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I 1 Introduction
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I 1 Introduction

Completed and ongoing measurements of vector polarization of spin-3/2 particles
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A systematic study of spin-3/2 baryons should also include tensor polarizations.
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I 2 Description of the polarization of spin-3/2 baryon

. . . . .1 C. -
Spin 1/2° The spin density matrix (2x2): /= 5(1 + Si0i) Only vector polarization: S* = (0,57, S;)
Spin 1 See e.g. A.Bacchetta, & P.J. Mulders, PRD62, 114004 (2000)
. . . .1 3 ciwi iiig . . . .
The spin density matrix (3X3): /= g(1+ 55%" +37TVEY) Spin alignment is studied by
. . d . . S
Vector polarization: 5% = (0, 5. 51) Tensor pOlElI‘lZElltIOIl component Sir,
L i . o [ OTT St SLr = 5(1 — 3poo)
Tensor polarization: Sp;,Si, = (S¢;, %), S5 = )
Srr —Str

Spin 3/2 See e.g. Jing Zhao, Zhe Zhang, Zuo-Tang Liang, Tianbo Liu, Ya-jin Zhou, PRD106, 094006 (2022)
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L. Scee,Sper = (Sters Sior)s Sipr = , Sipr =
Tensor polarization qurT  _ graw
TTT TTrT

Y TT
STT _STT

Y xTx
SLTT - SLTT




I 2 Mearment of the polarization of spin-3/2 baryon

For the strong decay A — 142 suchas A— N+
W(QN,qu) ~ 2+ SLL(l — 360829]\7)

—(S§pcosp + SYpsing)sin20n — (S§rrcos2¢ + SThpsin2¢)sin?ly

W(@N) ~ 24+ SLL(l — 300829]\[)

For the strong decay , followed by the weak decay
suchas ¥* = A+7n,A—>p+m"

2 1
W(0p,0,) ~ 1+ 504ASL0039A0050p — ZSLL(l + 3cos20,) 2 rest frame P
1 , Irame
—ZQASLLL(3COSQA + 5c0s30 ) cosb,,
K
For the weak decay , followed by the weak decay | Zq

suchas Q- - A+ K A—>p+7n~
1
W (O, 0,) ~ (1 + agascosb,)[1 — ZSLL(l + 3c0s20,)]

2 1
+[gSLco.99A — ZSLLL(SCOSQA + 5c0s30, )] (aq + apcosty,)

Zhe Zhang, Jipeng Lv, Z.Y, and Zuo-tang Liang, Phys.Rev.D 110 (2024) 7, 074019
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I Spin density matrix of three quark system in HIC

We now try to build spin density matrix for multi-quark system

® Single particle: basis {I,5,,} |pV) =

2

1 .
—[I+ P1;614]

® 2 particle system: basis {I;,01;} ®{I,,5)

Correlation term

(12 I @Iy + Pyid; @ Ig + Poli ® 65 + t52)61; ® 635]
No spin correlation, p(12) = p() @ p | 12 = P;; P ;é 0 Define: ) CE;-Q) = t§;2)
52— 5060 4 Ll 0,
® 3 particle system spin density matrix .
4 [)(123) _ p( )®p(2) A(3) 4 QL[ Ejlg%h R &2 ®,0<3) )

(123) «

k 23 ijk

+50 PV @ 695 @ G, + iy

-|- & 01; ® 025 @ O34

13) -

61; @ p? ® Ga]

/




I Spin density matrix of three quark system in HIC

We now consider an additional degree of freedom a

® Single particle:

. 1 .
P (a) = 5[]1 + Pri(a1)014]

® 2 particle system:

. . . 1 . R
P (a1, an) = pM (1) ® pP (02) + 3¢5 (a1, a2)51; ® 6

22 7tj
® 3 particle system spin density matrix :
s 1 A
523 (a1, am, a3) = PP (1) ® P () @ p® (az) + 2—2[c§]1.2)(oz1, a2)61; ® 625 @ p) (as)
+C§'ig) (a2, 043),5(1)(%) ® 02j ® O3 + Cgig) (1,03)01 ® PA(Q) (a2) ® Gk
L (123 X A A
_ +2—gc§jk (1, @z, 3)51; @ 625 © 3 ) .




