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OUTLINE

 Motivation...

* |Is there physics behind the parameters of FFs?
« How about the p; power of the tail?

« Can we understand an experimental parameter, T, which
we use to fit to low the p; spectra?

* For 'hard' guys: Derivation of the parameter g

A The phyiscal meaning of the 'mysterious q' by deriving
b 4= Tsallis/Renyi-like entropies from the first principles

> An application: a simple Bag model to get QGP
: temperature
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MOTIVATION
« Simplest and best fit to hadron spectra at low-p; & high-p;

FQCD + Quark Ccaolescence at LHC for pion

n” from quark—coalescence at LHC
w= 0.8,0.7,0.8

Ph+Ph — n*+X ot sV?=5500 Gev
with Shad + Q (L/A=4,8)
0—10 % central ¢oll,

EHE

Cross Section
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Incl.

i | T I R B il
Q 2.5 2 7.0 10 122 15 17,8 20

pr (GeV) P

4-6 GeV/c
P. Lévai, GGB, G. Fai: JPG35, 104111 (2008)
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What is the physical meaning of these
'qg' and 'T" parameters?

Eur. Phys. J. A49 (2013) 110, Physica A 392 (2013) 3132
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The non-extensive statistical approach

 Extensive Boltzmann — Gibbs statistics

S,J_':' — gl -I_ SE ‘ ,5_” — Z‘” 1'[]})
E12 = Ea + E5
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The non-extensive statistical approach

 Extensive Boltzmann — Gibbs statistics

S12 = 51+ 5 mm) Sp=-—) pilnp

E12 = Ea + Es =

* Non-extensivity — generalized entropy
,. 1

L1a(S1y) = LISL]—LE{;&J- — S G
Lia(Ey) = Ly(Ey) + Ly(Ey) l—q ~

e Tsallis entropy
Sip=S51+ 5+ (g—1)5,5, == L(S)= 1 In(1+(¢-1)5)

from here: Tsallis — Pareto distribution
' Eur. Phys. J. A49 (2013) 110,

f(s) = [l+{'-:r— L':-i] |
: Physica A 392 (2013) 3132

T
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The non-extensive statistical approach

 Tsallis — Pareto distribution

f(e) = ll+

(g —

7—1

: ]
T|
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'!,-il_

(S(E))*

== (5(E))

Eur. Phys. J. A49 (2013) 110,
Physica A 392 (2013) 3132
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The non-extensive statistical approach

 Tsallis — Pareto distribution

. |
sl=1Hig— =11
fl=) [ +I(q al
(S'(Ey* + §"(E)" ]
= U == {(5'(E))
{S’ITEJ}
. (n(n—1)) T — i
] = {ﬂ.} 2 {_n.}
AT 1 (e
P T:_f,[__ﬁf,.a_[EJ i DT
T- C ( Jfﬂ‘:[E] 1-(q—1)(D+1)| Eur Phys.J. A49 (2013) 110,
‘ Physica A 392 (2013) 3132
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Summary of the theoretical derivation

* Basic principles

- Keep the standard thermodynamical/statistical formalism
- In strongly correlated, finite systems, entropy is not additive
- A generalized, non-extensive entropy can be introduced

* Non-extensive statistical approarch

- Same formalism, thermodynamical rules

- Generelized statistics: Tsallis—Pareto, Rényi, etc.
- New parameter, Tsallis g besides temperature

- Temperature will be different and connected to g
- Physical definition/meaning can be derived

G.G. Barnafoldi: Taxco-2016 10



Testing the Tsallis-Pareto-like distribution
in small systems, like pp or e'e’

G.G. Barnafoldi: Taxco-2016
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"Thermodynamics of Jets' in small systems

Momentum P Quasi-1D
Space ¢
of a jet

. (a) (b)
K. Urmossy, G.G. Barnafoldi, T.S. Biro:

« Microcanonical Jet-Fragmentation in pp at LHC energies:
Phys. Lett. B701 (2011) 111

» Generalized Tsallis distribution in e*e- collisons
Phys. Lett. B718 (2012) 125
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"Thermodynamics of Jets' in small systems

