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BEPCII/BESIII: t-charm factory

« BEPC - BEPCII
 Luminosity:1.0x1031> 1.0x1033cm-2s"!

BESITII: a new spectrometer
» Very good energy resolution for photon

 Excellent momentum resolution for charged particles

Upgrade in 2004-2008 * Good hadron identification capabilities
(BESI1—BESI 1)

Upgrade in 1996—1998
(BES—BESI I )



World largest data sample directly collected in
the T-charm region
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Physics at BESIII

@ Charmonium physics
@ Light hadron Spectrosco -
@ R-QCD physics E
@ New physics

@ Charm physics



New resonant structures at BESIII

Charmonium(-like) particles
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31 new hadrons at BESIII
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T mass: BES
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R value measurement at BESIII

_ PRL128(2022)062004
F
>R values :2.23-3.67 GeV : i | BT
> Precision is better than 3% - 1 ! t] i [ ]| L
. R } | | i =
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@ Full energy region in progress

R scan above open-charm threshold
3.85-4.59 GeV 104 pts ~0.8 fb~" @ Exclusive hadron cross section

@ Form factors of baryons and light mesons
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Flavor physics at BESIII

@ Charm physics

@ Hyperon physics

Table2 K 2 and A statistics in the Z—¢q simulation sample (number of particles per event)

Particle K A

Total 1022 0.1710
Flavor dependence

Z—dd 0.802 0.1577
A Ks, A production at CEPC [y S0 0.1563
Z—>53 EPJ Plus 135 (2020) 3,274 1172 0.2273
Z—cc 1.138 0.1705
Z—bb 1.200 0.1401
BR(Kg — nta7)/BR(A— pr ™) 67.84% 61.8%

CEPC White paper on flavor physics, Chinese Phys. C 49 103003

Particle BESIII  Belle II (50 ab—! on Y(4S)) LHCb (300 fb~!) | CEPC (4xTera-Z)
D° DY 1.2x108 4.8 x 1010 1.4 x 1013 8.3 x 1011
b=  12%i10° 4.8 x 1019 6 x 1014 4.9 x 101
B 1 x 107 1.6 x 10 2 % gt 1.8 x 10!
A= 08 x 107 16 x 10 2 % 102 62 1519
g 36 x 1P 4.5 % 10 1.2 % 10




CKM Matrix

% CKM matrix elements are fundamental parameters of the Standard Model (SM):

Vaud Vus Vb 1= A2/2 A AN (p—in)
Ve — — —X 1—\2/2 AN? + O\
CKM %d '1 ‘/vCS ‘/va A)\3(1 — fg— 7’77) _A)\Q 1
Via/ Vis'_ Vv ) | ,
/ @ 3x3 unitary complex matrix
ch » 4 parameters: 3 mixing angles and 1 phase
arm decays + LQCD B decays + LQCD

Expected precision < 1% at BESIII e Unitarity: > VijViy = 0k and Z; Vij VA*J = 0k

% Any deviation of Vg from unitarity indicates new physics
- Measurements of CKM matrix elements [from PDG2024] Precision: (0.6-1.8)%

|Vud|2+|Vus|2+|Vub|2:O-9984 +0.0009 =1(SM) V.q] =0.221 i/
Veal2+|Ves |2+ Vep 2 <0.001 +0.007 ) =1(SM) Ves| = 0.975 + Q006
P

Vepl =0.0410 £ 0.0012
recision: 0.7%

$ D/Dg (Semi-)leptonic decays provide direct measurements of Vo] and [Veq|


https://pdg.lbl.gov/2024/reviews/contents_sports.html

Charm leptonic decays D;, — [*v,

Veq
, |
D)
d(s) Jog,

W+

f+= eut Decay constant fp , (LQCD)
Decay rate CKM matrix element
G2
[1“(1);;) — em} = 8—;

!

