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Quark gluon plasma

Recipes for quark-gluon plasma

High temperature (7, ~ 160 MeV) High baryon density
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QGP in presence of magnetic field

Magnetic field in non-central HIC

o Magnetic field of strength upto ~ 20m?2 (~ 10 T) can be created
in non-central heavy ion collision.

z

o Magnetic field strength decreases with time .

o In a direction perpendicular to the reaction plane.
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QGP in presence of magnetic field

Fermion propagator in magnetic field

Approximations on the magnetic field

o Homogeneous

o Time independent

Energy of fermion in presence of magnetic field
E, = \/kg +m3 + 2ngyB.

Fermion propagator in strong magnetic field is given as

_iK_i-m
S(K):Ze quM(l_i7172>.
I
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QGP in presence of magnetic field

General structure of gluon effective propagator
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General structure of gluon effective propagator

Formalism

@ The presence of heat bath breaks the Lorentz symmetry of the
system.

@ Four velocity u, of heat bath is introduced because of presence of
medium. We choose rest frame of heat bath u, = (1,0,0,0).

@ We consider magnetic field along z direction n, = (0,0,0,1).

@ Rotational symmetry is broken due to the presence of magnetic
field.

® Quarks are directly affected by magnetic field.

® Gluons are affected via quark loop.

Bl' = (P-u)ut — (P-n)n* = (po,0,0,p)

P! = P'—P!'"=(0,ps,py,0)
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General structure of gluon effective propagator

General structure of gluon self energy

Ward identity P,II* =0
o Vacuum
P*PY
-

" = I1(P?) (77”“ ) = L(P?)V*.

o Thermal
@ Two linearly independent tensors needed.
@ Define u* = u, VH.
@ Define B* = % and A#Y = VHY — BHY,
@ 1" = [y A" + 11, BH.

® I, = B, Iy = 1AL,
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General structure of gluon effective propagator

Dispersive modes of gluon in thermal medium

w/mp
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General structure of gluon effective propagator

o Magnetized medium

o

© © © 6 ©

Constituent tensors constructed out of

Nuws PuPo, wpti, npny, Pyuy, +uy, Py, Pung +n, P, uny + nyu,.

Four linearly independent tensors needed.

Define n#* = n, A*.

Define Q" = "” , NHY = W and RMY = AFY — QM.
Gluon self energy 1" = bB* + cR*™ + dQ"" + aN*".

b= B*"Il,,, c=R*"Il,,, d=Q"1l,,, a= %N‘“’HW.
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Figure: Quark loop of gluon self energy I1#¥
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General structure of gluon effective propagator

Effective gluon propagator

Dyson Schwinger equation Dljyl = (Dgy)_1 — 11,

p._ EhP (P? — d)Bu, B
e pa (P2 —b)(P2—d)—a%  P2-c
+ (P2 = b)Quv + alNuw

(P2 —b)(P*—d)—a2 ' (P2—b)(P2—d)— a2

o Leads to three dispersive modes of gluon.

o Reduces to thermal effective propagator at eB = 0.

Three dispersive modes

P?—c¢c = 0,
(P2 =b)(P*—d)—a®> = (PP-wl)(P*’-w,)=0
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General structure of gluon effective propagator

Dispersion relation of gluon

SFA

3.0

eB=20m2,0,=m/4

0.5 1.0 1.5 2.0 25 3.0 0.0 0.5 1.0 1.5 2.0 25 3.0
p/m3, p/mp

Eur.Phys.J.C 79 (2019) 8, 658
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Conclusion

@ Three non-degenerate dispersive modes of gluon.

@ One transverse and two mixed modes in SFA.



General structure of gluon effective propagator

Thermodynamics of magnetized quark-gluon
plasma
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Thermodynamics of magnetized QGP

Anisotropic pressure in presence of strong magnetic field
o F=e¢—-Ts—eB-M.
o Longitudinal pressure P, = —F'.

o Transverse pressure P\ = —F —eB-M =P, —eB- M.

__OF
o(eB)*

o Magnetization M =
o Longitudinal pressure of free quarks and gluons in presence of
strong magnetic field

i T -2 2 w7
Pz:NcNfZQfBF<1+12N>+(Nc_1) 45
f

o Transverse pressure

w274

45

Pl = (N?-1) = gluon pressure
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Thermodynamics of magnetized QGP

HTL Pressure of QGP in magnetized medium

o Free energy is calculated using the effective propagator of quarks
and gluons in magnetized medium.

F, = —N, NfZI (det[S7;])
! (P
4a2 — 4% + dapy + 46ps
- —NNfZIln Pl — )]
f {P} Il

o where S;J}f =P+ X

F, = (N2—1) B I In [det(D;1)] Z: In(—Pz)].

P P
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Thermodynamics of magnetized QGP

Pressure of QGP in magnetized medium

o Soft (P ~ ¢gT') and hard(P ~ T') quasiparticle
For quarks

o Lowest matsubara frequency ~ T.

o We keep terms upto O[g?] and O[(u/T)4] .
For gluons

o For hard quasiparticles (P ~ T') we make a high temperature
expansion of the ‘Log’ term.

o We keep terms upto O[g?].

o For soft gluons (P ~ ¢gT'), we put pg = 0 because this is the lowest
Matsubara mode.

o g3 term appears from soft part.
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Thermodynamics of magnetized QGP

Results in SFA
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Phys.Rev.D 102 (2020) 5, 054004
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Thermodynamics of magnetized QGP

Lattice results

JHEP 1408 (2014) 177

A T
Fo Ei- 3
e 3 3P
22 e o }§}}}}§§£I B=0.4 GeV?
> oo E
S 1 :_#} g z ; g gﬁgi s
_ F o T= MeV L o
SO - o r a
SIS J) Y EERRT—— & i C mdl eB=0.2 Gew?
E ! 72150 Mev Sree o] 02t 1& W@m?
i I I T B C AP PR B I B
0 0.2 0.4 0.6 120 140 160 180 200
eB (Gev?) T (MeV)

Bithika Karmakar (SINP) 9 December, 2021 19 /21



Thermodynamics of magnetized QGP

Conclusion

@ Pressure of QGP becomes anisotropic in presence of strong
magnetic field.

Longitudinal pressure is greater than the transverse pressure.
The magnetized medium shows paramagnetic nature.

Qualitative nature of one loop pressure matches with lattice.

© & ©® ©

Results can be improved by performing higher loop order
calculations.
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Thermodynamics of magnetized QGP
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Time dependence of the magnetic field

eB/m2

Nucl. Phys. A 929, 184 (2014)



Debye screening mass

----- Full result
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Phys. Rev. D 100 (2019) 3, 034031
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