Momentum P Quasi-1D
Space ¢
of a jet

(a)
K. Urmossy, G.G. Barnafoldi, T.S. Biro:

« Microcanonical Jet-Fragmentation in pp at LHC energies:
Phys. Lett. B701 (2011) 111
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pp: Tsallis—Pareto fits from 0.2-7 TeV

Data used for these pp fits

. Khachatryan V et al [CMS] 2010 JHEP02(2010)041, CMS-QCD-10-0086,
CERN-PH-EP-2010-009, FERMILAB-PUB- 10-170-CMS

« Aaltonen T et al [CDF] 2009 PRD 79 112005

« Adare A et al [PHENIX] 2010 arXiv:1005.3674 [hep-eX]
» Albajar C et al [UAI] 1990 Nucl. Phys. B 335 261

* Bocquet G et al [UAI] 1996 Phys. Lett. B 366 434

* Abe F et al [CDF] 1988 Phys. Rev. Lett. 61 1819
 Aad G et al [ATLAS] 2010 Phys. Lett. B 688 21

Ref: GGB, K. Urméssy, TS Biro: J.Phys. CS 270 012008 2011



pp: Tsallis—Pareto with evolution in pp

o More TEST: 10: ualt@CERMN n=0.8 " E d=~3M / p~3p / Tsallis
10 FETevatron n=1
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pp: Tsallis—Pareto with evolution in pp

More TEST:
0.2-7TeV
midrapidity

data

C.m. Energy
dependence
ofthe T & g

parameters
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pp:. T—q parameter space and evolution

« TEST on various midrapidity pp data @ 0.2-7 TeV

=03l Tsallis
| T.
0.2

Scaling Tsallis v

0.1 W
1 1 1
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\'s [TeV]
13
o Scaling Tsallis

1.2

1.1

Tsallis

I I I
0 2 4 6 8

\s [TeV]

o Scaling Tsallis

Tsallis
1.2
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Parameters have a well-defined place

In the parameter space...



"Thermodynamics of Jets' in small systems

Momentum P Quasi-1D
Space 4
of a jet

(a) (b)

 (eneralized Tsallis distribution in e*e- collisons
Phys. Lett. B718 (2012) 125
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ee: Tsallis—Pareto fits from 14-201 GeV

Data used for fits

 Braunschweig W et al [TASSO] 1998 Z.Phys. C47 187; 1989 Z.Phys. C45
193

e Aihara H et al [TPC/Two Gamma] 1988 PRL 61 1263
« Abreu P et al [DELPHI] 1993 PL B311 408; 1991 Z.Phys. C50 185
« Akers R et al [OPAL] 1995 Z. Phys. C68 203

« Alexander G. et al [OPAL] 1996 Z.Phys. C72 191, 2000 Eur.Phys.J. C16
185, 2003 Eur.Phys.J. C27 467

e Derrick, M. et al 1986 Phys. Rev. D34 3304
 Zheng, HW. et al. [AMY] 1990 Phys. Rev. D42 737
* Adeva, B. et al.[L3] 1992 Z.Phys. C55 39

« Acton, P.D. et al. [OPAL] 1992 Z.Phys. C53 539

Ref: K. Urmdssy, GGB, TS Bird: arXiv:1101.3023 (2011)



ee: Microcanonical Tsallis — Pareto in e'e

-y
=
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Fits for jet spectra in pp (left) and e"e” (right)

N 10°F [GeVic] a ><106-
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Ref: K Urmdssy, GGB, TS Biro, PLB 710 (2011) 111, PLB 718 (2012) 125.
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Evolution of parametersgand T in pp & e’e

11

= q = 1 + (ijet f QO) "I"_
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Ref: K Urmdssy, GGB, TS Bir6, PLB 710 (2011) 111, PLB 718 (2012) 125.
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What are we measuring
in small systems, like pp or e'e™?

G.G. Barnafoldi: Taxco-2016
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Hadronization in Parton Model

In a pQCD based parton model, fragmentation functions (FF) gives how
parton (a) fragment into a hadron (h), D, .(z,Q2).

