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Introduction

Magnetic field in HICs
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Introduction

Electromagnetic Fields in HICs \}..4&

e Without medium feedback:

* Use of Event generator/ transport model
* Use Lienard-Wiechert potential

- (1-v)R, )
) 4”2 (RZ — (Ry, X 1))

B = e (1 _ vr%)(vn X Rn)
- Am L (R}, — (Ry X 1,)2)3/2

o

Here Rn= x—xn is the relative position vector
between the field point x and the source point xn

* (Qver estimate or underestimate
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Numerical Setup

Isobar collisions (Ruz$ + Ruz$ & ZriS+ Zrs§

The difference in number of protons can generate different magnitudes of |Deformed Nuclei Case
electromagnetic fields and related induced effects, but the same mass Ro | a By
number 1n two 1sobar systems can generate the same background effect . Ru [5.085/0.46| 0.158
Zr 15.020| 0.46 0.08
Woods-Saxon distribution for Ru and Zr Halotype Nuclei Case
Ru, n|5.085(0.523 0
3 Po Ru, p|5.085(0.523 0
a 1+ exp [‘r — R(1 + foY50 + BaVao) Zr, n [5.021/0.592] 0
a Zr, p [5.021]0.523 0
pi deformation parameter Woods-Saxon parameters for Ru and Zr

Y;(0) spherical harmonic functions
MCGlauber model

f surface thickness parameter

¢+ B. Pritychenko, M. Birch, B. Singh, and M. Horoi, arXiv:1312.5975.
<+ Q.Y. Shou et al., arXiv:1409.8375.

** H.-j. Xu, H. Li, X. Wang, C. Shen, and F. Wang, arXiv:2103.05595.
** X.-L. Zhao and G.-L. Ma, arXiv:2203.15214

Irfan Siddique QCD@Work  20-June-2024 _




EM Fields in HICs

Time-Evolution

Impact parameter dependence
Isobar collisions @ 200 GeV

] Ru+Ru ——b=4, L-W,
] o Zr+Zr |——b=4,c&c
s Isobar Collisions @ 200 GeV ! ———b=8, L-W ’
] ——b=8,c &
(a) 1 (b) —a— eBy IeExl 0.1 =
1 — + —e—|eB,| —<«—|eE &
4 L-W //5_ _E\ c&o 2B, | yl E ! (a)
1 ﬁ/ " 1 : —4leBy| ——leE,| 0 0.01-
&F 3 + —v—|eB,| ¢
£
I —u— Closed symbols for Ru+Ru 0001’ E
@ 5 + - &= Opened symbols for Zr+Zr B ‘
4= Y —— | ‘-—~A——: iy
| 88 == q“*ﬂ'———‘é——éﬁa A" ﬁ Q_g:‘“ 1 oo 01
14 Ne 1 f<<g Y B4 — : | : / :
¢ /u/ g = 0.0 0.2 0.4 0.6 08 1.0
o “q“‘*ﬂ u
g=" Sy = 1.5 (b) t (fm/c)
0 Yy -%43—9—-9—@—¢—b—9—=1>—w—9-—w o
0 2 4 6 8 10 0 2 4 6 8 10 = M
b (fm) b (fm) @; 1.0
e
Compared att = ¢, (peak value time) | ¢ = 5.8 MeV
g, = 1.5 MeV
eF,, > eFp, > eF,,. * Damps slower

* Ratio ™~ 10%
leBy| = |eEy| = |eEy|

ef;, K ef,~0
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EM Fields in HICs

Spatial Distribution

RuRu @ 200 GeV, b = 7 fm, L-W (m7)
15 1.650
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15 t=0 fm/c 1|o 6 1|0 3.420
X (fm) X (fm) X (fm)
RuRu @ 200 GeV,b=7fm, c & o,
15 0.8000
10| (b) eB, | eB, 0.5050
0.2100
_ 5 @ -0.08500
E o -0.3800
> N @ -0.6750
-0.9700
-10 - -1.265
15 | | | | | t=0.04 fmlc 560
-10 0 10 -10 0 10 - 0
X (fm) X (fm) X (fm)
[ ]
Inhomogenem.ls ¢ Asymmetry due to non
[ ] - . . .
L-W symmetrlcal. vanishing radial component
. :
With o & gy partially in the presence of o,
symmetric
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Correlations

Effects on correlation

According to the expectations from CME, the difference between the correlation of opposite charge pairs and same
charge pairs is expected to be directly proportional to the strength of the squared magnetic field and cos2(Wg — ¥,),

Quantitative contribution to B-induced effect

Where Wy represents the azimuthal angle of the magnetic field and ¥, represents the second harmonic
participant plane

. atan2((r? sin(ng,)), (r2 cos(ng,)) + )

CRu _ CZT'

, Relative Ratios
CRu + CZr

X, =2

For similarity or dissimilarity

«»+ ). Bloczynski, X.-G. Huang, X. Zhang, and J. Liao, Phys. Lett. B 718, 1529 (2013), arXiv:1209.6594.
«» ). Bloczynski, X.-G. Huang, X. Zhang, and J. Liao, Nucl. Phys. A 939, 85 (2015), arXiv:1311.5451.
«+ S. Chatterjee and P. Tribedy, Phys. Rev. C 92, 011902 (2015), arXiv:1412.5103.

% X.-L. Zhao, G.-L. Ma, and Y.-G. Ma, Phys. Rev. C 99, 034903 (2019), arXiv:1901.04151.
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Correlations

Correlations between magnetic field and participant plane

Ru+Ru at 200 GeV
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b=0fm ¥ no correlation ° Ty, 2 30 T wyw,2 30 Ty, 2 30 Vw2 3
b>0 fm v correlation Ru+Ru at 200 GeV, 6 & o,, t= to fmic

2D distribution plot
for W5 and ¥,

* Fluctuates strongly in azimuthal direction
* b >0fm the concentration of distributions at (W5, ¥,) = (1t/2,0) indicating correlation
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Correlations

Isobar Collisions @ 200 GeV

~E-Ru+Ru, LW |}-[--Ru+Ru, LW 3
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0] T .
9~m 24 (&) 0
. . b~ o .
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Correlations

FisBorE

. [ G(t,x)dt
3. ((eB)?*cos2(¥p — ¥2)), (G)(x) =
[ dt
Time-averaged correlation
EM fields behavior varies with respect to both time and space, so Zi G(ti, x) At;
their impact on physical observables should be at average level in (G>t (X ) =
lifespan of quark and nuclear matter. To quantify the average Z i Ati

effects of correlators on physical observables time-averaged

correlation can be defined
Isobar Collisions @ 200 GeV

~ G = (eF)? cos2(¥Wr — ¥,)
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Summary

Effects of the electric (6) and chiral magnetic (o) conductivities on
the space and time evolution of the electromagnetic fields.

Partially asymmetric spatial distribution as compared to zero-
conductivity system.

Decay 1n the presence of conductivities 1s much slower as compared
to zero conductivity system.

Studied effect on magnetic field related correlations which reflect
the importance of taking into account medium feedback.
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