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Outline

O Impact of e.m. fields in uRHICs
QO Probing e.m. fields with v, splitting of heavy quarks and leptons from Z° decay
O The general behavior of charge dependent flows induced by e.m. fields

O Modification of Z° leptonic invariant mass by e.m. fields



Impact of electromagnetic (e.m.) fields in uRHICs

O Many Impacts: Chiral magnetic effect (CME), Chiral magnetic wave (CMW), Hyperons
polarization splitting, Chiral condensate, Fluctuation of conserved charge and so on
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Probing e.m. fields with v, splitting of heavy quarks and

leptons from Z° decay



Probing e.m. fields with v; splitting of charged particles
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+» Delicate balance between E and B
v' E wins -> negative slope Av; vs y, between positively and negatively charged
particles
v B wins -> positive slope Av; vs 'y,



Why heavy Quarks (HQs)?
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“» HQs best probe for v, induced by e.m. fields:
1. pQCD hard processes
2. negligible thermal production
3. tiom = 0.08 fm/c when B, is = its maximum and witness of all the QGP evolution
4. th(C) = TQeP>> Tem (keep more memory effects)



E.M. fields
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<+ Computation of early stage e.m. field is quite an issue:

S. Shi et al., AP 394 (2018), 50-72

L. Mclerran et al., NPA 929 (2014)
184

G. Inghirami et al., EPJC 76 (2016),

659

v large gap @LHC: eB,(t=0) in the vacuum: = 50 m;? but eB(t=0)=0 assumimg a medium

in equilibrium at o, even before t=0 (need more realistic simulations)

v 1QCD o,? Early time what is o in the Glasma?



Parametrized E.M. field
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CaseBand C

eBy(z,y,7) = —B(7)pB(2,Y) B(r)=eBy/(1+ (1/r5)")
B0 = eBo/t+ /)| [B(r) = eBo/(1 4 7/78)|

v eBy fixed by the value t=0 in vaccum; a and
Tg can be tuned

Case A

v E-B fields like U.
Gursoy et al.,, PRC
89 (2014), 054905

v' Medium at t<0 + eq.

Ge=0.023

medium

fm-! v E, is evaluated by the Faraday's Law

% Case C reproduces experimental data:
v' Case B and Case C have the same 13 and eB, but very
different v, splitting
v Constrain strongly the decay form of B, (): A slowly decay

B leads to a relative smaller E, and B (Hall effect) wins over
E



0’0

Leptons from Z° decay

/

v Clearer observables
v Separable from other sources
V' Tgeeay(Z)=  Tiorm(charm)=0.08

correlation between Av,(D°,D? and Av,(I*,I)

Sun&Plumari&Greco, PLB 816 (2021), 136271

Leptons from Z° decay as a complementary probe:

Strong
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vy splitting of Z° decaying leptons
are quite different from that of
charm quarks:

v' Sign change?
v Smaller magnitude (1e > 2/3e)?
dAv§ dln f,
‘U~:0 X —(——
o (—)PT 9

dy.




The general behavior of charge dependent flows

induced by e.m. fields
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General behavior of charge dependent flows by e.m. fields
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Yz flow
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Spectra modification by e.m. fields
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E.M. field of Case A

v" The spectra modification by e.m. fields for charm
and Z° decaying leptons has a general p;
dependence

v' Spectra ratio probe radical ¥ dependence of
electric field 12




v, splitting by e.m. fields
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v' The v, splitting by e.m. fields for charm, bottom and Z° decaying leptons has a

general py dependence

v" low pr derivation for charm quarks due to QGP interaction
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v, splitting by e.m. fields
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Relation between a and B,
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Correlation between v1 splitting of D°-D © and I*-I from Z° decay
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v' aratio for Case A with conductivity 0.0115, 0.023 fm™' ~1.3-1.4, for Case C ~ 2, close to
their charge ratio 1.5 for very different e.m. fields: 100 times
v Does not depend on the details of e.m. fields due to same e.m. fields + similar formation

time 0.08 fm/c + same space of charm and these leptons

v" Should apply to all charge dependent flows + spectra ratio (a,,b,,c,)
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Modification of Z° leptonic invariant mass by e.m. fields

17



E.m. fields on Z° leptonic invariant mass

O E.M. fields should modify Z° leptonic invariant mass distribution since it modify the momentum

of leptons from Z9 decay
O Measuring Z leptonic invariant mass may be easier than measuring the flows of leptons from

70 decay
Sun&Greco&Wang, PLB 827, 136962 (2022)
< Small effect of lepton-quarks scattering
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v" Modification on the leptonic invariant mass and its width are small eeeve W;H
A(M) = —1.9 MeV and Ao < 0.2 MeV o cov 1)

v" The invariant mass shift is negative due to the drag force 18



E.m. fields on Z° leptonic invariant mass
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v" The invariant mass decreases~10
MeV-300 MeV
v" The width increases
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The eB, dependence
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v The shift on the mean invariant mass and its width should depend on eB,

quadratically due to charge conjugation invariant in the leading order
v" (eBy)? dependence is perfectly fitted; -10 - -246 MeV and +12.6 - +305 MeV
shifts on mass and its width with eBy change by 5 20



The 1, and a dependence
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v The shift on the mean invariant mass does not exactly depend on the integral of B,
quadratically but approximately

v" The (eBy)? dependence of the width shift is still perfectly fitted quadratically
21



The centrality and p; dependence
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v" Both shits increase with centrality

v" Increases less at centrality above 35% since the range of e.m. fields
decreases
v' The invariant mass shift decreases with pt but not much; The width

shift increases with py a lot
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Summary & outlook

O One can probe e.m. fields from v, splitting of charmed mesons and leptons from
70 decay

Q Charge dependent flows and spectra modification induced by e.m. fields has a
general pr dependence

O The correlation between charge dependent flow of charmed mesons and leptons
from Z° decay applies to all e.m. fields; strong indication of e.m. field origin

L The modification of Z° leptonic invariant mass and its width due to e.m. fields is

another observable; depends on the integral of B, quadratically (approximate)
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