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CP violation studies at Super tau-charm facility
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?Lanzhou University, Lanzhou, 730000, China
P University of South China, Hengyang, 421001, China

Abstract

Charge-parity (CP) violation in tau-charm energy region is one of the promis-
ing areas to search for. The future tau-charm facility of next generation is designed
to operate in a center-of-mass energy from 2.0 to 7.0 GeV with a peak luminosity
of 0.5 x 10* em~2s~!'. Huge amount of hadrons or 7 leptons will be collected
with well kinematic constraint and low-background environment. In this report,
possibilities of CP violation studies in tau-charm energy region and at the fu-
ture tau-charm facility are discussed from various aspects, i.e. in the production
and decay of hyperons and 7 lepton; in the decay of charmed hadrons. We also
study the combined symmetry of C'P and time reversal 7', C'P1" invariance test in
K° — K mixing.
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STCF{SETRH

STCFIRIEHAERAS
1ab~1@4.26GeV
ete™ - Tt F&EF: KKMC+TAUOLA

0 i  OF 1 T 2s 9 o 3(mi, — /;)':’,)3|Fg|2
T—- Kcnv... —x - |1-— ) (1+ )Psx P(s)|Fy | + ~ .
S 15 (1\/"’. X S ( 9 / ( ) ( )I ‘ | 45‘(1 + ,%;"')

REAN: KF

\/(s — (mks +m=)?)(s = (mxg — mx)?)

2\/s

~3.7 million t* /v~ (5554l
—4
Fs = AK;(800) * B”.I\"‘,(xuu)- 6(A‘E'P,EXP)m9"7 x 10

EE TR/ RBVRET 10 ab~" $HE: S(A%p gxp)~3 x 10~

BW s (s90y + @xe=(1410) - BWie=(1. _
B K*(892) K*(1410) ; (1410) S(AE'P,SM)Nl % 10 4

1 + ag-@410)

HE T FCPATIFRRIZ



o (nb)

s FRICPHRIA REA K. T2B

d,s,b F2E: (xy)~107 . KRR (xy)~103 |
C 5 5 - u \\ /_,\ /
_ DO ) =nm,KK,... ) DO
D v v D’ /\4_/\
a . - . C u c
d,s,b
R Component Final State c¢(D°D?)
' ! — —
8 |- Lo - D°DP D°D° Odd
B : ' v DD . 070 E
ol |
sl F DD . D*0p0 yD D_ ven
- o & é ® Q.. ® DD - Coherent n°D°D° Odd
- - (I — A
) i K ¥ é ] D055+ yn°DODO Even
| 1 . * * —
2 |- - : — yy(m°m®)DODO° Odd
| 1 [ _ —
vy e m¥ Y Yy K eoherent D**D*" n*n~DODO -
ncoheren
3.90 3.95 00 __b05 410 415 420 4.25 D D- ADO]- )
Ecun (GeV)



SRR FHICPIEIATREASE

1 ab™'@4009MeV L A - Bk FHis
=omm . STCRHMEILER =

Knn®(STCF) 0.044 0.017 0.034 2.51
Knnr(STCF) 0.047 0.025 0.042 3.10
K2 (STCF) 0.069 0.050 0.077 4.57
[ LHCb current 0.056 0.026 0.052 2.9 J
best
HFLAV average 0.044 0.024 0.016 1.1

® REERFIRE, HEBMNABNARTIRERS 2
® STCFRILME10*EBRNERNF ([A)#K) CPHEIA
® HRCPIINBERFH—LHR
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Large CP violation in charmed baryon decays pULESES

Observable CPV in charmed baryons decays with SU(3) HBE e

P and CP violation of octect baryon production in J/psi ME

BFNRITE. REFCPHIEA EG

1V
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8 HIERCabibbo/FK=EE

Ilrnll

7|’<

VEV  Tree + V>X< V., Tree X (Penguin / Tree )
N— —

Determined by the rescattering

Lwpr=Lynrt Lowr +Lonr AACp-E,l- IXZ]10-3




gﬁi? q:l Eg C PWW?&,:‘Z wREA: XU

*Rough estimate from statistics only
B BESII
B Bellell(50 ab )

STCF(0.2 ab") -3
B STCF(1ab") Hgpat G 1)

Agpat G(107°)

* Upgrade

0" : Acpat O(107%)
© extremely clean environment © very large production cross-section
—| ©® quantum coherence © large boost, excellent time resolution
108 | © high-efficiency detection of neutrals © extremely clean environment
© good trigger efficiency Besm © quantum coherence
6 - -
10 1 Belle: Agpat O(10 %) Measurements on /3 and y
- ‘ extract important information
n Upgrade
of strong phases !

