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Relativistic p+ p collisions at LHC energies shows some striking observatishich ignite in-
tense debate. Countering the argument they serve as thédinméer the analysis of heavy ion
collisions, a different view has emerged that they produceedium like heavy ion collisions
with a smaller size. The charge hadron spectra producedgrem collisions at,/Syn= 0.9, 2.76
and 7 TeV, LHC energies have already been analysed on the dfasiast-wave analysis [1] to
review the argument of collectivity and medium formationerel we present the results for the
spectra of identified particlest(K, p) at 7 TeV p+ p collisions from the hydrodynamical analy-
sis. The spectra have been evaluated for different mearptizittes and compared with the data
measured by CMS collaboration [2].
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1. Introduction

The possibility of formation of a collective partonic mexliu called Quark Gluon Plasma
(QGP) in relativisitcp+ p collisions is a matter of intense debate in recent days.r8eteoretical
activities [3, 4] with different analysis are available bywn At the Large Hadron Collider(LHC),
there is an order of magnitude increase in the collidinggiesrcompared to those available at Su-
per Proton Synchrotron (SPS) and Relativistic Heavy lordi@{RHIC). The increase in energy
by such an amount provoked to think about the formation of QGP

The study of QGP formation in relativistig+ p collisions at LHC, is not only because of the
argument of increasing colliding energy, also because mkesstriking experimental observations.
For example, the formation of ridge like structure which haen observed by CMS collaboration
at high multiplicity events at/syn=7 TeV, LHC energy|[2], is quite similar in nature to the one
observed at RHIC heavy-ion collisions [7]. The presenceuchgidge structure has already been
argued to arise due to the formation of hydrodynamical syst€he measurements from ALICE
and CMS in [5, 6] show the dependencies of HBT-radii on mlidlify and pair transverse mo-
mentum @7) which might be a feature of hydrodynamical behavior. Samkind of behavior is
also observed in heavy ion collisions at RHIC [8]. Here walgtthe collectivity inp+ p col-
lisions at,/Syw=7 TeV, at LHC using hydrodynamics and with an equation dfestaat mimics
the lattice predicted equation of state at high tempergturg;) and the Hadronic Resonance Gas
Model equation of state at low temperature T;). The successful application of hydrodynamics
by explaining the experimental observations implies tlesence of collectivity in the medium.

In the next section we discuss the hydrodynamics and theuptioth of chage particle spectra
from p+ p collisions with a brief summary.

2. Hydrodynamic description of charge particle spectra

We assume that the produced system achieve thermaliséial) (and expands due to high
internal pressure following the equation of ideal hydraaiyics, d, THY = 0. WhereTH"=(e +
P)uHu¥ — g"vP is the energy-momentum tensor for ideal fluid ané are the energy and pressure
densities respectivelygt’=diag(1,-1,-1,-1) is the metric tensor agt is the fluid four velocity.
The equation is solved assuming longitudinal boost inmaeg10] and cylindrical symmetry. To
solve this boundary value problem we have assumed thelingi@ral energy density and ini-
tial time (thermalisation time). To explain the charge gdetpy spectra for,/Syn= 7 TeV, the

initial energy density(1;,r) and radial velocityy, (i,r) profiles are taken ase(7j,r) = —2x-

1+e 9

A
0 =05 fm andvy is als+seur6ned to be zero. The equation of state (EOS) is anatipartant in-
put to the hydrodynamics. Here we consider an ansatz equatistate constructed from both
parametrised lattice results and hadronic resonance da&)thodel. This EOS has been suc-
cessful in explaining the photorp{) and dilepton pr and invariant mass) spectra from heavy
ion collisions for wide range colliding energies [11, 12, 13, 15] Here, the entropys{) of the
QGP phase foll > T;; is considered from lattice EOS and the entrogy 0f the hadronic phase

is considered from the hadron gas (assuming non-intetpti@arons and their resonances up to

andv; (Ti,r) = Vo <1— %) , & is the initial (central) energy density. The surface thigss)
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mass~ 2.5 GeV) forT < T;. The entropy density during transition region is paramettiwith
a tan-hyperbolic function which can make the transitiort firsler or crossover depending on the
value of the width parameter as follows [16],

S(T) = s(T) fq(T) + [ = fo(T)]sn(T)

fq(T) = %(1+tanhT _rT”) (2.1)

I is the width parametre, taken to be 20 MeV here. For our calicul T;; is taken to be 175
MeV [17].
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Figure 1. The transverse momentumpy() spectra of charge particles have been plotted fagn= 7 TeV,
LHC energy. The solid circles are the data points observe@lg collaboration [18]. The solid line
represents the theoretical calculations.

