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We present a study of the properties of ‘soft’ and ‘hard’ events using PYTHIA 6.425 (Sjostrand et
√
al., 2006) in proton-proton (pp) collisions at centre-of-mass energies ( s) 0.63, 0.9, 1.8, 2.76 and 7
TeV. Events are classified into ‘soft’ and ‘hard’, based on the presence of a jet. The multiplicity and
transverse momentum (pT ) distributions of charged particles at midrapidity are studied for both ‘soft’
√
and ‘hard’ events as a function of s. No significant change in the charged particle multiplicity and pT
√
√
distributions are observed with s for ‘soft’ events, indicating that the increase in s mostly contributes
to the increase in the fraction of ‘hard’ events.
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Introduction
Non-diffractive proton-proton collisions can be classified into ‘soft’ and ‘hard’ (or ‘semi-hard’) interactions.
The hard (or ‘semi-hard’) interactions involve parton-parton interactions with large momentum transfer
which results into hard partons and jets. On the other hand interactions without a jet (or minijet) can be considered as ‘soft’ interactions. Energy invariance in the properties (e.g. multiplicity, transverse momentum,
and mean transverse momentum distributions) of ‘soft’ events is observed at lower centre-of-mass energies
(Acosta et al., 2002; Huang et al., 2004). Recently, energy invariance in the properties of ‘soft’ events
is predicted also at the LHC energies (Ghosh, 2012). The underlying mechanisms of particle production
in hadronic interactions for ‘hard’ (pQCD based) and ‘soft’ (phenomenological model based) interactions
can be better understood by studying pp interactions by classifying them into ‘soft’ and ‘hard’ events. In
this work, we investigate the properties of ‘soft’ and ‘hard’ interactions using the minimum bias PYTHIA
√
(Sjostrand et al., 2006) events in pp collisions at various s in the range from 0.63 to 7 TeV.
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Selection of ‘Soft’ and ‘Hard’ Events and the Analysis Method

This study is performed using minimum bias events obtained from Monte Carlo (MC) event generator
√
PYTHIA 6.425 (tune Perugia 2011 (Skands, 2010)) in pp collisions at s = 0.63, 0.9, 1.8, 2.76 and 7 TeV.
√
The total number of events generated for each s is 0.5 M. The minimum bias events are classified in
two classes, (a) ‘soft’ and (b) ‘hard’, on the basis of presence of charged jets with transverse momentum
(pT ) above a given threshold value. Jets are reconstructed using anti-kT (Cacciari et al., 2008) jet finding
algorithm from Fastjet package (Cacciari and Salam, 2006) within | η | < 1.0. Charged particles with pT >
0.15 GeV/c and within | η | < 1.0 are the inputs to the jet finding algorithm. In each event the reconstructed
jets pT are then compared to the threshold value, and if any of the jet pT is found larger than the threshold
value, the event is categorized as ‘hard’ event otherwise it is categorized as ‘soft’ event. There is no unique
value that exists for this threshold, therefore, the analysis is performed for various threshold values such as
1.0, 1.5 and 2.0 GeV/c. The multiplicity and transverse momentum distributions of the charged particles
√
with pT > 0.15 GeV/c and within | η | < 1 are obtained for both the classes of events at all s.
Results
Multiplicity Distributions
Fig. 1 shows the multiplicity distributions of charged particles with pT > 0.15 GeV/c and within | η | <
√
1.0, for ‘hard’(A), and ‘soft’ (B, C, D) classes of events in pp collisions at s = 0.63, 0.9, 1.8, 2.76 and 7
TeV. Plots A and B of Fig. 1 are obtained for threshold value of 1.0 GeV/c whereas C and D are obtained
√
for threshold values of 1.5 and 2.0 GeV/c respectively. It is interesting to note that the shapes and the s
dependence of the multiplicity distributions for ‘soft’ and ‘hard’ events are very different. The multiplicity
is higher in ‘hard’ events compared to ‘soft’ events as expected due to presence of jets. In the case of ‘hard’
√
events the multiplicity increases with increase in s, whereas the multiplicity distributions are found to be
√
somewhat invariant with s for ‘soft’ events. No significant change in the distribution is observed in the
√
wide range of s from 0.63 to 7 TeV. The effect of changing the threshold value has a very small effect on
this observation, however, the multiplicity slightly increases for higher threshold values.
Transverse Momentum Distributions
Fig. 2 shows the transverse momentum distributions of charged particles within | η | 1.0, for ‘hard’ (A), and
√
‘soft’ (B) events in pp collisions at s = 0.63, 0.9, 1.8, 2.76 and 7 TeV for threshold value of 2.0 GeV/c.
√
The pT distributions become harder with increasing s as expected for ‘hard’ events, whereas no change in
the distributions are observed for ‘soft’ events.
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Fig. 1: (Color online) Charged particle multiplicity distributions in pp collisions at

√
s = 0.63, 0.9, 1.8, 2.76, and 7 TeV for

‘hard’ (A (threshold = 1 GeV/c)) and ‘soft’ (B (threshold = 1 GeV/c)), (C (threshold = 1.5 GeV/c)) and (D (threshold = 2
GeV/c)) events obtained using PYTHIA
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Fig. 2: (Color online) Transverse momentum distributions of charged particles in pp collisions at

√
s = 0.63, 0.9, 1.8, 2.76,

and 7 TeV for ‘hard’ (A) and ‘soft’ (B) events with threshold value of 2.0 GeV/c obtained using PYTHIA
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Summary and Conclusions

The properties of ‘soft’ and ‘hard’ events are studied in pp collisions at

√
s = 0.63, 0.9, 1.8, 2.76, and 7 TeV

using PYTHIA MC event generator. The events are classified into ‘soft’ and ‘hard’, based on the presence
of charged jets above a threshold on jet pT of 1, 1.5, and 2 GeV/c. PYTHIA reproduces the invariance
properties of the multiplicity and pT distributions of charged particles at mid rapidity for ‘soft’ events as
observed by the CDF (Acosta et al., 2002) and STAR (Huang et al., 2004) collaborations. The study
√
is extended to LHC energies and similar properties are observed in PYTHIA. The increase of s seems to
mostly contribute to the increase in the fraction of ‘hard’ events. In future, we will include more observables,
such as mean transverse momentum, particle ratios etc. and extend this study further to understand the
effects of color reconnection in the MC event generator and eventually apply to the ALICE data.
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