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Motivation:
High & low-p_hadron spectra

Can non-extensive thermodyn. resolve this?
Notes on hadronization

Simple joint models, tests & outlook
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MOTIVATION - for the future

« Measuring jet fragmentation (PID)

Available: PID & jet fragmentation can
be measured via jet analysis, data are
from: DESY, Tevatron, RHIC, LHC...
See: more on D. Berényi's poster

e Future PID measurement in HIC

Under development: ALICE VHMPID

detectors might measure it See more
on: S. Pochybova, A. Agocs

* Fragmentation in "matter"

Aim/dream: Measure differential jet-
parameters, identifying final state

effects (jet-quenching modifications).
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MOTIVATION - recently

e New LHC pp data (CMS)

JHEP 1002:041(2010)
fitted Tsallis distribution for p_spectra:

E

m 7 TeV pp. NSD

o 2.36 TeV pp. NSD

o 0.9 TeV pp, NSD
— Tsallis fits

Parameters:

0.9 TeV
2.36 TeV

INT 2NT i —H
! hfh - I EdNo, —C(n,T, m]ﬁrhch (1 —E—T)
dp>  2mpr pdydpr

dy nT

1(2np,) d° N, /dn dp_ [(GeVic)?]
5
[

2 3 4
P, [GeV/c]

T= 130 MeV, gq=1.13
T= 140 MeV, gq=1.15 n:=(g-1)*

* RHIC analysis on AuAu data (y=0)

Cooper-Frye model: K. Urméssy, T.S. Bird: PL B689 14 (2010)

Parameters:
200 GeV

f{E] = :"-”1 + IZq— NE/ ﬂ-l."[r_.'—ll
T= 51 MeV, q= 1.062 (fit for p_ < 6 GeV/c)
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MOTIVATION - past...

FQCD + Quark Ccalescence at LHC for pion ° pQCD based pa rton model.

oo
3 107 QCD at T -» 0 temperature
a7, power law distribution
-:E‘ - :I-.‘F'I' o lf:l'.lj_lf" GEP;?QEF;" Q
SR D strong dependence on FF
10 \\ PO+Pb —> 7' +X al s77=5500 Gev good for high-p_hadrons
5 \ with Shad + Q [L/A=4,8) T
10 0—10 % central coll.
8 * Quark-coalescence model
10 Thermal, finite temperature
:Z‘“ exponential distribution e™"
i i parton-hadron duality
8 8 .
'{ﬂ LA good for high-p_hadrons
i0
GO . P. Lévai, GGB, G. Fai: JPG35,
Q 2.8 = PR 10 125 15 125 20

or (GeV) 104111 (2008)
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High & low p_ hadron spectra

« 1. interpretation 'soft' & 'hard' processes

RHIC/LHC
energies

Incl. Cross Section

P
4-6 GeV/c U
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High & low p_ hadron spectra

« 2. interpretation 'bulk’ & 'jet-like' processes

RHIC/LHC
energies

Incl. Cross Section

P
4-6 GeV/c U
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High & low p_ hadron spectra

« 3. Interpretation 'thermal’ & 'non-thermal’ models

RHIC/LHC
energies

Incl. Cross Section

P
4-6 GeV/c B
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Basics of non-extensive thermodynamics

Non-extensive thermodynamics ( )
associative composition rule, (non-additive) :

h(h(z,y),2z) = h(z, h(y, z))

Then should exist a strict monotonic function, X(x) 'generalised logarithm'
(an entropy-like quantity), for which:

(z,y) = XX (z) + X (y)) X(h{z,y)) = X(x)+ X(y).

Example: (i) Classical thermodynamics:
fIE)= e PE/Z hiz,y)=x+y.

(11) Tsallis distribution
hiz,y) =x+1y+ I_-!-.I"f,f il =qg—1

1 _syqeapy 1L 3/ e—eIn(f) _q 1
T = — :-_Eln'»l"'“hal — T (1 q — . _ 2 Cpl—a g
f(E) A ~ (1+ak) = f - . (f f).
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Associative composition 3 evolution eaq.

Non-extensive Gibbs, generalised

i 1
logarithm: flz) =

e —G3X (=) .

Composition rule for sub-systems:

rn(y):=ho...0h %%

N-—-1

Meanwhile satisfy: w_lim ry(y) < oo

A —F XD

Assimptotically, if VMo — =~

LNy +Ny = "“a??[;r-'_"ﬁ s ENo 1:'

recursive equation can be given:

z e !
T, = h (;?.'ﬂ_lz h—{) , where hl:;]‘_'._ U) = I. ‘ Iy =1, = h[;]‘f?l_la %) — h‘(i.ﬂ—l'.m'

Evolution equation can carry out:
dxr

dz t
ey ., o4 — L{‘“}:/mz.m =Y
7l hig (2, 07) 4 Mal%s ) f
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Notes on hadronization:

Integrated vs. statistical



Hadronization processes & fragmentation

Hadronization: requires a model, based
on local parton-hadron duality
(kvantum numbers & momenta
connected to a cone around or to the
leading particle.)

