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pT spectra

)c (GeV/
T

p

-2 )c
dy

) 
(G

eV
/

T
p

/(
d

N2
) 

d
T

pπ
1/

(2
R

at
io

8−10

5−10

2−10

10

-π + +π

ALICE INEL pp

 = 2.76 TeVs

 = 5.02 TeV (reference)s

 = 7 TeVs

0 2 4 6 8 10 12 14 16 18

1

2
 = 5.02 TeVs = 7 TeV / s

 = 5.02 TeVs = 2.76 TeV / s

-
 + K+K

0 2 4 6 8 10 12 14 16 18

pp + 

0 2 4 6 8 10 12 14 16 18

Transverse
momentum (pT )
spectra of charged
hadrons measured in
INEL pp collisions at
2.76 and 7 TeV.
Panels on the bottom
show the ratio of the
measured yields to
the interpolated
spectra.

ALICE, Phys. Lett B 760 (2016) 720.

3 / 26



Outline Preface Shape factor of pT spectra Results Summary

pT spectra
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heavy-ion collisions

In 1983, R. Hagedorn proposed the QCD inspired empirical
formula to describe experimental hadron production data:

E
d3σ

d3p
= C(1 +

pT

p0
)−n →

{
exp(−npT

p0
) pT → 0

( p0
pT
)n pT →∞

(1)

which coincides with

hq(pT) = Cq · expq(−
pT

T
) = Cq[1− (1− q)

pT

T
]

1
1−q (2)

for n = 1/(q− 1) and p0 = nT.

R. Hagedorn, Riv. Nuovo Cimento 6, 1 (1983).
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generalized q-functions

Here the q-exponential is introduced,

expq(x) := [1 + (1− q)x]
1

1−q (3)

with its inverse function, q−logarithm

lnq(x) :=
x1−q − 1

1− q
(4)
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Tsallis’ Entropy

In 1988 C. Tsallis suggested to use the non-extensive entropy
formula with the use of a quantity normally scaled in
multifractals firstly,

STs =

∑W
i=1 pq

i − 1
1− q

:=

W∑
i

pi lnq
1
pi

(5)

the corresponding probability distribution function goes like

pi ∝ expq(−βEi) (6)

C. Tsallis, J. Stat. Phys. 52, 479 (1988) and its refs.
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power-law distribuion

More and more experiments fit the high-energy
multiparticle production spectra with a Tsallis distribution,
well described by the formula

E
d3N
dp3 ∝ expq(−

E
T
), (7)
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normalized modification

Some use a normalization constant, Cq, which also
depends on the particle mass m, the Tsallis fitting
temperature T, and the non-extensive power-index q, to
re-describe the hadron spectra

E
d3N
dp3 ∝ Cq(q,m,T) · expq(−

E
T
). (8)
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thermodynamical consistence

Using the total number of particles,
N = gV

∫ d3p
(2π)3 [expq(−E

T )]
q, one can also view the spectra

as

E
d3N
dp3 =

gV
(2π)3 · E · expq(−

E
T
)

∝ E · expq(−
E
T
). (9)

10 / 26



Outline Preface Shape factor of pT spectra Results Summary

Phenomenological Analysis

Next we focus on some of the formulas used for approximating
the identified particle spectra in various collisions.

In this work we compare the differences of
:::::::
mT − m and mT

scalings as well as the simple pT scaling with full space region:
in the azimuthal integrated space:∫ +π

−π
dφE

dN
d3p

=

∫ +π

−π
dφ

dN
dypT dpT dφ

=
1

2πpT

d2N
dy dpT

. (10)
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Fitting functions

Table: Fitting functions of spectra 1
N

1
2πpT

d2N
dy dpT

∣∣∣
|y|∼0

=

scaling simple

mT − m A1(1 + mT−m
n1T1

)−n1

mT A2(1 + mT
n2T2

)−n2
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Fitting functions

Table: Fitting functions of spectra 1
N

1
2πpT

d2N
dy dpT

∣∣∣
|y|∼0

=

scaling simple normalized

mT − m A1(1 + mT−m
n1T1

)−n1 A3
(n3−1)(n3−2)

2πn3T3[n3T3+m(n3−2)](1 + mT−m
n3T3

)−n3

mT A2(1 + mT
n2T2

)−n2 A4
(n4−1)(n4−2)

2π[n4T4+m(n4−1)](n4T4+m)(
n4T4+mT
n4T4+m )−n4
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Fitting functions

Table: Fitting functions of spectra 1
N

1
2πpT

d2N
dy dpT

∣∣∣
|y|∼0

=

scaling simple normalized thermodynamically

mT − m A1(1 + mT−m
n1T1

)−n1 A3
(n3−1)(n3−2)

2πn3T3[n3T3+m(n3−2)](1 + mT−m
n3T3

)−n3 A5mT(1 + mT−m
n5T5

)−n5

mT A2(1 + mT
n2T2

)−n2 A4
(n4−1)(n4−2)

2π[n4T4+m(n4−1)](n4T4+m)(
n4T4+mT
n4T4+m )−n4 A6mT(1 + mT

n6T6
)−n6
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Fitting functions

Table: Fitting functions of spectra 1
N

1
2πpT

d2N
dy dpT

∣∣∣
|y|∼0

=

scaling simple normalized thermodynamically

mT − m A1(1 + mT−m
n1T1

)−n1 A3
(n3−1)(n3−2)

2πn3T3[n3T3+m(n3−2)](1 + mT−m
n3T3

)−n3 A5mT(1 + mT−m
n5T5

)−n5

mT A2(1 + mT
n2T2

)−n2 A4
(n4−1)(n4−2)

2π[n4T4+m(n4−1)](n4T4+m)(
n4T4+mT
n4T4+m )−n4 A6mT(1 + mT

n6T6
)−n6

pT A7(1 + pT
n7T7

)−n7
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Comparisons of χ2/ndf

Using these seven fitting functions in the table, we firstly
compare the values of χ2/ndf of fitting pT spectra in pPb
collisions at 5.02 TeV [1] and PbPb at 2.76 TeV [2] for different
identified particles (π and p for example) within all centralities.
The best fitting χ2/ndf = 1 is also plotted here as a baseline.

[1] ALICE, Phys. Lett. B 728, 25 (2014) and Phys. Lett. B 758, 389 (2016).
[2] ALICE, Phys. Rev. C 93 (2016) 034913.
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Comparisons of χ2/ndf
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Analysis of parameters
f1 = A1(1 +

mT − m
n1T1

)−n1 ,

f3 = A3
(n3 − 1)(n3 − 2)

2πn3T3[n3T3 + m(n3 − 2)]
(1 +

mT − m
n3T3

)−n3 (11)
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Analysis of parameters
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Analysis of parameters T
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Analysis of parameters T
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Analysis of parameters q
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Connections of T and q− 1
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Conclusions

The normalizing parameter has no major effect on the
fittings, unlike the mass of the particles.
The mT − m and mT scalings behave similar.
The mass effects lead to the best fitting results, which
breaks when pion spectra are analysed because of its
small mass.
Both of the parameters T and q show a

√
s-independence

but for the fixed colliding energy the temperature T
increases with particle mass m increasing.
For the parameters T and q− 1, all approaches seem to
reveal a linear dependency.
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Thank You!!!
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