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First
Generation

Current Status of CPV Research at the Quark Level

Second Generation

Third Generation

Up/Down

Charm

Top

CPV in first
generation is
predicted to
be far below

current
experimental
sensitivity

Charm mesons: In 2009, LHCb discovered CPV at
0(1073), within SM predictions

Charm baryons: No CPV observed yet. SM
predicts 0(10~%); new physics could reach
0(107%)

Lifetime too short to form hadrons; decays before
hadronization— no "top hadron" CPV

Strange

Bottom

Strange mesons: Discovered in 1964, CPV at
level 0(1073), within SM predictions

Bottom mesons: Discovered in 2001 (BaBar/Belle),
CPV at 0(0.1), within SM predictions

Strange baryons: No CPV observed yet. SM
predicts 0(1074-1075%); new physics could reach
0(1073)

Bottom baryons: Discovered by LHCb in 2025,
CPV at 0(0.1), within SM predictions

Only strange baryons and charm baryons remain unexplored for CP violation—a final frontier for

new physics in hadronic physics.
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Physics goal Observable BESIII Current world best STCF prospect(1 ab™!)
A&p in hyperon decay 0.005 0.005 O(1074)
weak phase in hyperon decay 1.2° 1.2° 0.04°
A p in tau decay - 0.25% O(1073)
Fundamental EDM of hyperon - O(1071%) ecm ((10721) ecm
Symmetry EDM of tau - O(10717) ecm (@(10718) ecm
cLFVin 7 = pup - 2.1x10°8 O(1079)
cLFV in J/¥ — ep 4.5x10°° 4.5 %1070 O(1011)
cLFV in J /¢ — eT 7.5 x 1078 7.5 x 1078 O(1071%)
Ny (a260)/ 2, /X (3572) 107/106/10% 108/105/10° 10°/108/10°
Pentaquarks - P_sin J/Yp(A) O Jrppp = 4 b
Quark Di-charmonium - di-y O jppec = 10 b
Confinement N 1/4/(3686) 10'°/10° 10'°/10° 10'2? /10"
Collins effects 0.3 0.3 0(1073)
Baryon form factors 10% 10% 0(1072)
R value 3% 3% O(107?)
tau mass 160 keV 120 keV 0(10) keV
Physical V.l - 1% 0(1073)
Quantities V.4l 1.2% 1% O(1073)
V..l 1.4% 1.4% O(1072)
Sys. unc. of v from D decay 0.4° 0.4° 0.1°
o, - 1.5% O(107?)
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Offline Software System of Super Tau-Charm Facility (OSCAR) FN7E3HEM FERSE
— External Interface+ Framework +Offline
SNIPER framework provides common functionalities for whole data processing

Offline including Generator, Simulation, Calibration, Reconstruction and Analysis

_________________________________________________________________________________________________________________________________________________________________________________
g S
, ~

// OSC A R \\ Detectors | Simulation |  Digitization Reconstruction Analysis tools
v
Appllcatlons Global PID Traditional Kinematic &
Generator Reconstruction combined PID Vertex Fit

: : : ITK
Simulation Analysis

Core Software MbC

©
N o
SNIPER EDM 10 | RICH ]
| DTOF @
o
©
/ 9

Charged

tracks: Q © (V]

Service User Interface

X X BTOF
External Libraries and Tools

DD4hep  Geant4 PODIO

tracks: Q Good state

EMC -
() Under optimization

o
-~ ~

QO OORIB®

o
o
o
@ Neutral
V)
©

MUD

X
o
O
—
B o)
<
P
=
o
>
(@)
3
QD
=~
@

I ) i Under development




OSCARZ#EH)