« Parton/hadron shower evolution comes
from statistical processes (step-by-step
MC evolution). » microscopical

« Fragmentation function (FF) carries
iIntegrated (phenomenological) ;
iInformation on how parton fragment |

into hadron. — integradted distribution  :.[| [T ==
« Measurement lepton-antilepton il 25 I
annihilation, HIC, etc...
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Models for fragmentation

* Independent fragmentation model (Feynman - Field)

Simplest model for fragmentation by

Field & Feynman : g & g channels —L/L<A

e (Quark) string model

color strings between qq, breaking into %
quark-antiquark pair - mesons %&&

e Cluster model (Lund model)

Lund model: phase-space separation,
froming clusters: qq - M, qgq — B
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Fragmentation processes in parton model

In a pQCD based parton model, fragmentation functions (FF) gives
how parton (a) fragment into a hadron (h), D_ _ (z,Q?).

h/a
DGLAP scale evolution: 4
d dzﬂs h
danz Q)_Z./ z 4w (Q)D( @)

-
A
dO_pA do—ct D, oz, A2
b W ~ futpla, @5 kr) @ a2, @ ki, D) 9——0 o)

dt Tzl

foya(e, @ b, b) : Parton Dist. Function (PDF), at scale ¢*
Dr /el 2, Qz) Fragmentation Function for 7 (1'17), at scale (g

UUUUUU

T : Partonic cross section

d- = d- le 2
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Fragmentation via associative composition

Program:

1) Search and fit Tsallis distribution
to data.

2) Search for physical meaning of
T and q parameters.

3) Components of the sub-systems

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

4) Test: can a BFKL / 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*)))
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A test In two models

joint ideas...



1° way: find the distribution

« A suggested new way: Tsallis (like) distribution

RHIC/LHC r.(p) =

. 1/(a—1)
energies (1+(q— 1)—)

Incl. Cross Section

4-6 GeV/c B
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1% joint model: recombination & pQCD in AA

Find a distribution for low & high momentum spectra:
A
Fh(E) o E 1/(g—1)
AL ) (1+@- D7)

In AA collisions particle energy modified by the flow:

E =~y(my — Vfiowpt), My = -\/’ﬂr’.132 + p?

Slope for particle spectra can be fitted:

OF

Lsiope = — I(1 F)=T — 1 E
stoy Aln(Fp(E)) (1 +aF) +(q )

furthermore, if E>>m, thenT>T[(1+Vv)/(1-v)]Y

See more on details in talks by: K. Urméssy and P. Van
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1" joint model: recombination & pQCD in AA

14
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1 joint model: recombipation & pQCD in AA

Analysing = L{, she¥' 9 o 5%
Meson & Baryon e s e L4 h
specta in = %
AuAu collisions oy . o) PR
P, [eV] R P, [Gev]
Ratio of theoretical | _L{ ] " | %
or experimental p_ T ¢% i k.. f
spectra in y=0, AVAu . 1 .11 . | R T
collisions fitted by - ik ind sk Prife
Tsallis distribution. o “
=50-70MeV,
0=1.06-1.07

Here the fit is only

fOF pT < 6 GeV/C. 1%;&‘1* — 1.05F 0.5f ; E
K' Urmossyl TS Og > a hevf o 0.05 01 % 0.5 1
Biro: PLB689:14 T Treen i
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2™ way: to resolve the gap...

 Suggested interpetation: Tsallis + evolution

RHIC/LHC
energies

Incl. Cross Section

4-6 GeV/c B
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NO evolution

With evolution

2™ joint model: Tsallis with evolution
« TEST on CDF ch. hadron data in pp @ 1.96 TeV |y|<1

dN / pTdpTdy i AN/ mTpTdpTdy data / theory ( dN/dpTdy )
1-10° | )

