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• Introduction & Motivation
• EM fields with and without medium 

feedback
• Numerical Results
• Summary
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Introduction

Magnetic field in HICs

B Fields perpendicular to reaction plane

x-axis impact parameter 
z-axis beam direction

• Influencing the dynamics of QGP
• CME etc

• Time evolution and spatial distribution etc.

b Projectile

Target

Vz

-Vz
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 W.-T. Deng and X.-G. Huang, Phys. Rev. C 85, 044907 (2012), 1201.5108.
 J. Bloczynski, X.-G. Huang, X. Zhang, and J. Liao, Phys. Lett. B 718, 1529 (2013), 1209.6594.
 K. Hattori and X.-G. Huang, Nucl. Sci. Tech. 28, 26 (2017), 1609.00747.
 K. Tuchin, Phys. Rev. C 88, 024911 (2013), 1305.5806.
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• Without medium feedback: • With medium feedback (𝜎𝜎 & 𝜎𝜎𝜒𝜒):
Electromagnetic Fields in HICs

Maxwell Eqs.

𝜵𝜵 � 𝑩𝑩 = 0

𝜵𝜵 � 𝑬𝑬 = 𝜌𝜌/𝜖𝜖

𝜵𝜵 × 𝑩𝑩 = 𝜕𝜕𝑡𝑡𝑬𝑬 + 𝒋𝒋𝑒𝑒𝑒𝑒𝑡𝑡 + 𝜎𝜎𝑬𝑬 + 𝜎𝜎𝜒𝜒𝑩𝑩
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 W.-T. Deng and X.-G. Huang, Phys. Rev. C 85, 044907 (2012), 1201.5108.
 J. Bloczynski, X.-G. Huang, X. Zhang, and J. Liao, Phys. Lett. B 718, 1529 (2013).
 K. Hattori and X.-G. Huang, Nucl. Sci. Tech. 28, 26 (2017), 1609.00747.
 K. Tuchin, Phys. Rev. C 88, 024911 (2013), 1305.5806.
 LI H, Li Sheng X, Wang Q. DOI:10.1103/physrevc.94.044903
 Irfan Siddique et. al Phys. Rev. C 105, 054909 (2022)
 Irfan Siddique et. al., Phys. Rev. C 104, 034907(2021)

• Use of Event generator/ transport model
• Use Lienard-Wiechert potential
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Introduction

• Over estimate or underestimate

Finite conductivities
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Isobar collisions  

The difference in number of protons can generate different magnitudes of
electromagnetic fields and related induced effects, but the same mass
number in two isobar systems can generate the same background effect .

Numerical Setup

 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

Ru4496 + Ru4496 & Zr4096+ Zr4096

5

𝜌𝜌 =
𝜌𝜌0

1 + 𝑒𝑒𝑥𝑥𝑒𝑒 𝑟𝑟 − 𝑅𝑅(1 + 𝛽𝛽2𝑌𝑌20 + 𝛽𝛽4𝑌𝑌40)
𝑎𝑎

Woods-Saxon distribution for Ru and Zr

𝛽𝛽𝑖𝑖 deformation parameter
𝑌𝑌𝑖𝑖(𝜃𝜃) spherical harmonic functions
𝑓𝑓 surface thickness parameter
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EM Fields in HICs

Impact parameter dependence

• Damps slower
• Ratio ~ 10%
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Time-Evolution

Compared at 𝑣𝑣 = 𝑣𝑣𝑄𝑄 (peak value time)

𝑒𝑒𝐅𝐅𝐴𝐴𝑢𝑢 > 𝑒𝑒𝐅𝐅𝑅𝑅𝑢𝑢 > 𝑒𝑒𝐅𝐅𝑍𝑍𝑟𝑟

𝑒𝑒𝐵𝐵𝑒𝑒 ≈ 𝑒𝑒𝐸𝐸𝑒𝑒 ≈ 𝑒𝑒𝐸𝐸𝑦𝑦
𝑒𝑒𝑒𝑒𝑧𝑧 ≪ 𝑒𝑒𝑒𝑒𝑒𝑒,𝑦𝑦~0

𝜎𝜎 = 5.8 MeV
𝜎𝜎𝜒𝜒 = 1.5 MeV
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• Inhomogeneous 
• L-W symmetrical
• With 𝜎𝜎 & 𝜎𝜎𝜒𝜒 partially 

symmetric

EM Fields in HICs

Spatial Distribution

• Asymmetry due to non
vanishing radial component
in the presence of 𝜎𝜎𝜒𝜒.