DGLAP scale evolution: bz
d g dz as o, :r, N
d1n QZD _'r, z 4?1’ D
Eﬁds_p,, ~ faip(a, Q% kr)@ foya(o, @ br, b) mQ .

fb/A( ,Q% kr,b) : Parton Dist. Tunction (PDF), at scale Q*
Drse(2 QQ) Fragmentatlon Function for 7 (F17), at scale (g

dcr
di

-
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Hadronization via associative composition

Program Performed:
1) Search and fit Tsallis-Pareto / V4 \
distribution to data. A

——_d M A\dW

v

|

2) Serach for physical meaning of
T and g parameters.

7
3) Components of the sub-systems /\

are e.g. 'splitting functions' qu, ng

X

4) Test: can a DGLAP-like evolution
equation be obtained?

D(x,Q?) ~ f(E.T.q) * f(In(Q?)) \ /

D(x,Q%) ~ f(E,T(In(Q%),q(In(Q%)))

G.G. Barnafoldi: Taxco-2016 26




Scale Evolution of the parameter g

Fitts: 1 2 3 pp->Jet->h> 9
3 2y
e'g —-> h= o e'g —-= .h= o 70 Ko o|= a=1«ip_/ Q.
Tsallis microTsallis 1.4 G, = 45709 & 13451 GeVic
=013+ 0.0
2 microTsallis
1.5= H{ 1.5 + % + + H} * $ L] A
+ * 1.2
- —ge=14+unlog Iu-g[p_rh.'l:l“:l
.E E Q, = 1.3 1 03 Govio
+ i i L I m.'l:"rﬂ T'S 1o BEZHEY = ELIHHG
e Wt o 5 V] 50 w0 D 300 00
vE [Gav] W [GeV) VE [GeV] P [GeVic]
Theory: | Scale evolution of g, T from fits to AKK Frag. Funcs:
3)
. R \—1/(g,—1)
i __F——’__—_,_.:-ﬂ:"T__. +*\DE |:E} - { 1+[q|-_ l]EJ‘rTr}
T e 2
- "I w— ——q; = qu+qyIn(In(Q7))
S AN SR S o 1-2) UK. etal , Phys.Lett. B, 701 (2011) 111-116
gt ) 3) T. S. Bird etal , Acta Phys.Polon. B, 43 (2012) 811-820
Wb | 4) UK. etal, PhysLett B, 718 (2012) 125-129

5) Bamafoldi etal., Gribov-80 Conf. C10-05-26.1, p.357-363
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Scale Evolution of the parameter T

Fitts: 1) 2) 3 2
o o e > Jet -> b
Sy - = ad - = iy o = P - - 1
T + ee > @ ee —>n e ®oK i microTsallis
= Tsallis < microTsallis oo 4 ge
- ' .
000l . microTS [
' + + * + 0.0t B
+ HH = Pr | 9
] EI] *HI} . : & $ | : Eu..-u.lrm-.n;:n: I ,
- T e, T e w % oov
Theory: | Scale evolution of g, T from fits to AKK Frag. Funcs:
3)
. x| v=1/(g,~1)
R e o D; (z) ~ (1+(q,—1)z/T,)
T - /__r,. = T,+T,In(In(Q%))
_ | / 1-2) UK. etal., Phys.Lett. B, 701 (2011) 111-116
i T .

3) T. S. Bir6 etal., Acta Phys. Polon. B, 43 (2012) 811-820
4) UK. etal, Phys.Lett B, 718 (2012) 125-129
5) Bamaféldi etal., Gribov-80 Conf: C10-05-26.1, p.357-363
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T [xle-2]

T [xle-2]

Full calculation of fitted FFs with DGLAP

1 & 2 25 3

0.45
0.40
0.35
0.30
D25
0.20
0.15

3.0
2.3
2.0
1.5
1.0

L. 15 2 25 3

1 15 2 25 3

G.G. Barnafoldi: Taxco-2016

RERERLELY A L L B "I""I""I"': "I"'i"'l*"l""i"':
- - . 1 9.0
uw—m d—-n" : s =T ]
:_ [ = T i 80
] “’M‘I" - 7.0 - . 170
- B 6.0 - 160
o & 5.0 4 50
4 = E 1 40
| 11 | | ' | | ' | | : | | ' | 1
B I L ] I 38 T | I L T I ¥ I I L) R [ T i
:_ C_*H+ = b—m __ g_}n-l— _;30
i -:_ % ] 7] 25
: -}-%}. 1t 2.0 3 120
" 1 SR Ca
" 1C ] T T 2]
- 1 F 1.0 - 41.0
| TR EE R NN N -:..I....I.u.l....l....lu. Ll | ' | |
1 15 2 25 3 I Lo 2 23 3 1 15 2 25 3
q q q

