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Motivation for the non-extensive
hadronization models
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Motivation #1
Statistical & thermodynamical point of view
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The non-extensive statistical approach

e Extensive Boltzmann — Gibbs statistics

ngg — ng _I_ 52 ‘ ,.5'_”- — —Z_II'.J'; In i
Ei12 = Ea + E» :
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The non-extensive statistical approach

 Extensive Boltzmann — Gibbs statistics

ngg ng _I_ 52 ‘ ,.5'_”- — —Z_II'.J'; In i
Ei12 = Ea + E» :

* Non-extensivity — generalized entropy

L12(S12) = Li(Sy) + L2(Ss). 1 . .
. ) ST = E (p; — Pi)
Lia(Eq2) = Li(Ey) + La(Es) l —q =

e Tsallis entropy
Sia=51+5+(g—1)55 —) E*'::S} —

In(1+(g—1)5)
qg—1 :

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

f[:] — [1 + (g — L:;.i] -1 Physica A 392 (2013) 3132

-
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The non-extensive statistical approach

e Tsallis — Pareto distribution

(S'(E)*+5"(E)) 1 _ (smy)
I:I-qllrlrEJlx _ T L Tl S ¥

'!_-il=

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

e Tsallis — Pareto distribution

(S8'(E) +8"(E) 1 P
§=—7 i 5 ”ﬁ — = (5 (E))
(S5'(E))
{rn(n — 1)) E
— T —
4 (1) 2 (1)
P .
qg=1+ Jh:l:l — i I = J‘..Ef""ﬁ_[EJ = DI_F. :
T2 C [ Fasle) 1—(g—1)(D+1)
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Motivation #2
High-energy (particle) physics point of view
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Modeling hadronization in e*e” collisions

Final state processes & hadronization

a*e’ = 12" — 0g

G.G. Barnaféldi: THOR MC, Lisboa, Portugal, 2018
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Modeling hadronization in e*e” collisions

Final state processes & hadronization

a'e’ = 12" = qq parton
shower
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Modeling hadronization in e*e” collisions

Final state processes & hadronization

a*e’ = 12" — aq parton  hadronization
shower
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Modeling hadronization in e*e” collisions

Final state processes & hadronization

a*e’ = 72" — aq parton  hadronization particle decays
shower

G.G. Barnaféldi: THOR MC, Lisboa, Portugal, 2018
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Modeling hadronization in e*e” collisions

Hadronization in the phenomenologial picture

g's = 7/Z —0q

G.G. Barnaféldi: THOR MC, Lisboa, Portugal, 2018
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Modeling hadronization in e*e” collisions

The evolution ...

G.G. Barnaféldi: THOR MC, Lisboa, Portugal, 2018
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Hadronization models — history

The evolution of hadronization models

Feynman-Field pair production Lund model cluster model

hadrons

LT O

hadr .
TOMEnIum

I
f(2) o =7 (1= 2)" - exp ( bfnT)

PQCD models Non-pQCD models PYTHIA/HIJING HERWIG

G.G. Barnaféldi: THOR MC, Lisboa, Portugal, 2018 16



Name

Formula

Physical
motivation

Physical
meaning of
parameters

Number of
parameters

Evolution

Hadronization models — FF comparison

Feynman-Field Non-extensive

String (Lund) model

polynomial (Tsallis-like)
hi. 2 rh a __\Bh iy e —bmF . o a1 =
D (z,Q%) = Nj'z% (1 — z)" f(2) x 2711 = 2) -{_‘,\p( : ) Di(z,Q) = N1 —2) [1 e los(1 - -)]
propagator-like, propagator-like + string model Non-extensive phenomena
power-law spectra power-law + exponential Tsallis-Pareto spectra
NoO: spectra power, String tension + slope, Depending the statistical
disagree with the theory but no for spectra power framework q (non-extensivity), T
3/channel 3/channel (2+1)/channel (normalized)
DGLAP DGLAP for power law DGLAP

G.G. Barnafoldi: THOR MC, Lisboa, Portugal, 2018 17



Motivation for the non-extensive formula

Fragmentation model families
do(e” et — hX) _ Zaé(s)Dh(z 0)

dz

— | T

N —bm2 b 7
f(2) o [ (1—%— : ) ] f(z) o :.—1(1:.)@-@;11( ‘T”T) D}(z,Q) = N}(1—2) ll—q}h log(1 - )
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Motivation for the non-extensive formula

