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Outline

 Magnetic field in Heavy Ion Collisions and its impact on the QCD
medium

e Effective model treatment, namely the NJL model

e Nonextensive statistics and its relevance

e Results

e Conclusion



Production of a strong magnetic field in HICs

@ A very strong magnetic field (= m?2 at RHIC and =~ 10m?2 at
LHC) is generated in the direction perpendicular to the reaction
plane, due to the relative motion of the ions themselves.
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Phase diagram in presence of eB
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NJL, a classic example of QCD model
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A 3f NJL model in the prsence of a magnetic field

e We work with a 3-flavour NJL. model:

R / 1 Iy .
Ly = 9D — mo)y + L1+ Lo — —F"™F,, with
i — ; [(u;)\a@b)z -+ (w?:’}*ﬁ)xa_tb)g] and

a=[
Lo = — Gp{det[t)(1 4+ v5)1] + det[th(1 — v5)9]}.
[D. P. Menezes et al, Phys. Rev. C 79, 035807 (2009)]

e Because of the magnetic field there will be two important modifications:

Ef(B) = [M; +p2 + (2l + 1 — s)|gs| B/

d’p dp.
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e To obatain the thermodynamic potential we need to linearise the Lagrangian.



A 3f NJL model in the prsence of a magnetic field
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[D. P. Menezes et al, Phys. Rev. C 79, 035807 (2009)]

e To obatain the thermodynamic potential we need to linearise the Lagrangian.
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Nonextensive statistics

In 1988 Constantino Tsallis entertained the possibility of ensembles where the entropy took
a nonadditive form involving a parameter q. [C. Tsallis, J. Stat. Phys. 52, 479 (1988)]

As compared to the exponentials in traditional extensive statistics, the nonextensive statistics
lead to power laws.

It has been applied to many areas of the natural and social sciences.
[C. Tsallis, Introduction to Nonextensive Statistical Mechanics, Springer, 2008]

In the analysis of the data, Tsallis distribution has gained prominence with very good fits

to the transverse momentum distributions made both at RHIC and LHC.
[J. Cleymans & D. Worku, EPJA 48, 160 (2012)]



Nonextensive statistics

Mathematically, the nonextensive statistics or the so-called Tsallis statistics can be obtained by

replacing ( E) . ( E) hore
exp(—— exp,(——
& i

(2) (1+ (¢ —1)x) U(q_l]: if x>0

exp,(z) = )

! (1+ (1 —q)x) 1/ ”j if z < 0.

It reduces to the usual distribution in the limit q —1. o fF(E) = fP(E),

Q lim f7.7(E) = f"°(E),
q—

lim f7%(E) = f°5(E).
q—

Derivation of the Tsallis distribution based on the Boltzmann equation can be found:
[T.S. Bir6é & G. Purcsel, Phys. Rev. Lett. 95, 162302 (2005)]

Typical values of q parameter is close to unity and should not deviate from 1 by more than
20 percentage in HICs. [ALICE Collaboration, Eur. Phys. J. C71 1655 (2011)]



Results
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Condensates and effective masses (eB=0)

-0.002 5
-0.0041
0,008}
0,008}
-0.010}

.0.012fF

~0.0144

up/down

M, =m, —2Ggo, +2Gpoyo,
Mi;=mg—2Gs04+2Gpo, 05
Ms = MmMms — QGSJS + 2GD0qu

EI.3'.JI-
D30}
0.25}
.20
015}
010

D05

eB=0
Og
. T
0.3 0.4
— g1
—— =105
— i -0.005}
—G=115 -u.umz
\ / -u.msz
Condensates strange (2020)]
eB=0 eB=0
Mr_-.-'ﬂ' m{ﬂ
— g=1
— g=1.1
— g=1.15
T T L i i
03 0.4 0.1 0.2

T — gt
—=i=1405
— q=1.1
— g=1.15

Match with existing results [Y. P.
Zhao, Phys. Rev. D 101, 096006

— g=1

— q=1.05
— g=1.1
— q=1.15

Effective masses

0.3 0.4

11



eB=0

Chiral transition temperature (eB=0)
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Chiral condensates (eB#0)
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e In presence of a magnetic field up an down quarks split.

e The chiral condensates decrease with increasing q, particularly around the
transition region.

e The effects on the effective masses are obvious.
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Chiral transition temperature (eB#0)
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e There is a slight enhancement in the percentage
decrease in the presence of a magnetic field.
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Chiral condensates comparison (eB#0)
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e Magnetic field splits up an down quarks.
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* Presence of magnetic catalysis for both cases.

e There is an overall decrease in the condensates in the nonextensive scenarios for

most of the eB values.
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Chiral transition temperature comparison (eB#0)
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There is an enhancement in the scaled transition
temperatures for the nonextensive scenarios.
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Upshots

Chiral transition has been investigated for a nonextensive medium using NJL
model.

The transition temperature decreases with increasing q values, i.e., the
nonextensivity of the medium.

This features remains unaltered in the presence of a magnetic field for a
constant coupling.

It will be interesting to investigate the chiral transition with running coupling
constant: ongoing project.
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