A Belle Il : Ap at O(1073) 12
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The CPV in CBTD

A ABEHS

S EiatafL

Prediction

ABSZPT — _0.047(45), AR = —0.33(28), A7 KT = —0.39(32)
~ 0.001 ~ 0.01
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HOPFICPRELRIEL

First determination of sin 6y, at the J/y threshold

REAN: HHE

Recall it is related to the production of J/y only, and is thus the simplest one to

compute from Z exchange to violate parity

\/ES Gr

327T(ZEM

-(3—-8s)

0.30"
‘ SLAC eDIS
o 0.25 | E158
e I -
oLz APV Qweak |
020!
0.15"

BESIII

LEP
Tevatron SLC

-

LHC.

Polarized beams?

0.01

Q [GeV]

10

Bondar, Grabovsky, Reznichenko, Rudenko, Vorbyev, 1912.09760 (JHEP)

Jinlin Fu, Hai-Bo Li, Jian-Peng Wang, Fu-Sheng Yu, Jianyu Zhang, 2307.04346 (PRD)

Xu Cao. Yu-Tie Liang. Rong-Gang Ping. 2404.00298
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Polarizauon degree

RimtaRITE SiEF CPRA

Elliot Leader: Spin in particle physics ® &XF-: SLAC-PUB-2781(1981)
LEP: ® SPEAR:
The Large Electron-Positron Collider at CERN Stanford Positron Electron Asymmetric Ring .
5
10 |
1.0 ljfm
0.8 | 4 do 3 2 2 . 9 :
— = 1 Y COS“H H(s‘Pﬂ.' 0c S 20
N i ) o d0p 3+Ou( + ay, €OS™0 + auy, L SIn (os\ )
N 06 —
g o6 g
= ]}~ - Noturos ]
& 0.4 - b vy Spread 1.5
0.2 B ’ o
L < 1.0p
¢ ‘ ©
0 7 | Y
3.60 3.62 odl
{ J Spin tune l | Qy vy =3 ay Uxturgs3 9
2 EnergyinGev. e E  (Gev - 02 03 04 05 06 07 08 09

PA
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Exotic states in charmed baryon decays T3
Establishing the missing £*(1/27) by probing the triangle singularity effect in Eobio)
J/¥ — AAr® process

Entanglement suppression and low energy-scattering of heavy meson ZRZ=1H
Three couple channel with OBE potential analysis on Zc(3900) RE
QCDSR study on hadron spectrum [RieE

Spectroscopy and decays of singly charmed baryon SEEE



REFRERAIZ (1/27

EA-(I;_ . pEOnEJ%JFﬁZ*(l/Z_) REA: &

i - "
12 12 A Total —— Total ———
(@) S ¢ Mo @ .
w NT;’::%) @ NT;':»:‘») . N(1535) - N(1535) -
S AT Y N(1650) ------- P T | () —
N(1650) ------ S N(1650) - ------ ) 7 D (1650) 16at)
8 Belle —e— 8 Bell 8 ‘ o= ol e 5 A=
olle lle \ %
< "> e-:g \ Belle —e— (:’_E ;. Belle —e—
5 b 5 s * <
4 t ¢ 4 - 4
; ~
o T o lls <= 0 = . —- - 0 —
2.15 24 265 29 315 215 24 265 29 315 215 24 265 29 315 215 24 2.65
M2,(GeV?) MZ,(GeV?) M32,(GeV?) M2,(GeV?)
2 20 20 20
® Total —— © Total ——— (b) Total —— (€) Total ——
N(1535) — - — N(1535) — - — N(1535) — - — N(1535) — - —
15 N(1650) «<----- 15 N(1650) ------- 15 N(1650) ------- 15 N(1650) «------
* Belle —e— * Belle —e— 2/2)-—-- (1/27)———
. s
<& o Belle —e— o Belle —e—
< < e
Z 10 Z 10 310 &
3 3 e SR ' < 5, - R0 S
g & g
5 5 5
0 : 0 0
1 1.9 1 13 1.6 19 1 13 16 19
M2, (GeV?) MZ, (GeV?) M2, (GeV?) M2, (GeV?)
20 20 g ?
20 20
() NT;’:*:_ (03} NT;,::]” (© Total —— ) Total —
(1535) — - — N(1535) — - — N(1535) — - — N(1535) — - —
15 N(1650) ------- 15 N(1650) ------- 5 N(1650) ------- 15 N(1650) -------
Belle —e— Belle —e— ari o1
2 t ' % t ( j R j  Tm-—-
< » ° “e. ©
=5 <% & * Belle +—e— % Belle —e—
2 w0 = 10 $ ord 3 3
; ; “ = 10 g 10
= 2
.......... = K
5 5
5 5
0 0
2 2 0 0 =
2 2.3 26 2.9 2 23 2.6 2.9
M (GeV?) M2, o(GeV?)
M2, (GeV?) MZ,o(GeV?)