Fragmentation model families
do(e” et — hX) _ Zaé(s)Dh(z 0)

dz

h —bm? f—l _ g1
D}(z,Q) = N2 (1 - 2)” f(:)oc.-—luzw-exp( f”T) Dz Q):wl—,.}[l—qfh log(1 - 2)
O
4
142
lim D} (2,Q) = Nj(1—2) ™

G.G. Barnaféldi: THOR MC, Lisboa, Portugal, 2018 19




Motivation for the non-extensive formula

Can we make the next evolution step?
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Motivation for the non-extensive formula

Can we make the next evolution step?

it h
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Motivation for the non-extensive formula

Can we make the next evolution step?

iR _ i dr K
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Motivation for the non-extensive formula

Can we make the next evolution step?

iR _ L obi i K Jﬁkﬁ%/
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Fragmentation function parametrization in the
non-extensive statistical approach

G.G. Barnaféldi: THOR MC, Lisboa, Portugal, 2018
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Fit the non-extensive formula in e*e” collisions

LO pQCD parton model

do(e"et — hX) %
dz | g
=2 o5(s)D}'(2,Q)
parameters

Fit identified pion data in e*e
collisions to get FF parameters.

Comparison to KKP, HKNS FFs

G.G. Barnaféldi: THOR MC, Lisboa, Portugal, 2018
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Fit the non-extensive formula in e*e” collisions

LO pQCD parton model

Partonic channels g—h are fitted at

initial Q scale in LO.

1 do(ee™ — hX)

Tt o dz

F'(z,Q) =

via minimizing the merit function,

using the data

Bz, Q) — iz
XEZZ(F( (f)l y)

G.G. Barnaféldi: THOR MC, Lisboa, Portugal, 2018
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Fit the non-extensive formula in e*e” collisions

LO pQCD parton model

Partonic channels g—h are fitted at
initial Q scale in LO.

Need to reduce the number of fit )

parameters by the symmetries:

Here we fit (charge-averaged) pions

PP (2.@Q) = 2 [DF7(2.@) + DI (=, Q)]
J

I \-UGT}
T = ‘ﬂd}
D7 (2,Q) = DI (.Q)
D7 (2,Q)=Dj (2.Q)

D;_ :D;'E_r

D; =D =D =DI |
D;T_ :Dg—_?

Dy =Dj .

DT .

G.G. Barnaféldi: THOR MC, Lisboa, Portugal, 2018

For charge-average pions
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Fit the non-extensive formula in e*e” collisions

LO pQCD parton model

Partonic channels g—h are fitted at
initial Q scale in LO.

Need to reduce the number of fit
parameters by the symmetries:

Isospin, (anti)particle, neglect top,

sea/valence contributions

(2x6+1)x3=69 - 3x(2x2+1)=15

(‘FT+ = |ud)

™ = |ud)

DT (2,Q) = DT (2.Q)
D7 (2,Q)=Dj (2.Q)

G.G. Barnaféldi: THOR MC, Lisboa, Portugal, 2018

D;_ :D;'E_r

D; =D =D =DI |
D;T_ :Dg—_?

Dy =Dj .

\ Dy -

For charge-average pions
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Fit the non-extensive formula in e*e” collisions

LO pQCD parton model

Partonic channels g—h are fitted at . w‘é

Initial Q scale in LO.

1 /o do/dz
=

We used the symmetries of sea &

valence channels, up to beauty.

Parametrization of Fragmentation in e"et — 7= at 91.2 GeV

—— HKNS LO |

KKP LO
This Fit

(I) Exp. Data

Diff.

DF(2.Q) = 5 [DF(-.Q) + DI (2.Q)

Relat.

G.G. Barnaféldi: THOR MC, Lisboa, Portugal, 2018
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Fit the non-extensive formula in e*e” collisions

LO pQCD parton model

Partonic channels g—h are fitted at
initial Q scale in LO.