&% Charm leptonic decays involve weak and strong interactions

Weak interaction: annihilation of the quark-antiquark pair via W* = |V 4(s)|

Strong interaction: glue exchanges between charm quark and light quark%fD(s)

@ Exp. decay rate + |V q(s) |SKMitter = f,

Calibrate LQCD @charm
Extrapolate to Beauty

&% Exp. decay rate +

SM expected relative decay widths:
etv, PtV TV,
Dt 2.35x107°: 1 :2.67

(s)

fo,,, of LQCD

D} 2.35x107°: 1 :9.75

| — Test lepton flavor universality (LFU)
- CKM matrix elements |V ;4|

High precision: 0.2% - 0.33%
FLAG, PRD 107, 052008 (2023) 11



Vel from D* - p*v, and D* - v, via 5 - tv,

| +Data |

T T T T T
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g :—Al%background 4 — 2890+57 | aerV:2410.07626
N> - TC:TC“ +5 A o B -
£ 200
300 Vea| = 0.2242 4 0.00234a¢ =+ 0.001 Leygr & 0.00095mput
Ly Ty T 0.1 0.2 T ' ' T | ' T ' ' I ' ' T
ML (GeV?/cd) SM global fit PDG 0.22486+0.00067
~100 .
';‘? I —3%— Data _
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ey 80 m :—> t:vr T T, .
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[ e — s Ko+
S [ = BESIII 2.93 fb' PRD96(2017)012002,1%", 0.2243+0.0058+0.0026
: [ === D' nn*
£ ) fw‘ > non 17, BESIII 2.93 fb™ PRD97(2018)092009,ne*v, 0.2264+0.0338+0.0318
> [ = Smooth bkg
R f BESIII 2.93 fb™' PRL124(2020)231801,nu*v, 0.242+0.041+0.034 ——
i » AL BESII 2.93 fb" PRL124(2020)231801,K’v, 0.217+0.026+0.004 T
M2, (GeV/c? BESIII 2.93 fb™ PRD89(2014)051104,u*v,  0.2165:+0.0055+0.0020
—4
Bp+ i1, = (9:9 & L1stat. £ 0.55yst.) X 10 BESII 2.93 fb” PRL123(2019)211802,tv  0.2380.024+0.012 et
-1
4| Veg) = (4519 £ 2.5 401 & 120 2 0 Ty ) MeV BESIII 7.90 fb”' JHEP01(2025)089,tv 0.216+0.012+0.006
BESIII 20.3 fb™" arXiv:2410.07626,u*v 0.2242+0.0023+0.0014
Via| = (0.21640.0124¢1 +0.0064y5: £0.001 10put) e Lo g L
Bp+_, .+ . .. . V
LFU test: R./u = —TT =249+ 0.31 Highest precision of |V.4]| to date: ~1.2% Veal

Botoutv,  SM=2.67
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|V.q| from AL - netv,

% Observation of a rare beta decay AY — ne™v,

with machine learning of Graph Neural Network
Machine learning - discriminate energy deposition patterns of neutrons
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GNN output for ii/A classification

> B(A - ne*v,) = <0.357 +0.034,,,, 0.014%) %
Using (A} — ne*v,)=|V.4?(0.405+0.016 + 0.020) ps "

[PRD97,034511(2018)]

2 |V¢4|=0.208£0.011,, +0.007,ocp +0.001,

First determination from charmed baryon decays

Nat Commun 16, 681 (2025)

4.5 b1 @E,,, = 4.60 — 4.699GeV
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RQM Phys. Rev. D 56 (1997) 348
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CQM Phys. Rev. D 90 (2014) 114033 °
RQM Eur. Phys. J. C 76 (2016) 628
SU®3) Phys. Rev. D 93 (2016) 056008 —e—i
QCDSR  J. Phys. G 44 (2017) 075006
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V5| from DS — u*v, and DS — ttv,

733 fo-'@ 4.128-4.226 GeV 10.64 fb~'@ 4.237-4.699 GeV, PRD 110, 052002 (2024)
PRD 108, 112001 (2023) _ r
D>ty L Dty E
g : _ st % — i e O SR
viaete™ - D D viaete™ » DITD; o) —een 10 =
: '_*_'D't IIIIII : [ ; = Background 1005_ = D}:io\;;: n
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0.2 -0.1 0 0.1 0.2 M (GeVZ/cd) ) ; e -
M} (GeV?cd) 00 05 10 15 20 02 00 02 04 0.6 08
Eqm ' (GeV) M2 (GeV/ct)
B yty, = (0.5294 £ 0.0108,, = 0.0085)% N+ by, = 2845 + 83
f oy |Vcs| = 241.8 £ 2.5q, * 2-2syst MeV BD?"WL% — (0'547 £ 00265, £ O°016Sy3t)% BD+—>T Uy (5 60 = 0. 16stat + 0. 205y9t)q
fDS+ = 2484 + 2°53tat = 22syst MeV ijr = (2532 == 6'Ostat x 3°7syst sz O°6input) ij = (2596 :l: 3'7stat :|: 4'°6syst :I: 0°6input)
V| = 0.968 4 0.010,,, + 0009, |Ves| = (0.986 £ 0.0234, £ 0.0145y5 £+ 0.003ip0) |V .i| = (1.011 £0.014y;,, +0.018,, £ 0.003;, )
o . F +—>T+b
Precision : ~1.4% LFU test: F’l—+ = 10.24 +0.57 SM=9.75
Do —puTyy

