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BESII| @ Beijing Electron Positron Collider (BEPCII) - A t-Charm Facility
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004: started BEPCII upgrade,
A 2 "\ hCa T BESIII construction
BESIII VS e 2009 - now: BESIII physics run

iz

@ Detector 7 . =gt ae st NN
MDC: spatial reso. 115um A\ 3 e = G NN
dE/dx reso: 5%
EMC: energy reso.: 2.4%
BTOF: time reso.: 70 ps
ETOF: time reso.: 60 ps
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Rich physics program at BESIII

olete— = J 25)) = 3000 nb(700 nb

( /w<\¢: >>\ i w(/;m)):m BEPCII: ~2.0-5.0 GeV
I : Ciede i leses | e wi /| Richofresonances:

| | e QOD § | charmonia, charm

T Db mesons, charm baryons
T T b i : = Transition between
Sl 2f W%Wf Ribtpnaia Lot smooth and resonances,
x5 fif 1! { | o BES a CrystalBall | perturbative and non-
N TN = pxclusive data e shindh perturbative QCD

° Io?sull\i1I IT_I_T;.Psl - Iél - |2.|5| - |3|| - l3?5I B Izlll - 14%51 s

= Energy location of the

Vs (GeV) .
* Hadron form factors * Light hadron spectroscopy  « XYZ particles glu?nlc matters and
* Rvaluesand QCD * Gluonic and exotic states S @rE( (EEETE XYZ's
* Physics with t lepton « Charm baryons = Threshold characteristics
v’ Charm physics _ (pairs of 7, D, D, A....)
v’ Hadron physics ’ New.observatlons Fixed initial and final
v’ Charmonium physics + XYz’s |° Precise measurements | states, low background
v * > 700 publications




Recent highlights (selected) at BESIII

e Charm physics (CKM measurements)

* Hadron physics
» Spectroscopy (light hadron spectroscopy)

e Structure
* Baryon Electromagnetic Form Factors
* Fragmentation Functions

* Interaction
Hyperon-nucleon interaction

A EDM
* Prospects



Precision measurement of CKM elements
-- verifying the unitarity of CKM to test EW theory

CKM matrix elements are fundamental SM parameters that describe
the mixing of quark fields due to weak interaction.

Charm decays + LQCD

B decays + LQCD

Ve Ve Vs 0.97367 £ 0.00032 022431 +0.00085 0.00382 £ 0.00020
VEDG22 = (Vo Ve Ve | = | <C221+0.004 0.975 £ 0.006>  0.0411 + 0.0012

Via Vis Vo 0.0086 £ 0.0002 0.0415 £ 0.0009 1.010 £ 0.027

Va2 + |Visl? + [V |2 = 0.9984 + 0.0007  ~0-07%

Vgl + [Val2+ V|2 =1.001 +0.012  ~1.0%

Precise measurement of |V 4| and |V | is crucial



Landscape of Charm Physics

B physics experiments are well suited for charm physics

hadron collider [ etTe collider -

ﬁﬁcb -
CDF at TEVATRON BABARGtPEPIl | cizos | v o
E ~ 9 6 fb—l f E ~ 550f b NK " Ring Imag;:\;g’\evenkov
g 7-10° c A XA
2.5 10~ ce : WS 775 Inner Drift Chambe:

2 ) .
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Belle at KEKB
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LHCh at LHC

[Lalab™ b B
o ] L~ 1.3-10° ¢z NS/ =
Om% runl 36 : 1012 : Be"e ” E ou.aru:::hnn | “. /(j
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= CLEOc exp. contributed much in early days.

= B factories: clean environment, good to detect neutral particles; lower boost, poorer
lifetime resolution

= LHCb/hadron machine: huge production X-section, excellent lifetime resolution due
to the boost; large combinatorial BG, difficult with neutral and missing particles |



Unique advantage at BESIII: BG free and Double tag method (DT) BGS]]I

Tag side | g+ _ Signal side: u*is reconstructed, v is reconstructed by MM?
\ — " — _ — —
Dg Emiss — Ebeam —E uts Pmiss = ~PDp~ — pu+
2 _ 2 2 _ —
% 417{' — Mmlss Emlss |pmlss| mlss Emiss o |pmiss|
=
g+ Tag side: K*K'nt™ +...., very clean decay modes
DI T @)
\ Signal Non-D;" Dy events can be suppressed 2
: Ecu L2
by beam-constrained mass cut Mpg, = (T) — |PD;
[ [ [ V
STyield: Ng =2xN_-xBg xég
DT yield: N! :2><N_><Bi ><B.><gi . N
T T eTTTem Absolute Br. By = —— 2L
Average eff.: . _ Z(NSTxesT WESY) Ngor X Esig

Advantages: almost background free, absolute Brs.



