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Outline

* Unigueness of spin physics in heavy ion collisions

* Difference between spin polarization and spin alignment
* Spin alignment of ¢ and J/W¥

* Effective theory of charmonium

* Spin dependent damping rate

* Heavy ion phenomenology

* Conclusion and outlook



Spintronics in condensed matter physics
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Spin In particle physics

Proton spin composition
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Spin polarization (alignment) in HIC

Spin polarization observed in multiple
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Difference between spin polarization and alignment

Spin polarization: approx conserved, \E/md% field
. . . e
sum of_ parton polarlz_atlon from medium,  Ger hydro gradient field
Insensitive to interaction
Spin alignment: not conserved, origin Vflector n}eslgr}lfield fluctuation
: o : : Glasma field fluctuation
complicated, sensitive to interaction Vorticity field
EM field
Fragmentation
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Spin alignment of J/¥ vs ¢
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regeneration

dissociation

J/¥ production mechanism at forward rapidity
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J/¥ spin alignment from polarized damping

Focus on dissociation of charmonium produced in hard
scattering

J/W S-wave spintriplet S=1,L =0

plo.fi = —Cifi —|—&1 1: spin triplet label
disso regen

Spin dependent (polarized) damping rate leads to spin alignment

1 . v 1 ¥ ¥ ¥
poo < 3 requires Co > 3 (Co+Cr+C2)



Quantum mechanical desciption of charmonium

H.¢ = Hy + H;, Yan, PRD 1980, Kuang-Yan,
PRD 1981
—ir'j -
Ho= —+ Vi(lF]) + Z ——Vz(lf‘l) rest frame of J/U
color color
singlet octet
Hy = Q“AE(LE}) —d® . E“t.,0) _-+ . Spin dependent interaction
d¢ — lg_ﬂj E . E chromo-electric
2 2 2 dipole moment
—a _ _&s AT AT chromo-magnetic
2mo \ 2 2 dipole moment




Cross sections from chromo-electric interaction
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Cross sections from chromo-magnetic interaction
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Assumptions and simplifications

* Evolution of .J/W¥ only

* |nitial condition : unpolarized J/ ¥ produced by hard scattering
* Ignore regeneration, only dissociation

* Spin dependent damping rate in QGP leads to spin alignment

from particle effect

Vector meson field fluctuation
Glasma field fluctuation
Vorticity field

EM field from mean field
Fragmentation

from field fluctuation



Boltzmann equation in Bjorken flow

pro,fi = —Cifi Ci=C"+Cf
In Bjorken flow ~ C¥ = C¥(1,p), CF =CP(r,p.n)

Approx boost invariant solution E — 00

T =
f(m.n,y,p1) = ?f (7, :U,PT)- Zhu-Zhuang-Xu, PLB 2005

dissociation changes

J/W produced at collision point
number, not momentum
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Spin alignment
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Spin dependent damping: limit 1
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Spin dependent damping: limit 2

plroufi = —Cifi
Cy +CY 4+ CF x 2k pr — <
transverse boost
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Frame & quantization axis

p#@p-fi — _Cifi

N/

Lorentz invariant
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Spin alignment
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Conclusion

* Possible mechanism of .J/¥ spin alignment from particle effect

* Interplay of spin-chromo-magnetic coupling and anisotropic flow
leads to spin dependent damping

* Dissociation only gives pg, > %

Outlook

* J/¥ regeneration to give non-trivial momentum dependence
* QGP effect on formation of .J/WV
* Feed down from excited states



Thank you!
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