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® Motivation

» Why to use Tsallis — Pareto-like distributions?

® Non-extensive statistical approarch
» Fits of experimental spectra from e*e”, pp

» Non-extensive statistical approach

© Can Tsallis — Pareto fit spectra of HIC?

» The soft+hard model and its applications
> Spectra fit and extraction of q and T

» Asimuthal anisotropy from the model
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Motivation
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© ALICE: A Large lon Colliding Experiment
® Analysing QGP: only through

observable quantities

© Hadron spectra: a break around 4-6 GeV / C

Incl. Cross Section

4-6 GeV/c PT
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©® Why use Tsallis—Pareto distribution?

» Is it true Boltzmann-Gibbs fits better at low momenta?
» Is it true Power-law distribution is better at high momenta?
» Is it true Tsallis — Pareto fits the whole mumentum range?

» (an we apply this for any system: ee, pp, pA, AA?

©® A 'known' case:

» PYTHIA6.4: n, K and p production in proton-proton @ 14 TeV

» Fits of Boltzmann-Gibbs, Power law, and Tsallis-Pareto distributions
> Low momenta: [1.2 GeV/c:2.0 GeV/c| or [12GeV/c: 5.0 GeV/d]
> High momenta: [5.0 GeV fc : 15.0 GeV /¢

> Full range: [1.2 GeV /e : 15.0 GeV /]
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Motivation

Boltzmann-Gibbs Power Law Tsallis—Pareto
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Boltzmann-Gibbs Power Law Tsallis—Pareto
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Boltzmann-Gibbs Power Law Tsallis—Pareto
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© Why fit Tsallis—Pareto distribution?

» Yes, it is true Boltzmann-Gibbs fits better at low momenta.
» Yes, it is true Power-law distribution is better at high momenta.
» Yes, it is true Isallis — Pareto fits the whole mumentum range.

» Can we apply this for any system: ee, pp, pA, AA?

® Need for

> E:igh—pT PID hadron data

» High statistic data

» Spectra in several multiplicity bins
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Application of the non-extensive
statistical approach on small systems
© Extensive Boltzmann — Gibbs statistics

Slngl+Sg S — 1 :
) OB = Pi 111 D
Eio = B + Eo ZL:

® Non-extensivity = generalized entropy

[0 = I [ 1
Lig = L1(S1) + Lo(52) — 51 = q Z (p?
Lo = Li(Eq) + Lo(E2) i
® Tsallis entropy
S12 =51+ 52+ (¢—1)515: = [(9)=

from here: Tsallis — Pareto distribution

q_lln(l—I—(q—l)S)

Eur. Phys. J. A49 (2013) 110

1
E 1 q—1 i
— 1 . 1 _i| Physma A 392 (2013) 3132
f(€) [ +(a—1)=
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Application of the non-extensive
statistical approach on small systems

@ Tgsallis — Pareto distribution

ATQ 1 E f efrs(e) DT

T2 T O ()~ Jfrse)  1-(a-1D(D+1)

Eur. Phys. J. A49 (2013) 110
Physica A 392 (2013) 3132
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Application of the non-extensive

statistical approach on small systems

dN
n‘lp

Hadron spectra in pp collisions can be

described by the Tsallis distribution
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Application for bigger AA systems
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The Soft +Hard model

® Simplest approximation: soft (']ouﬂi') + hard ('jet') contribution

CZN dN hard dN soft
Py =P a3y TP d3p
® [dentified hadron spectra is given by double Tsallis-Pareto:

dN ) —1/(gi—1)
2mprdprdy |, [yi(mr — vipr) — m|

— fhard + fsoft . — A. (qz
Y

in where parameters are given ]oy

» [orentz factor =1/4/1—v?

» [ransverse mass mr = y/p2 +m?

