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P violation in charmed baryon
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CP violation in charmed baryon

+ (17T 1T\ L oA-
A7 > - A > 7 (07) as an example

— i i — _ [ —i
s =|sle SselPs under CP transformation S = —|sle Sse~lPs ¢ weak phase
p = |p|eifpei¢p ﬁ _ |p|eifpe—i¢p ¢ strong phase
2Re(s*p) _ 2Im(s"p) - |s|* — Ipl?
a = = =
|s|? + |pl? |s| + |pl? |s|% + Ip|?
o a+a
« If CP conserved: Acp = —— = tangcptanAg
("o _CP g = —q ) a—a
s —<£, —5 - _ tandcp = B+ _ V1 - a?sinA + V1 — @2sinA
CP l p p =-k P A —a @—a
P P LY —CE, 7 = +y ) tanAs = B-p _ VI — a%sinA — V1 — a2sinA
' a—a a—a

All polarization induced CPV observables can be derived using a/a@ and A/A.
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Datasets on BESIII experiment

» Close to the production threshold, a relatively clean background environment.

i E - A- Ecms/MeV B
| PRL 131.191901(2023) e*e” — AYA: Sample /M Zinavta P
; ™ _¢_ BESIII 2023 4610 4611.86+0.12+0.30 103.65+0.05+£0.55
400 <>-BESIII 2018 4620 4628.00+0.06+0.32 521.53+0.11+2.76
Ai AT _ “~Belle 4640 4640.91+0.06+0.38 551.6540.1242.92
= E ¢ Aczc ----- Threshold 4660 4661.24+0.06+0.29 529.43+0.12+2 81
L . —
& n XX, 4680 4681.9240.080.29 1667.39:£0.218 84
5 — — n <0 -
O % oo n ACZCTL' B == 4700 4698.82+0.10+0.36 535.54+0.12+2 84
200 — ,+ ¢ i u — L [ | :.C:‘
= . n m| m 4740 4739.70+0.20+0.30 163.87+0.07+0.87
B [ ] [ | [ |
. . 4750 4750.05+0.120.29 366.55+0.10+1.94
B ] [ ]
i % = ¢ = 4780 4780.54+0.12+0.30 511.47+0.12+2.71
ol v oo T L v | , 4840 4843.070.20=0.31 525.16+0.12+2.78
4.6 4.7 4.8 4.9 4920 4918.020.340.34 207.82+0.08=1.10
Vs (GeV) 4950 4950.93+0.36+0.38 159.28+0.070.84

Available data for charmed baryons CPC 46.113003(2022)

v 0.587 fb~1 at 4.6 GeV (35 days in 2014)
v 3.9 fb~1 scan at 4.61, 4.63, 4.64, 4.66, 4.68, 4.70 GeV (186 days in 2020) Total:

. ~ 6.4 fb~?
v 1.93 fb™" scan at 4.74, 4.75, 4.78, 4.84, 4.92, 4.95 GeV (99 days in 2021) g
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Current results on BESIII

» There were no a-induced CPV measurement results for charmed baryon in the BESIII experiment.

A - pKY, Ant, 207, 2t ! PRD 100.072004 (2019)

I. Angular analysis
Two-body decay

Af - Artr® JHEP 12.033 (2022)

supow],

; . + =0+
II. Partial wave analysis Ag - E7K PRL 132.031801 (2024)
Multi-body decay

Af - Aty arXiv: 2407 12270



Current results on BESIII: Angular analysis

PRD 100.072004 (2019)

> The first polarization measurement about A&
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A} rest frame A rest frame

M, (GeVic?) M, (GeV/c?)
Parameters Al = pKY Arxt >t a0 S0zt
agp 0.18+0.43 +0.14 —0.80 £ 0.11 + 0.02 —0.57 £ 0.10 £ 0.07 —0.73 £ 0.17 £ 0.07
ayp (PDG) —-0.91 £0.15 —0.45 +0.32 e
Brp 0.060:38+005 06620557055 048705015
o 0608 4 08 i) 0490550
APF(rad) 30+£244+10 41+1.1+0.6 084+12+0.2

> To be updated using total AL data with 6.4 fb~! on the BESIII experiment.