2.1 Cooper-Fry Formalism

In a hydrodynamical point of view, the hadrons in the nuclaalisions may be emitted after
decoupling suddenly from the medium at a freeze out hypdéasewr Before sudden decoupling the
particles might have a hydrodynamic behavior followingdheve equation of state. The invariant
momentum distribution of particles produced at freeze audbse is evaluated using Cooper-Frye
prescription [19] as given below.

Ed®N

o is the sharp freeze out hyper surface and characterized twystamt freeze out temperature
Te. p* is the 4-momentum anélis the thermal distribution function. The parameters usedtfe
evaluation of the charge particle spectra are mentioneaeiméxt section.
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2.2 Charged particle spectra

The pr spectra for charge hadrons frop- p collisions at,/Syx=7 TeV have been evalu-
ated from the hydrodynamic calculations using Cooper-Fgsgiption and compared with the
experimental observations [18] made by CMS collaboratiditgs has been shown in Fig. 1. The
theoretical estimation is with initial energy denséy1.55 GeVfm?® and 1;=0.8 fm. It explains
reasonably well up tpr=2 GeV.

The identified charge particle spectra (71 ,K™,K~, p, p) from p+ p collisions at,/Syn=7
TeV have been calculated for mean multiplicities 63 and thbame shown in Figs. 2 and Fig. 3.
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Figure2: The transverse momentum spectra of identified chargectfgsuch as pions, kaons and protons
with mean multiplicity=63 have been plotted fgfsyn= 7 TeV, LHC energy. The solid circles represent the
data points observed by CMS collaboration. Here, the lafeps for m", K™, p and the right panel is for
m,K~ andp. The solid lines are theoretical calculations.

The solid circles (black-color online) both in right andtlpinels represent the experimental data
of m" andmr [18] respectively. The solid squares (blue:color onlineg) far K™ & K~ and open
circles (red: color online) are fggandp. The solid curves are theoretical estimations using hydro-
dynamics with initial energy densities=1.5 GeV/fn? (for multiplicity 63) andeg=1.6 GeV/fn?

(for multiplicity 75). The initial thermalisation time&=0.9 fm is considered for both. To explain
the pion and kaon spectra we have used the freeze out temmeehat115 MeV. For proton spec-
tra, both calculations fofr=115 MeV andTr=120 MeV are shown. The solid curve (for proton
spectra) is foifg =120 MeV and dashed line is fAg=115 MeV i.e., for multiplicity=75 . Consid-
ering the pions and kaons to be emitted from a constant fre@zsurface at freeze out temperature
Te=115 MeV, the hydrodynamical calculation explains the dassonably well. However the pro-
ton spectra have been explained better With120 MeV and stil the deviation exists at very low
pr (0.5 < pr(GeV) < 0.8). A viscous hydrodynamics may explain well.
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Figure3: The transverse momentum spectra of identified chargedtfesuch as pions, kaons and protons
with mean multiplicity=75 have been plotted fgfsyn= 7 TeV, LHC energy. The solid circles represent the
data points observed by CMS collaboration. Here, the lafepi for mt, K™, p and the right panel is for
m,K~ andp. The solid lines are theoretical calculations.

3. Summary

The same data are explained by using blast wave (BGBW) maddls], where the authors
extract a common flow velocit§ and common kinetic temperatufg, using simultaneous fit. The
authors also hint for the presence of collectivity from tHeEBN analysis.

The authors in [4] explains the pseudo rapidity distributaf charged hadrons with initial
energy density larger than the critical energy densityrestted with improved Bjorken estimation.
The application of hydrodynamics explaining the pseudadigpdistribution already establishes
the collectivity in the medium formed ip+ p collisions at,/Syn=7 TeV LHC energy. In this hy-
drodynamic description, we also find the total charged hadpectra and individual pion and kaon
spectra are explained well. The explaination using hydnadyic prescription implies the presence
of collectivity in p+ p collisions at 7TeV, LHC energy. The critical initial enerdgnsity required
to explain the data is more than the critical value for QGnfation for the above discussed EOS.
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