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P violation in charmed baryon
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s — parity violation
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CP violation in charmed baryon

+ (17T 1t o
A7 > - A > K7 (07) as an example:

— i i — _ [ —i
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p = |p|elfpel¢p ﬁ _ |p|elfpe—l¢p ¢ strong phase
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All polarization induced CPV observables can be derived using a /@ and A/A.
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Data samples

» MC sample is simulated under OSCAR version: 2.6.2

» Signal processes:

AK?* channel: e*e™ — ATAZ, A} - AK",and A — pn~,
YVK* channel: ete™ — ATAZ, AT — XK+, 2% - yAand A — pn~,
Z*Kg channel: ete™ —» AYA-, A — Z*Kg, >+ — pa¥, 1’ = vy, and Kg —natn.

» Only signal process based on PHSP model is generated, and the size is about 4 million.
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Event selection

> Proton: > ¥
« |V,] <20cm,|cosf| < 0.93 * 1C chis<200
* PID: prob(p) > 0&&prob(p) > prob(K)&&prob(p) > prob(m) e Invariant mass lies in (0.115,0.150) GeV/c?
> Pion: > KO
e V,<20cm,|cosf| < 0.93 Primary vertex fit:y? < 100
» Kaon: * Second vertex fit: L /a; > 2
* [l <1cm,|V;| <20cm,|cos ] < 0.93 * Invariant mass lies in (0.487,0.511) GeV/c?
* PID: prob(m) > 0&&prob(mr) > prob(K) > A
> Good shower: e  Primary vertex fit:y? < 100
« FE > 0.025 GeV (barrel: |cosf| < 0.8325|) » Second vertex fit: L/o; > 2
« FE > 0.050 GeV (endcap: 0.8325 < |cosf| < 0.9445)) * Invariant mass lies in (1.111,1.121) GeV/C2
* Angle with charged tracks should be larger than 10° > X9: Invariant mass lies in (1.179,1.203) GeV/c?

> X*: Invariant mass lies in (1.176,1.200) GeV/c?

» If there is more than one candidate in one events, the candidate with the minimum |E A+ — Eveam| 1s selected.

2
/c?

- : — |g2 4 _ |4
» Beam-constrained mass: Mgc = \/ Efoam/C |p A



Mass spectrum
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My (GeV/c?) My (GeV/c?) M. (GeV/c?)
Modes AE Mg Efficiency
AL - AK* ~29.1%
At - 20K [—25,20] MeV [2.282,2.291] GeV/c? ~4.8%
At - ZtKQ ~7.7%
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Polarized beam on STCF

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

Ref. Phys. Rev. D 110.014035
Phys. Rev. D 105.116022
Phys. Rev. D 99.056008
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For simplicity: P, = 0 and Py = Py
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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
July 3, 2025 Bo \ 0320, Yo = | 0 0 8



Baryon decay

a-matrix: Af /X7 /A decay:

1

Ref. Phys. Rev. D 110.014035
Phys. Rev. D 105.116022

Phys. Rev. D 99.056008

. i I /7 - i ’ 0 i - j - (1BP |
(gpsinfy cos o1 Ypp cos b cos oy — Bgp sin 1 — [Bgp cos b cos ¢1— 7Yppsin¢y sinf cos o
(gp sin by sin oy Bgp cos @y + Ygpcostysing; ygpcosd) — [gpcoslysing, sinf sin g

(ugpcos by

Note:
>0 — yA === P conserved

0
a&o =1
>0 -
aiq = —sinfy cos ¢o

0
ay 5 = — sin By sin ¢

0
a3 5 = — cos b
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» This matrix is only for %
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All angular distribution formulas can be derived.



Statistical uncertainty of other experiments

2030 STCS) 2041 2043
< <

D

ﬁif_lcb ﬁiycb < /S

300 fb~' 50 ab !

» Simple scaling using yield (luminosity) based on current statistical uncertainty.

LHCb Belle (II)
Nowadays 2030 2041 Nowadays

Parameters

Luminosity 9 fb~' 50 fb~! 300 fb~' 980 fb~*

50 ab— !

Op Rt 0.05  0.021 0.009  0.049
At 0.103  0.044  0.018

QU530 e+ 0.18
AAET 0.08  0.034 0.014  0.086
AR Kt - e . 0.35
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Estimated method

Simulation

July 3, 2025

@ampling:

2. Input parameters

1. Using the Angular Distribution Model

Processes  Parameters Values Sources
ete— —» ATA- o (-:._Eu) 0.10 Estimated
- Ap (Ag) —0.50 Estimated
A+ s AKH X p o —0.52 Ref. [a]
‘ Ak 2.74 Ref. [a]
A- 5 AK- R —ap+ CP conservation
) Azx —A g+ CP conservation

" ¥ g
Ai—_:yzuK—l— B0+
&BDK}

A7 5 S0g- 9Bk
[
Af]”'}'\’

—0.52 Ref. [b]
—0.59 Ref. [b]
—asog+ CP conservation

—Axog+ CP conservation

- x -0
AfF 5 BTKRE TETKG
Axi K%

- _ = ¥+ 0
A 5 2TKS D= Kg

—0.52 Ref. [b]
—0.59 Ref. [b]

—Qnt g0 CP conservation

As K9 —Ay K0 CP conservation

A—pr~ Xpe 0.747  PDG(2024) [c]

A - prt Wt —0.757 PDG(2024) [c]

>t = pr® e —0.982 PDG(2024) [c]
(2024) [

[Fit: )
1. Likelihood fit

2. Fix different beam polarization

\ ¥ — pr X0

0.990 PDG(2024 C] /

[a] Phys.Rev.Lett.133.261804;
[c] Phys.Rev.D.110.030001.

[b] Phys.Rev.D.109.L.071302;

Q. Give the absolute statistical uncertainty
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Statistical uncertainty estimation for a g+
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» Longitudinal beam polarization has greater advantages in measuring polarization parameters.

> When the longitudinal polarization is 50%, it needs four years to achieve the accuracy of LHCb experiment based on 50 fb™1.
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Statistical uncertainty estimation for A, +

and A, AK+
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» Using high longitudinal polarization beam, the advantages of STCF is particularly evident.

» Especially in A+, measuring f-induced CPV could be possible in the future.

» But a-induced CPV seems worse than LHCb and Belle I1.

July 3, 2025
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Statistical uncertainty estimation for ayo,+, Ago,+, and AZX"
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All the parameters studied can achieve overall better accuracy than Belle 11
on STCF using 4 ab™! data with a large longitudinal polarized beam.
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° ° ° ° ° Z+K0
Statistical uncertainty estimation for a,. ., 4.0, and 4,

s

o(a,. )

107

1072

—— unpolarized beam

Luminosity (ab™)

» There is no Belle II or LHCb measurement yet.

— unpolarized beam

2 4 6
Luminosity (ab™)

= unpolarized beam

Luminosity (ab™)

» Hard to reach precision of SM prediction (10~*~107°).

July 3, 2025

15



Conclusion

1. Longitudinal polarization has a greater improvement in precision compared to transverse
polarization.

2. Large longitudinal polarization 1s necessary for P and CP violation parameters measurement.
3. Polarization parameters A have significant precision advantages on STCEF!
4. Precision of A will allow us to explore f-induced CPV.

5. There 1s still a lack of data to test the CPV phenomenon in SM 1in the exploration of
polarization-induced CPV.

Thank you!
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