Parameters (10+5)

i — T q /T N

u 1455 62.72 207.1
uU=s 1.063  4.850 13.68
c 2.238  25.89 1497
b 1.211 2145 151.6
p 1059 17.05 53.81

u quark

Q =2 GeV

d quark |
Q =2 GeV
== HKNSLO |
« KKPLO
— This Fit 4

SN

iy !
hh""'-u__

s quark

Q =2 GeV

¢ quark

Q = V10 GeV

P e ——

b quark

Q = 10 GeV

Q =2 GeV

G.G. Barnaféldi: THOR MC, Lisboa, Portugal, 2018
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Fit the non-extensive formula in e*e” collisions

.

u qlll‘{ll"l{ | d qlll‘{ll"k ]
Pion LO FF parametrization N ke QmvRa
=) ==] HKNSLO
- KKPLO
o ' —— This Fit
All FFs have similar high-z trend,
especially for valence quarks s o o
T Q=vicv |\ Q = V10 GeV
Non-extensive FFs have a clear = \\
2\
maxima at low z (< 2GeV) values. Ny
KKP has low-z cut, HKNS presents lh G- uare gluon
! p \\ Q = 10 GeV Q =2 GeV
. . 1.0 -
uncertainties \
0.5
Sea kvark & gluon channels has - -
. 00 02 04 06 08 00 02 04 06 08 10
more difference. . :

G.G. Barnaféldi: THOR MC, Lisboa, Portugal, 2018



Fit the non-extensive formula in e*e” collisions

L5 u quark dqlllﬂfk 1
Parameter scale evolution
DGLAP evolution is given in LO: . k
ToeG ~ 2 [ pye/n.0) D . @7 ) o
S 10
This is converted fitted by a simply & ool K
formula for the parameters 00
15 b quark gluon
qh | — hl . 1.0
/ ATH N g & - %
D;(z: Q) — *"\'-il(l — ;2’] [1 o ETI:h hj?‘-‘(l — 2) 0.5 h
0.0
00 02 04 06 08 00 02 04 06 08

G.G. Barnaféldi: THOR MC, Lisboa, Portugal, 2018
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Fit the non-extensive formula in e*e” collisions

L5 u quark dqlllﬂfk 1
Parameter scale evolution
DGLAP evolution is given in LO: . k
dlog Q2 — ;/Z ?PZJ (Z/CL', Q )Dz (CU, Q ) _ s quark ¢ quark
S 1o
This is converted fitted by a simply & \
formula for the parameters 00
0 b quark gluon
: 1.0
D"z 0) =INP(1 —2) |1 — ul
i(H:Q) — ' "’] 0.5 k
0.0
00 02 04 06 08 00 02 04 06 08

- 10°

G.G. Barnaféldi: THOR MC, Lisboa, Portugal, 2018

10°

10

D] O
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Fit the non-extensive formula in e*e” collisions

Parameter scale evolution

Dl(z,Q) =[Nij1 - =) [1 -

DGLAP is converted, fitted by a
simply formula for the q,T, & N

L5 | ]
u quark d quark
1.0
]
h
q; 1 0.51
0.0
1.5 ]
s quark ¢ quark
C 10
-;-—.-/
k.
Qo
2
0.0
1.5
b quark gluon
1.0
0.0
0.0 0.2 0.4 0.6 0.8 0.0 0.2 0.4 0.6 0.8

- 10°

G.G. Barnaféldi: THOR MC, Lisboa, Portugal, 2018

10°

10

ol &
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Fit the non-extensive formula in e*e” collisions

Parameter scale evolution

R
«

Dl(z,Q) =[Nij1 - =) [1 -

L

u quark

d quark |

DGLAP is converted, fitted by a
simply formula for the q,T, & N

"(2,Q)

z DF

NI = apn +byn 5+ cyn 52+ dyn 5°,

1
h _ - _2 _3
q; —&@4—6{1?34—%?3 +dq?3 :

Th — A7h +bTh.§‘|—CTh -§2 ‘|‘dTh .§3,

1

where

s quark

¢ quark

b quark

gluon

=

o[/
* [lox(Q3/)

G.G. Barnaféldi: THOR MC, Lisboa, Portugal, 2018

10°
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Fit the non-extensive formula in e*e” collisions

Parameter scale evolution

h_1 ap—1
D"(~ ﬂl —z) [1 — anh log(1—=2)| °

T

DGLAP is converted, fitted by a
simply formula for the q,T, & N

N = ayn +byn 5+ cyn 5>+ dyn 5°,

[

ho_ - _2 _3
q; —ﬂrq?—qu;LS—l—Cq?S +dq?3 ,
T-h:{ITﬁ—FbThg"_CTﬁgz‘l_dT_hga,

1

where

- s [

10°

o T T S T T T T T e e

G.G. Barnaféldi: THOR MC, Lisboa, Portugal, 2018 36



Fit the non-extensive formula in e*e” collisions

Parameter scale evolution

: i ] 1T
D!z« - T 1{:,_;;(_1—;;)J1'T

I 'JE I l!f-=.‘:= EEEN f_' ‘ b LN {}

. . 1.6F
DGLAP is converted, fitted by a |
simply formula for the q,T, & N o
_ _ . 1.2}
N = apn 4+ byn 5+ cyn 52 + dyn 5°, !
1 - T I
| = Qgh T+ bq?’ S+ Cgn S+ dq? S5 Q [GeV]

