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Phenomenological models

microscopicmicroscopic

● Dynamic simulation of the Dynamic simulation of the 
collision process inspired collision process inspired 
by QCDby QCD

● Tracking of individual Tracking of individual 
objectsobjects

● Propagation of individual Propagation of individual 
particles through a cascade particles through a cascade 
of collisions and decaysof collisions and decays

macroscopicmacroscopic

● No consideration of  the 
dynamics of individual 
objects in detail

● Statistical description of 
multiparticulate system

What about generators?What about generators?
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THERMINATOR generatorgenerator

● Generates collisions of relativistic ions

● Uses Monte Carlo methods

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

THERMINATOR: THERMal heavy-IoN generATOR
A. Kisiel,T. Tałuć, W. Broniowski, W. Florkowski.
Comput.Phys.Commun. 174 (2006) 669-687
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Input file takes following information:

● The number of events
● Parameters:

– Temperature [GeV]
– μ

B
, μ

S,
 μ

I
 [GeV]

– BW V
t

– , 
max
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Therminator generator – input parametersTherminator generator – input parameters

● Temperature (T) and chemical potentials: 
barion (μ

B
), strangeness (μ

S
), third component of isospin (μ

I
) – 

thermodynamic parameters

● BWVt – a parameter specific to the Blast-Wave model, 
denoting velocity

● Tau, RhoMax – geometric parameters

BWVt, Tau and RhoMax affect the produced particles

The relation between RhoMax and Tau is:

V is the volume of the source

ρmax⋅τ=V
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Therminator generator – output fileTherminator generator – output file
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Therminator generator – output fileTherminator generator – output file

Output information:
● Type of particle (PDG number)
● Components of the momentum (p

x
,
 
p

y
,
 
p

z
) [GeV/c]

● Energy E [GeV]
● Mass m [GeV/c2]
● Space-time coordinates of creation (x,y,z) [fm], t [fm/c]
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RHIC - What have we learned so far?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

.. strongly interacting, hot, dense matter with partonic collectivity
We learned about..
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Beam Energy Scan at RHICBeam Energy Scan at RHIC  
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Beam Energy Scan at RHICBeam Energy Scan at RHIC  

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 – 1st order transition and the 

Critical Point

sNN ~ 7.7 - 200 GeV

20 MeV<B<420 MeV
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BES goalsBES 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 ?

Year √s
NN

 (GeV) μ
B
 (MeV) Events (106)

2010 200 20 350

2010 62.4 70 67

2010 39 115 130

2011 27 155 70

2011 19.6 205 36

2014 14.5 260 20

2010 11.5 315 12

2010 7.7 420 4

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

http://drupal.star.bnl.gov/STAR/starnotes/public/sn0493
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RHIC BRAHMSPHOBOS

PHENIX
STAR

AGS

TANDEMS

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

•  2 concentric rings of 1740 superconducting magnets2 concentric rings of 1740 superconducting magnets
•  3.8 km circumference3.8 km circumference
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Therminator modelTherminator model

All charged hadrons

Phys. Rev. C 88 (2013) 14902 
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The parameters for collision energy s
NN

 = 200 GeV:

● T = 161 [MeV]

● μ
B
 = 28.5 [MeV]

● BWVt = 0.311

● Tau = 8.55 [fm]

● RhoMax = 8.92 [fm]

Therminator modelTherminator model

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



27

T=T lim⋅[1−
1

0.7+
e√sNN−2.9

1.5

]

μB=
a

1+b√s NN

Therminator modelTherminator model

A. Andronic, P. Braun-Munzinger, J. Stachel, 
arXiv:nucl-th/0511071v3
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Therminator
STAR

Therminator modelTherminator model
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Therminator
STAR

Therminator modelTherminator model

Good agremment between STAR data 
THERMINATOR input
X2 / NDF  1
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Therminator modelTherminator model
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Therminator modelTherminator model
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Therminator modelTherminator model
Nucl.Phys.A772:167-199,2006
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Therminator modelTherminator model
Nucl.Phys.A772:167-199,2006
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Therminator modelTherminator model
Nucl.Phys.A772:167-199,2006
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Femtoscopy
Single- and two- particle distributions

P 1( p )= E
d N

d 3 p
=∫ d 4 x S ( x , p )

S(x,p) – emission function: the distribution
of source density probability of finding particle
with x and p

P 2( p 1 , p 2)= E 1 E 2

d N

d 3 p 1 d 3 p 2

=∫ d 4 x 1 S ( x 1 , p 1) d 4 x 2 S ( x 2, p 2)Φ( x 2, p 2∣x 1, p 1)
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Femtoscopy
Single- and two- particle distributions

P 1 p = E
d N

d 3 p
=∫ d 4 x S  x , p 

S(x,p) – emission function: the distribution
of source density probability of finding particle
with x and p

P 2 p 1 , p 2= E 1 E 2

d N

d 3 p 1 d 3 p 2

=∫ d 4 x 1 S  x 1 , p 1 d 4 x 2 S  x 2, p 2 x 2, p 2∣x 1, p 1

C  p 1 , p 2=
P 2 p 1, p 2

P 1  p 1 P 1 p 2

The correlation function
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Number of analysed minimum bias Therminator events: 

7 GeV (220 000 mln events)

11,5 GeV (200 000 mln events)

19,6 GeV (50 000 mln events)

27 GeV (5 000 mln events)

39 GeV (25 000 mln events)

62,4 GeV (5 000 mln events)

Two – pion correlationsTwo – pion correlations
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Two – pion correlationsTwo – pion correlations

CF (q)=1+λ exp(−q2 R2
)
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Two – pion correlationsTwo – pion correlations

CF (qo , qs , ql)=1+λ exp(−qo
2 Ro

2−qs
2 Rs

2−ql
2 Rl

2)

CF (q)=1+λ exp(−q2 R2
)
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Results from THERMINATOR:

R
out

,  R
side

: 1.5 – 3.5 fm 

R
long

 : 5,0 – 6,5 fm

Bigger dependencies on energy than in  STAR

R
long

 bigger than others

R
out

, R
side

 – smaller than STAR
Phys. Rev. C 92 (2015) 14904Phys. Rev. C 92 (2015) 14904
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SummarySummary
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SummarySummary
  - THERMINATOR generator considered - THERMINATOR generator considered 

  - taken energies: - taken energies: ÖÖss
NNNN

 = 7.7, 11.5, 19.6, 27, 39, 62.4 GeV = 7.7, 11.5, 19.6, 27, 39, 62.4 GeV

  - pion – pion femtoscopic correlations checked- pion – pion femtoscopic correlations checked

  

Conclusions:Conclusions:  

  - Generator parameters estimated- Generator parameters estimated

  - Bigger energetic dependencies in- Bigger energetic dependencies in

THERMINATOR than in STARTHERMINATOR than in STAR

- Ro, Rs underestimated in - Ro, Rs underestimated in 

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