- EREESRIIE

Efficiency vs p: PiP

6000 [ ML+L-_KinFit 2
r Enties 118695 = T T s . —— AfterFit - ]
E Mean  sos7| 25000 - = E ] 1500; Voan- 111548 — Signal
5000 - Std Dev 0002479 ‘:‘; I : oot swoarnas Touschek e
C L H P [~ — BeforeFil
o} § 20000 08l = M 1496 g | ", = Touschek e
F = r 1200F- ¢ g | — Beam-gas &
F = 15000 L E 5
30061 M(LH' u_) i 06— Q) Beam-gas e
r - r 2] Luminosit
= 10000 - © ¥
2000 [ § 04— g
F m £ W]
r 5000 3
1000 — 02— o0 2000 ]
r N 200 F
I IESY | S T S %08 0'1 012 0‘14 016 018 02 022 024 O;E*L*I.‘-::—:?:F'Fjﬂf%—f—f———-—m-znili—-:p— E L 0 Lo LA
g.OG 3.07 3.08 3.09 3.1 311 312 313 3.1« . : . . . . . - ; . 0 05 1 T s E3 EKST 16 w? 07 Yoz Ttos 106 108 14 Ti2 114 116 118 12 0 500 1000 1500 2000 2500 3000
P M(A)(Gev/c?
n® Mass (A(Gevic) DTOF Hit Time (ns)

v HEITEE v PSR v RFERIRSR v BHFE v FRERS

OSCAR‘FEI'JF"EE???*E - R/ERILEFNREFIX IR
Babayaga (E;E:ﬂf(%j ,U 2 *DVV *EE) Time of simulation Size of data

Time Quota

« Mad grap h + Pyth a (TTH*E) 2000 tims 1628ms 232 181kb IEEEEE

+ Ekhara, Diag36, Gluga QUEFIITE) ., o A o
y K K M C + EVtG e n ( 1% %E ) 300ms 200 2 = 26kb - Trk. Exp. Trk. Rec. | :T:ki E::i
¢ LU n d Ar IW Pyth Ia (BIE?;EIU\) 0 simulation reconstruction < 31% : EFCOHF;C:

= dE/dX rec.
simulation digi. & rec.
= MUD rec.

o Phokhara, Conexc (%)JIL‘J\ZFEIEIET_I-J\j.*EnE) m260 m26.1 §260 m261




SRR~

- BEERIVIESAIEN . RRNEETREREEENHAE EESRIND)

- >20

2125 TR 1602 200 788

23R 4415
BRI, _ N
3.097 e 887 9.0 374 >20 4500
ZNTF,
3.770 AR e 511 6.6 25.3 2.6 >30 24.4
4.03 D*, Ds 448 5.8 22.1 3.3 >30 26.6
XYZHIF.
4.26 U2 7 401 5.2 19.8 3.5 >30 15.3
4.682 SZEEHITE. 332 4.3 16.5 34 >30 15.0
B,
s 203 2.6 10.0 2.4 >30 84

PSR EL 150 1.9 7.4 1.9 >30 6.2




BRI FRESIST(EA

8+ CPIRIAFN
EDM{f3R

pEiE IR
(EDM, EFKHX,
wERE)

PSRN FRS.
SR E

ASEZERRICPE
AR5

K° — K°Z&R&FCPT
XIFR RS IS

Invisible decay

BF A
B IR

J/Y - AA
b £
T - n(nr®)v

T > Iy

T - 3U

Radiative decay

C-even correlated DD

At - AKY, Z0K*, 5TKQ

/b = KSKm

J/b - w/én()
A} - /K +invisible

J/p =yl

(ESUNEETEL oy
IFSE A=)

RF551, mO0EE5E

T/ uss5l
YFEE

DN FHRe, YeF/nEiE
n/K&ER), JFERE
=&

KRR
RIF=55], PHEEET
il

B5EAN KF. XUBB#K

IR E EAEIEIE

Note completed

Note preparation
Note completed
Working in progress
Working in progress

Working in progress

Working in progress
Published
Working in progress

Working in progress

Draft in preparation

Working in progress

FEEE (LX)
sK&F (ERK)

®B (E8)

RS (FRK)
R (46X)

JERIA (LK)
REHE (LX)

EFRE (=X)
FBE (=X)

SR=OH (ERK)
fEE. E—M (5
X)

BB (%)
PEEE (FK)

