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Motivations

Polarization of baryons: important application

Parity violation

Eisler et al.,
PRD108(1957)1353

Dis =1+ P, cosf

Z.-H. Zhang (U. South China)

QGP verticity
STAR,
Nature548(2017),62
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transverse polarization measurement

top and New Physics

@ charged lepton
asymmetry

@ top polarization

@ tf spin correlation

Extra observables in
decays of polarized
baryons.
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polarization measurements of A,

-w(Slfi P) = 47r)3th ) f2i(P,an) Fi(€2),
A helicity frame
P A

TABLE L. The coefficients fy;, fo; and F; of the probability density function in Eq. (3) [15].

i fri fai Fi

0 a,a. +ta a +b.0;, +b b 1 1 My rest frame
T apa; —aa +b,6; b b P cos0 b

2 ayat—a_a’ —bbi+b b ay cos b, %A n

3 ayal+a_a’ —bubi —b b.  Pay cos cos ! ~

4 —aya} —a_a® + by b5+ 3b_bT 1 3 (3cos® 0, —1) T N

T +a_a’ + Lb,by 7-1; b P 20, — 1) cos 14 0
L+ b ay 080, 7
— b0y — El. b. Pay 1) cosfcos 6,
“3Re(aya’) Pay 0, cos b

9 3Im(asa’) Pay 20, sin ¢,

10 ~3Re(b_b1) Pay  sinf sinf; sin? 0, cos(6, + 2 éa) Beam

11 3Im(b_b3) Pa,  sinf sinf, sin’ 6, sin(¢, +2d,) :

12 —ZRe(b_a;, ia,bl) Pas  sind cos 0, sinb; cosly cos o, Production plane

13 Elm(b_a} +a_b}) Pa,  sinf cosf, sinfy cosfy sind,

14 ~ZERe(b_a’ +a,b}) P ay cos0 sin0, sinfy cosfy cos(¢y + és)

15 S=Im(b_a” +ayb}) Pay cosf sinf, sinf, cosfy sin(¢; + ¢s)

6 ERe(a_b; —b_a1) P Sin 0 sin 0y cos 0, cos bs Jly helicity frame
17 —LIm(a_b} —b_a}) P sin 0 sin 6, cos 0, sin ¢y

18 ERe(b_a® — a,bl) ay  sinf) sinfy cosy cos(dy + 6a)

19 —EIm(b_a® — a,b3) ay  sind; sin6, cosOy sin(dy + b2
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polarization measurements of Ap: Ap — Ju(u" ™ )A(pr™)

Transverse polarization of A, (through A, — J/9N\)
PAHCP = 0.06 4 0.07 £ 0.02 PLB724(2013),27

PiMS = 0.00 4 0.06 + 0.06 PRD97(2018),072010

A helicity frame

world average

PAFAY = 0.03 4 0.06

theoretical prediction
at the 10% level

Beam

Production plane

Py is large, Py, is small.

Jlw helicity frame
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PACP and PEMS are two different things.

— ——
s CMS menm— LHCh _
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Transverse Polarization of Ay

© Transverse Polarization of A,
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Transverse Polarization of Ay

detectors on LHC

Z.-H. Zhang (U. South China)

Complex physics |
Complex detectors

transverse polarization measurement

symmetric detector
(CMS ATLAS)

o Parity P

@ rotation of
R2(7")

asymmetric detector
(LHCb)

R, (m)P

anti-symmetric
detector (BESIII)

R, (m)P

v
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Transverse Polarization of Ay

Pseudorapidity, Pseudorapidity-dependence of detectors
Pseudorapidity

CMS

NS
awn N

Pseudorapidity coverage
o LHCb: 2~ 5

@ CMS and ATLAS: —25~ 25
e ALICE: —3.4~5.0
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Transverse Polarization of Ay

Pseudorapidity-dependence of Py,

definition of transverse unite vector(s) 7/

counterclockwise

_________ SUlILErClOtrWlse
n<0 . n>0
0\ ) o
Q
f A Q\’Z’
ﬁbeam o {QOQ
p >0 5 p
>
1 A I A &O
n N
i U

ﬁbeam Xﬁ/\b
|ﬁbeam Xﬁ/\b ‘ ’

Figure: definition of A: A
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Pseudorapidity-dependence of Py,

Pi(n, pT) = 'Bl\b - fi can be nonzero, and odd on pseudorapidity n

Ps(n, pT) = —Pa(—n, pT) (1)
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Transverse Polarization of Ay

Proof of eq. (1)

definition of transverse polarization of Ay

Up to an irrelevant overall factor, the transverse polarization of Ay for a
given pseudorapidity 7 is defined as