29



Test of the FF via NLO pQCD code (kTpQCDvZ20)

p+p = n L R /2 ot 8'=7 Tev
LHC ALICE Preliminary

2107 NLO pQCD, PDF MRST(cg), x=4/3

EH:IE =— NWLD AKK Fr tati

.. ﬂgm."n 1a B |

E 102 ===-= Taollis bosed Frogmantotion

=

& 10¢ AKK vs. Tsallis
103 as Frag. Func. %
102 I"'.,
10 II

i —1/(q,—1) o

D’ (z)~(1+(q,—1)z/T,) —

P i

Barnafdldi et. al., Proceedings of the Workshop Gribov '80 (2010)
G.G. Barnaf6ldi: Taxco-2016 30



Summary of the small systems

 Based on pp and ee fits

Specific thermodynamical model required
Microcanonical Tsallis — Pareto distribution seems OK
Parameters T & q has energy dependence

Assuming parameter evolution, values are well defined
Measure of non-extensivity is clear

* The physics origin of the parameters

Seems connected to the final state and hadronization
Presents similar evolution as DGLAP
Reduced parameter values can be obtained

G.G. Barnafoldi: Taxco-2016
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What if, we would apply this for
a bigger system (AA)
where
Boltzmann-Gibbs
use to work?

G.G. Barnafoldi: Taxco-2016
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Measuring non-extensivity in AA collsions

10 The power of the spectra
1 ALICE, PbPb (@ 2.76 ATeV, [0 - 5%] /
o L changes at around 6 GeV/c
S 10°F
L — .
2 Power-law with p-6:08
10°F /dependence
10°F Boltzmann ' /
= | T =293 MeV ""—1 \
1072k L e— .
e P Te— Tsallis spectra with p-137

G.G. Barnafoldi: Taxco-2016 33



Measuring non-extensivity in AA collsions

—
-~ O

107

—t

o
A
ma

e

/ The power of the specitra

| ALICE, PbPb (@ 2.76 ATeV, [0 - 5%)]

i changes at around 6 GeV/c
:: soft

2 Power-law with p-6:08

i nara |/ dependence

- | Boltzmann /

= | T=293 MeV

i e —

: ; ——  Tsallis spectra with p-137
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Measuring non-extensivity in AA collsions

—
-~ O

CFT T T T T T T T T T T T 'T°'

The power of the spectra
changes at around 6 GeV/c

ALICE, PbPb @ 2.76 ATeV, [0 - 5%)]

Power-law with p-6.08

harcl’/ dependence

L T Taallis spectra with p-137

pT [GeV/c]
\ Handling soft/hard regime

with a new approach, using

not only the temperature, T
G.G. Barnafoldi: Taxco-2016
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10 Boltzmann
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—L
<
[ (8]
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What is the values for T & g in AA
a.k.a.
a simple model for the
Quark Gluon Plasma temperature

G.G. Barnafoldi: Taxco-2016
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The temperature (slope) of the system

Generalizing the Gibbs ensamble for our case:
S=—->,PlnpP, == [(S)=) PL(-InP)

Taking P, weights of system, E, , results cut power law:

o (giean g BT L[y, 2SR,
i—( He ) ‘E(+ C 1 :r)

Partition sum is related to Tsallis entropy, L(S,) and E,

_C

1
BE 1

. 208" a1y —=F(%) -
! =]

In C — 0 limit, the inverse log slope of the energy distribution:

1
Tope(E:) = (—%M}) _Ty+E/C. With T,=Te5/Z/(1-1/C)

G.G. Barnafoldi: Taxco-2016
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Experimental data fits by T (E)

slope
« Taking the T, (E) fit using Tuope(Ei) = (-%hﬂ?)_l —To+E;/C.
» Fitted data

