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Phys. Rev. C 102, 014909 ,Phys.Lett.B 696 (2011) 328-337
Formation of the almost perfect fluid (lowest ¢ value)
(PhysRevLett.109.139904).
Strongest Magnetic field produced in the universe of the order of
101®  10'° Gauss (Phys.Rev.C 89 (2014) 5, 054905).
Effect of EM Fields on Dileptons as a Probe of the Medium
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Why Study Dileptons?

+

Dileptons (e*e ) are produced during of a

heavy-ion collision.

Once produced, they interact only electromagnetically ) escape
the medium almost una [edted.

) Act as penetrating probes of the hot and dense QCD matter,
especially the QGP.
What they reveal:

e Temperature of the medium (via thermal rates),
o Lifetime of the QGP,
e In-medium modifications of vector mesons.
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Recent Studies Using Dileptons

Xiang-Yu Wu et al.,
arXiv:2504.21698 Xiang-Yu Wu et al., Hydrodynamic
Hybrid model study of pre-equilibrium evolution and dilepton polarization.
and thermal dilepton  vy.

and So on..

Minghua Wei & Li Yan, Phys. Rev.
D 110, 054024 (2024)
Magnetic eld e ect's study of
and VS Qr -
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Recent Studies Using Dileptons

Xiang-Yu Wu et al.,
arXiv:2504.21698
Hybrid model study of
pre-equilibrium and thermal

dilepton vp. Minghua Wei & Li Yan, Phys. Rev.
D 110, 054024 (2024)
Magnetic eld e ect's study of
and VS g7 .

and So on.. See talk of Mr. Ashutosh for some new results on dileptons

Xiang-Yu Wu et al., Hydrodynamic
evolution and dilepton polarization.




How did we proceed ?



_ Seepsunderaen
Processes involved in the study of Dileptons

dN _dN , _dN , _dN
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Dilepton Production Channels in Magnetic Field:
1. Annihilation Process: q+ !
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Phys. Rev. D 106, 056021 (2022)



Processes involved in the study of Dileptons..

$ q_% $ q_%
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2. Particle Decay: q! g+
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Similarly for g also...
Phys. Rev. D 106, 056021 (2022)



Important assumption:

Numerical stability in dilepton rates:
Rates involve Laguerre polynomidls( ), with = pZ =(2jgt Bj).
For weakB, large causes unstable evaluations.
Introduce cuto on :

M =101, 0:3; 0.5gGeV ) b c= 120 100 50g:

Restrict Landau sums tgeBj > 0:003 GeV?.
If conditions are not satis ed:

Use Born rate for annihilatign
Set decay rates to zero

Interested in thermal medium )  Cuto does not harm our
purpose
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Gubser ow

Fluid velocity is de ned:

u =cosh
u’? =sinh @
u=~0
where 29°
(x>: )= Arctanh i+ qzq zi?q2x§ ©
. 4 4=3h1+ 27 2ex2 gt 2 K2 ) 43 (6)



Steps undertaken

Gubser ow..

Figure: Left panel: Isothermal contours in théx, ; ) plane from Gubser's
hydrodynamic solution withify = 10:8 andq * = 6:4fm. The red curve
(Tmin = 0:15 GeV) marks the freeze-out surfacRight panel: Contours of
transverse velocity” (x,; )= u’=u .



Evolution of temperature

Figure: Temperature evolution with proper time at the center of the collision zol
(X;Y)=(0;0) for Aut+Au collisions.



Magnetic eld pro le

Figure: Transverse Bro les of di erent components of the magnetic eld for
Au+Au collisions at™ Syy = 200 GeV with impact parameten = 12 fm,
evaluated at proper time = 0:4 fm and electrical conductivity = 0:58 MeV.



Magnetic eld pro le

Figure: Transverse Bro les or ar erent components of the magnetic eld for
Au+Au collisions at™ syy = 200 GeV with impact parameten = 12 fm,
evaluated at proper time = 0:4 fm and electrical conductivity = 0:58 MeV.



The e ect of the strength of the magnetic eld (Spectra)

Figure:dN=(2 MdMp dprdY) for various impact parameters at xedM, ,Y)
= (0.1 GeV, 5.8 MeV, 0), showing the total (left) and the contribution of
annihilation (middle) and decay (right) processes.

Total spectra is dominated by the annihilation process.

Increasing the impact parameter increases the spectra.



The e ect of the lifetime of the magnetic eld

Figure: TotaldN=(2 MdMpt dprdY) for di erent electrical conductivities at
given M, b, Y) = (0.1 GeV, 12 fm, 0).

Increasing the life time of magnetic eld increases the spectra.



The e ect of the invariant mass

Figure: TotaldN=(2 MdMptdprdY) vspy atb=12fm, =5.8 MeV, Y =0.

Low mass enhancement is seen in spectra.



Even- ow harmonicss

Figure:v, vspr at (M; ; Y) =(0:1 GeV, 58 MeV, 0). The left panel shows the
total v,, annihilation (middle) and decay processes (right).

V7 is positive at lowpr but becomes negative at high .

Zero crossing is not prominent with increasing magnetic eld
strengths.



conti..

Figure: Polar plot oflog (dN=(dpr d ,dY)) at (; b;Y)=(5:8 MeV;8 fm;0)
and M = 0.1 GeV, for annihilation (left) and decay (right) processes respectivel;



V4

Figure:vg vspr at (M; ; Y) = (0:1 GeV, 58 MeV, 0). The left panel shows the
total v4, annihilation (middle) and decay (right) processes.

V4 is negative at lonwpt but becomes positive at highy .

Zero crossing is prominent with increasing magnetic eld strengths «
compared tovs.



E ect of lifetime of magnetic eldw, andv,)

Figure: The totalv, (left) and v, (right) for various electrical conductivities at
given(M;b;Y) =(0:1 GeV; 12 fm;0), illustrating the e ect of the changing
medium response.

Increasing the conductivity increases thieand va.

The trend however is opposite.
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E ect of Invariant massvg andv,)

Figure: Total v, (left) and v4 (right) for various invariant masses at xed
(b; ; Y)=(12fm;5:8 MeV;0).

Enhancement at low mass is clearly visible.



Summary of Results

Both the spectra and ow coe cients ¥, V4) increase with larger
impact parameter and higher conductivity.

Vo is positive at lowpt and turns negative at highgry , whereasvy
shows the opposite trend.

While annihilation dominates, decay processes also contribute
signi cantly and provide a clear signature of magnetic elds, with
non-zerov, andv, even in nearly central collisions.

The spectra show a strong enhancement at low invariant masses,
which gradually diminishes at highpf .

For vo and vy, distinct di erences are observed at low invariant mass
(around 0.1 GeV) compared to higher mass regions.



Summary of Results

Both the spectra and ow coe cients {2, v4) increase with larger
impact parameter and higher conductivity.

Vo is positive at lowpr and turns negative at highgrr , whereasv,
shows the opposite trend.

While annihilation dominates, decay processes also contribute
signi cantly and provide a clear signature of magnetic elds,
with non-zero v, and v4 even in nearly central collisions.

The spectra show a strong enhancement at low invariant masses,
which gradually diminishes at highpf .

For v, and vy, distinct di erences are observed at low invariant mass
(around 0.1 GeV) compared to higher mass regions.

Needs a detailed study, currently work in progress......



Scan for detailed information

Thank You!
Any Questions!
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