Pa(n, pT)= D A(Ab(Bys N)X|T1P(Boeam)P(—Poeam)) |
%

Pﬁ(_na pT) EZ)\‘ <Ab(_ﬁ/\b7 )\)X’T’p(ﬁbeam)p(_ﬁbeam» |2
A X

A: the spin quantization of A, along the A direction, S A
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Proof of eq. (1): adopt symmetry of R,()

Pa(—n,pr) = Z A (M= Bings NXIRE ()R (1) T1P(Boearn)P(— oeam) )|

= ZA’ /\b p/\b7_ X |R (W)T‘P(Pbeam)p(_ﬁbeam»’2

= Z A Z ’<Ab(ﬁ/\b7 _/\)XRZ(W)|TRZ(7T)|p(ﬁbeam)P(_ﬁbeam)> ‘2
A X

= Z A |</\b(ﬁ/\b7 _)‘)X‘T|p(_ﬁbeam)p(ﬁbeam)> |2

= - Z A |<Ab(ﬁAb7 A)X‘T|p(ﬁbeam)p(_ﬁbeam)> |2
X

= —Pi(n,pT)

Important! Eq. (1) always holds, regardless the A, production mechanism.

Z.-H. Zhang (U. South China) transverse polarization measurement EIRYHE IS IZET S 2023 14 /24



Transverse Polarization of Ay

Comparison of symmetric and anti-symmetric colliders

) ) BESIII, PRL129(2022),131801
@ symmetric colliders:

0.2,

Eq. (1) always holds, regardless 015
that Ay is produced though = oo'z Y AR
strong or weak interactions. = v il
@ pair-production on i Sl
= 0|

anti-symmetric colliders: S5
(ete™ — AA) Eq. (1) holds, if
the hadrons are produced

Ny
. . plcos(04)] = (m/N)S (0l — nf)
through strong/EM interactions. ; d
a- —ay 1+ 1»\,/‘,('()52 (2%

1 (cosby) = 3 S+ay
I/

Py (01)

/1—a? sm(Ad’)(()sﬁ\ smﬁ\
P, (cosfy) =

1+A,/ cos2 0y
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Transverse Polarization of Ay

Comparison of PtM> and PFHCP

PLHCE _ (pyne(+2,45) _ f+2 ﬁ (n)dn
b N(n)dn

pEMS _ <Pﬁ>ne(—2.5,+2.5) _ f+oo (TZ)N( )dn

As f+oo
-0
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What if P,fbMS nozero?

PSMS = 0.00 + 0.06 + 0.06
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Measuring P,f\‘zrward on CMS and ATLAS

Avoid cancellation: transverse pol. of the forward region

Pforward 0+C>O Pﬁ(n)N(ﬁ)dﬁ
Jo* N(n)dn

adopting all the data
+ .
Pforward _ f—oooo S'g“(n)Pﬁ(U)N(n)dU
Ab -

SN

Z.-H. Zhang (U. South China) transverse polarization measurement EIRYHE IS IZET S 2023 18/24



Measuring P,f\‘zrward on CMS and ATLAS

counterclockmse

n <0 n>0
T I 5 Pa(n) = —Pa(—n)
n n Q’z’
p Pbeam et C}\OQ p

.- S
I'a - [IPN kob Pforward f— sign T])P ( )N(n)‘
:n . :n < +oo N d
- 7™ JZ N(n)dn

H L A Py ﬁbeamxﬁ/\
Figure: definition of A: A = =————b-,
gure: definition o Boewm X ]
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Measuring P,f\‘zrward on CMS and ATLAS

counterclockmse

n <0 n>0
-1 e (1) = Pa(—
5 Q\,b(\ P (77) P ( 77)
1 Al
T &
P ol v o bQU P +oo
n N Q(O Pforward - Pn/ (’17),\/(’17)(]7’]
1 n o0
i N fjoo N(n)dn

= -

H R A __ Ppeam XPA
Figure: Definition of A’ i’ = =am= b
g ‘pbéamXp/\bI
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Transverse Polarization of Ay

Looking forward to the updated A, polarization
measurements

PEHCP(2013) = 0.06 + 0.07 + 0.02

PiMS(2018)=-6-00+ 0.06 =+ 0.06

PRFEA-— 003 4 0.06

b

o PRHCb(2024) =7, with data five times larger: 0K + 0.03

° P/(\:[!\/IS,ATLAS,forward —7in 20257
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Summary and outlook

© Summary and outlook
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Summary and outlook

@ the previous measurement of the A, polarization by CMS
collaboration should be exactly equal to zero.

@ The updated LHCb Ap, transverse polarization measurement is
undergo.

@ strongly suggest CMS and ATLAS to perform the measurement of the
Ap transverse polarization in the forward region of the pseudorapidity.
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Summary and outlook

Thanks for your attention!
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