7
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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 Ψ𝐵𝐵 − Ψ2 ,

 J. Bloczynski, X.-G. Huang, X. Zhang, and J. Liao, Phys. Lett. B 718, 1529 (2013), arXiv:1209.6594.
 J. 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. 

Where Ψ𝐵𝐵 represents the azimuthal angle of the magnetic field and Ψ2 represents the second harmonic 
participant plane 

∆γ = 𝑣𝑣𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑖𝑖𝑡𝑡𝑒𝑒 − 𝑣𝑣𝑜𝑜𝑎𝑎𝑠𝑠𝑒𝑒 ∝ (eB)2cos2(Ψ𝐵𝐵 −Ψ2)

, Relative Ratios𝑋𝑋𝑐𝑐 = 2
𝑐𝑐𝑅𝑅𝑢𝑢 − 𝑐𝑐𝑍𝑍𝑟𝑟

𝑐𝑐𝑅𝑅𝑢𝑢 + 𝑐𝑐𝑍𝑍𝑟𝑟

Ψ𝑛𝑛 =
atan2 𝑟𝑟𝑜𝑜2 sin 𝑛𝑛𝜙𝜙𝑜𝑜 , 𝑟𝑟𝑜𝑜2 cos 𝑛𝑛𝜙𝜙𝑜𝑜 + 𝜋𝜋

𝑛𝑛
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Quantitative contribution to B-induced effect

For similarity or dissimilarity



Correlations between magnetic field and participant plane

Correlations

b = 0 fm  no correlation
b > 0 fm correlation
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• Fluctuates strongly in azimuthal direction
• b > 0 fm the concentration of distributions at (Ψ𝐵𝐵,Ψ2) = (𝜋𝜋/2,0) indicating  correlation 

Histogram Ψ𝐵𝐵 − Ψ2

2D distribution plot 
for Ψ𝐵𝐵 and Ψ2

9



Irfan Siddique QCD@Work 20-June-2024 

2. (𝐞𝐞𝐞𝐞)𝟐𝟐𝐜𝐜𝐜𝐜𝐜𝐜𝟐𝟐(𝜳𝜳𝑩𝑩 −𝜳𝜳𝟐𝟐)

1. 𝐜𝐜𝐜𝐜𝐜𝐜𝟐𝟐(𝜳𝜳𝑩𝑩 −𝜳𝜳𝟐𝟐)

Inherits influence from both 
strength of magnetic field and 
cos2 Ψ𝐵𝐵 − Ψ2

10

𝑣𝑣 = 𝑣𝑣𝑄𝑄

L-W , at t=0 fm/c ,
medium at t=0.04 fm/c

Correlations

Correlation for azimuthal
Fluctuations of magnetic field
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EM fields behavior varies with respect to both time and space, so
their impact on physical observables should be at average level in
lifespan of quark and nuclear matter. To quantify the average
effects of correlators on physical observables time-averaged
correlation can be defined

Time-averaged correlation

𝐆𝐆 𝑡𝑡(𝑥𝑥) ≡
∫𝐆𝐆(𝑣𝑣, 𝑥𝑥)𝑑𝑑𝑣𝑣

∫𝑑𝑑𝑣𝑣 ∴ 𝐆𝐆 ≡ (𝐞𝐞𝐅𝐅)𝟐𝟐 𝐜𝐜𝐜𝐜𝐜𝐜𝟐𝟐(𝜳𝜳𝑭𝑭 −𝜳𝜳𝟐𝟐)

𝐆𝐆 𝑡𝑡(𝑥𝑥) ≡
∑𝑖𝑖 𝐆𝐆(𝑣𝑣𝑖𝑖 , 𝑥𝑥)∆𝑣𝑣𝑖𝑖

∑𝑖𝑖 ∆𝑣𝑣𝑖𝑖

3. (𝐞𝐞𝐞𝐞)𝟐𝟐𝐜𝐜𝐜𝐜𝐜𝐜𝟐𝟐(𝜳𝜳𝑩𝑩 −𝜳𝜳𝟐𝟐) 𝒕𝒕

𝐅𝐅 is B or E

11

Correlations

(0 - 2 fm/c)



Effects of the electric (σ) and chiral magnetic (σ) conductivities on
the space and time evolution of the electromagnetic fields.
Partially asymmetric spatial distribution as compared to zero-
conductivity system.
Decay in the presence of conductivities is 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.

Summary

Irfan Siddique QCD@Work 20-June-2024 12
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