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Introduction
Measurements of transverse momentum (pT ) and pseudo-

rapidity (η) distributions contribute to our understanding of

the hadron production in high-energy collisions and oper-

ate as a solid foundation to implement future analysis. The

charged particle transversemomentumdistribution also pro-

vides tests of the predictability of quantum chromodynam-

ics. While we can describe the high-pT distribution using

perturbative quantum chromodynamics, we also need to

use phenomenological methods to depict the whole spec-

trum. Non-extensive statistical mechanics [1] supplies one

of those methods, where it provides a parametrization that

fits the power-law behavior for high-pT as well as the ex-

ponential behavior for low-pT . Questions arise as to why a

non-extensive statistical mechanical distribution successfully

describes the experimental data and what are its possible

physical implications. Using collision data collected by the

CMS Collaboration [2] and made available through the CERN

Open Data Portal [3], we reproduce pT and η distributions of

charged hadrons for pp collisions with
√

s = 0.9, 2.76, and 7

TeV. The spectra obtainedwere then compared to those pub-

lished by the CMS Collaboration. The data were fit using the

Tsallis distribution.

Hadron collisions: the pQCD approach
A perturbative expansion

of a QCD process results in

higher-order terms of the

strong coupling constant

(αs ). αs is a function of the

exchanged particle’s energy

Q, where αs decreases with
its increase [4]:

αs(Q2) ≈ 1
b0
4π

ln
(

Q2

Λ2

) .

This property is called

asymptotic freedom. There-

fore, only high-pT can be de-

scribed by pQCD. The pQCD

model describes a high-pT
process where the struc-

ture functions f (x), the frag-
mentation functions D(z),
and the partonic subpro-

cess a+b→c+d are known.

This model predicts that the

high-pT yield behaves as a

power law:

E d3N
dp3 ∝ 1

pn
T

.

Hadron collisions: the phenomenogical approach

Phenomenological methods to explain the

hadron production use a statistical approach.

Hagedorn proposed an empirical formula to

describe the hadron production [5]

E d3N
dp3 = C

(
1 + pT

p0

)−n
,

where p0 and n are fitting parameters. For

pT → 0 we have an exponential behavior, and

for pT → ∞ the yield behaves as a power law.

Another way to describe the hadron produc-

tion data is through the nonextensive statisti-

cal mechanics. This approach is a nonexten-

sive generalization of the BG statistics. This

method gives a Tsallis distribution given by [6]

E d3N
dp3 = A

[
1 − (1 − q)ET

T

] 1
(1−q)

,

where ET =
√

m2 + p2
T − m. T and q are

fitting parameters.

The CMS Open Data Portal
In November 2014, the CERN collaborations solidified their

commitment to openness with the first release of LHC data

to the open community. Since then, there were multiple re-

leases from the CERN community, mainly from the CMS Col-

laboration. Focusing on the CMS Collaboration’s released

data, it is possible to access almost all of the collected data

from proton-proton collisions from 2010 to 2012, with the

center-of-mass energy of the collisions ranging from 0.9 TeV

to 8 TeV. Among other things, the CMS Open Data provides:

� collision data � simulated data � documentation

� Access to the CMSSW (the collection of software needed

by the simulation, reconstruction, calibration, and align-

ment modules)

The collided (and simulated) data provides the information

detected by (or simulated through) the CMS detector, among

them are

� the physical objects (electrons, muons, photons, etc) and

its properties,

– in our case, tracks, vertices, and calorimeter hits;

� trigger information (prescales and execution information);

� event information (luminosity, etc).
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pT and η distributions for non-single diffractive (NSD) events
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� Collision datasets used: [7, 8, 9]

� dN
dη higher than published data [10, 11, 12];

� q (and n) consistent with published data;

� T higher than published data;

Outlook: Even though we do not perfectly reproduce the published results, the distributions

are close enough to indicate that we are in the right direction. Now, we will look into the

fine-tuning necessary to obtain datasets as reliable as we can. After gaining confidence in our

distributions, we will look into the parameters obtained through the Tsallis fit and analyze their

possible physical implications.