I Spin density matrix of three quark system in HIC

Measure directly quark o ¢ Average quark a at fixed system o 4/

@ Assume the final state at |ovy)

P (ap) = (ayp|pM? (a1, as)lay) = (91 (a1, az))

. R 1 ) ) Average inside the final state particle
= <P(1)(041) & 0(2)(042» + 2—2<C§;2)(041, Q2))01; @ O2;

If we decompose in the same way before

: : : 1 . .1 :
1 (ap) = 9V (ag) @ 5P (ap) + 55657 ()60 @ 62, where p = 5 (I+ Pisy)

Inconsistency (p) (a1) @ pP(a2)) # pW (a12) @ 512 (an2)

Consequence 5,531.2) = <c§]1-2)> + 52(31-2;0)(0412)

“effective correlation” = “genuine correlation” + “induced correlation”

the observed dynamical process due to average over o

B = (W (1) ® pP (az)) — pV (12) ® 5P (12) = (Prs(ar) Poj(a2)) — (Pri(ar))(Poj(az))
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I Spin density matrix of three quark system in HIC

Same partern for 3 particle system spin density matrix

/,3(123)

5(3) N

1 te (12) -

A(l) ® :0(2) R :0(3) — 22

1z®023 ®IO

+5§§3)5(1) ® 02 ® O3k + 55,13) 51 @ P @ O3]
1 ~(123)
N -|-23 ik Oli ® 025 ® O34, y,
Where ESZB) = ( ’531/33)> -+ 6823;1) More terms raising from the average

L

And (_3531]33 1) (PMPQJ Psp. + 6(12)P 3k T (13)P + (23)P1 >

— Py Py Py, — 5(12)P3k _Eig)Pzg _(23)P17,
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I Calculation with quark combination mechanism

A

For combination of ¢1¢2¢3 — B ,wehave p° = Mp(©9293) ff M - transition operator

The initial 3 quark state ( ,5(‘“(12 ‘B)) evolve ( )/ ) into final state spin-3/2 baryon ( ﬁB ).

Then for matrix element of the spin-3/2 baryon

o () = (jpm, ap|Mp29) ()M |jpm’, ap) > Apply @B to p\7%2%) 44 obtain pl917293)

if [jgm’,ap) =|jpm’) @ |ag)

Assert ]Bm|Mp(q1q2Q3)M”]Bm )
quark basis g

Z ij|M|mQ1mCI2mQ3><mQ1mQQmQ3|p(q1q2qg)‘m mq mq3><m m m ‘MT|JBm>

1" g
qum \ kl
The M dependent part The matrix elements of p'?" %%

v

N/ do not change | 1ransition operator do not contributs
Jp and m Only C-G coefficient left

j/m/

(jpm|Mm;) =Y " (jem|M|j'm/)(j'm'|m;) >

= (jpm|M|jpm)(jpm|m;)
Wigner-Eckart theorem /

PB e = S Gimmlma) (mi | jmm ol 25

(pm|M|jsm) = (js||M]|jp) Clebsch—Gordan coefficients
Constant absorbed into the normallization
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I Calculation with quark combination mechanism

Density matrix === Polarization components: Components = 71'r|p-Basis]

3
z 1 D n
Vector polarization: Sp = (%) = E(E’ Z Pz + ti?i””“)

j=1

1 _

Rank 2 tensor polarization: Sy = (X*%) = é—[(B (a1q2) _ fggqu)) + ¢(123)]

3

9

(5{(Q1q2q3) _flao ‘J2q?>})

Rank 3 tensor polarization: Sprn = (X7%7%) = N1 oy

~10C;

Conventions for abbreviations: ¢(123) represents the cyclic exchange terms

gjjqéqw?,} _ t_z(?llcq2q3) 4 {Z(;gquqz) 4 _E?IQCQB(]l), {E?IQQ) - Ez(glqz) 4 quiPQQj

{Eﬁqwe}) — Egﬁqm) 4 E§?1QQ)pq3k 4 Eﬁzqs)pqli 4 El(gsql)Pqﬁ i qu’l:PQQqu_gk

Cy=TrpB =3+ 737(;;11612) X E,E;Dqg) X {?(:;]3(]1)
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I Calculation with quark combination mechanism