&/ /¢ - AAR° RI " (1/27)

REAN: B

1012] /1, 1078 sensitivity ?

2(1670)Zm loop with £(1381) %(1620)2m loop with £(1381)
0.7 4
0.6 ”

0.5 3 Detection:
%0'4 %2 1. Polarization
03 @J 2. CUSP ? @

0.2 1

) 0\

13 14 15 16 17 18 19 13 14 15 16 17 18 19
mj . (GeV) mj . (GeV)

%(1670)Em loop with £(1381), Br(TS/CUSP): 3.783x107%/1.009%10~7
Events: < 2(1620)Zr loop with £(1381), Br(TS/CUSP): 2.978x107¢/4.025x10~° = > 10°/4000 events?
%(1670)Zm loop with £(1385), Br(TS/CUSP): 1.345x1077/1.855x10~7
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® There must be near-threshold isovector W, states

o | | ) IREA: R

25
[ Virtual state pole in the stable D* limit — 20 — Wa above threshold
% -=- Wi
» W in D*D*0 single-channel scattering amplitude: = 1(5;_
pole on the 2" Riemann sheet (RS), ) A ——
818 MeV below D°D*~ threshold 0
— 4 2
I?Q F
3866.9746 — i(0.07 + 0.01) MeV s 2f 1
5?0-2 1T 1T T
> W2 in(DD*)y — (DD™) 4scattering amplitudes: 8'(1}' | | | | | | .
Y0 25 50 75 100 125 150 175
pole on the 4% RS (RS, _),

1.3*0:8 MeV above D*D*~ threshold

Cutoff independence checked: pole positions
relative to thresholds changed within 5% for
A € [0.5,1.0] GeV

w2Q: 3881.2%05 +i1.6¥07 MeV

O Must appear as threshold cusps!!!

0 Compact tetraquarks (maiani et al. (2005)) cannot be virtual states
as they do not feel the thresholds
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® The entanglement suppression conjecture + X(3872) and T, as molecules leads to an emergent

A FRsiH

symmetry for low-energy heavy-meson scattering: light quark spin symmetry

® Robust prediction of an isovector partner of X(3872) in the hadronic molecular picture: Wci{’o

[ Virtual state poles (poles on RSs not directly connected to physical region), thus threshold cusps

O Search for threshold cusps in high-statistic data
»at D°D*~ threshold in J /Yy ™n?, suchasete™ = pT + J /Y Tr? : distinguishing hadronic
molecular and compact tetraquark models for X(3872)

interference between peak and dip

»>at DTD* threshold in J /Yt ~, suchasete™ — y/V + J /Y7~ could be more difficult due to

20




SRETFHEMRZC(3200

3 couple channels ! NOT a genuine particle,

But a threshold cusp ?

Forete™ - mDD*, Z_ structure:

Observation of Zc(3900)/Z7¢(3885) in :

e etem Y s atn] /i @y = 4.23,4.26 GeV * mainly from Y = D;(2420)D — nDD* cascade decay

_ * enhanced by interference with triangle diagram
« ete” > Y - nE(DDY)' @+/s = 4.23,4.26 GeV

« ete” oY - at(pn)t @s = 4.23 GeV

Forete™ — mmJ /Y (mpm,), Z. structure:

STC Fﬂl«‘,{ﬁzﬁiﬁj{ﬁ'ﬂé}ﬁ‘f%' « two cusps both exactly at DD* threshold

* mainly from unitary cut of T-matrix, enhanced by cut of pure triangle loop

21



QCDRFIFENIERFE

Experiments

I6JP¢ = 1717": w{(1400) m.(1600) m,(2015)

|
v

71(1600)

JUIS

3 [T ARY

REN: [FEE

I6JP¢ = 01~ *: 14(1855)

? BESIII: M = 1855 + 97§ MeV

COMPASS: M = 1564 1+ 24 + 86 MeV
I' =492 1+ 54 + 102 MeV

Theory (q = up/down, s = strange)

