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Introduction

@ In non-central Heavy lon Collisions, a large magnetic
field as well as angular velocity can be produced.
F. Becattini, F. Piccinini, and J. Rizzo, Phys. Rev. C
77, 024906 (2008)

— /syn =200GeV, Lo =5 x 10° /i at an impact

parameter b = 5fm.
Even 1% angular momentum transfer = 103 & angular
momentum of QGP.

@ The QGP exhibits a significantly high average vorticity.

@ Then this vorticity is effectively transferred to the
hadronic matter as the system undergoes hadronization.

@ Question:
Is it possible for rotation to alter the transport
coefficients of nuclear matter?

@ Here, | discuss how rotation affects electrical
conductivity in hadronic matter.
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Figure: Schematic diagram of Heavy lon Collision.
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Figure: Geometry of non-central heavy ion
Collision.
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Motivation

@ In 2017, the STAR collaboration has seen the experimental evidence of vorticity (Nature 548
(2017) 62-65).

Figure: Source: Nature 548 (2017) 62-65

@ In Phys.Rev.C 109 (2024) 3, 034914, the authors have studied the how the rotation affects the
electrical conductivity in quark matter in a non-relativistic framework.
@ In the present work we have tried to explore the electrical conductivity of hadronic matter in

the relativistic framework.
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Formalism

The current density representations of hadrons at the microscale and macroscopic levels under an

applied electric field (E = Eé) are expressed as:

= ZJ; = Zgrqr/ (d 2 pr Zgrjé =¥ Nj» (prO = Er) (1)

(Here, df, represents the deviation of the system from Iocal equilibrium.)
The equation of motion (EOM) of a hadron in a rotating frame can be expressed using connection
coefficients (I},) as

dp 1 Ara «
o T PP = F (2)
To see the similarity with the classical non-relat|V|st|c EOM in the rotating frame, the equation can
be expressed as:
dp
dt
Key Forces in a Rotating Frame:

m(Q x 7) x Q + 2v,m(V x Q). (3)

Coriolis force: — 2+, m($ x V), Centrifugal force: —,m {(FX Q) x K_Z'} .
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Formalism (Contd.)

In our study, we focus solely on the Coriolis force and its effect on the transport characteristics of
the system.

Floe = q(V % B), Fcor = 27,m(V x Q).

Substituting gB with 2m~, 2, the two forces become mathematically analogous:

©

Comparison: Lorentz Force vs. Coriolis Force

o Lorentz force: Arises from electromagnetic interactions (g, B).

o Coriolis force: Due to rotation of the reference frame (m, Q).
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Formalism (Contd.)

We use the covariant Boltzmann Transport Equation (BTE) to study statistical effects:

df.(x", pr fr - fr
m, (X p):C[f,] — Pfa S p;Lp)\a Fla

= C[f]. (4)

dr XM AT Fr 8p; "Opi
For systems slightly out of equilibrium, f, = £0 + §f,, where:
0o 1
T [elPrua—m)/T ¢
(¢ = —1 for baryons, £ = +1 for mesons.)
In the Relaxation Time Approximation (RTA):
, Of9 o 0 0 (u®po)ot;
PGt~ TPl o (10 4 66) + P py o (104 6) = — 2R (g

After solving:
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Formalism (Contd.)

In a rotating HRG, the angular velocity Q = Q& introduces anisotropy. To solve the BTE, we take

the initial guess as:
L o [0f°
5f—‘ﬁ'x<ag>’

X =aé+ PO+ v(é x ),
After solving the values of «, 8, and ~y, the current density can be expressed as:

i d*p p'p! OF° T 7\’ T
J; = —grqf / P PP 4 < 5]/ + (C> wijwy + (C) €ljkWk
. Q TQ

3 2 2
(2m)3 E%2 OFE 14 (L)
Q
Comparing the macroscopic expression for Ohm's law, J! = agéj, the electrical conductivity can be
expressed as:

with X expressed as:

E. (6

2 d3p Te (:—C 2
— o" = Erqr /( L Q) &ﬂ0(1+5ﬁ0).
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Result and Discussion

For determining the relaxation time, we adopt the Hadron Resonace Gas (HRG) model

d 2 .2

Te = 1/(nfirgVavma) (7)
Here, n{_‘{RG represents the system’s number density, the parameter 'a’ is taken from the hard sphere
scattering model, and the velocity is defined as:

3 3
d’p p d’p
Vav = s gfo 3fo - (8)
J (273 E 12
105
0.9 O HRG (T=0.1 GeV) O HRG(T=0.1GeV,a=2fm) % HRG(T=0.1GeV, a=0.2 fm)
+  HRG (T=0.2 GeV) lotd + HRG(T=02GeV,a=2fm) 4 HRG(T=02 GeV,a=0.2fm)
0.8
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Electrical Conductivity

We have shown the variation of o/ T with temperature (T). The results are compared with data
from: Phys. Rev. Lett. 110, 182301 (2013), Phys. Rev. C 88, 045204 (2013), and Phys. Rev. D
73, 045025 (2006), while varying the scattering length ’a’ from 0.2-2 fm.

10°
—— HRG (a=2 fm) ¢ cassing etal.
—— HRG (a=0.2 fm) * Marty et al.
1024 e HRG_NR (a=2 fm) ® Frailetal.

------ HRG_NR (a=0.2 fm) References

@ Phys. Rev. Lett. 110, 182301
(2013): Cassing et al.

@ Phys. Rev. C 88, 045204 (2013):

1071 4 %

e, e, e LN Tk wk Ky Marty et al.
L] SR, .. ' @ Phys. Rev. D 73, 045025 (2006):
1024 0000 el %o ° o
""""""" ® Frail et al.
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Anisotropic Electrical Conductivity

Due to the presence of Coriolis force, the electrical conductivity components split into three parts:
the parallel, perpendgcularg, and2HaII components,of elg-:ctrlc2a| conductivity.
TinG = oHRG = 35 B8 [ TG 01— £) + T “ﬁiM T B L)

3 (27r) (27r)
ng d>p 0 0 0 0
Thre = X8 o3 Bf %E2f(1_f)+ZM 3T 7252f(1+f)
((T )) (7 ))
T (=5 2 2 3
oS ngB P (0 0 EMIm d 0 0
OlRe = 228 3 f(z,r W )2?f(1*f)+zm 3T ‘f(27r)31( )zng(1+f)
o (55
10° 102 :
— 0o/T (a=2fm) —=—- Perpendicular 0, /o (a=2fm)
102 —-=-- Perpendicular o, /T (@a=2fm) | | e Hall Gx/d. (a=2fm)
----- Hall 0x/T (a=2 fm) 101 4 —==- Perpendicular o, /o (a=0.2fm)
10! —— o/T (a=02fm) | 1 Hall o,/ (a=0.2fm)
. -—- Perpendicular 0, /T (a=0.2 fm)
tx 0 B Hall 0x/T(a=0.2 fm) —_
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o )
e 2
= 10! =
= 10-1 4
IS s
S




Summary

@ We have calculated the rotational effect in electrical conductivity using the Hadron Resonance
gas model. We used BTE in relativistic framework using relaxation time approximation.

@ We observed the anisotropic electrical conductivity tensor (o), analogous to the Lorentz force,
with the following components: Parallel (¢!): Unaffected by rotation ,Perpendicular (o)
,Hall (¢*)

@ We observed at low angular velocity, o+ > o>, while at high angular velocity, 0 > o*.

@ We have also observed Smaller scattering lengths cause earlier transitions from o dominance
to o dominance.
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