November 19, 2024



Current results on BESIII: Angular analysis

> Focus on the polarization in the pure W-exchange diagram Af —» Z0K*,
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Current results on BESIII: Angular analysis

PRL 132.031801 (2024)
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Zencaykowski(l 994), Pole
Ivanov(1998), CCQM
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Branching Fraction(x10'3)

azog+ = 0.01 £ 0.16 + 0.03
Agog+ = 3.84 £ 0.90 + 0.17 rad

Strong phase shift: —1.55(1.59) + 0.25 4+ 0.05 rad



Current results on BESIII: Partial wave analysis

JHEP 12.033 (2022)

Partial wave analysis of the charmed baryon hadronic decay Af —» A n®

_ —— Data | +
ao 7] Background a L ~
S 1000F = Total fit =2 i :{: i + . =
s (e R P A A
&) - NR,(Ta)A O i : O
S [ mmaewy 2 =
o '
g — 0¥ (1750)* g i i' g
S 5007 rx13ss) < 200} | < 200
= - — mE(1670)° P L i
= TE(1750) = - : £
= ] 2 - | 2
0 + 0 I 0 .
0 AT : . -::;:;:: e Rt ]
0.4 0.6 0.8 1 1.2 ?.2 1.4 1.6 1.8 2 2.2 Q.Z 1.4 1.6 1.8 2 2.2
M_. , (GeV/c?) (GeV/c?) M, o (GeV/c?)
, Result
%1 911 s 9 %1 91 93 g, 3 POTIIp—
0.3 '3 2,2 20,5 '5 3
HP, =-——24_2__2,33 gt - 2 ST iy (57.2 £4.2 £ 4.9)%
BITATET T T BT B
: B(Af —»¥(1385)70)-B(£(1385)F —Axt)
- 9:; 1 gf; 91 3 yi,) 3 " g(, ; 1 91 3 Q, 3 B(AT —An+w0) (7.18 £0.60 £ 0.64)%
=T AT AT AT Hy, = B(A} —X(1385)0x+)-B(X(1385)0— AxO
3.0 V6 V6 V3 V3 7! f \f \f f e ) (7.92 +0.72 + 0.80)%
4 HE 2= |H?, [P+ |HE P — | H ] 2 ) B(AF — Ap(770)*) (4.06 + 0.30 + 0.35 + 0.23) x 102
iy ey = 2T L of 0 B(AF — (1385) 70 5.86 +0.49 + 0.52 & 0.35) x 1073
ﬂ.__aLPIIr“”} |H|;J |2+|Hp1 |2 |H1 |£ |H,r;] | ( c ( ) ™ ) ( )
2:1 EAN 0 0 B(AF — £(1385)%7t) (6.47 £0.59 +0.66 £ 0.38) x 103
-,vf%.‘z.?}? (gﬁ_% .5—,;»] ‘91_; .5—,5:%) _ Mfg,:z.@re (93_% .g,;% +gf_% gi) QA p(770)+ ~0.763 + 0.053 =+ 0.045
- |9u NEEa PNy N Os(1385) + 70 —0.917 + 0.069 =+ 0.056
. J —0.789 & 0.098 £ 0.056
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https://doi.org/10.1007/JHEP12(2022)033