Th — A7h +bTh.§‘|—CTh -§2 ‘|‘dTh .§3,

1

where

- s [

G.G. Barnaféldi: THOR MC, Lisboa, Portugal, 2018 37



Fit the non-extensive formula in e*e” collisions

Parameter scale evolution

1
h 1 TP
DMz Q)= N'1-=z) [l — anh log(1 — /)] 1
C : -fl
DGLAP is converted, fitted by a
simply formula for the q,T, & N
Nf — {Ihrf‘l ‘l‘ bhrh -§ —|_ Chrg‘l §2 —|— d-Nh 531 — — L= 8 L L I - b - g
o _ 9 3 0.15F
Qi _aq‘f‘ —I_bq'!"'g—l_cq'!"'g —‘_dqhs )
= apn + by 5+ cpn 5 + dpn 3 k-
0.05}
T T T/ S T/ S T/
Q) [GeV]

G.G. Barnaféldi: THOR MC, Lisboa, Portugal, 2018
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Fit the non-extensive formula in e*e” collisions

Parameter scale evolution 10° - e

[o— m— =& i . —— 7]

| ]

P -l R t -':-"' . 8 -

h =1 ; : VO o il k.. 10% ..""'!lilncq.-ntnt-t-?

“g -T_—_- Ijlh ].L-}g(]_ — /.,)J - ;H'E:_—“-.--

10t T T T T T TR e e

DGLAP is converted, fitted by a Lol i
simply formula for the q,7, & N o

R 1 1_ P 3 T PP EEEE TR L ]

| = gy +bgp S+ ¢ 57+ dg 57, e T — |

"= arn + brn 5+ cpn 5 + dpi 5°, E 000 o

where 0.05e o s & R

e oo |lo8(@5/A%) T T (S T

® | log(@3/12) Q (Gev]

G.G. Barnaféldi: THOR MC, Lisboa, Portugal, 2018 39



Self-tests of the non-extensive formula in e*e” collisions

Test of scale evolution

107 —I Tealliz FF (bi'l= 10 GeV
_ . _ . Taallis FF Q = 400 GeV
DGLAP evolution is given in LO: 100l —— Tuallis FF Q — 16000 G&V |
— = = Fitted Tsallis
dD!(z,Q?) L dx 10
1\ — _PZ 2 Dh 2 —
legQ2 2]:»/2' T J(Z/aij ) 7 ($7Q ) ::, »
vy 1077
The real DGLAP scaling can be 10-6}
compared to the fit of the full, F
=
parametrized formula =L )
1 =
h o1 =
q; (Q) —1 a;(Q)—1 ke
thQ:N-thl— : log(1 — 2 L | _
((20) (@) Tzh(Q) 8 ) 00 0.2 0.1 0.6 03 1.0

G.G. Barnaféldi: THOR MC, Lisboa, Portugal, 2018 40



Self-tests of the non-extensive formula in e*e” collisions

' ' ' ' - . 10°
Test of scale evolution 103+ e et — 7=, with Tsallis FF
DGLAP evolution is given in LO:

dD?(Z7Q2) o 1 dx 5 h 9
dlog@Q? Ej:/ — Pij(2/2, Q%) D (2, Q%)

E 107

Q) |GeV]

The real DGLAP scaling can be

compared to the fit of the full, 1073}

, - 10°
parametrized formula - :

105}

In full agreement with our earlier

10!
works’ scaling ansatz ~log(log(Q))

L]

G.G. Barnaféldi: THOR MC, Lisboa, Portugal, 2018 41



Self-tests of the non-extensive formula in e*e” collisions

1.0
: : g
Channel contribution test IR e
DGLAP evolution is given in LO: -
dD} (2, Q%) tdx S
J0s Q2 Z/z ?Pij(z/xaQ2)D?(x7Q2) S
J N Sap@ T EE T e e
_|_
Using the sum rule, R R
1 -El 0.4 IEEEEEEEE
1= Z/ dz 2D (2, Q)
ho o0 0.2
We calculated the evolution of the
channels contribution (probability) to in
form charge-averaged pion. e (e (e (S

