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Global polarization

* Non-central colliding system carries a huge angular momentum.

* The initial angular momentum creates fluid voriticty and leads to the
global spin polarization.

* A polarization is a good probe to vorticity and magnetic field.
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Why A hyperon?

* A spin polarization can be measured in its weak decay

AN—=>p+7n—
1 dN 1 g
NdQ*:E(1+@APA'p) (1)
3 .
PAZ@(P) (2)

ap: decay parameter.
P A: polarization vector of A.
A g .

pP*: unit vector along proton’s momentum
in the rest frame of A.
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Global polarization
* RHIC-STAR has observed the global A polarization.
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 The most vortical fluid even seen.
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 Effect of the magnetic field?
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Global polarization
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* Theoretical calculations can

well-produce the data.

1 Voo
S*(x,p) = —%(1 — [)e" ppmpe.

1
Wpv — _5(8,1;/811 - auﬁ,u,)-

See Becattini's talk
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Go to the azimuthal-angle dependence

 The global polarization is the average value of spin polarization.

- It reflects the net vorticity, created by initial angular momentum.

* The azimuthal-angle dependence can tell us more information.

— Similar to collective flow, we expand the polarization in Fourier series:

P, =P+ 3 PO cosin(¢ — w))]

i = x,, 2: the three compontents of P = (P,, P,, P,).



(1) Longitudinal polarization

* Besides the initial angular momentum, vorticity can also be created in other ways.

e Transverse velocity can generate vorticity and polarization along the beam direction.

* Azimuthal angle dependence of the
polarization in Fourier series:

P.(§) = fo.5INQ24) + fi sin(4e) + . ..

Ref:
Becattini, Karpenko, PRL120, 012302 (2018)
Voloshin, 1710.08934
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(1) Longitudinal polarization

* However, theoretical calculations predicted opposite signs compared to data.
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p, [GeV]

(1) Longitudinal polarization

* However, theoretical calculations predicted opposite signs compared to data.

Becattini, Karpenko, PRL120, 012302 (2018)
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(2) Transverse polarization along loops
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* Transverse expansion of fireball leads to loop-like vorticity and polarization.

P, = f,sin¢,
P, = —f, cos ¢,
fx and f are rapidity-odd

Ref:
Xia, Li, Tang, Wang, PRC98, 024905 (2018)
Wei, Deng, Huang, PRC99, 014905 (2019)
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(3) In-plane to out-of-plane difference
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Feed-down effect

In the previous theoretical calculations, we count only the primordial A.
The experiment data contains the feed-down contribution.

According to thermal model, more than 70% final As are created by feed-down decay.

Contribution fraction to final A
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Parent particles are also polarized, and transfer spin to produced A.
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Feed-down effect

To study the feed-down effect to local A polarization, we need to answer the
following two questions:

Consider a two-body decay where the parent is polarized,

P—->D+X

(1) What is the angular distribution of the daughter?

For example, in the weak decay = — Aur:

1 dN 1

— 1 ':P':'A*
Nao g tasb Py

(2) How does the daughter polarization depend on its momentum direction?

For example, in the EM decay ¥ — Ay:

PA — _(PZ . f’A)ﬁj\
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The framework .
P—->D+X P’i P’

parent spin state: |Mp)

parent spin density matrix: pI‘MP’
final spin state: |0*¢*ApAx)
final spin density matrix: pr et 1 6%, 9%)

1
Mp

—m 1

pf — HpiHT . ‘:lX

2S5p + 1 S ok .
H/lD/lX;MP — \/ 47_(_ DZJP;AD_AX(¢ ’9 ’O)A/lDa/IX

Normalization Amplitude,
select decay channel: s-wave, p-wave, ...

angular distribution: 4 = tr(p/)

polarization: Pp = tr(ﬁpf )/tr(p!)
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Exa

mple

Weak decay =& — Anr (% —> %O)
1+ Pp IPP)

Pispiat, = diag ( 2 2
L
p! = Hp'H'

Paih = 4

D' 1(|A1/2|2(1+Pp(:089*) —A1pA” |
4

Weak decay is a mixture of s-wave and p

—A] A 12 Ppsin®” Ay pl* (1 -

-Wwave.

Ayt A

One finallv obtains:

1 dN |

NI 4E(I+CIPPCOSB*), Pp =
~ 2Re(A5Ap) B — 2Im(A;A))
A2 (A2 As]? +1Ap[*

Agree with T.D. Lee and C.N. Yang 1957

(145 +14,[%)

Ppsin 8%
Ppcos0™)

|

(¢ +Pp-p*)p*+f (Ppx p* )+YI3*X(PP><I3*)_

AP AP

1+ aPp- p

AP A

16



Example

oD =L |A12]? (14 Ppcos 6%) AI/ZA 12 Ppsin 6
lp;lb 41 —AT/ZA_I/Z PP sin 9* |A_1/2| (1 _PP COS 6*)
Ag+A, | 2Re(AXA)) 2Im(A*A,) Asl* — 1A,

Ay = o = B = Y = :
2 V2P 1A AsPH1ApRT T AR HIART T AR+ A

o +Pp-p*)p* + B (Ppx p*) + 7P x (Pp x p7)
1 4+ aPp - p* .