14



|Ves| and fp+ from DY — u*v, and D3 — t7v,

[ [ [ [ [ [ [ [ [ [ [
CKMFitter PJrEpzozz(zozz)osscol | 0.97349+0.00016 .|
HFLAV21 PRD107(2023)052008 0.9701+0.0081 .
CLEO PRD79(2009)052002, t.v 0.9811+0.044+0.021 =1
CLEO PRD80(2009)112004, T v 1.001+0.052+0.019
CLEO PRD79(2009)052001, < v 1.079+0.068+0.016 i
BaBar PRD82(2010)091103, t,,v 0.953+0.033+0.047 HeH
Belle JHEP09(2013)139, 7, .V 1.017+0.019+0.028 HoH
BESIII 6.32 fb! PRD104(2021)052009, t.v 0.972+0.023+0.016 e
BESIII 6.32 fb! PRD104(2021)032001, t,v 0.980+0.023+0.019
BESIII 6.32 fp! PRL127(2021)171801, t,v 0.978+0.00910.012 B
BESIII 7.33fb! PRD108(2023)092014, T v 0.993+0.016+0.013 ol
BESIII 7.33 fb! JHEP09(2023)124, t,v 0.987+0.016+0.014 o
CLEO PRD79(2009)052001, pv 1.000+0.040+0.016
BaBar PRDS$2(2010)091103, pv 1.032+0.033+0.029 o
Belle JHEP09(2013)139, pv 0.969+0.026+0.019 e
BESIII 0.482 fb'! PRD94(2016)072004, pv 0.956+0.069+0.020 1+
BESIII 3.19fb! PRL122(2019)071802, pv 0.985+0.014+0.014 ™
BESIII 6.32 fb! PRD104(2021)052009, pv 0.973+0.012+0.015 ™
BESIII 7.33fb' PRD108(2023)112001, pv 0.968+0.010+0.009

[ [ [ | [ [ [ [ [ [ [
E'llM(2+l+l) PRD91(201;)054507 247.2 i4|.1 Foi
FMILC(2+1+1) PRD98(2018)074512 249.9+0.4 o
FLAG21(2+1+1) EPJC82(2022)869 249.9+0.5
HFLAV21 PRD107(2023)052008 252.242.5 boi
CLEO PRD79(2009)052002, t.\v 251.8+11.24+5.3 #—e—H
CLEO PRD80(2009)112004, v 257.0+13.3+5.0 +—e—i
CLEO PRD79(2009)052001, t_v 277.1+17.5+4.0 ——1
BaBar PRD82(2010)091103, 7.,V  244.6+8.6+12.0 H——H
Belle JHEP09(2013)139, ., v 261.1+4.8+7.2 H-eH
BESIII 6.32 fb ! PRD104(2021)052009, t_v 249.7+6.0+4.2 H—e—i
BESIII 6.32 fb ! PRD104(2021)032001, =< o 251.6+5.9+4.9 H—e—H
BESIII 6.32 fb ! PRL127(2021)171801, <t.v 251.1+2.4+3.0 e
BESIII 7.33 fb ! PRD108(2023)092014, t.v  255.0+4.0+3.1 et
BESIII 7.33 fb ! JHEP09(2023)124, t,v 253.4+4.0+3.7 ot

BESIII Combined tv
BESIII Combined ™V + LV

| | | I | | | |

0.9831+0.0068+0.0080 »
0.977410.0056£0.0072 « 0.9%

BESIII 0.482 fb " PRD94(2016)072004, v

CLEO PRD79(2009)052001, puv
BaBar PRD82(2010)091103, pv
Belle JHEP09(2013)139, puv