Q [GeV]

G.G. Barnaféldi: THOR MC, Lisboa, Portugal, 2018 42



Discussion & comparison to data

G.G. Barnaféldi: THOR MC, Lisboa, Portugal, 2018
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Comparing non-extensive FF with e’e” data

10— : —
— 1 — =35 EmEnm b - i'; [ {}
1 ,\2:. * a2 g -
= 107 N R e
= ~——— .
L0 [ T T e S T
e
. 1.4r
-—;‘;\_‘:‘-' |
1.2
0.15F
e 0.10¢
E-‘|.
0.05¢
I(I-‘ II ”mllli}j II 1{1 II _(] II _II’

Q) [GeV]

200

250

0.04r
0.02¢

| s TR

Scale evolution in channels - full formula + errors + pion data

I

I e~et — 7, Exp. & Tsallis FF |
o
\/Qg\
L ) -
O
% === Tsallis FF fit

o

Exp. spect. fit -

F
e
!

Q [GeV]

G.G. Barnaféldi: THOR MC, Lisboa, Portugal, 2018
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Comparing non-extensive FF with pp data

Test of non-extensive FFs within the kKTpQCD _v20 model

G.G. Barnaféldi: THOR MC, Lisboa, Portugal, 2018
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Comparing non-extensive FF with pp data

Test of non-extensive FFs within the kKTpQCD _v20 model

L)
h(Q) -1 (@1
DI Q) = M@ |1 - B R og(1 - )]
i@ Y
N;l f— {lhr:t + bhr:l -§ ‘I_ C‘p\r‘;t §2 ‘I_ dhrlh 53}
¢ =ap+bp5+cps +dpus,
T} = agn +bra 5+ cpn 5° + dpn 5°,
~ log(Qz/AQ)] 1 GeV, foru,d,s,g
5 = log : __ = Me £
og(@/P)] P\ )

G.G. Barnaféldi: THOR MC, Lisboa, Portugal, 2018



Comparing non-extensive FF with pp data

Test of non-extensive FFs within the kKTpQCD _v20 model

Q) —1
TMQ)

Nh — afh."ft + bhrh -§ + C‘p,'r_h §2 + dh"h q§3}

2

DI (=,Q) = NMQ) [1 -

h _ - 2 _3
q; —aq?erq?ercq?s +dq?s ,

Eh — aTih + bT:h S + CTih .§2 + thh 53,
log(Qz/AQ)] {1 GeV, foru,d, s, g
_eNv it/ QO _

: M f
log(Q3/42) - g

5 = log

my

/

J

Relat. diff.

10°

10

=>
@
O

107
10°

810°
E'J:::.HJ'dr

LS
6

)
o
L

10°
10
10!
10
0.5

0

-0.5
4 B

R AT PRENK e

w1 KTpQCD KKP
bt KTPQCD pTs A

b L 1 1
P k1 1 1
. : 3
23 H -

e pptes 1200 GV P
] ] ] | L1 1 ] | | 11 | L1 1 1 11 11 ] ]
LI | LI | LU | LU | LI | LI | LU | LI I

. |
T : :
- Fi
: l’i

W

] — I, .

1 1 F

! ol O ! FAY:
it il LI R R

i Iff{ !

1 1 1

| 111 1 | 11

0

2 4 6 8 10 12 14 16
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Comparing non-extensive FF with e’e” data

“Tsallis thermometer’ - full formula + errors + pion data

Parameters from channels (color)

i — T q /T N

u 1.455  62.72 207.1
u=s 1.063  4.850 13.68
c 2.238 2589 14.97
b 1.211  21.45 151.6
g 1059 17.05 5381

Overall parameters (black)

Non-extensivity: ¢ = 1.39
T parameter: 1/T = 40

G.G. Barnaféldi: THOR MC, Lisboa, Portugal, 2018

0.14f
0.12}
0.10f
., 0.08}
0.06}
0.04f

0.02}

Spectra fit |

u

—~
=l

=S5

o

b

gluon

0.001'0

1.2

1.6
q

1.8

2.0
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Comparing non-extensive FF with e’e” data

