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Global polarization in HIC
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* In non-central HIC, large OAM L (~103n
at RHIC energies) is deposited in the
interaction region

» Hyperon/vector meson global polarization
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Motivations to do vector meson

* No local cancelation when integrating over phase space as opposed to spin-1/2 particles

« Access to spin-orbital forces S¢(E¢ x P), a term which is canceled in A polarization

* Vector mesons, like ¢-meson, are expected to originate predominantly from primordial

production. It suffers less decay contributions if compared to hyperons, more sensitive to

early dynamics.




Results from BES-I data @non-central collisions

STAR Col. arXiv: 2204.02302
« Extend the study to lower energies with high statistics, @200 GeV, a factor of ~50 more event statistics analyzed.
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Results averaged over p+
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Study the fine structure of centrality
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At high energies (=262.4 GeV) for ¢, and (=39 GeV) for K*, pgg in central collisions tends to <1/3. This might be
caused by transerve local spin alignment and a contribution from the helicity polarization of quarks.




Expectation of py, from theory

Physics Mechanisms
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Can we explain the large py, of -meson?
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HIC : a highly volatile environment

Gribov, Levin, Ryskin, 1981
McLerran, Venugopalan

Strongest color field hep-ph/9309289
Nucleus at Nucleus at
rest relativistic energies

Hadronization

Color Glass Gluon Condensate Quark Gluon Detect
Condensate (CGC)  Plasma (Glasma) Plasma (QGP) etection

[+ Fluctuation of quark and gluon fields - local net-quark current “




P-meson vector field

Like electric charges in motion can generate an EM field, s and s quarks in motion
can generate an effective ¢-meson field.

The ¢-meson field can polarize s and s quarks with a large magnitude due to
strong interaction, in analogy to how EM field polarize (anti)quarks.
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The 1sttime the strong force field is experimentally supported as a key machenism that leads to global alignment




P-meson vector field
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We propose a dynamical mechanism which provides an interaction between the spins of hyperons and L
antihyperons and the vorticity of the baryon current in noncentral high energy nuclear collisions. The interaction —0.02—
is mediated by massive vector and scalar bosons, which is well known to describe the nuclear spin-orbit
force. It follows from the Foldy-Wouthuysen transformation and leads to a strong-interaction Zeeman effect.

The interaction may explain the difference in polarizations of A and A hyperons as measured by the STAR

« Similar idea to explain the P; — Pa H 0.02

Collaboration at the BNL Relativistic Heavy Ion Collider. The signs and magnitudes of the meson-baryon 0.10 T T T ' ' oo Tt '
couplings are closely connected to the binding energies of hypernuclei and to the abundance of hyperons in - (b)

neutron stars. 0.08
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Zoom in the 200 GeV data
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 Is the contribution from local spin alignment dominant
in central collisions and at higher energies?
Xia et al., Phys. Lett. B 817, 136325 (2021)
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« Can accommodate positive deviation in mid-
central and peripheral collisions

Sheng et al., arXiv:2205.15689

* Measurements of local spin alignment?



Summary and Outlook

 STAR observes a surprisingly large global spin algiment for ¢-meson. It cannot be

explained by conventional mechanisms. However, it can be accommodated by a model

with strong force field.

 The measurement provides evidence for quark version of spin-orbital force at work.

« Potential new avenue for understanding the strong interaction.




Summary and Outlook
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» Observation of global spin alignment of J/y at LHC at large rapidity
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* How will be the results at midrapidity?
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