- RHIC@200GeV AuAu: T,=48 MeV, C=4.5

T.S. Bir6, K. Urmdssy, Zs. Schram: JPG36 064044 (2009)

T.S. Biro, K. Urmossy: JPG37, 0940027 (2010),
K. Urmdssy, T.S. Biro: PL B689 14 (2010)

- ALICE@900GeV pp: T,=55MeV, C=8
J. Cleymans, D. Worku: JPG39, 025006 (2012)

The obtained values are surprizingly low!!! Why?7??7?
* Findings: K=2 (mesons) and K=3 (baryons)
Ph].rlrf_m[ J Pﬁ[Efﬁ*) and Th Hlmn{E} Tqu HL(EJ'F‘I{J

slope slope

G.G. Barnafoldi: Taxco-2016 38



Experimental data fits by Tslope(E)

* Findings: K=2 (mesons) and K=3 (baryons)
Prutin(E) = P(E/K) and  Tiaen(B) = T3220(B/K)

This finding is coming from the scaling of the PID-spectra...

.Io ﬁo pfr=SGoV: | | 0
~KHK L[E):%ln.(l-l—aE.) s KK
1(1) ‘(I)
'T'I Ly TI
n] —n
E P,
=4+ E
L2 N A N B M. W =
) *ﬂ’A ; . %7\‘
G- I.; *K \%{ g iT
Illllllillllilll IIIIIIII\II{‘
40 50 80 70 30 3 40
E= By(mt-vpt) BX

T.S.Bir6, K.Urmdssy, JPhysG 36, 064044, 2009

G.G. Barnafoldi: Taxco-2016
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Simple thermal model for heavy-ion collisions

« Test of T,in physical models, in a finite termostats,

small subsystem: lim T, =T, and T, = 1/B, = Te /€

. — oo

» Taking Stefan-Boltzmann in a bag, with a fix volume, V and bag
constant, B

E;"I-" _ UTJ 1 B p= %JTJ - B S = %HFTE
 The heat capacity is:
_dE ’ av
C=—=40VT + (¢T* + B) —

G.G. Barnafoldi: Taxco-2016 41



Simple thermal model for heavy-ion collisions

» Let's discuss some specific cases:

Heat capacity Subsystem's T Note
C, Cy = 40VT® = 38 Tyy = Te /3
Co Gy= Tip=T
Cs 05 =35(1-T4T4/4 Tis<Te Cs < 35/4
BH o — _ag T, = Te!/?

« Taking the lattice QCD value T=167 MeV, T, are:
Tip=T =167 MeV, T}y =Te Y3 = 120 MeV and Tys < Te /3 = 45 MeV

for Tsallis distribution of valence quarks

G.G. Barnafoldi: Taxco-2016 42



The temperature slope for different models
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The temperature slope for different models
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The temperature slope for different models

360 pp » M, LHC
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The temperature slope for different models

300

250

200

eV
MeV

150
E 100
LN
0
o)
<
II'D 0
==

t“‘- *
+50 1] .‘

pp = M, LHC

mini BH BH pp-5 LHC
i , L~ auAuo M, RHIC

AuAu - B, RHIC

P bag / LQCD

||||||||||||||||||||||||||||

1C

S bag S

0 200 400 600 800 1000 1200 1400 1600 1800
m (MeV)

TS Bir6, GGB, P. Van, EPJ A49 (2013) 110

G.G. Barnafoldi: Taxco-2016 46



In case of good high-p_spectra

both
Soft and Hard 'components'’
can be tested in parallel

G.G. Barnafoldi: Taxco-2016
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The soft + hard model

« Simplest approximation: soft ('bulk’) + hard ('jet') contribution

sdN  pdNPerd g s

ef"?'l} P

P o P @p

arXiv:1405.3963, 1501.02352, 1501.05959
J.Phys.CS 612 (2015) 012048
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The soft + hard model