Current results on BESIII: Partial wave analysis

arXiv: 2407.12270

Observation of AT — Aay(980)" and evidence for £(1380)" in AT - An'n
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—_ o~ ~ -
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+ L ha +12 + A +12 + i Aa + atona +,
H‘;fo_m 0(980) _ ch%;zx 0(980) 2 Re (gA!c%—n\ 0(980) i\’c%—m 0(980) )
[0 = =
Aao(980)* HAj—)»Aa.O(QSU)"' 2_|_ HAér—mao(gso)-i- 2 AY S Aag(9so)t 2+ AF S Aag(980)+ 20
1 _1 1 1
20 30 03 b3 Process FE (%) S o
+ .12 + +.12 + +, at
G I A zRe(gfc;W&") ngfq%Aﬂo<98°)**) Aao(980)" 54.0+84+2.6 13.10 | 0.917,75 £ 0.08
_ 3 — 3 — ] 5 F .
53(1385)+ 7 HAE"HE(ISSS)"‘T} 2+ HA;._AZ(ISSS)"'?? P AF D Aag (980)F 2+ AT hagesnt |2 2(1385) E 30.4+2.6+0.7 22.50 0.61 £0.15 4+ 0.04
1o 3o 03 23 A(1670)7" 14.1+28+1.2 11.70 | 0.21 + 0.27 + 0.33
A —a(e70)t 2 AF =A(1670) =T 2 AF —A(670) T AT sA(16T0) T s ANRO+ 15.4 +5.3 6.70
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Future plan for BESIII

[ Energy

Physics motivations

Current data

Expected final data \

15 fb ' at different Vs

4.6 - 4.9 GeV Charmed baryon/XYZ cross-sections
4.74 GeV ¥ A; cross-section 6.4 fb-1 1.0fb"
4.91 GeV ¥ I cross-section 10"
\ 4.95 GeV =. decays 1.0fb" |
At - modes a Luminosity  Future precision (statistical uncertainty only)

pK? 0.18+ 0.43+ 0.14 ~0.18

Arr?t —0.80 £ 0.11 £ 0.02 ~0.02

20+ —0.73 £ 0.17 £ 0.07 067 ~0.03

>t —0.57 £ 0.10 £ 0.07 ~0.02

Ap(770)F —0.763 + 0.053 £ 0.045 ~0.029

»(1385)*n° —0.917 + 0.069 £+ 0.056 1.4 -1 ~0.037

»(1385)°xt —0.789 + 0.098 £ 0.056 ~0.053

20K 0.01 +0.16 + 0.03 ~0.09

Aa(980)* 0.911992 + 0.08 ~0.11

%(1385)*n —0.61 + 0.15 £+ 0.04 6.1 fb~1 ~0.10

A(1670)rc 0.21+0.27 £ 0.33 ~0.17

November 19, 2024
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Polarized beam on STCF

* Pr:beam transverse polarization
* P;: beam longitudinal polarization

v, Ref. Phys. Rev. D 110.014035
: Phys. Rev. D 105.116022
Phys. Rev. D 99.056008

Spin density matrix: F _
p y e’ / ":0:.28\60: / e-———b
1+cos? 6y __sin g cos B sin” 8 - X / ?
2 .,u,r"i . !
1 . . ) |
y* _ __sinfpcosfy -2 sin fp cos fy |
p’ (¢o,60) = — vz sin” 6o V2 o i
sin’ fn sin g cos 8 1+cos” g e
2 V2 2
sin? fp cos 2¢q sin 8y cos By cos 2¢g—i sin #p sin 2dy |:1+.::|:|s2 B0 cos 2¢0—24 cos fo sin 2¢0
5 2 o V2 . 2 .
n RFLIRF sin B cos B cos EE+1 sin fp sin 2dg . Eil’lg E’]CI COS 2% — sin #g cos By cc:-sjgn+i- sin fp sin 2¢p
I:1+EDS2 fn) cos 2¢p+2icosfp sin 2¢p  — sin Bp cos Bo cos 2o —1 sin fp sin 2¢0 sin? @0 cos 20
2 72 7
—2(Pz+Pz)cos HD+P3P3{1+CD52 B0) (Pz+Pgz)sinéfg— Pz Pz sin 0g cos g Pz Py sin? 8y
2 72 2
L (P,+P;)siny—P; Py sinég cosd S Py +Py) sin 8p+ Py Py sin 8 cos 8
_|_1 (Pz+Fz)sin #p ﬁ,; = sin Oy cos By PEPE 51112 H{l- (Pz+Fz)sin D-:!f: = sin fp cos #p
Pz P sin® 8y (Pz+Pz)sin g+ Pz Pz sinfp cos 8y 2(Pz+Pz) cos8g+ Pz Py (1+cos” 8g)
2 72 2