\/



B=HAT{EA

B5A: BEE. Z%5. RERH

ST fEifle

X(3872)434 BEBZIERID Working in progress Xt (FIRIK)
() BESE. ete™ - 1Z.(3900) R EE
EERE oFem — BT o 1 RinERE, (RS Note preparation =8 (FX)
ete™ - ]/, 1RV e Note preparation PrRiERR (FPK)
IR ERE ete™ - KK, nm, Kn m/K&E5 Working in progress
‘ ete™ > pp [RFEE5 Working in progress ~ FHIE (FK)
FREAAREF ete— - i ch 743 Working in progress ~ Z=E#] (=X)
/¥ = 1l m/usEs)]
2t 5 0%, 3t - yp YeF /IO
FRERGREF . e Frila, BTLE) Note preparation  FERIE (§8)
EFRE == s Aev TSl , BT Working in progress  B5iF (FFRIK) v
A interacts with materials RineEtEalrR Newly started @'EL‘E'I‘Eﬁ) AR



BEAYESRiRNETI{EE

R{ENE ete™ - hadrons =ENE
vy — hadrons BiA X
W s Fin e
Ne = VY FeFEER
fEs2 FRE ete™ - 71~ near threshold BEEZIEM D #%
D - muv DFtmic, m/usshl
_ D - uv DNFtmc, n/usshl
CKM*EBEnlvusla |Vcs|9 |Vcd|
D — inclusive D+ mic
T- Kv T /KEE5
o - - 0
SRR, T T Tt Tme s /K43

0
Kr v,

EA: EEH“PM‘

Working in progress

Working in progress

Working in progress

Note preparation

Working in progress

Note preparation

| emim | e | ss | eA | o

ER (BX)

=HiE (E
BX)

mEnin (E
BX)
FHEZE (7
FamK)

XsA%E,
5T (4R

ZHpHE (348
FAAXZF)



IREST BRI

RN SR FIEE SRR IR A%
ﬂ 1. YIEERER, THASURERRE
2. HXHRMSEAIMREL L EIR

MIEIERY
ﬂ RIEMIR A SEIED:
£

. declProp( "gamEneScale" , par_gamEneScale=1.0 );
’Shower declProp( "gamTheScale" , par_gamTheScale=1.0 );
INA=VAN

b * . \ .gamEneSCa|e ﬁlﬁiﬂ?ﬁ declProp( "gamPhiScale" , par_gamPhiScale=1.0 );
% ! *Ej:l, B\ declProp( "gamRecEffScale" , par_gamRecEffScale=1.0 );
b 4 9 -gamThescale theta%&_ﬂﬂ# declProp( "chgSigxXY" , par_chgSigxy=-1); /

H H VAN i declProp( "chgSigZ" , par_chgSigZ=-1 );
.gamphlsca]e phl%gﬂ a3 declProp( "chgRecEffScale" , par_chgRecEffScale=1.8 );

lgamReCEﬁscale EPT%*E?EE&I% declProp( "chgVrScale" , par_chgVrScale=1.0 );

declProp( "chgVzScale" , par_chgVzScale=1.0 );
e T2 N
‘ﬁEﬁ,{éﬂ declProp( "vtxRadScale" , par_vtxRadScale=1.0 );
. Tl =/ \ & declProp( "vtxZdrScale" , par_vtxZdrScale=1.8 );
n chgSigXY oy, RTINS DI ' '