Py =

+

For strong decay 5 1 ;0‘, Ay = —-A_y;p = A, (parity odd)

af:ﬁ:(),y:—l — PD:Z(PP'ﬁ*)ﬁ*_

For strong decay %_ — %+0‘, Ay = A_1)n = Ay (parity even)

(I:/B:O,’)/Zl = PD:PP
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All decay channels

TABLE I. Daughter angular distribution and polarization in different decay channels

decay channel daughter angular distribution daughter polarization
strong decay 1/2* — 1/270~ 1/(4n) 2(Pp - pH)p" — Pp
strong decay 1/2- — 1/270~ 1/(4n) Py
strong decay 3/2% — 1/2¥0~  3[1 =2A/3 — (1 — 2A) cos® 6°]/(8n) Eq. (1)
strong decay 3/2° — 1/2¥0~  3[1 =2A/3 — (1 — 2A) cos® 6°]/(8n) Eq. (2)
weak decay 1/2 — 1/2 0 (1 + aPpcos &)/(4m) Eq. (3)
EM decay 1/2* — 1/2*1~ 1/(4n) —(Pp-p)p*
—45Pp - pOIP* +[1 =26 — (1 — 108)(Pp - p*)2IPp Pp: parent polarization

(1)

1-2A/3 = (1 -20)Pp - p*)? p*: daughter momentum direction

0*: angle between Pp and p*
2[1 - 46 — (1 = 106)(Pp - p*)*1(Pp - p)P* — [1 - 26 — (1 — 106)(Pp - p*)*IPp

~ 2 .
1 -2A/3 = (1 =2A)Pp - p*)? ) For parent of spin-3/2,
Pp=(pss—p_s )+ (11 —p_s
(@ + Pp - p)P* +B(Pp X p*) + yp* X (Pp X ) 3 22 22 22 :
1 +aPp-p* Azp%%+p_%_%
6=(pyy ~p_y-1)/(3Pp)
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TABLE II. The primordial yield ratio N; /Ny, spin, parity, and decay
channels of strange particles

Simulation setup

N;i /Nj spin and parity decay channel

A 1 1/2F -
A(1405) 0.236 1/2- ¥r
A(1520) 0.265 3/2- YO
A(1600) 0.098 1/2% ¥r
A(1670) 0.061 1/2- ¥Om, An
A(1690) 0.112 3/2° ¥r

x0 0.686 1/2+ Ay

x+0 0.533 3/2% Am

rxt 0.535 3/2F Am, X0

rH 0.524 3/2% Am, Xn
T(1660) 0.068 1/2% Am, X%
T (1670) 0.125 3/2° Am, Xn

=0 0.343 1/2F AT

O 0.332 1/2% Am

z+0 0.228 3/2+ oF)

O 0.224 3/2% En

— . ole==s --- B-W fit
N 10YF ""%:& ® é
Q A &q, o A
> 10_1- --===!= & . E_
e E&! e" =
Qo § - ‘G;e o =+
= 107%F w0
> By O
®10-3 Ba o
r\IZ Q_lo _ ** \&%.
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"'lN
102k 1 1 L
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pr (GeV/c)
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0.08F+ $ Ei]' %
E 0.06+ ¢
g |
0.04F _
@p --- NCQ fit
0.02F @ A A
@ DK W=
0.OO_I | | | | (b ¢l ¢ 9
0.0 0.5 1.0 1.5 2.0 2.5 3.0

(Mt —mg)/n (GeV/c?)

19




Simulation setup

We input parent’s polarization as functions of azimuthal angle:

Px — flx sin ¢7
Py = fo— fiycos ¢+ f> cos(2¢),
P, = 1z sin(29).
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Simulation setup

We input parent’s polarization as functions of azimuthal angle:

In-plane to out of- plane dlfference
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Numerical results

Transverse polarization along loops
P, fxsin ¢
Py, = —f,cos¢

* Final A polarization is
suppressed by ~10%

(Pxsign(n))
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{Pgrimsign(n))=f15in(¢} —;—ﬁ:r;?{dialx\

1 | | I |

(PPI™sign(n)) = — f1cos(¢)
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Numerical

In-plane to out-of-plane difference

Py = fo + f2cos(2¢)

Longitudinal polarization

P, = f;sm(2¢)

* Final A polarization is
suppressed by ~10%

 The feed-down effect does
not flip the sign.

References:

results
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Summary

e Spin polarization can be generated from different
sources.

- Global polarization reflects the net vorticity induced by the initial
angular momentum.

- Fireball’s inhomogeneous expansion can also generate the spin
polarization locally/collectively.

 We have studied the feed-down effect to the
azimuthal-angle dependent polarization.

* The opposite sign between theoretical calculations
and the experiment data is not caused by feed-down
effect.

Thank you
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