Dopp _T 1+ (%
’ 1— V;

» Doppler temperature T;

® Finally we assume N scaling for the parameters

part

i = q2,; + i In (Npart /2
¢ = G2 + i In (Npare/2) ArXiv: 1405.3063, 1501.02352, 1501.05959
TP — Ty, + 7;1n (Npare) J. Phys. CS 612 (2015) 012048

1
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Fitting double Tsallis — Pareto distributions

1.Single Tsallis fit over the whole pr range, the fitted parameters are: q. 1. A. v

2.Single Tsallis fit over the whole p; range, the fitted parameters are: T. A. v (q Exed)
3. Two single Tsallis fit:
1) First Tsallis: the range is [Po — €; Pmaz] , the fitted parameters are:
Qprtr Apard (Vi and T}, fixed

2) Second Tsallis: the range 18 [Pmin; Do + €] , the fitted parameters are:

T ft? Asoft’ Voof: (qsoft ﬁxed)

SO.

4.Double Tsallis ﬁt, the range 1s [PO — & pmax] , the fitted parameters are the hard parameters

5.D0u1)1e Tsallis ﬁt, the range 18 [pmz’n;po + 5] , the fitted parameters are the soft parameters

6.Double Tsallis ﬁt, the range 18 [pmm;pmax] , the fixed parameters are q_, T £ and L

SO.

T.Double Tsallis fit, the range is [Pmin; Pmaz)] . all of the parameters are fitted
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2N/ (N, p,dp_dy)

Data/Fit

Fit of pp and central / peripheral PbPb data
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Parameters of the Soft+Hard model

‘ ¢ = q2.i + i In (Npare/2) ‘

dN
2mprdprdy

— fh,ard + fsoft
y=0

Tpopp — Tl,i + 7; In (Npart) |

1

42 .so0ft 42, hard Hsoft Hhard
5 T CMS | 1.058 £0.025 1.136 +0.001 -0.008 + 0.005 0.005 & 0.0003
T, PP = Ti/ ! U" ALICE | 1.074 £ 0.018 1.131 +0.002 -0.009 + 0.004 0.006 + 0.0006
— Uy

PHENIX [ 1.073 £ 0.016 1.100 £+ 0.002 -0.005 £ 0.004 0.000 £ 0.0006

T MeV] T [MeV]  Toore MeV]  Thara [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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Npart scalint of the q & T parameters

° Scaling of the ‘ ¢ = q2,; + i In (Npare/2) ‘

1.2
» Soft component, q—1 o | +PHENIX  Q=q,+ pIn(Npart/2)
= CMS
> LHC: decreasing e Aw
> RHIC: decreasing YRR
Higher Npm result BG statistics @
1.1~ —{- —i—-—i. ——id iy -
# ]
g ==
» Hard component, q >1.1 Jokl :} h;
> LHC: slight increasing
> RHIC: ConStant 1 L4 i Juni al L L lllll I 1 L
2
Without the soft part result clearer non- ! i i Npart
extensive behaviour, like ete ArXiv: 14053063, 1501.02352, 150105950

J. Phys. CS 612 (2015) 012048
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Npm scalint of the q & T parameters

_ . Dopp __ . '
° Scalmg of the ‘ 1; =T, + 7 In (Npart) ‘

> Soft component, T~200-400 MeV
> LHC: constant / increasing
> RHIC: slightly increasing
Higher N . results bit higher T
» Hard component, T ~100-300 MeV
> LHC: decreasing
> RHIC: increasing
N

part Scalmg seems sensitive...

a4 PHENIX T=T,+ tiIn(Npart)
m CMS
400 o ALICE *
e
_—-—"T1T  SF
I I 34
cook — | _‘.}-._{,-}-}'{‘ 177
- ® og, |
0 l 1aal
1 10 10
Npart

ArXiv: 1405.3963, 1501.02352, 1501.05959
J. Phys. GS 612 (2015) 012043
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The c.m. energy dependence of q & T
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The c.m. energy dependence of q & T

® Energy dependence

~1.35

5; 7, q, central ; =, q, peripheral
» Parameter q " Rara " L era
1.25; 1.25;
1.2; 0‘6 . 1.2;
> HARD:clearly increasing s @S
1.1 1.1
: . ; so*t
1.055_./ SOft{
> SOFT: no relevant change R T e
10 10° 10° 5 1Gev] "0 10° 10 (5 1cev)
» Parameter | - s
% F =, T, central %' E n, T, peripheral
9,045 soft . O:j? . Soft
. F 0.4 L Hard = 0.4t Hard
> HARD: Centra;]. (lecreaSIIlg 0.35- 0350
> L SOftL o] soft
. ? i . 0.25;
perlpllera,l const! 2 [ hard 4 , hard
0.15: T
01F ) ; 0.1
T — . o.os% 0.05;—
e = L IR IR v

> SOFT: similar trend
T ~100 MeV higher

centr

» Parameters q & T present different values for centr. / periph.