BESIII 3.19 fb ! PRL122(2019)071802, pnv
BESIII 6.32 fb ' PRD104(2021)052009, pv
BESIII 7.33 fh ! PRD108(2023)112001, pnv

245.5+17.8£5. 11—

256.7+10.2+4.0 ——
264.918.417.6 H——H
248.8+6.6+4.8 H—e—H
253.0+£3.7+£3.6 H-eH
249.8+3.0+£3.9 HeH
248.4+2.51+2.2 ]

BESIII Combined 7tV
BﬁSIII Combined 7TV + UV
|

252.37+1.74+2.07 1

250.90+1.44+1.86 ™

- o= 0.9%
| | | | |

| | | | |

Precision : ~0.9%

0

00

2
f D;_ (MGV) Precisionlé ~0.9%




Charm semi-leptonic decays D5, — n(K)I*v,

dI‘
dq

% The weak and strong interactions can be separated:

Weak interaction: CKM matrix elements |V ;)|

Partial decay rate

Form factor (LQCD)

’ v
() F[Vealf 150 °

(X 1forK=, m~, K%n ()

24%3

Form factors f*(0) describe strong interaction can be calculated in LQCD

% Exp. partial decay rate > g dependence of f. 9 q?),
- extract 7% (0) with| Veacs)|“MM™er as input - calibrate QCD

% Exp. partial decay rate +

LQCD calculation of f%(0)

— CKM matrix elements [V;(s)|

\ Low precision: >1.5%
FLAG, PRD 107, 052008 (2023)

CKM matrix element
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V.|, f£(0) from D® - K~ 1*v, and Dt - K°ltv,

Branching fractions:

Signal decay Nprt B, (%)

D’ = K-ety, 190605+471 3.5214+0.009+0.016
D0—>K‘,u+yﬂ 147596 £488 3.4194+0.011+£0.016
Dt > K%y, 57846+256 8.864+0.03940.082
D+—>I_(0,u+yﬂ 47229+£248 8.665+0.046+£0.084

107 T 7 T 1 T L B e e
[ (a) ey | - (©)
< :Data:EoeJ(vc 1 1 5'_ This work
°-'> i _%E’:et?\‘{( € Ve 1 ~L LQCD calculat‘ion
é I —XKe*v, — I LQCD uncertainty
=, SO0 14 = r
= <+ -
= - e 1 —
= i
= I
—
< 1 )
................. 050 v v v vt e
0 0.5 1 1.5 0 0.5 1 1.5
q? (GeV?/c%) q2 (GeV?/ ¢
....................................
sof B o . (D)
< [ :gata:§<lu+vv i 1 5'_ —— This work N
'\"> ool _Kitl?{/ KV K L LQCD calculation ]
5 - uﬂ,i . (\g LQCD uncertainty
£ a0 1= {7
Ng [ ITM
= 20 - E ]
= i i 4
[ 1 1 1 ] 0.5- 1 1 1 ]
0 0.5 1 1.5 0 0.5 1 1.5

Q2 (GeV?¥/ %) q2 (GeV?¥/ )

Simultaneous fit to the partial decay rates

Extract |V |

7.93 tb~ @ 3.773 GeV, PRD 110, 112006 (2024)
V| = 0.9623 4 0.0015, 4 0.0017yq + 0.00401 g

Test LFU - Precision:
B 0. 0.4%
DT —

=t — (0.978 4+ 0.007, £ 0.013,,

BD’F —>I_(Ue+u(, ) 5y

BDO_’K_}I+U;1 1 4 SM:9.75

m — 0.97 :l: 0.00 stat :I: O°OO6syst

e
I I ! | I I I | I ! !