nchgSigZ o, HEHWENEDHF

— = /) > chgRecEffScale R
RERMNHES - chqVrScale  TRSAHIVT

w's
&

a chgVzScale TRmH#EVz

o RfER:
s vixRadScale
s vixZdrScale

Rlle R




IR SE

E— PERER 3 W ScalingZ 4
ete™ - nj /Y X fi i R0 B A (N IYVES
J/p - AA Kbl A AR B . T 2 % PRI TR
pinpg e ) [ 55 KAtk T3, 20 f R
A = pev (& & AR
D tag RIBH &5 HE I
It >yp TN, EEARRKEY - 1 KA E. BEESH
FHL Tl 2% /0 H A ) T YU TN, FEARKT - nnly KT E. BEESH
T - 'y O 8 &, FEART > nnlnlv HFALE . ReEmaTt
T o1V at 7 GeV mE, FEARKT - v T/ wige F 2 e 28 7 30 %
D - muv, D - mmuv B EX [E]<1.0 GeV, FEAJKD - nnn’ 70/ iR FZE N 45 3R
L4 PR /22 I
TR 5 T/ WRL 45 5 D - v shE[X [A](1.0, 1.5) GeV, TEARJED - e, D - v 70/ Wiz F RN p s R
ete” s ete nm TEARKeTe > ete uu T/ i PR FIm 4 IR
I/ = uun FEARIR /Y - T/ ik F 3R S ) 8 5
etfe” s KK+ X HEX[A]<3.5GeV, FEAK|Kete” »nw+ X /K iRFIZ
L T R 1/ KHL T4 51 D tag Sl & [X [H]<1.0 GeV 7/ K iR P2l | K5 T80
T - Kn gEX[A<1.6, FEAKT - nnlv /KRB
RRERES/ZTIR s pn ete™ —ni, D - Ky R AT RIS v/n/Ky BRI AR

U




STCFIIEFNERNZEHL S

Rich physics potential beyond the CDR content

Contents

~ Spin 3/2 polarization

F t" ISSN 2095-0462 i -
ron lers 0 Votmie: 19 Nnmber] 1 Introduction 5 Near—threshold resonance  Millicharged partlcles'

February

- e 2 Physics 8 y Trlangle singularity j/psi seimileptonic decay Belle locality:
2.1 Motivation 8 D.' radiative decay Y
2.1.1 Challenges in particle physics and the ’ & Uidhe cone distributisnamolitades cLFV W
r-charm energy region 8 FCNC EMFFs 9 P baronenesfs
2.1.2 Physics potential at the STCF 9 /s‘/ K0-KObar X(6200) Neutral meson mixing QCD sum rules
2.2 Charmonium and XYZ physics 12 [ Two-pole \
221 The XYZ puzzles 12 ( Muon g-2 and a(M2) A — A oscillation Axion-like particle  Chiral theory
2.2.2 Limitations of current experiments 13 . = .
2.2.3 Opportunities for solving the XYZ ully charm tetra ks Tau EDM SU(2),-signlet vector-like fermion Part ers
puzzles 14 : /
2.2.4  Opportunities in higher charmonium
states 15
2.3 Charmed hadron physics 16 Proton charg
2.3.1 Charmed mesons 16 photoproduction
2.3.2 Charmed baryons 20
2.4  Tau physics 23

2.4.1 Precision measurement of the

¢ properties ;Z @E g I m ﬁ'\ﬁﬁ*ﬁ

2.4.2 Determination of the SM parameters

2.4.3 CP symmetry tests 26 1204 15
2.4.4 Flavor-violating r decays 27
2.5 Topics in QCD studies and light hadron physics 100
27
2.5.1 QCD physics 28 "
2.5.2  Spectroscopy 29 é 80
2.5.3 Precision tests with light hadrons 30 8
2.5.4 Tests of the CPT invariance with J/y ‘*; 604
decays 34 g
2.6 New light particles beyond the SM 36 £
2.6.1 Particles in the dark sector 37 = 407
il 2.6.2 Millicharged particles 38
0 2.7 Summary 40