Charm Leptonic Decays D) — LV

+
D(S) "‘. .I“:

* Charm leptonic decays involve both weak and strong interactions.

* The weak part is easy to be described as the annihilation of the quark-antiquark pair
via the standard model W* boson.

* The strong interactions arise due to gluon exchanges between the charm quark and

the light quark. These are parameterized in terms of the ‘decay constant’.
Decay constant (LQCD)

Decay rate Exp)
Q, X SFWD““ mi/mi,
CKM matrix element

*  Exp. decay rate + |V | “Mfte" > calibrate LQCD @charm & extrapolate to Beauty
* Exp. decay rate + LQCD - CKM matrix elements .




D* - ptv, BESIT D - rtfvviat™ »n'y,

PRL 135, 061081 (2025) JHEP 01 (2025) 089

20.3 fb'@E ,,,=3.773 GeV 7.9 fbl@E ,,,=3.773 GeV

|||||||||

e
=3
=]

— ~600
- . & [ Fpm P
600 [Veql precison: 2.6% >12% - S & .
o + . o D*— % o 400
2  t DYoo pty, A — = S S |
O 400 D™ =wvy, 4 ) — S A S [
i : % 4"; : 2:0;:1,:“ en %200
= R f : & [
£ 2001 — :
o B o Losbiateb T, oottt T 0 - ~
= i h Mﬁlisso(GeVlcz)z " m M;js:((}ewf_«z)z "
0 "’ e ume 4 n
2 M e Gevarey 0-2 LFU: I = 2.45 + 0.31 consistent with SM 2.66 + 0.01
miss n
B(D* - ptv,) = (4.034 £ 0.080 + 0.040) x 10~* B(D* > 17v;) =(9.9£1.1+0.5) x107*
fo+|Veal = (48.02 + 0.48 + 0.24 + 0.12;,,,,,, + 0.15) MeV fotlVeal = (45.9£2.5+ 1.2 £ 0. 1py) MeV
fp+=(213.5+2.1+ 1.1+ 0.8 +0.7) MeV (~1.2%) fp+ = (204 £11£5+1) MeV (~5.9%)
IVeal = (0.2265 + 0.0023 + 0.0011 + 0.0009 + 0.0007) [Veal = 0.216 + 0.012 £+ 0.006 £ 0.001 (~6.2%)
Precision is improved by 2.4x, most precise result To be updated using the 20 fb™ full dataset
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Comparison of [+

| | | |
|F'LA(}21(2+1+ 1EP) C82(2022J869

| | | |
212.1+0.7 |

Comparison of f+

ETM@241+1)  PRDOY(2015)054507" ' 247.0¢hq | Teeh | !
FMILC(2+1+1) PRD98(2018)074512 249.9+0.4
FLAG21(2+1+1) EPJC82(2022)869 249.9+0.5
HFLAV21 PRD107(2023)052008 252 249 5
CLEO PRD79(2009)052002, t,v = 251.8+11.2+5.3
CLEO PRD80(2009)112004, t,v  257.0+13.35.0
BaBar PRD82(2010)091103, 1,V  244.6+8.6+12.
Belle JHEP09(2013)139, 15, .V 261.14.8+7.2
BESIII 6.32 fo'! PRD104(2021)052009, t,v = 249.7+6.0+4.2
BESIII 6.32 fo! PRD104(2021)032001, t,v = 251.6+5.9+4.9
BESIII 6.32 fb! PRL127(2021)171801, t,v = 251.1:2.443.0
BESIII 7.33 fo'' PRD108(2023)092014, t,v  255.0+4.0+3.1
BESII 7.33 fo! JHEP09(2023)124, 7,v 253.4+4.0+3.7
BESIII 10.6 o PRD110,052002, tv, D/'Ds  259.6+3.7+4.6
BESIII 0.482 fp''PRD94(2016)072004, uv ~ 245.5+17.8+5.
CLEO PRD79(2009)052001, uv ~ 256.7+10.2+4.0
BaBar PRD82(2010)091103, uv ~ 264.9+8.4+7.6
Belle JHEP09(2013)139, uv 248.8+6.6+4.8
BESII 3.19 fo'! PRL122(2019)071802, uv =~ 253.0+3.7+3.6
BESIII 6.32 fb' PRD104(2021)052009, uv  249.8+3.0+3.9
BESIII 7.33 for! PRD108(2023)112001, uv, 248.4+2.5+2.2
BESIII 10.6 fo' PRD110,052002, v, D'Ds  253.2+6.1+3.7