For simplicity: P, = 0 and Py = Py

November 19, 2024
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Generation of baryon & anti-baryon on STCF

Ref. Phys. Rev. D 110.014035

Based on the spin density matrix Phys. Rev. D 105.116022
. . do 1€ 5P d ensity S , Phys. Rev. D_99.056008
joint density matrix of baryon & anti-baryon pair:

1 + cvg cos® By 0 g sin Hg cos By 0
() = 3 | 0 sin? 6o 0 ~o sin g cos Hy
wv 2(3 + ap) | —Bo sin bg cos Oo 0 avo sin? g 0
0 —yo sin fg cos Hy 0 —ag — cos® Oy
v sin? O cos 2y — 3y sin B sin 2¢g — o sin Hg cos By cos 2¢q 0
BP% — Bp sin By sin 200 (cvo + cos? Oo) cos2¢0 —(1 + ) cos g sin2¢9 —o sin g cos by cos 2¢q
T 2(3 + ap) | Bosinbgcosblpcos2po (14 ap)cosbthsin2po (1 + ao cos? fp) cos 2¢g —~p sin g sin 2¢q
0 ~o sin By cos By cos 2¢g —~p sin fg sin 2¢q —sin? 6 cos 200
) 0 o sin By 0 (14 ap) cos by
3Pz Yo sin By 0 0 0
T3+ ao) 0 0 0 Bo sin b
—(1 + avg) cos by 0 So sin Hg 0
Qp = (7-[% 1 - 27_[%7_ : ) /(H%% i 27_[% 7_%) You can clea.rly §ee the contributions from:
: - - 1) non-polarization;
Ay = Arg(H 11 H 11 ) 2) transverse polarization;

3) longitudinal polarization.

= [1— a?sinA,y, Yo = [1— a?cosA
November 19, 2024 Bo \ 0 0 Yo = 0 0 13



Baryon decay

Ref. Phys. Rev. D 110.014035

Phys. Rev. D 105.116022
Phys. Rev. D 99.056008

a-matrix: A7 and daughter particle decay:

1 0 0 Xy K9
Qpfco Sin 0y cos o1 Y0 cost cos o1 — Bygosingr —Byx0 cos by cos @ — ypro sin @y sinfy cos o
Qppco SN0y sin @y B0 oS O1 + Y0 €os by SNy Y0 COSP1 — Byo cosBysing  sinty sin gy

Yy, KO COS 91 —p K9 sin 91 ’BP KO sin 6 1 COS 91
» This matrix is only for 1 =2 + 0~
1S matrix 1S on or—- —-—
Note: A 2
0 > yA === P conserved 4 | [ At )
yzo For A} — pK?: FA (& w) = )2 > Cuo- a:ﬁ
=0
ago = 1 X | " 3 .
aj’3 = —sin 3 cos ¢ _ (47) pt — o y
0
a§3 = —sin fy sin @9y
o . . . .
(33 = —COS 0y All angular distribution formulas can be derived.
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Statistical uncertainty of other experiments

Nowadays | 2030 2035 2041 svcF
50fb 1 50ab 1 300fb 1
» Simple scaling using yield (luminosity) based on current statistical uncertainty. g X i
LHCD experiment Belle(II) experiment VL

Parameters
Nowadays 2030 2041 Nowadays 2035

Luminosity 8.7 fb~* 50 fb~* 300 fb=! 980 fb~* 50 ab™*

prco 0.008  0.0033 0.0014
gt 0.006  0.0025 0.0010  0.005  0.0007
Q07+ o s . 0.016  0.0023
Aprt 0.025  0.0104 0.0043
ALK 0011 0.0046 0.0019 - -
AZA 0008  0.0033 0.0014  0.007  0.0010

AR - - - 0.034  0.0047

November 19, 2024



Estimated method

Simulation: Sampling:

(1. Using PHSP model ) / 1. Using the Angular Distribution Model
2. BESIII efficiency response — 2. Input parameters
3. Same event selection requirements as BESIII Processes Paj:?;j“ Vg'lllges

ete” = AFAL

Ao (Ag) =050

AF = pK? 0 —0.754 [a]
A7 = pK! Q0 — QO
A:l, N A7T+ O'/ATI'+ _0.785 [a]
: Ayt 0.656 [a]
Ao — An™ YA T YAnt
‘ A[_\’fl’_ _AAW+
At — 204+ Q330 7+ —0.452 [b]
Fit: ‘ Aso, + 2.0
. . \ /_\: — SOTT_ 50m— TAg0t Xiv: 24 2 .
1. Likelihood fit Aso - —Aso s [a] arXiv: 2409.02755;
- , [b] Sci. Bull. 68, 583-592 (2023);
. . . . A —pm - 0.7519 [c]
2. Fix different beam polarization _ - P N i . [c] Phys. Rev. Lett.129.131801;
AN — pr gt —0.7559 [¢]

Can be determined by other efficiency method

: _y : 3. Mix background from BESIII with the same
3. Give the absolute statistical uncertainty : :
\_ ) \ signal-background ratio

Others are estimated values.

J

P.S. : Based on the study of FastSim package designed for STCF, efficiency curve has little impact.
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Statistical uncertainty estimation for o, K0

unpolarized beam |

= ynpolarized beam

- Pz=0.3 = P{=0.3
Pz=0.5 Pt=0.5
| - Pz=0.7 — P{=0.7
I‘ - Pz=1.0 - Pt=0.9
\ Longltudlnal \ \ Transverse
| polarization \'\ polarization
o of beam "\
<»00101 N
- LHChwith 87 M~ N e e e mm e e e ]
S (A
— v
) (W -
\ ~ Hh"'--.
\ ~ -""'-u.__
LHCh with 80" __ __ ) SNt S ~Io=s
_V\ :"h
~ ~
b -""--.,
\.-h“'& h-""'-..__--‘
"h-\- -------
LHCh with 3007 _ NS oo gl IR NN AR SRR PRV SRS S
0.001 S
-0.5 0.0 0.5 1.0 1.5 20 -05 0.0 0.5 1.0 1.5 2.0

Luminosity(ab™1)

Luminosity(ab™1)

1. Longitudinal beam polarization has greater advantages in measuring P violation parameters.

2. When the longitudinal polarization is 50%, it only takes one year to achieve the accuracy of LHCb experiment based on 50 fb~1.

November 19, 2024
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Statistical uncertainty estimation for a, + and A,_+

= unpolarized beam = ynpolarized beam
- = Pz=0.3 - = Pz=0.3
— = Pz=05 | ~- = Pz=05
0.010 1 0.100 -— Pz=0.7
- +
a &
< <
) d
b b {Cb with 50 fb . )
0010 —""""""""7~ '\:'\_\""'-_..__'. _______ ""-_--'::_____:""“"_":
oM T e B L T P
h Y S
b Y -~
So Se o
LHCh with 300/ ______ Taas et
0.001 Seeal TTme—l .
05 0.0 05 1.0 15 20 -0.5 0.0 0.5 1.0 15 20
Luminosity(ab™1) Luminosity(ab™1)

v" Using high longitudinal polarization beam, Belle II’s and LHCb’s measurement precision can also be achieved on STCF.

v" Even we can test f-induced CPV.
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Statistical uncertainty estimation for A2z

= yunpolarized beam
- = Pr=0.3
- Pz=0.5

0.010
v The improvement of beam polarization

; often corresponds to a decrease in the
SO
% demand for integrated luminosity.
TSsae. Tee-l All the parameters studied can close or achieve
0.001 F/E LU0 R0 B s accuracy of Belle II and LHCb on STCF using

- - - 1 1 2 ab™! data with a large longitudinal polarized beam.

Luminosity(ab™?)
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A short summary

> Estimated based on the ay .+ = —0.785, and A/C\’IE+ = 0.

A+ o At p @+ precision with 1 ab™! a5 precision with 1 ab™!