LQCD PRD96(2017)054514 0.765+0.031 ——
LQCD PRD104(2021)034505 0.7380:0.0044 -
LQCD PRD107(2023)014510 0.7441+0.0040 -
LQCD PRD107(2023)094516 0.7452+0.0031 o
BESIII PRD92(2015)112008,D" 5K e*v, 0.748+0.007+0.012 —_—
BESIII PRD96(2017)012002,D">K e*v, 0.724610.0041+0.0115 ===
BESIII PRL122(2019)011804,D° K u*v, 0.7327+0.0038:0.0030 -
BESIII PRD92(2015)072012,D°>K'e*v,  0.7368+0.00260.0036 -
|BESlll PRD110(2024)112006, D—>KI'v,  0.7366+0.0011+0.0013 1

= (0

)' 016\ X

Precision : ~0.23%




Charmed mesons hadronic decays

% Measurements of the BFs
— Probe and calibrate non-perturbative QCD

— Understand SU(3) flavor symmetry and its breaking effect
— Test theoretical calculations of BF's

% Amplitude analysis of multi-body decays
- Information of D — VP, PP,SP,SV,VV, AP, AV, TP ... || Peeudoscatr

—> Light hadron spectroscopy S: scalar
A: axial-vector
Topological Diagrammatic for D /DJ decays: T: tensor

H.-Y. Cheng, et a/. PRD 85, 034036

W—annlhllatlon A

Color-allowed tree T Color-suppressed tree C W—exchange E
Calculation 1s not rehable, need exp. mput



Amplitude analysis of D - KJKPn*

7.33ftb™! @ 4.178 — 4.226GeV, arXiv:2503.11383

% Measurement of ¢ — KK,

Bt ko K9t = (1.86 = 0.06s4at £ 0.0035yst) %
Amplitude Phase (rad) BF (%)
Df — o™ 0.0(fixed) 1.32 4 0.05 & 0.04

DI — K?K*(892)" 0.6840.1740.21 0.42 4 0.03 & 0.03
Df — KZK*(892)" —2.40 £0.18 £ 0.31 0.31 4 0.02 £ 0.02

B(¢(1020) — KJK7})
B(¢(1020) — K+K~)
~—

= 0.597 £ 0.023stat £ 0.018syst = 0.016pDG

\ Deviates from PDG value

(0.740+0.031) by >30

Taking from PDG

& First observation of KQ — K;) asymmetry

B(DY—KIK*(892)1)—B(DI K K*(892)1)
B(Dj—>K§K*(892)+)+B(D8+—>K§K*(892)+)_( 13.4 £ 5.05tat = 3’483’8’0)%

Model DAT(F4) DAT(F1)
DI — K°K*T —0.164 + 0.032 —0.159 £ 0.028
"”’,7 S

Predictions by H.-Y. Cheng et al., PRD109, 073008 (2024)
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Charmed baryonic decays

% AL may reveal more information of strong- and weak-interactions in charm region,
complementary to D /D,

> Most charmed baryons eventually decay to A}

Topological Diagrams for A} decays:

r----------‘

L.

ﬁc ‘ LL%C : : H.-Y. Cheng et al., Chinese Journal of
- - : Physics, 78(2022) 324-362
g q g | (:' .
: > I —
(1 (1 I (1 f ..................................................................................................................
T C I "’ . . .
W-emission 7' internal W-emission C 1 inner W-emission C NOIl-faCtOI'IZElthH amphtude

--------------------‘

>
>

»
>

>
>

>
-

— Calculation is not reliable, :
~need exp. input |

Y

5 N N B B B B B § |
Y
Y

e
>

c q
q - q q
E. 2 E 3

W-exchange E¢, E,, and E3

\
Y

s
-----;-----
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Recent studies on the A{ measurments at BESIII

o Af leptonic decays

OA: - Aetv,, A,u+vﬂ : PRL 129.231803 (2022). PRD 108.L031105 (2023).
OAF — pK-etv, . PRD 106.112010 (2022).

OAF - Xe'tu, . PRD 107.052005 (2023).

OAf - netv, : Nature Commun. 16, 681 (2025).

e A{f hadronic decays(two body)
AL - nmt : PRL 128.142001 (2022).

C
O
m . PRD 106.072002 (2022).
O At - pn, pw . JHEP 11.137 (2023).
O A — 20K+ . PRL 132, 031801(2024).
O A -2t/ : arXiv 2505.18004 (JHEP accepted).
O At — prf . PRD 111, L051101 (2025).
O Af - pK, Ant, 207, 2+ 0 : arXiv 2508.11400.

o A{f hadronic decays(multi-body)
O A > 7X : PRD 108.L.031101 (2023).
O At - KOX . JHEP 06.194 (2025).
O A - nKon*n® . PRD 109, 053005 (2024).
O A » Antn . PRL 134, 021901 (2025).
O Af 5> XK 020Kt ntn™ : CPC 49, 073001 (2025).