« Simplest approximation: soft ('bulk’) + hard ('jet') contribution

sdN  pdNPerd g s

o 'TPp PP p

D
 |dentified hadron spectra is given by double Tsallis—Pareto:

dN (=) —1/(g.—1)
e fhﬂrd 3 fso i = J"iz' 1+ yilmr — v;pr) — m
2mprdprdy |, It f T, [yi( pT) ]

arXiv:1405.3963, 1501.02352, 1501.05959
J.Phys.CS 612 (2015) 012048
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The soft + hard model

« Simplest approximation: soft ('bulk’) + hard ('jet') contribution

0 dlN 0 dN hard N . AN st
Pep V' Pp P Fp

 |dentified hadron spectra is given by double Tsallis—Pareto:

dN i ~1/(g:—1)
QWPTdPTdﬂ : e fhczrd 3 ﬁ-;o_fr f;; == z'—‘l;: 1+ {q T } h-i[km_]- = 1’1'35']") = Tﬂ_]
7. :
In where parameters are given by
e Lorentz factor i =141 =]
_ /.2 2
 Transverse mass mT =\ Pyt m

Do ."Il‘l'l’i'
 Doppler temperature 7" =Ti\/1—,

« Finally we assume N __, scaling for the parameters

G = q2,i T Mi 111{3{})&” /2) arXiv:1405.3963, 1501.02352, 1501.05959
j:_ﬂopp = Tyi+Ti ln[ﬁ,\.’pﬂﬂ} , J.Phys.CS 612 (2015) 012048
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Fit of pp and PbPb (centra/peripheral) data

i " arXiv:1405.3963, 1501.02352, 1501.05959

1g7E  Wpart -
j# L o |
ny ke «0.1" ay 10°F J.Phys.CS 612 (2015) 012048
— L =% i =
= 10 & :— T = - —_ - E
O F v T 10°F F10% = -
L - L E = | E E
L 0@ 3 % E r r
109: g _quj: o ;r r
L 3 I r r
- [ ™ F E
10°F : 10f 2zl d :
:: cMS . F z 1034 r r
1n.|.f:_ 1D.1_’|: o F ;r ;r
AR BRI e 17 AN | B o Tl 52 4 r
10" ! 10 107 o 1 10 107% \ 3 1
pl [GeVieg] pT [GeVic] [ © PbPb, 0to 5 pet E  ©PbPb,0to5pet I ©PbPb,0to5pct H
9-' o PbPb, 60 to 80 pct E  oPbPb, 60 to 80 pct F o PbPb, 60 to 80 pct
0% o : pp : tpp
= 103; -_ E + i +
:n_-— 1°§ 10_12'_ ALICE, {s=2.76TeV, r* T ALICE, {s=2.76TeV, K* T ALICE, {s=2.76TeV, p’
= o = . ;I | | :I | |
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E. 101020 pet 0 q4F
14 20t040 pct — L
= a0u0e0 pet 10727 o 13
107 = M 80090 pet e 101020 pet
E ALICE, {s=2760GeV, PbPb, p0=3 GeV/c 10 [ ALICE, {5=2760GeV, PbPb, p0=3 GeV/c I*
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L mr-m [Ge‘”c"ll 045 . - pT [GeVic] pT [GeVic] pT [GeVic]
0.41: : | m-m [GeV/c?]

G.G. Barnafoldi: Taxco-2016 51



Parameters of the soft+hard model

dN
2mprdprdy

T fhard 3 - fsr:rft

y=0 \
-1/(g.-1)

REA [1 N3 [QE ) [’}"1'{’”11“ — UpT) — ’”’1]
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Parameters of the soft+hard model

g = q2,i + pi In(Npare/2)

dN
2mprdprdy

— fhard T fsr:rft

y=ﬂ_ \
fiFE A [H‘E
R /

-1/(a-1)

j‘;ﬂﬂﬁp — Tl,i + T lﬂ(h'rpﬂ.rg)
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Parameters of the soft+hard model

g = q2,it+ piln(Npare/2)
dN
2nprdprdy|,_o fhid 7Sﬂﬁ
i;;i — 1“ _lf'([;qi_l.}
fi = A@' [1 iy T [’}"i{m]" 2 T_Ji'p]") — m]]
1
Eﬂﬂpp = T‘l,i Ly lﬂ(f\'rpa.r;}
42.s0ft 42.hard Hsoft Hhard