¢ z (statistical uncertainty only) (statistical uncertainty only)
Non-polarized 0.0 2.17 X 1073 4=m 0.02 for BESIII now 2.76 x 1073
0.3 1.96 x 1073 2.49 x 1073
Longitudinal polarization 0.5 1.66 x 1073 2.12x 1073
1.0 1.07 x 1073 1.37 x 1073

> The absolute value of CPV is not very important in prediction, since the value is so small (1073~%) in charmed baryon.

» How to estimate the A;p precision for SCS decay AL - AK™*? (Acp)~(1 — ACP)Z]X @

[4

1) At the same luminosity (1.0 ab™1), it is necessary to consider ~1

B(AF->AKT)  0.0642% ( )
B(Af ->Ant) 1.29% » ol

+ —0.58
a2:+ - —0.755 |a|

3) The detection efficiency of K* and m¥ is similar.

the impact of branching fraction on yield

a

2) Considering the difference in

B(AL » Att)  app+ Still difficult to
_ AKT An™ C AK™ __ -3
When PZ = 1.0 ‘ O-(ACP )NO'(ACP X B(A-CI,_ 5 AK_I_) Ayt =8x10 test CPV in SM
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Conclusion

1. Longitudinal polarization has a greater improvement in precision compared to transverse polarization.
2. Large longitudinal polarization is necessary for P and CP violation parameters measurement.

3. All A} polarization parameters have significant precision advantages on STCF!

4. Precision of A will allow us to explore f-induced CPV.

5. Although the current research focuses on the CF processes, their formula form are exactly the same as SCS

Processces. N 0 N
Az = pKg Az = pn
Af > Ant ) AF S AKT
Af - x0xt At - 20Kkt

6. There is still a lack of data to test the CPV phenomenon in SM in the exploration of polarization-induced CPV.

Many thanks!
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Statistical uncertainty estimation for a, _+

—— unpolarized beam —— unpolarized beam

—— Pz=0.3 — - Pt=0.3
~ = Pz=05 ~— -+ Pt=0.5
0.0101 1 - Pt=0.7

o(apon+)

0.001 -

~05 0.0 0.5 1.0 1.5 20 -05 0.0 0.5 1.0 15
Luminosity(ab™1) Luminosity(ab™!)

(b) Uncertainty prediction of P violating parameters ay .+ .
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Statistical uncertainty estimation for A,_+

= unpolarized beam = unpolarized beam

== Pz=0.3 = P{=0.3
== Pz=05 == Pt=0.5
0.100 A £ ]
: - Pz=0.7 == Pt=0.7
1 - Pz=10 |* - Pt=0.9
1 -\
—
+
=
(]
g
S
o

0.010 1

~0.5 0.0 05 1.0 15 20 -05 0.0 0.5 1.0 15 2.0
Luminosity(ab™1) Luminosity(ab™?!)

(c) Uncertainty prediction of P violating parameters A, +.
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Relle |l with 980 fh~1

0.010 -
—
+
ke
(]
I~
(o]
e il
@)
Belle Il with 50 ab”"_ _ __ _____
= Unpolarized beam ""'-..‘__ SO T = =1 = unpolarized beam -
- = Pz=0.3 S~eo Il T —- P1=0.3
Pz=0.5 S~ . TS —— Pt=0.5
-— Pz=0.7 Il S — Pt{=0.7
-= Pz=1.0 T==| = Pt=09
0.001- 1 1 T T | 1 | T | 1 1 T
-0.5 0.0 0.5 1.0 1.5 20 -05 0.0 0.5 1.0 1.5 2.0

Luminosity(ab™1)

Luminosity(ab™?)

(a) Uncertainty prediction of P violating parameters ayo, +.

November 19, 2024

25




Statistical uncertainty estimation for Ayo_+

o TT
= unpolarized beam = unpolarized beam
- = Pz=03 = Pt=0.3
Pz=0.5 Pt=0.5
0.100 —= Pz=07 _ i . pen7
] - = Pz=10 . — Pt=0.9

o(Ason+)

0.010 1

05 0.0 0.5 1.0 15 20 -05 0.0 0.5 1.0 15 2.0
Luminosity(ab™1) Luminosity(ab™?)