O A - AKOK™, AK* AKOm™ : PRD 111, 012014 (2025).



Observation a,(980)" in AT - An™n
6.1 fb~1@E,,, = 4.600 — 4.843GeV, PRL 134, 021901(2025)

% Observation of A} — Aa,(980)* 1312+ 45 signal events with 80% purity

200 ' —+ Sweighted data
g&]-.: 2(1835)-'_ 11 — Total fit ‘/\3 i
= > = — Aay(980)* = 100
e - o — ANR.(T*n) (5 ==
2 100 g — X(1385)" 9 !
o = Al | — 71:+ (@ L
\g_; i g/ 100 i = l"l}c()iz?:i(i)telference g 50 i
£ of 2 | L Heg| 2 L
2 i 2 - = 2 0
. 13 14 15 16 17 18 2
M., (GeV/c?) M,_.(GeV/c?) M ,, (GeV/c?)
Process FF (%) significance decay asymmetry a
B(Af - An™n) = Aap(980)* 540+£84+26 1316  —0.917%18 +0.08
(1_94 + 0.07g¢at T 0-115yst)% >(1385)*y 304+26+0.7 2256 -—0.61=+0.15%0.04
ANAGTO ) 141+£28£12 I1llje 021027033
ANR+ 154+5.3 6.70 fe

B(Af - Nay(980)%,a,(980)t - ntn) = (1.05 + 0.164¢5t + 0.055y5¢ & 0.07 oy )%
- B(A} - Aay(980)7) = (1.23 £ 0.21)% Larger than theoretical calculations by 1-2 orders.
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Charm physics publications

Published: 202 (PRL&Nature Commun. 39)
(by 2025-06-26) +5 (accepted)

35 In 2025,
18 (published)+5(accepted)+14 (submitted)
30 - Submitted - Published (5 in PRL/Nature Commun.)

) 4

20 ‘ ‘ ‘
l.IIIIIIII |I |I ‘

RTINS 2N TN TN TN BN WRUN, IR, BN TS SR - SR S
AT AT AT AT AR AR AR A D A A AT I S

1

(9]

1

O

()

-

| Submitted [ Published

In this talk, a selection of latest results in charm physics from BESIII 1s presented.

Z3



Hyperon: a unique role in particle physics
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Hyperons production at BESIII

@ Hyperon structure
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Hyperon decays
Hyperon-nucleon interactions
Hyperon spectroscopy



Advantage: data near to ’rhe thresholds

> Meson and Baryon pairs productions near
thresholds: form-factors in the time-like

production, precision branching fractions,

relative phase

» High production in charmonium decays

> CP violation with quantum-entangled pair

productions of hyperons
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0

J/y samples BESI
10000

6 9 7 58
Mark 111 DM2 BES BESI I BESI |1

Events (Million)

Q 3 Ener'gy scan a1' BES]EII
(ST I Aroundthe peak of by T il
1 § Scan at low CME
— L { . scan athlgh CME | *
L= 103 Looooxzsan e
102 §_ ....................... ..............................................................................................................
10
1 -I | 1 1 | 1 L l 1 L L 1 I 1 1 L 1 l L L 1 1 l 1 L 1 L :
2.0 2.5 3.0 35 4.0 4.5 50

s (GeV)

Decay mode

Detection No. events
efficiency expected at BESIII

B(units 10~)

J/p — AA
P(25) = AA

19.43 +0.03 + 0.33 40% 3200 x 103
3.97 +0.02 + 0.12 40% 650 x 103

11.65 + 0.04 14% 670 x 103
2.73 4+ 0.03 14% 160 x 103

10.40 4+ 0.06 19% 810 x 103
2.78 + 0.05 19% 210 x 10® >




Classic paper

Phys. Rev. D34, 833 (1986)

Hyperon decays and CP nonconservation

John F. Donoghue «\
gy ent of Physics and Astronomy, University of Massachusetts, Amherst, Massachusetts 01003

Xiao-Gang He and Sandip Pakvasa
| ment of Physics and Astronomy, University of Hawaii at Manoa, Honolulu, Hawaii ¢
\ = (Received 7 March 1986)

We study all modes of hyperon nonleptonic decay and consider the CP-odd observables wr ich re-
sult. Explicit calculations are provided in the Kobayashi-Maskawa, Weinberg-Higgs, and left-
right-symmetric models of CP nonconservation.