» Above RHIC soft is BG-like and hard is more TP-like.




Connecting spectra and vy

® Spectra originating from hadronic sources

400 27 2m
YT %y P P I Y
d°p,—o o 2mprdprdy v=0 20 dop y=0
where we used parameters and assumptions:
» Hadron momenum: p* = (mq coshy, mp sinh y, pr cos ¢, pr sin @)

> Cylindric symmetry:  u# = (ycosh ¢, ysinh ¢, yv cos o, yv sin @)
1
> where (= Eln[(t—l—z)/(t—z)] and y=1/y/1-v?

> Co—moving energy:  Ugp" |y:0 = 7y [mr cosh ¢ — vpr cos (p — a)]

> Transverse flow: v(a) = vo + Z dvpm, cos (mar) = vy + dv(a)
m=1
> Taylor expansion: = [ov(a)]™ o v(e)=vo
y p f[ull/p“”y:() - ,rnZ:O m' 8'06”' f[u/,bp’u'“y:O
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Connecting spectra and vy

® Spectra originating from hadronic sources

dN / dp 4 AN
2rprdprdy|,_ ot d3p Y

Ejﬁf fWUM~fWWM+va)

2
Wilere E(’UO) = fyo(mT - ’UopT) an(i - /da[év(a)]m
0
® Azimuthal anisotropy:

J dp cos (n)p° &
0

. =0, B0l (womr = pr) B | 5o

i 2 JB(w)

» Boltzmann—Gibbs:  mesp vBG 5””25 i (pr — vomr) + O(6v?)
[~ exp[-BE(vo)]

. 0vn B3 pT — vomr )
» Tsallis-Pareto: ) - _ 0@
f ~[1+ (¢ —1)BE(v)] /@D 2 1+ (a=1)Byo(mr — vopr)
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Connecting spectra and vy

® Spectra originating from hadronic sources

dN / dp 4 AN
2rprdprdy|,_ ot d3p Ply—o

o0

- 3 28 S )] ~ flE(w)] + 006

where E(vo) = yo(mr — vopr) and A, = f dafdv(a)]™

0

® Azimuthal anisotropy:

J dp cos (n)p° &
0

y=0 _ dvns (vomr — pr) f'[E(vo)] 2
> By OO

Uy, =
f dpp® 2

® Using the soft-+hard model:

3
whardfhard + wsoftfsoft .til til Hi W= 51%%’ pT — vymr
e coetticient Wi =
fhard + fsoft s 203 1+ %= i%(mT vipr) —m|

V9 =
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Connecting spectra and vy

® Using the soft+hard model:

3
Whard fhard + Wsoft fsoft T cooffoiont W5 = 0vi; pT — vimy
1 € coelncien t z
Jhard + Jsoft v 2T; 1+ %=yi(mg — vipr) —m]

Vo =

§ |E P. vﬂ.snrl't' central
;,F‘_ 0.9 « Soft Y ALICE, PbPb @ 2.76 ATeV, 10 - 50[%]

C 1
0.8 i
u.?:— | {' [ Opsp
ﬂ.'ﬁ;— B o R""J‘E-
0.5 107 *h'
0.4 I
u.3:| | rl | A R

10 102 107
s [GeV]

1ﬂ—2 i i i_i IlIII i i i_i IlIII
107 10
pT [GeV/c]

ArXiv: 1405.3963, 1501.02352, 1501.05959
J. Phys. S 612 (2015) 012043
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© Non-extensive statistical approach in e+e- & pp

» Obtained Tsallis /Rényi entropies from the first principles.

> Providing phyiscal meaning of q=1-1/C + AT2/T?

> Boltzmann Gibbs limit C — 00 & AT2/T2 — 0 (q = 1),

» Tsallis — Pareto fits on spectra in ete, pp

» Not working for larger system, like pA, AA and no flow.
® Application of 'soft+hard' model in AA

» Tsallis — Pareto + Exp does not working.