* Vector polarization

Sr :E P,|+ _i [ P, (E(qq) _ 9899 _ 9 P?) + 1 E(q_qq)} The leading term is quark polarization
2 A ZZ 27 q 9 i

* Rank-2 tensor polarization

Srr :_i (35(QQ) _ E(QQ) ) p2) The leading term is 2 quark correlation

03 A 7 q
* Rank-3 tensor polarization
9 _ _
SLrL = 10C “552%(1) ~ 3523 )+ 3P, (3299 — E§§ Q)) + QP;’ ] The leading term is 3 quark correlation
3

Different rank of polarization, different local spin correlations!
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I The systematic picture

Hadron Measurables sensitive quantities
spin-1/2 Hyperon polarization P, average quark polarization (P,
(hyperon H) Hyperon spin correlation ¢u,m,¢,, 5 |long range spin correlations ¢y, Cq
spin-1 Spin alignment Poo local spin correlations ¢,
(Vector mesons) off-diagnal elements Pm'm local spin correlations Cgg
Hyperon polarization $, average quark polarization <P,
spin-3/2 .. : .
Rank 2 tensor polarization S;; local spin correlations Cgq

JF = (%) +baryons

Rank 3 tensor polarization S, local spin correlations Cgqq

> Systematic studies of quark spin correlations in QGP!
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I S Summary and outlook

O We extend the study on global polarizations and spin correlations to spin-3/2 hadrons and present
the results for their polarizations components.

O The results show that the vector polarizations are mainly determined by the quark polarization,
the second rank tensor polarizations are determined by the local quark-quark spin correlations and

the third rank tensor polarizations are determined by the local spin correlations of three quarks.

O These different components of polarizations can measured in the joint distribution of the decay
products in spin-3/2 baryon successive decays.

Thank you for your attention!
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il 4 . . 092 8 .
p=17 (1 & B TR §R”k2”k) (3.13)

T REMRAL § = 57,59, 3% I (8%, %,) KRR, HATA

(0 2 0o o) [0 —28 o o ) (20 0 o0 )
£ g 1 0 W8 0 - 0 oL 0 0
2" = 1Ey: _ ,EZZ
i 1 @ 0 i 0 -3 00 -1 o0
\ 0 0 ¥ 0 \ 0 0 ¥ 0 ) \0 0 0 -3

(3.14)
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N = =
2

y [ 41 , .. P e
BaCk up Bk = SRUDIEM — o ($YDF 4 5 4 5MEY) (3.15)

1 ij ik i i 4 i j
= g(g YR ) . B(E 8 + X7 6 + 256;5)

HiE 3/2 MREAEMA 15 Moy, 3 DMsrR WAL= S°.5 AMISE i Bk &b 7,7
AL E) =Bk EAR AL

(mfpi+ 2isf) — 2ot

Si: 8,82, S
iy SLLvS%Tv‘SET?S%xTv‘S;% (3'16)

R - Sp10, St rr, Strr: SEhr, Sihr, S5, St
XTI

Sr=1E); SF=A(E", & =B (3.17)

XFF Rk AR AL

Spr = (5%), 8%, =2(3%), SY. =2(5¥),
LT il (3.18)
St =2(X%), Sfr = (T* —1W)

X =Rk E Al

Begp, —{EF%), .. =0, B.- B, .=\, (3.19)
S5, —2(E= _ S0y, §EED — (SRR _gyew) GESD. . (gywee _ spv) 20
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Dominate term in combination

Because f_0 is big

= folqqq) + filaqqg) + f2lqqqdq) + -
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Although f_n should be small,
there are too many partons inside
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Back up

TTT T T 'II'I[[I] T T II'\III T T T

¥6 (y[<1.0&1.2<p_<5.4GeVic)
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C(qqu) > PC]1PCI2

Assumption:
Less the particle, larger the quantity

Same particle correlation > polarization

P, >c%%2) > p P >ca2s) s p PP
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|Back up

Differences between p+p and A+A

® [nitial-state effects
® Influence of QGP evolution

® Hardronization: Fragmentation vs Combination
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