vi
T.7 160.9 406.9 8.55 2.1 1.59
Nucl.Phys.A772:167-199,2006 115 161 304 855 | 275 | 1575
TIMeV] = Tim(1 — ! 19.6 161 1973 || 855 | 46 | 1547
0.7+ (eV*NVICV] _2.0)/1.5 97 161 14044 || 855 542 | 1.51
ps[MeV] = — 2 — 30 161 107 855 | 5485 | 1.27
+bv aniGeV] 62.4 161 69.1 8.55 576 | 1.23
Parametr RhoMax (dla Tau=8.55) Parametr Vi (dla Tau=8.55)
j-_z."r‘l:l 0015331 4
- £ F
o Prok 1
9 ¥ 16
- - Constant 1573 +0.4172
: MeEn 8037 + 6421
E:— 1'4__ Sigma 1516 + 11.79
?:— B * !
- = I Pmazx — 2.001 - l"Tl(O.4037VS;\.Tj\r)
6 =/ ot 1.272/5 1‘_
Prob 0.9378 :
5 po 2,001+ 0.1885 - B ) 1 —(/SNN+90.37)2
L pl 04037 +0.1025 - o= e 4596512
nd ; 151.6v/2m
: o8
ab I
B 04
2 B
I.JllllIlJI]llllJlJIlIl]lJll]LJIlIl]lllllll 0.2 35
0 20 40 &0 80 100 120 140 160 180 200 0 20 40 &0 80 100 120 140 160 180 200



Outline
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Femtoscopy

Single- and two- particle distributions

N A S(x,p) — emission function: the distribution
P 1(p )=t E :f i xS (x, ) of source density probability of finding particle
L d with x and p
N
Pz(p1lp2):E1E2d3p d3p :fd4X18(X1|p1)d4X28(Xz,pz)q)<xz,pz|xl,p1)
1 2
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Femtoscopy

Single- and two- particle distributions

(
(

N A S(x,p) — emission function: the distribution
3 :f 070 S (x,p) of source density probability of finding particle
P with x and p

P 1<p ):E

i
i 7p,07p,

P (0 1,)=E E, = [0S (0 p ) GS ()@, sl 1)

The correlation function

P, (0D s)
P )P ()

C (pu pz):
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Two — pion correlations

Number of analysed minimum bias Therminator events:

7 GeV (220 000 min events)
11,5 GeV (200 000 mIn events)
19,6 GeV (50 000 miln events)
27 GeV (5 000 min events)

39 GeV (25 000 min events)
62,4 GeV (5 000 mln events)
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Two — pion correlations

CF(q)=1+A exp(—quz)
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Two — pion correlations

CF(q)=1+A exp(—quz)
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Results from THERMINATOR:

Rout, Rside: 1.5-3.5fm
Rlong :5,0-6,51fm

Bigger dependencies on energy than in STAR

Rlong bigger than others
Rout, RSid — smaller than STAR
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Outline
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Summary

- THERMINATOR generator considered
- taken energies: Vs _ = 7.7, 11.5, 19.6, 27, 39, 62.4 GeV

- pion — pion femtoscopic correlations checked
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Summary

- THERMINATOR generator considered
- taken energies: \s = 7.7, 11.5, 19.6, 27, 39, 62.4 GeV

- pion — pion femtoscopic correlations checked

Conclusions:

- Generator parameters estimated

- Bigger energetic dependencies 1n
THERMINATOR than in STAR

- Ro, Rs underestimated 1n

THERMINATOR at least ~ 30%
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Thank you for your attention!
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