BESIII Combined 1tV
BE[SIII Combined TV + UV
|

253.93+1.54+1.82
252.083r1 .34+1.82
| | |

0.9%

FMILC(2+1+1) PRD98(2018)074512 212.7+0.6

FMILC(2+1+1) PRD90(2014)074509 212.6+0.4

ETM(2+1+1) PRD91(2015)054507 207.443.8

ETM(2+1+1) LATTICE2013(2014)314  202.0+8 i

FMILC(2+1+1) LATTICE2013(2014)405 212.3+0.3+1.0

FMILC(2+1+1) LAT2012(2012)159 209.2+3.0+3.6

i T ot I

CLEO LV PRD78(2008)052003 207.2+£8.7+2.5

BESIII NIRY 2.9fb'1,PRD89(2014)051 104 204.2+5.3+1.7 =4

BESIII,tv 2.9fb'l,PRL 123(2019)211802224.7+22.5+11

BESIII,tv 7.9fb ,PRL123(2019)211802204+11+5

BESIILUV  203fb"PRL135,061801  213.54+2.1+1.5 1.2%

6 | ] | ] 1 OIO ] ] ] ] 260 | |
fD* (MeV)

0

100

200

fy: (MeV)
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Charm semi-leptonic decays D g m(K )y

* The effects of the strong and weak interactions can be separated in semi-leptonic decays
* Good place to measure CKM matrix elements and study the weak decay mechanism of
charm mesons; calibrate LQCD

At zero positron mass limit: CKM matrix element
Differential Form factor
rate (Exp.) j I “S I / (LQCD)
2471'

* Analyze exp. partial decay rates 2 q? dependence of f X(™(qg?)
* FF parameterized in different form, extract f,X("(0) with |V ;| Mt as input — calibrate LQCD
* Exp. + LQCD calculation of f,X(0) and f,™(0) > Vis(q) — constrain CKM
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D} - K'etv,

7.33fb \@E,,,=4.128-4.226 GeV (e*e™ - D:tDJ)

PRD 110, 052012 (2024)

2
r Al JAq” - v F
T =+ simple pole :_ g
N'> 4 = modified pole 2: KO s
-é r —z series (2 par.) | & r + (0)
w | sk
5 L 2o+ r
Na. ~ r
a2 L
= i
= i
0 05 1 15 2 05 05 1 15 2
q* (GeV¥ %) q* (GeV¥ ¢4
L L B LA BRI L B
I LCSR! 0.820%5 " ——
ol LCSR: 0.82:008 —e—i
"§ i CLFQM:  0.66 .
£ L
E - CQM 0.72 .
S| CCoM 0.6020.09 ——
gt RQM 0.674 .
g 20+ . . .
ol H BESIII 0.720+0.0840.013 ——
90'2 iy r—t "0."]'. R o v - This work  0.63620.049+0.013 i
e - - . - v ooy by by oy R,
My, (GeV/cd) 02 0 02 04 06 08
0
. B(DF > K%*v,) = (0.298 +0.023 + 0.012)%
0
.« fK°(0) = 0.636 + 0.049 + 0.013

precision improved by 1.5 times

BESII

20.3fb ' @E,,,=3.773 GeV

[ D'—n_ e*v
- May® Ve

400

300(
200f 300%
_200f
=100 = |
§ - Z00f
e S
Z100 -~ |
b= <200
) s 1
> 4
= =

50 100

L L
0.1 0.0

—0.1 0.0 0.2 —0.1 0.1
Umiss (Gev) Umlss (Gev)
IllllllllIIIIlllllllllllllllllllll
LCSR  JHEP 1511,138 (2015) 0.429+0.165+0.141 H—+—e—H
LCSR  Phys.Rev.D 88,034023 0.552+0.051 ted
LFQM  Phys.G 39,025005 (2012)  0.71 .
CCQM  Phys.Rev.D 98,114031 0.67+0.11 e
CCQM  Phys. (Beijing) 14, 64401  0.36:0.05 H
CLEO  Phys.Rev.D 84,032001 0.38+0.03+0.01 tof
BESIII Phys.Rev.Lett.124,231801  0.39+0.04+0.01 i ~9.0%
BESIII  Phys.Rev.D 97,092009 0.35+0.03+0.01 fol
This work 0.345+0.0080.003 ’ ~2.5%
IllllllllIlllllIllllllllllllll]llll
25 2 15 -1  -05 0 0.5
n
£,(0)

