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leB|~5mZ (0.1 GeV?) at RHIC and 70m2 (1 GeV?) at LHC,

w~102%1/s at RHIC,
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See for instance W.Deng and X.Huang, PRC85,044907 (2012)
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2 Quantum Phenomena in Magnetic Field

See any textbook of Quantum Mechanics, for instance the one by J.J.Sakurai

® Spin
Stern-Gerlach experiment
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Spin-magnetic (rotational) field interaction results in CME and CVE.

& | andau energy levels
Fermion energy in magnetic field

E=+ym?+p2 - ym?+p2+ 2n|qB|

What is the quantum effect induced by the Landau levels?

EMTR, KiE SR M4, 20230801



What We Want to Discuss

1) Competition between B and T:

B breaks down the translation invariance, but T restores the invariance.
— |Is the B field strong enough to be measured in thermal medium with T~300 — 500 MeV ?

2) Competition between 1z and t,,;:

The lifetime of external B field is very short, we need induced B field in QGP .

— Can the current be completely induced before the disappearance of the external field
with lifetime 753~0.1 fm ?

3) Competition between B and ug:
Is there any quantum effect when the Fermi surface meets Landau energy level?

4) From static properties to dynamical processes:
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Feynman Rules in Magnetic Field
A.Kostenko and C.Thompson, Astrophys J. 869, 44(2018), 875, 23(2019).

External lines:
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Quark propagator:
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. . ) Schwinger propagator, 1951
@® no more translation invariance.

@ the two Schwinger phases for q and q are cancelled to each other in loop calculation.
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Gluon Propagator in QCD Matter

Kapusta and Gale, Finite-Temperature Field Theory: Principles and Applications
G.Huang, J.Zhao, PZ, PRD107, 11(2023)

Gluon self-energy in magnetic field:
. 2 — 5,,0) (O + gll) (w2 + p2)
H|| (T, B) _ QZT‘QB‘ ( ni ‘## ‘ Lt n Lz
" pZ (m? + w2 + p2 + 2n1|¢ B))>?
M;,(T,B) =0 Matsubara frequencies p, = iw, = i(2n + 1)nT
quark longitudinal momentum p,
transverse Landau energy ¢, = 2n,|qB|

for quark loop

for gluon and ghost loops
ﬁuv (T,B) = ﬁuv (T,0)

To include non-perturbative effect, we take the summation of ring diagrams
— gluon propagator and thermodvnamic potential:

/11, all the o\he — loop polarization
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Color Screening in QCD Matter

G.Huang, J.Zhao, PZ, PRD107, 11(2023)

Debye screening of a pair of charged particles qg:
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Pole of the propagator at gluon momentum (kg =0, k2 = —m,%) — ScCreening mass:

m%,(T,B) = mQ(T B) +mZ(T),
m3(T, B) = 1y (T, B),
m%(T) = ~TIy(T).

2 2 2
. N m° —w, +p;+ 27’11“5{B|
mg (T, B) 9°TlqB| Z [( On1,0) (m? + wi + p2 + 2m|qB|)?
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mp(T,B)

G.Huang, J.Zhao, PZ, PRD107, 11(2023)

® m;,/g is g independent in ring diagram summation.
® m,(0,B) = 0.13 GeV at eB = 25m?2.
@® the B effect is gradually washed out by thermal motion.

Conclusion 1;

While the magnetic field created in HIC is the strongest one in nature, its effect on QCD
matter is much weaker in comparison with the fireball temperature.
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Jonm < Uel(E + 7 X B)
Incomplete electromagnetic response of hot QCD matter
Wang, Zhao, Greiner, Xu and Zhuang, PRC105, L041901(2022), Letter, Featured in Physics

The evolution of the fireball in described by BAMPS:
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BAMPS (Without Ohm’s law)
Conclusion 2:

The electromagnetic response of the hot QCD matter to the fast decay of the external
electromagnetic field is incomplete, which strongly suppresses the induced magnetic field.
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Color Screening in Dense QCD Matter
G.Huang, J.Zhao, PZ, arXiv:2307.02608

In the frame of ring diagram summation

2
g trlqBl
mh (. B) = G PRS-
n=0 \/uj% — 2n|qB]|
For chiral quarks, the distribution
f(p) = 9(#f - p) £(p) »

the Fermi surface is determined by

p7 + 2nlqB| = u?

when pu; and Landau levels are equal

u7 = 2nlqB|

the infrared divergence at the Fermi surface induces a complete screening my, — oo,
called resonant screening.

The case here is similar to the resonant transmission in Quantum Mechanics.
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Resonant Screening
G.Huang, J.Zhao, PZ, arXiv:2307.02608
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Conclusion 3:

The color interaction between a pair of quarks is completely screened in dense
and magnetized QCD matter, when chemical potential matches the Landau levels
,ujzc — 2n|gB| = 0.
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Charmonium transition in electromagnetic and rotational fields
Chen, Zhao and Zhuang, PRC103, L031902(2021), Letter

Heavy quarks are produced in the initial stage of HIC, they experience the strongest
electromagnetic field and are probably a sensitive signal of the field.
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Resonant Dissociation
J.Hu, S.Shi, Z.Xu, J.Zhao, PZ, PRD105,9(2022)

Heavy quarks are produced in the initial stage of HIC, they experience the strongest
electromagnetic field and are probably a sensitive signal of the field.

2n+|m|
In the frame of QCD multipole expansion: (0 T
T.Yan, Phys. Rev. D 22, 1652 (1980), 100 sgl‘ | i
Y.Kuang and T.Yan, Phys. Rev. D 24, 2874 (1981) ECSL L
Y.Liu, C.Ko, T.Song, Phys. Rev. C 88, 064902 (2013) 0 N TN g
S.Chen, M.He, Phys. Rev. C 96, 034901 (2017) Bos S \.
S.Chen, M.He, Phys. Lett. B 786, 260 (2018). 0 g LT N L
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Threshold Enhancement
S.Chen, J.Zhao and PZ, ArXiv: 2307 .*****
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Conclusion 4:
Landau level induced enhancement around the threshold !
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Summary

& W 5% 00 5% B An o A2 R QCD M R 3% 2L EAK

& 2 friefelandauib BEF 2 T AN FEFET B TFAREFUNET AL
AT RS, Pl CME, CVEA= 23R40 09 & 48 ZAE F 69 353k B s Ae
Tk F A BRIAN RS FIL L

Thank you for your attention!

EMETR, KESEAZEMF TR, 20230801

15



Z BN R A, FH R FeiE R KA
FBaE, 1996

Large things are made of small KENE N F 2
And even smaller. L 2R TN,

To know the smallest £ IR TN

We need also the largest BEAMNEE B IE 2 K0,
All lie in vacuum — ARk T AE
Everywhen and everywhere. T AT B AT b

How can the micro WA F 4 E A

Be separate from the macro? 5% 0NARNH?

Let vacuum be a condensate ﬁ‘?—ﬁ?%"ﬁ’ﬁ%
Violating harmony BORT Aeide
We can then penetrate Jm o KA 7 VTR F

Through asymmetry into symmetry R xt#% & 49 3¢ 4%,
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