Hybrid picture:

» One isovector: qqg

» Two isosinglets: qqg, ssg

r =188+ 1873 MeV

F 3

Indistinguishable!

|gqg;1717%): M = 16701153 MeV
I' = 5307330 MeV

|999;0t17*): M = 1670*13] MeV
I = 1207183 Mev

ssg; 0*17): M = 18401120 MeV
I = 1001119 MeV

22
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Present

v/ Complete 1. states
v’ Many 1P-2S§ candinates
v  Several 1D, 2P candinates

?There are no 1F candidates

Decay channels M; (MeV) A(LF,5/27) AALF,7/27)
2.(18,3/2%) 2520 0.5 0.8
Ta(1P,3/2)n 2779 95 0.2
Ya(1P,5/2)n 2796 0.8 95
ND 9.9 11.8
ND* 21.6 40.2
‘e 1.0 0.8
Total 43.3 63.3
Decay channels My (MeV) E(1F,5/27) EA1F,7/27)
EL(1P,3/27)n 2926 1.5 0.1
E,(1P.5/27)n 2945 0.2 1.6
%.(18,1/29HK 2455 0.7 0.7
=.(15,3/2K 2520 1.2 1.7
Ta2(1P,3/27)K 2779 4.4 0.0
Z2(1P,5/27)K 2796 0.0 0.6
AD 0.5 2.1
D 10.0 229
AD* 4.0 5.2
xD* 28.3 54.3
o 0.9 0.9
Total 51.7 90.1

REAN: DR

Br [A.(1F,5/27) — ND*] ~49.9%,
Br [A.(1F,7/27) — ND*] ~63.5%.

Br [E.(1F,5/27) — £D*] ~54.7%,
Br [E.(1F,7/27) — =D*] ~60.2%.

23
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F‘,.“QC Diff 51 =

ZNFER=TAIERQCDRIFAZR XIJElE
BRQCDPZTFSHIAR XIJ#PBH
Hyperon-Nucleon Interaction from Lattice QCD i

24
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HPQCDESHID; B EEE: 0.070(28) keV
AR Br(D: — lv) = 3.4(1.4) x 107°
(PRL112, 212002 (2014))

REA: XIERIE

DR BEENARET DL
I(D: = yD,) = 0.0549(54) keV

} D:EEEE: 0.0587(54) keV
D; - D,y ZEbAYSEIE(E93.5(7)% PDG

Y. Meng, ..., ZL et al., arXiv:2401.13475 (PRD109.074511) & HEYCKMEEFETT ﬁgﬁﬁﬁlELQCDfﬁﬂj\
D: - v (I = e, HELLTIRIE, BAVEE, TLES (V.. scmru\a Ny Ve
*+ +a, £ = . 62 V ¢ 2 m2
SESISID; ~ ¢ v ASLATKOMBER: () 1112 102,,) x 107 0P tv) = “Ene U oy — L2
12159, PRUIZT N 2,
BESIIl + HPQCD

fD§|Vcs| = (207. 9i45}2:g5tat_ +9. 9syst. exp *

« BESII +arXiv:2401.13475
fD;chs| = (190. Siiﬁ%’s Tt 9. Lsyst exp .
“ STCFRECISEE
(ZEFR et al., arXiv:2407.03697) + (arXiv:2401.13475)
fp: =277(11) MeV mmmmp Tp:;, = 2.5(2) x 107 keV mmmm) Br = 4.26(52) x 107>

25



FI\\\QC D q:lgtﬁlb\ Egﬁﬁ ;ﬁ e A XUHER

17 Dr scattering and D*(2300)

cLQCD

Pole position th

HECHAR

+

%

Rey/s — L(D + 3D*)/MeV

may = 3056 MeV _ m,; = 317 MeV

O T T T T T T 1
100 150 200 250 3('10 350 400 450
=
= —100 1 e
@ my = 208 MeV:' T “'m,T — 132 MeV
é —200 A
—300 -

* Atm, ~ 300MeV, there is a virtual state pole. When pion mass decreases, it becomes a
resonance and the pole position gets closer to the experimental value. 26
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g-2HItAHE

n%-pole’ s contribution to HLbL in muon g-2 N

FE RS ER IR FHIg-2F1EDM SKAX,

27



g-2: n RSEEEIEF I FAEIRITIRR

REA: MK

a:i"—poh' X 1011 (:';:0_‘”0” x 101!
i This work 1 — —
80 $  Our work
; ETMC 23 | | , .
. BMWc (Alexandrou et al., 2023) r *fé’, IJ__TQCD
7§ ETMC BMWe 23 |