$tiH§51F289iR



]|

Contents
Introduction 4
P vislation in hyperon sector o
21 Direct OF violation in strange quark systems . . . . .. oL .. . @
22  Hyperon two-body hadromic weak decays . . . . .. .. oL .. 0]
23 Spinentangled baryon—amtibaryon systems . . .. L Lo oL L. 16
24  Radiative and semileptonic decays . _ . . .. L. oL oL L. 21
25 CF violation in production via EDM _ . 0 . 0 o0 0oL 0L 25
26 Prospect of hyperon OF violation study at STCF _ 0 0 0 C 0 0 L . 29
CF violation in  sector a5
3.1 Hadronic form fsctors in semileptonic »decays . . . . 0 _ . . . 35
32 Swuocture functions in T decays with hadronic final states _ . . . . 3f
33 CF violation observables in hadronie rdecays . . . . 0 0 _ . _ .. 39
14 CF violation in v — Kz decays: the BaBar anomaly and the
Belle measurement . - . . .. Lo Lo L Lo 41
i35 (P violation proposed via EDM _ . . L L0000 L 44
16 Prospect of ¢ OF violaton stndy st STCF © . 0 0 0 _ 0L L. 45
40
49
50
iolation associated with 1.7” DMomixing . .. ... ... ... 56
iolation from the interplay between decay and mixing . - . . &3
4.5 (P viclation due o the final-state K9-8% mixing . . . . .. ... o6
46 P violation due to D9 — 7 and K — B oscillating interference 67
4.7 Prospects of charm CF violation stadies at STCF _ . 0 0 _ . 0 . . i)
Tos:l-i of the CPT invarlance with /s decays T4
5.1 CPT and the Theory of Everything . © . . . . . . .. .. ... 75
5.2 Newral K mesons and wests of the CFPT theorem . . . _ . _ . T6
53 The neurral kaon mass eigenstates with no CPT-i
laped restrictions . . . o ..o Lol L L. T
54 Interference measurements of the ¢ _ and goo phases . . _ . . . T
53 Comment on the Bell-Steinberger relation . . . . .. .. .. ... ]|
54  Prospects of kson CPT smdy st STCF . . . . .o oL 0oL oL 0 #4
a
5.7 Fumhercomments . . . . oL oL Lo L. 87
6 Summary &
Acknowledgements o1

Contents

1 Introeduction L
1.1 The six-guark madel for OF viodation . . . . .. .. .. ... . [
1.2 Some general comments about Direct OF violation measurements &

1.3 Impact of quantum emanglement on hyperon CF asymmetry mea-
SWPBTETMS . . . . o ... L.l 10
L4 Impact of quantum entanglement on D-meson measurements - . - 12
Ld.l  Quanmm entanglement and strong phase measorements .~ 12
1,42  Mixing and C'F violations in correlated O & [ decays . . 13
1.5 Projected eventrates at STCF . . _ . ... .o L oL 14
2 [P violation in hyperon sector 17
2.1 Direct CF violation in strange quark systems . . . . . . .. .. 17
2.2 Hyperon two-body hadronic weak decays . . . . 18
23  Spinentangled baryon—antibaryon systems . . . . 24
24 Radiative and semilepionic decays . . . ... .. . n
235 CF vielstion inproducion via EDM _ . . ... 0L Lo KR
24 Prospect of hyperon OF violaton sudy at STCF © . 0 L L. L . ki)
3 (P violation in r sector 45
3.1  Hadronic form factors in semileptonic « decays . . . - . . .. 45
3.2 Swucture functions in ¥ decays with hadronic final states . . - . . 48
13 CF vielstion ebservables in hadronic = decays . . 49

i4 (P violationinr — .T\'_l:srp,. decays: the BaBar anomaly and the
Belle measurement . 52
15 OP vielstion proposed via EDM . . _ L L0000 Lo 55
14 Prospect of ¥ OF violation study st STCF . . .. 0.0 .. .. 38
4 CF violation in cha: [
4.1 CEM unitarity triangle in the cham sector . . . . . . .. . ... 63
4.2 (P violation in the directdecays _ . .. ... 0oL oL oL a3
43 P violation associsted with D07 mixing . . . T
4.4 CF vielation from the interplay between decay and mixing . - . . 80
4.5 P viclation due 1o the final-state KA mixing . . . ... ... &1
46 CP violstion due 1o D" — 0P and K — K" escillating interference 82
4.7  Prospects of charm CF violation sdies at STCF . . . . .. _ . . 83

e

5 Tests of the CFT invariance with J/« decays

3.1 OPT and the Theory of Everything . . . -
5.2 Newwral K mesons and tests of the CPT 1h~m|.||1 -
5.3 The neutral kaon mass eigenstates with no CPT-invariance re-
lated restrictions . - . _ . o . .. ... Lo L. .. 91
54 Interference measurements of the ¢, _ and oo phases . . . _ . 93

W e

Prospects of kaon OPT smdy 2t STCF . . . . | .