Momentum P" Quasi-1D
Space +

of a jet

) () (D)
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

G.G. Barnaféldi: THOR MC, Lisboa, Portugal, 2018
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Comparing non-extensive FF with e’e” data

Tsallis thermodynamics

| dor
—— = Ax" 1
o dx ' ( "

g1 ~1/(g-1)
q = 1 +1/(a+ D+ 1)
T = (V5/2B/(D(a+D+1))

Microcanonical Tsallis

_lmr_ AxP-1(1 =x)

o dx (

p——

1/(g-1)
- T/(V5/2) )

In(1 — x)

q = 1l +1/(a+D+1)

T = (V5/2)B/(D(a+D+1))

x 10 2
T 1o’ 107x o

E 10%x

14 GeV
29 GeV

(1/6) do /
7/

—

_.
> 2

()‘
¢ E?E;J
._._'...

91 GeV
91 GeV

-—Ei—'_éf' 133 GeV

1.5

?/f “
7

=
%%-

41

107k — 189 GeV
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Comparing non-extensive FF with e’e” data

15
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Tsallis thermodynamics * iy 1—h¢,
r
P(N) = A,y N*' BN o4 g "
0.5} §
o
L
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Comparing non-extensive FF with e'e” & pp data

:::—2 a=1=+= (P, @) e
— a =1 + u log log(p, _, / @) pp 10™= E—T* = (P, o, 7 @)
—b 260 P, l:cl,[%e\ffc] T -:1l0 - ----- -1-(}:1-1.91 [GeV/c]
=f t
a sl + - =f
prt 4 bt efe Zf tH Tﬂ“
‘b 1 0.0 <= [Gze(lzg :llo . 2 2 = e .1:)\2{§ - ; S
K Urmdssy, GGB, TS Biro,
* Energy dependence (hard) PLB 710 (2011) 111, PLB 718 (2012) 125,

- Parameters g seem to increase & saturate at high energies

- Parameter T is decreasing & saturate with increasing energy
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Summary

Aim: non-extensive fragmentation function parametrization

— Pion FFs are avalilable for tests, fit on one dataset so far
So far we have:

* Non-extensive phenomena motivated Tsallis-like distribution
with physical meaning of the FF parameters
* Scale evolution is fully observed in (g, T,N) for channels & overall

— Other models: in comparison to HKNS, AKK present similar trends
- Data: comparisons & tests with other pion data fits well

- Better low-z behavior: even applying in pp spectra.

— Model: similarities with jet (1D) themodynamics & multiplicities

Next: More data to the fits and apply for kaon & protons
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BACKUP
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The non-extensive statistical approach

Hadron spectra in pp collisions can be i spectrain pp collisions depends

described by the Tsallis distribution: similarly on /s and on the multiplicity |
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The non-extensive statistical approach

T spectra in pp collisions depends

Hadron spectra in pp collisions can b
similarly on /s and on the multiplicity |

described by the Tsallis distribution:
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In pp: the Tsallis thermometer on the T-(g-1) plane

 Parameter space ———rg
(I) cm. energy makes % 0-5 \ \ p+p, energies, Vs<[0.06 TeV, }'Te‘l.f] -
changes along g-axis e 0.5 [ Br —:
- -
(”) mUItIpIICIty vary the 0.4 _\ p+p. Vs=7 TeV, multipl. —:
parameter T : m T [l E
(iii) the mass hierarchy - g =l e ol E
can be seen clearly with 0.2 %}. . 3
bunches : e % ]
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(iv) valid for pp = ;@?é»_iz;% ]
(v) T & g are connected o Y X X A R
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In pA: the Tsallis thermometer on the T-(g-1) plane

* Parameter space SR U I W B B B
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In pp: the Tsallis thermometer on the T-(g-1) plane

Measurements in pp

— parameter space Is
compact, especially in g

— €c.m. energy makes
changes along g-axis

— T & g are connected

0.15

0.1

0.05

0 0.05 0.1
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In pp: the Tsallis thermometer on the T-(g-1) plane

Theory in pp
Both are overlapping

— PYTHIA8 deviates
where no statistics In
the tall.

— kTpQCD v20is a
PQCD code is misses
the low p; body part.

= D EPYTHIA  [HKEPYTHIA
Q 0.3 e PE-PYTHIA
Q 4 & KTpQCD < K*KTpQCD
—0.25 Joll il
0.2
0.15
0.1
0.05 |
| |
0 0.05 0.1 0.15 0.2
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