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Background

research status

Figure from F. Becattini-Michael A. Lisa, AR 2020

First idea in spin alignment

Liang, Wang PRL 2005, PRB 2005

Hyperon polarization can be
nicely describe by hydrodynamic
and transport-based calculations

vector meson polarization still

not clear...

Vector meson field fluctuation

Glasma field fluctuation

Vorticity field

EM field

Fragmentation 02



Background

Spin density matrix
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*Figures in this slide all from P. Faccioli-C.Lourenco, Particle Polarization in High Energy Physics

Background
How to measure spin alignment in experiment

2 chosen

particle G 2
polarization axis

rest frame

* J/Y decay into lepton-antilepton pair

chosen
reference plane

* (9, @) indicate ’s direction

* Measurement of angular distribution
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*Figures in this slide all from P. Faccioli-C.Lourenco, Particle Polarization in High Energy Physics

Background

How to measure spin alignment in experiment

/v emission axis
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\'\" T~ Total angular momentum component
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Spin component of J/i along z
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*Figures in this slide all from P. Faccioli-C.Lourenco, Particle Polarization in High Energy Physics

Background

How to measure spin alignment in experiment
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*Figures in this slide all from P. Faccioli-C.Lourenco, Particle Polarization in High Energy Physics

Background
How to measure spin alignment in experiment
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Background

* The parameters of polar angle distribution are measured experimentally.

Ay (1 —3pgo)/(1+ poo) Poo <1/3
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Background

Other measurement about spin alignment

RHIC vs LHC
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—e— STAR, ZrZr+RuRu@200GeV,-1<y<1, 0.3<pT<6 GeV/c

—o— ALICE,PbPb@5.02TeV,2.5<y<4, 2<pT<6 GeV/c, PRL2023
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TPC second-order event plane

STAR Preliminary
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80

The pgo at RHIC energy has the
same sign with that at LHC
energy.
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Background

Other measurement about spin alignment
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Physical pictures

Boltzmann equation

p"a”fi = —C'f' + R i = 0, + represent spin triplet

Only consider the dissociation
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Physical pictures

Boltzmann equation

p"o,f L= —C'f? i = 0, + represent spin triplet
fO < 1 0 1 0 +
= <5 = C">-(C"+C"+C
Poo Zifl 3 3( )

Ditterences in spin-dependent damping rate may result in spin alignment
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Physical pictures

Zhu-Zhuang-Xu, PLB 2005

Frame-independent { B

p“aﬂf" = —Cift Cp = > (2n)°2E, op4F gy f4(t x, k)
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Physical pictures

Zhu-Zhuang-Xu, PLB 2005

Frame-independent

q
g fi = —Cift Cp =1 d x op4F 1,,\Lq(t,x,k)
P Oy 2 ) (27)32E,, g
Momentum of gluon Cross section Distribution function

of gluon
Flux factor

Dissociation coetficient C can be calculated in any frame
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Physical pictures

Gluon dissociation process: g+ J / II) - Cc+cC

Expected result:

—

n

Poo < 1/3 = state(S,, = 0)less

= I'(S,, = 0)larger

Consider the spin sensitive interaction
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Physical pictures

—72 —
p - 2'CI,A‘CI, —
H=—+V (7)) + E ——=V,(I7])

mg - 2 2

QQ potential arise from gluon exchange with
& color octet

Yan, PRD 1980;
Kuang-Yan, PRD 1981
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Physical pictures
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H; = Q®A%(t,0) — d° - E“(t 0) —m®- B%(t,0) +.

Yan, PRD 1980;
Kuang-Yan, PRD 1981

] / Y rest frame
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Physical pictures

H; = Q°A%(t,0) — /" - E*(t,0) —

Spin-independent

Ag A
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Yan, PRD 1980;
Kuang-Yan, PRD 1981
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magnetic dipole
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Physical pictures

Hyy = —

Gs

ZmQ

(

2

2 /\2 2

A9 Z“)(E’ E”) _>
— ——— |-V xA4°

g d

M pyq & <(CE)8| (E -

s

Chen-He, PRC 2017
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Physical pictures
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Physical pictures
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A,
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Physical pictures
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Scenario

Boltzmann equation in Bjorken flow

1 1
[0, + ;tanh(Y /) an]fl — _afl

Ci = CE + C)i_z;(‘l', p,K

Proper time Selected quantization axis

Momentum of J/i
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Scenario

Boltzmann equation in Bjorken flow

1 1
[0, + ;tanh(Y /) an]fl — _afl

To -
f(t,n,Y,pr) = ?Of (t,Y,pr) 6(n = Y) Zhu-Zhuang-Xu, PRB 2005

\ 4

—. 1 _.
a.f'(t.Y,pr) = —afl(l', Y,pr)
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Scenario

fi(t,Y,pr) = exp [—
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Scenario

ch |-
u fO (To, Y; pT)

- T CE T
ft(t,Y,pr) = exp [—f dt’ ]exp [—j dt’
T0 p )

T0 p.u

1 1 € 1(°  Cp
pOO——E——f dt +_f dt
. p-u 3/, p-u

At~0.59 fm
In rest frame oy < 1mb
p -u =my =3.1GeV
The integral is quite small, we take the first order of Taylor expansion
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Scenario
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Scenario

Express in lab frame
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“ Scenario
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Scenario

NLO may gives more contribution
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Figure from Chen-He, PLB 2018
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(MeV)

Scenario

NLO may gives more contribution
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n Conclusion and outlook

conclusion

A possible mechanism about spin alignment.

Numerical simulation gives negative sign.

Regeneration may gives the right sign.

NLO process may gives more contribution.
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