100 ' — o . I l |
10 — ] I
f T=1064 7 i - :
0.1 — 1T ] ]
] 661 ;
ae1 —_ 1-1025 |
110 q0 1.116 _ 110-2 [ -
103 7 110-2 [ —
1-102 — 1-10-9 -
1108 — 1-10-4 [ —
1-10—g [~ — 1-10-0 [~ |
1105 [~ 1 Lo 7
st [ ] 1101} -
11 - m 1-10-13 —
11073 [ - P13 E .
1-10_; ot b _
1-10-95 [T n 1-10-15 [ N | | |
1-10 1-10 3 0 3
0 50 100 150 0.1 1 10 100 1-10° 0.1 1 10 100 1-10
pT (GeV) pT (GeWV) pT (GeV)
i i — 1 _9D%
|
» DGLAP motivated evolution: n = (q -1)" -2*log(log(Q))
; dN / pTdpTdy X AN/ mTpTdpTdy data / theory (dN /dpTdy )
1-10° I I | 1-10° | | | 2 T | T
100 —] 100 ] -
10 - 101~ _ 2
1 T = 3.95 7 011_ — - ¢
0.1 — L |
— .01
‘lgl q —_ 1116 m 1-10_3 — — %_[
1-10_; 0 — 1102 -  — TLT
110" — 1-10_] [~ = g
1-10_° — 1-10_7 [~ — k
O - 1-10_, [~ =
1-10__ 1105 -
1-10__ — =l | LY
1-10_° . ll_léﬂm — —
) ] —11 1
1-10 . - —
110 1° | | i_ig_ll | | | ; 0 ' ' ' 3
0 50 100 150 0.1 1 10 100 1-10° 0.1 - 10 100 1-10
pT (GeV) pT (GeV) pT (GeV)
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2™ joint model: Tsallis with evolution

More TEST: ™
0.2-7TeV
midrapidity
data

102

10"

"

uaTECERMN =B
CDF&@ZTevaron n<1

CMSEMCERN 0.2
ATLASECERNT=2.5

-t
<
-

0.4

C.m. Energy ol

dependence ..

ofthe T & g “’ﬂ"?_{

parameters

o7

2 4 6 8 10
s [Tev]

10

Ed~3nN /[ p~3p l Tsallis2
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2" joint model: Tsallis on g-T plane

« TEST on various midrapidity data @ different cm

0.4 1.4 — 3
Tsallis i allis
— =
Tsallis 2 allis
0.3 z 1.3
_;-
4 & -
.
-
- L ]
1 1 | |
2 4 6 a 10
s [Tew]
VT=alli=

« The g-T plane Nl

1 1 1
b 0.1 0.2 0.3 0.4
T [GeV]
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A new guestion on the market...




New (HOT) data at LHC energies - today
See: ALICE: Prague Jet workshop & CMS: QCD-10-008

EdN/dp® [GeV ¢

Data / Fit
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Comparision in x_: old/new data by Tevatron
See: CDF: PRD 79 112005 (2009) & CMS QCD-10-008

—IIII| T 1 IIIIII| I IIIIIII| [ IIIIII| T 4 I L III| I I I T III|
107 - (a) CMS Preliminary — - (b) CMS Preliminary -
L ]
— * = 3l o
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o B ] L e CMSTTeV -
> e B N = ) CDF 1.96 TeV
O 107F i b 10°F 5 coFisoTev .
'E 3 — e - . CDF 0.63 TeV -
= 107 = ﬁ" i UA1 0.90 TeV (f|<2.5) 1
_'g- — ] e | —g— UA10.50 TeV (jnj<2.5) 1
B 102E . = B —% UAT0.20 TeV (jy]<2.5)
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& m
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| —x— UA10.20 TeV (fn|<2.5) - . §
IIII| 1 IIIIIII| ] IIIIIII| ] IIIIIII| 1 . ] [ IIII| ] | [ IIII| |
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How to resolve this 'question’..

« Experimentalists' point: simply: wrong data
« Earlier signs:

F. Arleo et al.: hep-ph/1003.2963v2 LAPTH-015/10, ICCUB-10-018

e P. Lévai et al.:

See: P. Lévai's talk

 Our phenomenology:

(1) Tsallis distribution fits well, but
parameters vary by e.g. energy

(11) Need for evolution of the parameters: like
e.g. in hadronization, (p)QCD based paron
model (i.e. BFKL, DGLAP).

Note, fits are good basically for hadrons...



SUMMARY

. High & low p_spectra has different distribution..

...however hadronization should not work differently.

 Non-extensive (non-equilibrium) thermodynamic

Can be applied generally. Based on composition rules,
evolution eq. can be obtain even for non-thermalised case.

 Tests and models with Tsallis assumptions

Seems working for hadron production up to intermediate p_,
and extension to the highest p_region is still question.
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... SO we hope...

]
IT'S NOT A BUG
IT'S A FEATURE

0= — (1- [wa)az),
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BACKUP



An extra to 2™ joint model: Tsallis on jets

« TEST on jets and direct photon production - on q only

4
107 2

E d*3M / p~3p / Tsallis (L

B
8 TeW CDF "I

T

1) Jet 0.546 TeV ual B
El1Jet0.63 TelV ual
LA Jet 1.96 TeV DO
¢y Jet 1.96 TeV CDF

107

107°F

10°

=TT
-
o

1.4 10 1.4

Tsallis
o= — o
1.3 1.3(—
1.2 5 1.2
1 1 A 3 iy 1

1.1 % (£l 1.1 g

@ @ E2

| | 1 o I 1 I 4 I

b 0.5 1 1.5 2 o 0.5 1 1.5 2 b 5 10
\S [Tevl Vs [TeV] T [GeV]
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