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Introduction:

 For the study of Mid-rapidity space transverse
momentum spectra of hadrons (p, K*, Ks, ¢, a,
and (=+&)) and the available rapidity
distributions of Strange hadrons (K¢, (A 4A ,(E+=
) USTFM has been used.

* Using Model calculations provides Thermal
Freeze-Out Condition.

» Shows transparency In p-p collisions at LHC.
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* Incorporates longitudinal as well as transverse
hydrodynamic flow.

» Heavy decay contributions are taken into
account.

* Imposed the criteria of exact strangeness
conservation.



Rapidity
This defines the lnngitudinal motion for a Partic:le of mass m mu'l.ring alung Z-axis.
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Itis a dimensionless quantity and can be +ve or —ve.

It has simple properties under the change of frame of reference.

In non-relativistic case, rapidity v = longitudinal velocity f5.

The rapidity is useful as momentum, since rapidity differences are Lorentz invariant
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Invariant Yield and Freeze-Out

®* Number of particles produced per event, N, per unit of

Lorentz-invariant momentum space.

d*N _ d:N
dp 2ap.dp . dy

E

* The Invariant spectrum is the core measurement of this
work. All results Presented later on will be derived

from invariant spectra of various hadrons.
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Hadrons deeeuple from the rest of the system.
Particle Preduetien processes stop.
Hadrons stream ﬁ'eel}' to their respective detectors.

Particle ratios and Pertiele spectra freeze.

Chemical Freeze-out:

Inelastic collisions cease.
Particle number s fixed.
Characterized by chemical freeze-out temperature and chemical potential.
Information given by the particle ratios and their rapidity distributions.

Kinetic Freeze-out:
Elastic collisions cease.

Particle energy and momenta are fixed.
Charactermized h}' kinetic freeze-out temperature and collective flow.

Information g‘iven h}' the transverse momentum distributions.



Unified Statistical Thermal Freeze-Out Model
(USTFM)

W The system formed at freeze-out 15 assumed to be 1n thermo-chemical EEll.].i]ihl‘il.]m.

m Fireballs mnving a]ung the beam axis with monot unic:a]]}' inc:rea.sing fireball raPiﬂities
¥o-
m The momentum distributions of hadrons are characterized h}' the Lorentz-

invariant Cooper-Frye formula:

d*n

g Tl
43P (22} j-f T‘?‘) FF&L.

Where _E_r represents freeze-out surface. Fugacity A = exp(u/T).

3 2 d*N E
| Also Eﬂ_ 'ﬂ where E
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E

18 the quantum distribution function.

| Chemical Potential U=a + b};ﬂl

E'=y(E-p.f) p.8= pefrt nby

E = myCoshy P, = m;Emhy
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We have incurpurated both the transverse as well as lungituﬂ.inal flow.

The transverse (ur ra.dia.l) velucit}' component of the hadronic fluid varies with the
transverse coordinate r as: 1'81' [:}-:] = ;81{5(3" 'R j“ where R is the Transverse radips of the
fireball which decreases with the z coordinate of the system as: R= I, eXp ::—Izr ,l"ﬂ':]

The fluid’s face t 1 locitvis fixed as: —a° [1-—
e fluid’s surface transverse expansion velocity is fixed as ﬁ; _*&T 1 ﬁa
o
The longitudinal velocity component is: ﬁ (z)=1- =
) exp(2cz) +1
Also we ensure that net particle velocity must satisfy: ﬁ(i": Ej = 1,{;8; + ;8: <1

Fina.ll}' an integ‘ra.l over the Ph}'ﬂical volume of the system I:using l::}'linﬂrica.l coordinate
5}'5tem) 1s Perfurmed to obtain the net hadromic }'ield:

LI J'MFAE’ () drd
T ) e\ T/ rdrdz

This 18 the thermal I:Primnrﬂia.l] }'ield.



Resonance decay contributions

2 The spectrum of a given decay product of a given parent hadron in the rest
frame of the fireball can be written as :

: K %oy = K Yeew
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The two body decay kinematics gives the product hadron momentum and
energy in the “rest frame of the decaying hadron™ as

"

- w1 1.1/ - . — ??IJ +m
p =(E* —m*)"? E'=_% -
2m,
- . . - r.?‘i"i‘ Hll' “ -
The limits of integration are: . - —2 .(EE = pp ]
o lmT )
N

2 A Boltzmann type distribution for the massive decaying hadron in the local
rest frame of the hadronic fluid element leads to the following final
expression for the invariant cross section of the product hadron:

AN 1 (m, e (. : : :
= —'WEEE* — L L T i ™
o Ep‘[p‘l%ghe [H [E E* Sinh(afp p*) — pp" Cosh(abp p*)]

+ Tasmh{ﬂﬂp'p']]
where @ =my/m’ and 0=1/T




Continue...

d I (E d:*p)dpr

Transverse momentum distribution

Rapidity distribution



Fitting procedure

Minimization of 7 per degree of freedom
RE"F Rﬂlﬂ 2

i)

Centre of mass energies studied

9.2GeV, 62.4 GeV, 130.0 GeV, 200.0 GeV,0.9TeV, 2.76TeV, 5.02TeV, 7.0 TeV



Results and Discussion

Particde ja(MeV) b (MeV) | orfm)
K2 1883007 370005 |540=z0.02

(A+A) [135£1.10[3.55£009 KH.70=0.04

—

=+ = [ 1.0+030 3452009 [M440=0.03

Table.l Values of a, b and & obtammed from
fitting the rapidity distributions of K2,(A +

A)and(= + E), respectively, at Vssy = 0.9
TeV.
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Rapidity distribution of K°, (A+ A),

and (5 +5) at Ysyn=0.9 TeV.
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Freeze-Out parameters of various hadrons along with
their corresponding ¥2/dof , produced at VSNN=0.9TeV

Particle |7 (MeWV) By n rr/dof
K~ 173.0% 058 £ 120+ 1.18
1.0 0.01 010
KY 174 0= 0.55 % 1.04 = 063
2.0 0.01 010
P 172.0% 0.56 % 1.10 =% 065
1.0 0.01 006
@ 175.0% 0.52 % 1.0= 025
2.0 0.02 0.12
M 175.0=< 051+ 1.02 % 070
2.0 0.01 008
(= +=") | 176.0% 049 = 1.02 < 0.91
2.0 0.02 011




d*N/{dP_dy){GeVv)™

Transverse momentum spectrum of (p,
K*, K¢, &, A, and (E+£))
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d’N/(dp_dy)(GeV)
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d’'N/dP_dy (GeV)"

Comparison of our Model results with PHOJET
and PYTHIA D6T (109) calculations
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Conclusion

« The transverse momentum spectra of the hadrons and the rapidity
distribution of the strange hadrons are fitted quite well by using our
model USTFM.

« Avery small observed value of the mid rapidity chemical potential
Indicates the effects of almost complete nuclear transparency in pp
collusions at LHC.

« The spectra are compared with the predictions from PYTHIA and
PHOJET event generators and it is found that a better fit is obtained by

using our model.
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