(b) Uncertainty prediction of P violating parameters Ay, + .
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Statistical uncertainty estimation for A?%:

CP
= unpolarized beam == unpolarized beam
== Pz=03 == Pt=0.3
Pz=05 Pt=0.5
1 - = Pz=0.7 - i - PE=0.7
i - . -
—= Pz=1.0 ‘ —- Pt=0.9
\ )
\
\

0.010 1

o(ALS)

LHChwith 50 foh — =N

 HCOWith300/0 7} = e
05 0.0 0.5 1.0 15 20 -05 0.0 0.5 1.0 15 2.0
Luminosity(ab™1) Luminosity(ab™1)
X

K

0
a) Uncertainty prediction of CP violating parameters A, * for channel A;r — pKVY.
Y P gPp CP P4
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Statistical uncertainty estimation for A2z

= npolarized beam = unpolarized beam
- Pz=03 = P1=0.3
— = Pzz=05 - P{=0.5
0.010 -
=
e
S
o]
0.001 1
0.0 0.5 1.0 15 2.0

—0.5 0.0 0.5 1.0 15 20 -05

Luminosity(ab™1) Luminosity(ab™1)
(b) Uncertainty prediction of CP violating parameters Agj‘;“rJr for channel A} — Axt .
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Statistical uncertainty estimation for Az

Belle Il with 980 fh~1

S
Belle Il Wit 30 AT ol B g el
= unpolarized beam Sso T~a o == | =— unpolarized beam =
- = Pz=03 Seo T~ —— — - Pt=0.3
- ~—

Pz=0.5 T~ —_—— Pt=0.5
- Pz=0.7 Ik TS —— P=0.7
- = Pz=1.0 T==| =—- Pt=0.9
-0.5 0.0 0.5 1.0 1.5 20 -05 0.0 05 1.0 15 2.0

Luminosity(ab™?!) Luminosity(ab™?)

¢) Uncertainty prediction of CP violating parameters A5°"" for channel Aj,_ — X007+,
yp gPpP CP
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Partial wave analysis

» The amplitude for each decay level: R,;;, = a+ b

Rgp—a+b . Rgp—a+b ]Eab

» The helicity coupled amplitude can be expanded by LS coupling formula:

5 20+ 1 ,
fab 1a+b Z Yis (lS 061Jo, 6)J1J2, A1 — Azls, 5>qlBl (q,90,4d)
Rqg’ Rb 2]0

> Take the decay p(770)* - nt + ¥ as an example:
770)% At—Ap(770)* 770)T >t +
AP( ) — Z AA p( ) Rp(770)+(MT[ )AP( )romt+m0

’IAZ“ An AL Ap(770)+’ An A p(770)t 0,0

> For the resonance p(770)*, Gounaris Sakurai model is used.

» For the other resonance model, like relativistic Breit-Wigner (RBW) formular, the DV-Bugg model, and Flatte-like model
can be used.

» Finally, we can use the g;, results to construct many polarization parameters.
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Phase shift

The amplitude for the two-body weak decay B; —» Br + P can be parameterized as

November 19, 2024

M(B; - B; + P) = itis(A — Bys)y;

A-s,B-p/k

B(Af - Anr™)

K = |Dcl/(Ex +my)

Bl | (mar +ma)’ —m2s

|A|% +

B 2k|Al|B|cos(6, — b5)

8 m?2
AF

2k|Al|B|sin(6,, — &)

A = arctan

[Al* + k*|B|? [Al* — k?|B|?

Three unknowns and three independent equations.

2 i "( ’ 4 i 5

_|A]Z = k?|B)?
~ A + K2|BP?

4

v Oncey > 0 or y < 0, one solution will be determined.
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The emission of synchrotron radiation could lead to transverse
polarization of the beam in electron positron storage rings.
(Sokolov Ternov effect, 1964)

Emission of synchrotron radiation causes spontaneous spin flip,

with different probability between the two scenarios.

<
*

Cited from Yutie’s talk
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