COLLECTIVE MODES AND INSTABILITIES IN
ANISOTROPIC THERMO-MAGNETIC MEDIUM
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The deconfined quark-gluon plasma(QGP) matter
produced in the heavy ion collision experiments is most
likely to possess substantial deviation from perfect local
isotropic equilibrium.

QGP produced in URHIC is not momentum
space 1sotropic.

Phys.Lett.B 314 (1993) 118-121
arXiv:1603.08946v2
JHEP08(2003)002



* The collective modes that possess a positive imaginary part in
their mode frequencies result an exponential growth in the
chromomagneic and chromoelectric fields.

* Romatschke and Strickland introduced an elegant Ansatz to model
anisotropic distributions by squeezing or stretching isotropic ones

Phys. Rev. D 68, 036004
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* The large momentum space anisotropy in early stages can be
efficiently incorporated in the aHydro framework.

Phys. Rev. Lett. 119, 042301 (2017).
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. Magnetic ﬁeld

Non-central heavy ion
collision

Magnetic field strength
(10 — 30)m?

Decreases rapidly
(1 — 2)ym? after (4 — 5)fm/c

m2 ~ 101°G
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, the production of strong magnetic field at early stage of
heavy ion collisions motivates to investigate the magnetic
field eftects on anisotropic QGP.
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Dlstrlbutton fun'ctlen f(k) = 2 n (k) + Nf[n (k) + n- (k)]
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One anisotropic case:
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Small anisotropy
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FERMION PROPAGATOR: WEAK AND STRONG
FIELD APPROXIMATION

Strong field: lowest Landau level approximation
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Weak field approximation: veb = mg~el <1

{K-wy~K-mpf -k kE+m)

(K2 — m?)? (K2 — m)*

(eB)+ 2 [
m

(eB)* + O |(eB)’|




* One loop gluon self-energy in obtained using HTL approximation.
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Reference frame




4-M ¢ = (0,0),eB =30 m2
‘M ¢= (0,10),eB = 0.0 m2

Collective modes

Solid line: Hp — a0

Dotted line: 6’p = 75/4

Green and Cyan: isotropic case
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The collective modes of gluon in the presence of momentum space anisotropy along
with a constant background magnetic field have been studied using the hard-thermal
loop (HTL) perturbation theory.

Unstable modes are studied.
No unstable gluon mode exists in an isotropic medium even in the presence of a
background magnetic field. It is the momentum space anisotropy that gives rise to the

instability.

The external magnetic field has a significant influence on the growth rate of the
unstable modes.

In particular, the amplitude as well as the critical momentum corresponding to the

growth rate of the unstable mode is significantly reduced in presence of strong magnetic
background.
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