QM phase measurements require interference

A cp A

o
B=|B|eids +itcp B=|B|eds -iocp

A: non-CPV process to the same final state
d; strong phase difference between A and B

|A+B|-|A+B|=4|A| | B|sind.sindcp

measureable CPV asymmetry
requires:
1) non-zero ¢¢p
2) interfering amplitude
3) non-zero 9o,

hon-zero Q is not enoughl!




Example CPV in A2 pm (A;pn_")

-- assume CPV is in P-wave --

v =
o 71\ S-wave: S (-':if’S S-wave:

V 4
ol &Y
y daiendi
/

T[+

S : ’
e (5 +P el 3 H4cr)

o )
:cd : :
e-l8 ( S+P elAs+ Id)cp)

&% (S + P eids—idcp)
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1957

a, f and y parameters for hyperon decays

A—pr—, T — prV
Phys. Rev. 108 1645 (1957) e e
General Partial Wave Analysis of the M z 13 )
Decay of a Hyperon of Spin } '
T. D. Leg* axp C. N. Yaxc 2 i(6F—¢P)
Imstitule for Advanced Study, Princeton, New Jersey P = EP i e . : .
} {Received October 22, 1957) i
Chen Ning Yang Tsung-Dao Lee
o= 2Re(S™* - P)
- 2 2
0 SI* + 1P
L s
a T\cosé\ Q . ZIm(S* . P)

gl _ 2 2
IS|” + |P|

dr S|? — | P|?
oc1+aPAc059 v = | | | |

dcos@ |S|2 T |P|2

=7 = =)
= (a + P, cos 9)_ FHE X Py
P

at+ B +y =1
1+ P, cos@

a+a B+B
CPasymmetry |A=

a—a
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If A® %0, A and A are transversely polarized

Correlated 5-dim. angular distribution T~ — J/Q'b — AA

W(E; 0y, AD, 01, 0Ly ) =1 + C1ycos B, Unpolarized part

Entangled part

defr o [sinZGA (11 x12x — Oty yi2y) + (00526A + Oty ) 111 212 |

+ o_0pq/1— ()(\l,2 cos(ADP)sinOp cosOp (11 12z +n1:n2x)

+4/1— 0(“,3 SIN(A®P) sinBp cosOp (0_nyy+04nry),  Polarized part

Polarization-term can be used to determine a.and a, simultaneously
A

,,/ l—a; sin(A®)cos §, sin 8,
UH\/ P,(cosf,) =

2
l+av,c089A
—1 0.5 0 0.5 1

31
cosBA




The most precise CP test in A and A decay

10 billion J/t[} (PRL. 129, 131801 (2022)) Nat. Phys. 15, 631 (2019)
- 10 billion ] [ m This Work (10 billion J /1) Previous Results (1.3 billion J /1)
%2bolarization: max 25% " Gy 0.4748 + 0.0022 + 0.0024 0.461 + 0.006 + 0.007
0.1F AD 0.7521 + 0.0042 + 0.0080 0.740 + 0.010 + 0.009
§< N . . A . a_ 0.7519 + 0.0036 + 0.0019 0.750 + 0.009 + 0.004
g 0Of
= f a, —0.7559 + 0.0036 + 0.0029 —0.758 + 0.010 + 0.007
0.1
_osE ’ —FT Acp —0.0025 + 0.0046 + 0.0011 —0.006 + 0.012 + 0.007
= —W=1
- | PR [ S S ST S R T S S
-1 —0.5 0 0.5 1 Aavg 0.7542 + 0.0010 + 0.0020 —
cos(9,)
' rrT Illllllllllllllllllll g IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII
BES3 1.3 billion J/y(Z /%) @ PDG
|
More than 10 BES3 10 billion J/y(A/A) @ CNTR8s |
standard deviation DM2
shift from all CLAS19 —— CNTR96 |_._
previous BES |
measurements BES3 1.3 billion J/\y(A/A) |
BESIII 1.3 billion J/y -
- . BESIII 10 billion J/y Jl
IIIIIIIIIIIIIIIIIIIIIIII_IIlIIIIIIlIlII
PDG 2018 PDG 2022
1 | 1 1 1 I l 1 | 1 1 1 | 1 1 1 I 1 1 1 I 1 1 1 I 1 l 1 I l 1 _0'25 _0'2 _0'15 _0'1 _0'05 O 0'05 0'1 0'15
0.62 0.64 0.66 0.68 0.7 0.72 0.74 0.76 Ace

o.(A — pr) Standard mode prediction : Acp™ 104 (PRD 34, 833 (1986))



