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Evolution of Our Understanding of Matter
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Chiral Asymmetry and Magnetic Fields
Chiral Asymmetry and Magnetic Fields

Chiral Magnetic Effect

The interplay between Chirality, Magnetic Fields, and the Chiral Anomaly gives rise to
this fascinating phenomenon.

o Chiral asymmetry arises due to imbalances between left- and right-handed
fermions, described by the chiral chemical potential us.

o The CME leads to an electric current parallel to the magnetic field, arising from
the chiral imbalance.
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Experiment

A chiral QGP may be created locally in HICs through a variety of mechanisms (e.g.
topological fluctuations in the gluonic sector, glasma flux tubes, etc) and observed
experimentally in the analysis of v correlator.
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o To observe the effect of Chirality and Magnetic field on the propagation of a
fast-moving parton.

o We target the energy loss of a fast-moving parton in the QGP medium having the
influence of Chirality and Magnetic field.
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Gluon Propagator
Energy Loss: Chiral Medium
Energy Loss: Magnetized Medium
Research Methodology: Wong Equations and Energy Loss

‘Wong equations

They describe the motion of a color-charged particle in a non-Abelian gauge field:

dx+
=VH, 1
dr )
ap#
o = 99TV, (2)
=
dqa abe b
T = eV, 3)

XH/VH/PH is the position/velocity/momentum of the parton,
F!" is the gluon field strength tensor,
q® is the parton’s color charge.

Energy Loss

The equations modify to give the energy loss of parton/heavy quark:

dE\ 1 5 o @k
_ ) = — X A 4
< dx > l|v|gscFU Y (27r)3w @

CF is the Casimir invariant of SU(N.) and w =k - v.




‘Wong Equations and Energy Loss
Gluon Propagator

Energy Loss: Chiral Medium
Energy Loss: Magnetized Medium

Research Methodology: Gluon Propagator

o To obtain the propagator, we begin with the linearized Yang-Mills equation:
—iky FM(K) = 5l 1 a(K) + 35 et (K), (5)
where K* = (w,k) = K and the induced current j* .  (K) is given by:
jg,ind(K) = HHV(K)AGYV(KL (6)
One can rewrite the Yang-Mills equation:

[K2g"" — kM + T (K)| Aqpw (K) = =54 00 (K). Q)

o The gluon propagator can be obtained as:
AY = [(|k[? —w?)§ — KTk + T (K)] 1 (8)
with the external current

igsq“vj
w—k-v+ie

jz{,ezt(K) = (9)




‘Wong Equations and Energy Loss
Gluon Propagator

Energy Loss: Chiral Medium
Energy Loss: Magnetized Medium

Energy Loss in Chiral Asymmetric Medium

The self-energy

I¥(K) = I (K) + 12 (K) (10)

- Hﬁf (K)/ I (K) are parity even / odd parts of self-energy obtained as:

.. m2 w wiud

Y (K)= —2 d , 11

)= /uU~K+ie )
2

M (K) = “595 wkkk( “’_> [1—L1n (“’+|k|)]. (12)
k|2 2/k| w — |K|

¥ =(1,u) with u = %

The Debye mass in the chiral medium

2T2
mi = (Ny +2N) e + Ny 22 (u 4 1}, (13)
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Energy Loss in Chiral Asymmetric Medium: Results

Observations
o At a fixed temperature, the energy loss increases with the chirality.

o At a fixed chiral chemical potential, the loss increases with the temperature.

o Chiral effect on energy loss suppressing at a higher temperature.
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Energy Loss in Magnetized Medium

The self-energy
I =aN% +bB"Y + cRY +dQY, (14)
The projection operators can be defined as,

kind + kit

i — 2 - T
N* = = , (15)
. kiki
B = —— | 16
B (16)
%5 R 30 A X2
RV = -0 4+ — — ——, 17
TRE T 4
o Ripd
Q¥ ="7". (18)
n
a, b, ¢, and d are Lorentz-invariant form factors
a= EN”H“, b= BYII", (19)
c= RYIIY, d=Q"IIY. (20)




‘Wong Equations and Energy Loss
Gluon Propagator

Energy Loss: Chiral Medium
Energy Loss: Magnetized Medium

Energy Loss in Magnetized Medium: Results

Observations

o The energy loss depends on the angular direction (6)) between the motion of the
parton and the direction of the field.

o The energy loss is suppressed in the presence of the magnetic field as compared to
the isotropic case.

o At a fixed temperature, the loss increases with the magnetic field.

o At a fixed magnetic field strength, the loss increases with temperature.
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Summary and Future Directions

Take Away Points

o The propagation of a parton is significantly influenced by the presence of
Chirality in the QGP medium.

o The Magnetic field strength further affects its propagation.
o The orientation of the parton’s motion relative to the magnetic field also plays an

important role.

Future Directions

o The current study can be extended with the generalized magnetic field.
o One further needs to consider the expanding medium.
o To incorporate the current analysis with the hard collisions.

o To obtain the experimental observables R4 4 and vs.
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Thank You for Your Attention!

Any questions or further discussion are welcome.
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iy m2w wiud
(k) =-—2= [ d , 21
+( ) i / u - (21)

where U¥ = (1,u) with u = ﬁ

The Debye mass in the chiral medium takes the form as

2 92T 2 2
m3, = (Ny +2N0) £ 1), (23)
At finite ps, the gluon propagator can be written as,
iy Cr Ca g
AY = AY 4 B 2 OV, 24
cz_cz A CL cz_cz (24)
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Transfer Projection: AU = 1 — e
Longitudinal Projection: BY = T;’Ic;
Anti-symmetric part: C% = jeti¥ %

Cr = —w? + |k|2 + IIr, Cp = —w? + II;, and

2 2
_ gslkl( w )[ w (w+|kl)]
Car=1Iu = 1—-—)|1-——1 . 25
ASTAT IS PE 2k \w— K| (25)
where II;, and IIr are the longitudinal and transverse form factors, respectively, given
as,
w? K? w+ ||
Or(K)=m%——|1— ——1 , 26
() =mb s [ o (55 | =0
w? w w4k
O (K)=-m%-—|1——In| —— )|, 27
L) = —mp s 1= 2 (2] (27)



I = aN¥ +bB" 4+ cRY 4+ dQ, (28)

where the projection operators can be defined as follows,

kind 4+ kint

N = EE TR (29)
n

i KK

BY = W’ (30)
. o kKT iR

RY = -0 4+ — — —— 31
o Ripd

QY = 2 (32)

Here, a, b, ¢, and d are Lorentz-invariant form factors and can be obtained from the
following relations,

a= LN, b= BYIIY, (33)
2
¢ = RYIIY, d=QVIIY, (34)
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