» Double Tsallis — Pareto measures non-extensitivity

» SOFT: q = 1, suggest Boltzmann Gibbs (QGP)
» HARD: q > 1.1, Tsallis — Pareto like

» Asimuthal anisotropy can be obtained too.
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Thank you for your attention!




~1.35
~1. 1.35- - .
o 355 7, q, central 35} < - m, q, peripheral
1_3; o Soft [ 1_3} . Ko, Soft 1'3__ - Soft
- r K, Hard T _Hard
r H d = u gy C m
1250 1250 . A, Soft 1.250
- - A, Hard :
- 1.2 1.2
1.2: é E“_:—ll—c'_“_‘—l — . E
1150 1.151- 1.15F -
- 1l C- 0 1 E
1_1:— 1.1;; ¥ ¥ P A S A 1.1 t
1.05[ T ; I 105, P
1f_ ¢ 1Erllllll\|\l‘ll\l IIII|\II\|IIII|I\II II\IlIIIIl\II\ 1:_ I T I I L
Lol 1 1 |||||||2 1 1 |||||||3 1 | 0 10 20 30 40 50 60 70 30 90 10 |||'|10 1 Illll‘lllt'2 | ||||‘|I|03 1 L L Ll
. Centrality [% =
10 10 10° < Gev] y [%] seeV]
= 0.5 0.7 —— — 0.5 :
e, 455 n, T, central C , > 0 45; =, T, peripheral
9,545 | soft 0.6 « K, Soft 0,045 o g
= 0.4 . Hard C « K, Hard = 0.4F _ Hard
= 05 . A, Soft o
(.'i.35E - A, Hard 0.355
0.3; 0-4} 0.35_
0.25F % - 0.25- -
0.28 03 v 0 25_
0.155 % 02" | + 0.15 0 |
0.1 . ::r#ﬂ 1T 0.15 -
E 0.1F E
0.051 0.055
0:,||| 1 Ll Ll T R B 001||\1|0||||2\0|\\|3\0||\|4|0||||5|0\||\6|0||||70||||3\0|H,9|0,,|1|00 0:|||| Y Ll L
2 3 2 3
19 10 19 s [GeV] Centrality [%)] 10 10 10 Vs [GeV]

Gébor Biré - Balaton Workshop 2015



S, Rooferences .

1. arXiv:1409.5975: Statistical Power Law due to Reservoir Fluctuations and
the Universal Thermostat Independence Principle

2. arXiv:1405.3963 Disentangling Soft and Hard Hadron Yields in PbPb
Collisions at sgrt{s_ {NN} =2.76 ATeV

3. arXiv:1405.3813 New Entropy Formula with Fluctuating Reservoir, Physica
A (in Print) 2014

4. arXiv:Statistical Power-Law Spectra due to Reservoir Fluctuations

5. arXiv:1209.5963 Nonadditive thermostatistics and thermodynamics,
Journal of Physics, Conf. Ser. V394, 012002 (2012)

6. arXiv:1208.2533 Thermodynamic Derivation of the Tsallis and Rényi Entropy
Formulas and the Temperature of Quark-Gluon Plasma, EPJ A 49: 110 (2013)
7.arXiv:1204.1508 Microcanonical Jet-fragmentation in proton-proton
collisions at LHC Energy, Phys. Lett. B, 28942 (2012)

8.arXiv:1101.3522 Pion Production Via Resonance Decay in a Non-extensive
Quark-Gluon Medium with Non-additive Energy Composition Rule

9. arXiv:1101.3023 Generalised Tsallis Statistics in Electron-Positron
Collisions, Phys.Lett.B701:111-116,2011

10. arXiv:0802.0381 Pion and Kaon Spectra from Distributed Mass Quark
Matter, J.Phys.G35:044012,2008

Gébor Biré - Balaton Workshop 2015



	Dia 1
	Dia 2
	Dia 3
	Dia 4
	Dia 5
	Dia 6
	Dia 7
	Dia 8
	Dia 9
	Dia 10
	Dia 11
	Dia 12
	Dia 13
	Dia 14
	Dia 15
	Dia 16
	Dia 17
	Dia 18
	Dia 19
	Dia 20
	Dia 21
	Dia 22
	Dia 23
	Dia 24
	Dia 25
	Dia 26
	Dia 27
	Dia 28