CMS 1.058 £ 0.025 1.136 £ 0.001 -0.008 £ 0.005 0.005 %+ 0.0003
ALICE | 1.074 £ 0.018 1.131 £ 0.002 -0.009 + 0.004 0.006 + 0.0006
PHENIX [ 1.073 £ 0.016 1.100 £+ 0.002 -0.005 £ 0.004 0.000 £ 0.0006

M MeV]  T{ MeV]  7uopt [MeV]  hara [MeV]

CMS 310 £ 20 126 =+ 5 9.9 £ 3.7 5.3 £ 0.8
ALICE | 266 + 16 194 + 2 11.5 £ 29 -125 £ 0.5
PHENIX [ 165 + 26 192 + 20 93+£55 I8.7 £ 46
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Parameters of the soft+hard model

g = q2,it+ piln(Npare/2)
dN
QTTPTdPTdy 0 — fh;d 75&}1
=) 1/(g.-1)
fifF A [1 T Dilmr — vipr) - m]]
i

I-&Dﬂpp = T1,i + 7 In(Npart)

Hsoft Hhard

1.058 + 0.005
1.074 £ 0.0\
PHENIX | 1.073 + 0.01§

-0.008 £+ 0.005 0.005 £ 0.0003
-0.009 £+ 0.004 0.006 £ 0.0006
-0.005 £+ 0.004 0.000 £ 0.0006

1.131 £ 0.002
1.100 £ 0.002

T3t MeVI Thod MeV] [ 7oop [MeV]  Tharg [MeV]

CMS 310 £ 20 126 £ 5 9.9 £ 3.7 5.3 £ 0.8
ALIC 266 = 16 11.5 £ 29 -125 £ 0.5
PHENI 93+£55 I8.7 £ 46
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The c.m. energy dependence of g & T
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The c.m. energy dependence of g & T
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The c.m. energy dependence of g & T

 Energy dependence

« Parameter g

- HARD: clearly increasing e
- SOFT: norelevant change 2 /Pdg/ b y
W
« Parameter T R iPor 5@

- HARD: central decreasing .., ™" S
peripheral const?

I .=T

centr periph

- SOFT:  similar trend e
T.one ~100 MeV higher = 7 o= "7 e

centr
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The c.m. energy dependence of g & T

 Energy dependence

« Parameter g

- HARD: clearly increasing e
- SOFT: norelevant change /de - s
<
e Parameter T 105 A . softi : _5014_

- HARD: central decreasing .., "™ " T
peripheral const?
Tcentr = Tperiph _:22 , hﬁaLi—

- SOFT:  similar trend , B :
T ~100 MeV higher

 Energy dependence

- Parameters q & T present different values for centr./periph.
- Above RHIC soft is BG-like and hard is more TP-like.
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Summary of the large systems (AA)
 Based on AAfits

Simple Tsallis—Pareto distribution does NOT fit well
Boltzmann—-Gibbs + Tsallis—Pareto also NOT the best fit
Temperature-like parameter presents smaller value
Degrees of freedom (hadronic/partonic) can be specified
Mass and Baryon/Meson scaling can be seen

* Measuring non-extensitivity by soft+hard model

Double Tsallis—Pareto seems fits well
Hard component seems similar as pp and e*e-
Soft component is Boltzmann—Gibbs-like (g — 1)

G.G. Barnafoldi: Taxco-2016
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SUMMARY

* Non-extensive statistical approach in ete- & pp

» Obtained Tsallis/Rényi entropies from the first principles.

* Providing phyiscal meaning of q=1-1/C + AT?/T2

» Boltzmann Gibbs limit C — Q0 & AT?/T2 — 0 (q — 1),
« Tsallis — Pareto fits on spectra in e*e-, pp

* In connection with FSI and hadronization

* Application of 'soft+hard' model in AA

« Simply thermal model results smaller T values

e Tsallis — Pareto + Exp does not working.

e Double Tsallis — Pareto measures non-extensitivity
« SOFT: q — 1, suggest Boltzmann Gibbs (QGP)

« HARD: g > 1.1, Tsallis — Pareto like

» Asimuthal anisotropy can be obtained too.

G.G. Barnafoldi: Taxco-2016
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