4

5 Comment on the Bell-Steinberger relation
L.

T Furhercomments . . . ... .. ... ... e e

L

6 Summary 3

Acknowledgements 104

ESHSTCFERNE (HEY)

smFEiaSEmFin
PRtz I




STCF Elfr&iNRE

1)

2)
3)

4)
S)
6)
7)

3)
9)

La Thuile 2026, 1-7 March 2026, XXXIX edition of Les Rencontres de
Physique de La Vallee d‘Aoste, La Thuile, Aosta Valley, Italy

FEBERARKRE BT

DIS 2026, Bologna, Italy, 4-8 May 2026 L& K% &k

FPCP2026, Physikzentrum Bad Honnef, Germany, 18th-22nd May
PEBERARKE FPNE

Beauty2026, Maastricht, the Netherlands, 1st-5th June

FEBESRKFE X7

PHIPSI 2026, Pisa, 8th-11th June 1R K% Z/N

BEACH2026, Florence, Italy, June 8 to June 12, 2026, FEBI2EHAKRE ZiEgF
43rd International Conference on High Energy Physics, 30 July-5 August 2026,
Natal, Brazil F#EBMEEHEAKRE x|gdt

NSTAR26. Seville/Spain from September 7th to 11th, 2026 EH K% ™5
PacificSPIN 2026 - The 13th Circum-Pan-Pacific Symposium on high energy
spin Physics, £t




BESRE

o ESPIREEXAIEXFIFE, STCFRA=XYIER ifisk
v BERIERIEISIE
v BRI RRE
v BEYESRHEE

o HFOSCARZSIEIIRIHESE, STCFLEFARET —F5XiEYiE
SR AT

o HuIEkEUEIRNl, P IREFRMSEISAEMAL, FErdEm
seN(H EaEH 1T 7 ISIIE

o HFXCIEMBIENRR, MIFERNRSITAE

e TDRIE{EiESHh




wBid] /Y - AARFRAFIEDM

e Y
P B | r~ [ note version 0.0
A
STCF Analysis Note
SAN-xxx

January 6, 2026

Study of A CPV and EDM at STCF

Mingyu Yu?, Jianyu Zhang®, Xingtao Huang®, and Jinlin Fu¢

iShandong University, Qingdao, 250100, China
bUniversity of Chinese Academy of Sciences, Beijing

&+ @& 2Re(s*
rep = TEE Bl
@d—a ls|< + |pl

® Acp! = 0, AEZEFHICPREIRRIE T CKMISH A '

® d! = 0, AKJEDM, Hr I CPREIR R IR

A

Fig. 2: Definition of the right-handed coordinate system used to describe the J/ — AA process. In the
e*e” center-of-mass system, the A is emitted along the Z axis. The # axis is perpendicular to the plane of
A and e”. The hyperons are polarized along the i direction.
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Fig. 2.1: A SM prediction for C[p] (left) and m> (right), as a function of the center-of-mass energy and
the threshold on the polar angle of 7 leptons, based on an analytical calculation.
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Weak decays of the charmed baryons offer an ideal platform to study parity (P) and charge conjugation-
parity (CP) violation in the quark sector, to stringently test the Standard Model and search for new physics.
It is a key goal in the next-generation positron-electron collider, such as the Super Tau-Charm Facility
(STCF). Thanks to the quantum-entangled pair production with superhigh luminosity and the possibility of
beam polarization, STCF provides a unique environment to probe such symmetry violations with
unprecedented sensitivity. In this paper, we evaluate the precisions of the P-violating parameters and
subsequently obtain the expected sensitivity of the CP-violating parameters in charmed baryon decays of
Af = pa®, pp, AK*, E°K*, and £+ KY, regarding to different polarization setups in STCF. The study
suggests that the implementation of longitudinal beam polarization in STCF would greatly enhance the
experimental capability in studying P and CP violation.

DOI: 10.1103/6pdw-trsj
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