(a)

Strong

CP test in J/y—A X

-

\

~

J

O 4 N * Each bin result for Jiy—Ax®

B {' Each bin result for JAV—>A§0

= Global result for JAy—AL®

== Global result for JAV—>Afo

First measurements:

Ad;=1.011 % 0.094 + 0.010
AG,=2.128 + 0.094 + 0.010
|G/G,,|=0.086+-0.029+-0.010

Ad+Ad,=(3.139 + 0.133 + 0.014)

Nat. Commun. 15, 8812 (2024)
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CP tests at BESIII

——

—— A2, (X1079) =

& Agp(X10-3)

——Agp(x107%)  —em-
= ApIp(X1073) —hr—e—

APZ(Xx1073) —a—as

BESIII results
J/ — AX0[27]

P (3686) — E-E+ [24]
¥(3686) — EO0=0 [29]
J/Y[(3686)] — B+ [22]
J/Y[¢(3686)] — B+ (23]
T/ — AN )

J/p — AA (X10-1) [13]
J/p — E-E+ 4]

J/p— 370370 [19]

J/1p — EOZ0 (x10-1) [21]

J/p — E"E+ (x1071) 9]

Theoretical predictions

Adp (X10-6) 12]

H
1 Agp (X10-6) 11
i A (Xx10-6) [11]
I | | | | | ‘ l
—500 0 CP parameter

@ SM predicts very small violations of CP

symmetry.

@ Sizeable CP violations prerequisite for

Baryogenesis
@ BESIII: 10 billion J/3 events
@ CPV at BESIII: ~ 103

@ More data strongly needed!

Theoretical preditions: X.G. He et al. Sci.Bull. 67 (2022) 1840-1843
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Future prospects
« BEPCII/BESIII upgraded in 2024

« Optimization E_,, at 4.7 GeV with luminosity 3 times higher than the
current BEPCII — more effective data taking

+ Extend the maximum E_, up to 5.6 GeV — more physics opportunity
Q.0,

)

N

olete>utu")
l\) UJ

R=c(e*e->hadron)/ R

-




o

Summary and Prospects

BEPCII/BESIIIBESIII made significant contributions to charmed flavor physics

Charm (semi-)leptonic decays are crucial for calibrating lattice QCD;
determining CKM matrix elements; and testing lepton flavor universality.

fo+~1.2%, fp:~0.9%, |Veal~1.2%, |Vs|~0.9%, fX(0)~0.23%

Charm hadronic decays are key labs to understand non-perturbative QCD;
study the properties of light hadron (a,(980), f((980), f¢(500)...)

Significant progresses on hyperon polarization and CP tests

BESIII's Future prospects
— More interesting results are coming using 20.3 fb~'4(3770) data.

— BEPCII-U continues to run till >2030
3x luminosity above 4 GeV & max energy to 5.6 GeV

From BEPC to CEPC, the physics flavor is forever !
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Search for Hyperon Electric Dipole Moments
) 3

1071
107"

Phys. Rev. D 108 (9), L091301 (2023)
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10722
5 z 1075 —107%°
\J (3} 10—23 o 10—28
e g
= 10~ —10-%1
dﬂ“ P d¢ & 10734 10
g 10—37 cal 10—37

10—43

— ) PIDr
B SM(CKM)E SM((66)m <d(Currentdata) ® <d (Expectations)
J. Phys. G 47 (2020) 1, 010501

10-17 — 10—17
® BESII(Re(d,) [ STCF(Re(d,) A STCF+Polar(Re(dy) t 3

@ BESII(m(dy) [] STCF(Im(d,)) a STCF+Polar(im(d,))

0L s a z 10

> A non-zero intrinsic EDM would violate
both parity (P) and time-reversal (T)
symmeftries

> When CPT symmetry is conserved, T
violation is equivalent to CP violation.

Sensitivity of Re(dy) (e cm)
*
Sensitivity of Im(dy) (e cm)

(a) Sensitivity for Re(dp) and Im(dg)



