Effect of hadronic interactions on Lambda polarization
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Experiments: RHIC Au+Au collisions

» Global polarization measurements by RHIC BES Il programe: Au-Au collisions at energies
of 7.7, 11.5, 14.5, 19.6, 27.0, 39.0, 62.4, and 200 GeV
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Earlier explanations to Polarization Splitting

> Why is the anti-A’s polarization larger than A polarization?

1. Polarization induced by magnetic field might split the vorticity induced polarization?
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[ L. McLerran, V. Skokov, Nucl.Phys. A929 (2014) 184-190 ]

2. Effect of baryon chemical potential : accounts for only 1%
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Recent explanations

Different Space-time freeze-out of A and anti- A\, results into polarization difference?
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) Recent explanations
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N Meson field in rotating system

Considering the system during hadron rescattering, the strong interactions between A
and baryons are mediated by the scalar meson ¢ and vector meson VH
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B Meson field in rotating system

In conclusion, the baryons (fermions) with vorticity will induce vector meson (bosons)
magnetic field, this magnetic&electric field would interact with the A’s spin, resulting into
the polarization and polarization difference between A and anti- A.
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e\ Meson field in rotating system

We modify the polarization splitting formula therein, by removing the free parameter C and
explicitly bringing out the vorticity, which is essential in polarization study.
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where C=2(gvagv)/ (MH???-%) Is a coefficient determined by the strong coupling constants,
hyperon mass and meson mass.

Assumption: the post-freeze-out system is near Boltzmann limit and A particles are non-relativistic



Hydrodynamic Simulation

Targel— ¢ Projectile—
fragmentation fragmentation
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Space-time evolution in Bjorken model

O An initial state based on Yang-Mills fields (flux tube) is formed after Lorentz contracted
nuclei penetrate each other, then system evolves with a (3+1)D fluid dynamics: the
high resolution Particle-In-Cell Relativistic (PICR) hydrodynamic model.

O The major part of freeze out hypersurface is assumed to be time like here. We use the
ideal-gas post-FO distribution. The precise FO prescription in Hydro fluid dynamics
was discussed in Ref. [Yu Cheng, 2010].

[ Yun Cheng, et al., Phys. Rev. C 81, 064910 (2010) ]



Previous simulation
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We use the same simulation data, but vary the freeze-out time for different collision energies.
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Simulation and results
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The freeze-out time is varied from 5.9 -7.9 fm/c for Vs = 7.7-200GeV, so that the freeze-out T and p
are consistent with theoretical expectations and experiments.
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Simulation and results
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1. New values of polarization are larger than old ones,
showing the sensitivity to freeze-out time, while the
energy dependence behavior is still kept.

2. Estimates of the global polarization at c=20-50% by
scaling of 0.5, is very close to the experimental
results.



i = Simulation and results
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Simulation and results
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Simulation and results
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. The polarization splitting based on meson field

mechanism is larger than many other approaches.

. APy =AP,+ AP, < AP, and it means AP, is

negative, so it decreases the final splitting effect
by about 1/3~1/4.
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Table 1. The average freeze-out temperature Tro, freeze-out
time tro, average baryon density (pB), average vorticity (—wy),
and AP,,, APy defined in eq. (15), for Au+Au 7.7 GeV colli-

sions at differe entalities ¢ = 20%, 36%, 49% . ) )
sions at different centalities ¢ = 20%. 36%, 49% ¢ = 20%. 499, |

Things are different for 7.7 GeV case:

1.

Freeze-out time is larger in peripheral collisions and the decreasing
tendency of vorticity vs time is very mild. Thus similar AP,

The larger fluctuations of baryon density in peripheral collisions lead to
larger |AP_|. Thus AP; = AP+ AP, is smaller for peripheral collisions.

Table 2. The average freeze-out temperature Tro, freeze-out
time tpo, average vorticity (—w,), and AP,,, AP; defined in
eq. (15), for Au+Au 11.5 GeV collisions at different centalities
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Summary

> We have presented the polarization splitting based on the meson field
mechanism.
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