(Gérardin et al.)
Mainz 19 |
(Gérardin et al.)
Disp 18 |

65 (M. Hoferichter :;t;ll,; i uﬁgg{i‘l‘ﬁ_
(P. Masjuan et al.) i — @A%ﬁ?j‘{f’

DS 19

60 A I X (G. Eichmann et al.) i
{ I DS 20 ot -

LRie

55 (K. Raya et al.)
WP 20 | " . I
T T T T T (Aoyama et al.) | | :
0.000 0.005 0.010 0.015 0.020 55 60 65

ng/f'm2 *%EE

o FREH PP Er-F A XTHLbL BTk 48 T &
o 1% QCDTEZR ¥ i g R H ¥ ok il o 2 ) A H



JEIEXIEF R HYg-2F1EDM

REAN: KL

DELPHI, 2004

VS.. = 183 GeV~208GeV, 650 pb~!
a, = —0.018 £ 0.017,
d. =(0.0£2.0)-107°¢e - cm

CMSHIRppid 2 T #RYE

29
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DN FREAREN FRIFHIRACIR 25

Yt
=
Gt
bty

Axion search in eta decay

FARAEFHERS T F 4514 =
Final-state rescattering mechanism of charmed bayon BEXE
decays

IREHTIEEE:

https://indico.pnp.ustc.edu.cn/event/1527/timetable/?view=standard
30
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The 6th SNBEERFARERHIS
International Workshop (r'l”\l‘ 11817-21H)

on Future Tau Charm Facilities
. FTCF, 2024, Guangzhou

https.//indico.pnp.ustc.edu.cn/event/1948

p

HiF SR ER
T MR TIEPaZEEEX
YYD !

32


https://indico.pnp.ustc.edu.cn/event/1948

	幻灯片 1: 物理分会报告总结 
	幻灯片 2
	幻灯片 3: 物理分会概况
	幻灯片 4: STCF预研进展报告
	幻灯片 5: STCF物理预研进展：CP破坏研究专题
	幻灯片 6: 加粗斜体 tau轻子的CP破坏：加粗斜体 tau 渐近于 加粗斜体 大写 K 下标 加粗斜体 大写 S ...次方 粗体 0 设备控制 4 加粗斜体 pi 加粗斜体 Nu 
	幻灯片 7: STCF精度预研
	幻灯片 8: 粲强子的CP破坏
	幻灯片 9: 粲强子的CP破坏预研精度
	幻灯片 10: 理论邀请报告 P与CP破坏
	幻灯片 11: 粲重子中的CP破坏效应
	幻灯片 12: 粲重子中的CP破坏效应
	幻灯片 13: 粲重子两体衰变中的CP破坏
	幻灯片 14: 重子八重态中的P和CP破坏效应
	幻灯片 15: 束流横向计划与超子CP破坏
	幻灯片 16: 理论邀请报告 奇特态与强子谱
	幻灯片 17: 粲重子衰变中的粗体 大写 Sigma ...次方 星号运算符 设备控制 4 左圆括号 粗体 1 除 粗体 2 ...次方 减 右圆括号  
	幻灯片 18: 在加粗斜体 大写 J 除 加粗斜体 Psi 渐近于 粗体 大写 lambda 粗体 大写 lambda bar 加粗斜体 pi ...次方 粗体 0 中寻找粗体 大写 Sigma ...次方 星号运算符 设备控制 4 左圆括号 粗体 1 除 粗体 2 ...次方 减 右圆括号  
	幻灯片 19: 低能重介子散射
	幻灯片 20: 低能重介子散射
	幻灯片 21: 单玻色子模型研究Zc(3900)
	幻灯片 22: QCD求和规则研究混杂态
	幻灯片 23: 单粲重子谱学
	幻灯片 24: 理论邀请报告 格点QCD研究进展
	幻灯片 25: 粲介子衰变常数和形状因子
	幻灯片 26: 格点QCD中多夸克态的研究
	幻灯片 27: 理论邀请报告 g-2的研究进展
	幻灯片 28: g-2: 加粗斜体 pi ...次方 粗体 0 极点在强光子光子散射的贡献 
	幻灯片 29: 光光对撞中陶轻子的g-2和EDM 
	幻灯片 30: 理论邀请报告: 粲强子衰变、新物理等
	幻灯片 31: 感谢各位专家！ 感谢各位报告人！
	幻灯片 32: 第六届年未来陶粲国际研讨会（广州、11月17-21日）

