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To appear In Nature

Global A hyperon polarization in nuclear collisions: evidence for
the most vortical fluid

The temper: and energy densities generated by ultra-relativistic collisions

between heavy nuclei produce a state of matter with surprising fluid properties'. Non-central

t collisions have angular momentum on the order of 10007, and the resulting fluid may have a
ﬁ strong vortical structure* that must be understood to properly describe the fluid. 1t is also of
,;E'.‘_ particular interest because the restoration of fund I sy ies of g chromo-
& dynamics is expected to produce novel physical effects in the presence of strong vorticity's,

However, no experimental indications of fluid vorticity in heavy ion collisions have so far

been found. Here we present the first ment of an ali between the angular mo-

secatim of & nos-central callison snd the spin of emiiied pariicles, revealing hat the Mkl
produced in heavy ion collisions is by far the most vortical system ever observed. We find
that A and A hyperons show a positive polarization of the order of a few percent, consistent
with some hydrodynamic predictions®. A previous measurement® that reported a null result
at higher collision energies is seen to be consistent with the trend of our new observations,

though with larger statistical uncertainties. These data provide the first experimental access
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to the vortical structure of the “perfect fluid™ created in a heavy ion collision They should
prove valuable in the development of hydrodynamic models that quantitatively connect ob-

servations to the theory of the Strong Force. Our results extend the recent discovery® of

hydrodynamic spin alignment to the subatomic realm.



Polarization data has often been the graveyard of
fashionable theories.
If theorists had their way, they might just ban such
measurements altogether out of self-protection.
J.D. Bjorken
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= QCD factorization and hadronic
polarization (Lecture 1)

= Axial anomaly and transport in hadronic
media (Lecture 2)

= Vorticity and hyperon polarization
(Lecture 3)



Outline of Lecture 1

= QCD and factorization

rc-structure = hadronic matrix
elements of quark and gluon operators

= Density matrix and axial current

= Single spin asymmetries and QCD



QCD




QCD like QED
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QCD unlike QED




Applying Asymptotic Freedom




Appearance of subprocess




Quarks in hadrons




Twist




Spin Y2 quarks




Density matrix of quarks
Inside hadrons




Flavours and gluons




Constraining lowest moments




Momentum and spin — Axial
Anomaly appears




Single and double spin
asymmetries




Simple example




Single Spin Asymmetries and
Spin-Orbital Interactions




Single Spin Asymmetries In
pQCD




NPQCD: twist 3 and T-odd
distributions




Summary of Lecture 1

= QCD factorization — “Zoo” of parton distributions

(correlations)
!'_-_Hadmmuure encoded in hadronic matrix

elements of quark/gluon fields — natural objects of
Lattice/NP QCD

= Spin — related to axial current and Anomaly
(Lecture 2)

= Single Spin Asymmetries — Spin Orbital Interactions
(Lecture 3)



