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Heavy ion collision and magnetic field
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Heavy ion collision and magnetic field
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Strong Magnetic field :
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Magnetic field to heavy flavor
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Heavy quark pair production elementary process gg — Q00

Since 1. the color degree of freedom of gluon is much larger than light quark
2. f(x,0%) > > f(x,0%) atsmallx
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Heavy quark pair production elementary process gg — Q0

Since 1. the color degree of freedom of gluon is much larger than light quark
2. ]fg(x, Qz) > > fq(x, Qz) at small x

Quark-gluon vertex

——— Quark propagator

s-channel t-channel u-channel

in external magnetic field



Dirac equation under a uniform magnetic field
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Dirac equation under a uniform magnetic field
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Dirac equation under a uniform magnetic field
Reconstruct quark-gluon vertex
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Feynman rule in external uniform magnetic field v



Dirac equation under a uniform magnetic field

Reconstruct quark-gluon vertex
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Consistence with Schwinger propagator .
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Cross section for elementary process ° C
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Cross section under Lowest Landau Level
Lowest landau level (LLL)

The external magnetic field is strong enough, the fermion would be suppressed into nn = () state

Spin state: c=—1 for quarks c =+ 1 for antiquarks

Cross section under LLL in center of mass frame
s-channel involved
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Cross section under Lowest Landau Level
LLL in magnetic field v.s. vacuum
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e Divergence at threshold: phase space dimension reduction under strong magnetic field.



Cross section under Lowest Landau Level
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the gluon self interaction plays the dominant role

e Stronger magnetic field, wider energy range

10



Transverse momentum spectrum under Lowest Landau Level

Neglecting shadowing effect the differential cross section in heavy-ion collision
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Transverse momentum spectrum under Lowest Landau Level
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Transverse momentum spectrum under Lowest Landau Level

Integration over gluon polarization angle & collision energy at \/E = 5.02 TeV
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Beyond Lowest Landau Level

Whether LLL is a good approximation of fermion under external strong magnetic field?

Even though we consider the early stage of high energy nuclear collisions, where the system is not yet thermalized
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Beyond Lowest Landau Level

Whether LLL is a good approximation of fermion under external strong magnetic field?

Even though we cc

On shell gluon decay

e When magnetic field is strong enough, the internal quark
could be on-shell.

e The sub-process g = 00 may take place when the quark
and antiquark are at different Landau levels.
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e Stronger magnetic field

O+1 St(hz)zm+\/m2+2|qB|
e Smaller collision energy
141 (/s® =2y/m>+21gB) 13



Beyond Lowest Landau Level

Whether LLL is a good approximation of fermion under external strong magnetic field?

Even though we cc Gluon moving perpendicular to the

On shell gluon decay g — 00

Next Landau Leve magnetic field would decay
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summary and outlook

We calculate the cross section of elementary process gg — QQ under strong magnetic field to NLL, which

qualitatively describes the heavy quark production at leading order in the initial stage of heavy ion collisions.

e Anisotropy of the system. Unique QCD process dominant the elementary process especially when the
gluon incoming direction parallel to magnetic field.

e The dimension reduction in phase space leads to divergences of the cross section at the discrete
Landau energy levels.

e The heavy quark pair production is enhanced at low pPrregion and suppressed at high P71 region.

In the future work

e The process qq — QQ will also be included to reproduce full transverse momentum region

e Elementary process in weak field limit which can also be included to compare with heavy-ion collision.

Thank you for listening!
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