A T/A q® (ns'GeV¥H %

D* - nt*v,(f = e, p)

arXiv: 2506.02521, submitted to JHEP

1.5 1
(a) ®n, 1 |
— 2 series(2 par.) (1) ¥ 7'e", (b)
- -z series(2 par.) () ®N" _H'v,[ o8
. Vi,
17 | 0 SE
I . o
Ar/aq? 5
i 0.4
05 _
- 02
L 1 1 I | 1 1
0 05 1 15 0.5 1 15
Q@ (GeV¥c) @ (GeV¥c)

B(D*T » netv,) =

(9.75+0.29 + 0.28) x 10~*
B(D* - 77,u+vﬂ) =

(9.08 + 0.35 + 0.29) x 10~*
LFU test:

R, = 0.93 + 0.05 + 0.02(~5.8%)

u/e
Form factor
Dt—
fi "(0)
= 0.345 + 0.008 + 0.003(~2.5%)
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Comparison of |V 4|

I | | 1 I I | I | I | | 1 I I I
J:KMI'Ittar PD& 0.2243510.11003? .
HFLAV21 PRD107,052008 0.2208+0.0040 W
CLEO PRDS80,032005,n""%e*v, 0.2381:0.0066+0.0025 el
BESIll PRD92,072012,we*, (.2278-0.0034+0.0023 W 1.69%
BESIII PRD96,012002,x%"v, 0.2243+0.0058+0.0026 -
BESIII FRD97.,092009,ne*v,  0.2264+0.0338+0.0318 ~H——H
BEsII PRL124,231801,nu*v,  0.242+0.041+0.034 H——H
BESIII PRD110,052012,K%*_ 0.238+0.018+0.036 bt
BESIlI PRD89,051104,u™, 0.2165+0.0055+0.0020 =
BESIII PRL123,211802,tv 0.238+0.024+0.012 et
BESIII JHEPO01,89,t*v, 0.216+0.012+0.006 o4
BESIII PRL135,061801,u"v, 0.2265+0.0023+0.0015 ¢ 1.2%
BESI Nt Cqm|SELIY. Q2080010007 | Y,
-0.6 -0.4 -0.2 0 0.2
IVC dI

* The semi-leptonic decays have potential
to yield better precision (Stat.
Uncertainty < 0.5%) depending on the
uncertainty from LQCD.

* The current best precision is from pure-
leptonic decays.

Comparison of |V .|

| | 1 | | | | | I I
CKMFitter PDG 0.97349:0.00016 -I
HFLAV21 PRD107,052008 0.9701+0.0081 r
CLEO PRD80,032005, Ke*v, 0.9648+0.0090+0.078 i
BESIII PRD92,112008, Kle'v,  0.977:0.008:0.016 o
BESIII PRD96,012002, Ke*,  0.946:0.005:0.016 o
BESIII PRD92,072012, K'e*v, 0.9624+0.0034+0.0062 '
BESII PRL122,011804, K'u*v, 0.9572+0.0050+0.0057 .
BESII PRD110,112006,KI'v, 0.9623+0.0015+0.0043 ' 0.5%
BESII PRL122,121801, ne*v, 0.900:0.020+0.057 |
BESIII PRD108,092002, ne*v, 0.913+0.014+0.057 b
BESII PRL132,091802, np*v, 0.911:0.020:0.057 bt
BESIII PRL122,121801, n'e'v, 0.903+0.060+0.077 H——H
BESIII PRD108,092002, n'e’v,  0.941:0.044:0.081 e
BESIII PRL132,091802, n'u'v,  0.907+0.067+0.078 H——
BESIII Combine pv4tv 0.9820:0.0052:0.0071 . 1.0%
1 1 1 1 | | | | 1 | | I
-1 1

0]
AV
Ccs

K£*v, simultaneous fit (stat. error ~ 0.2%)

Main systematic uncertainty from the
LQCD input f£(0))
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CKM matrix

* 3X3 unitary complex matrix a = arg (—“,"’:f’j) = @9, [a=(87.6%33)°
ud YV ub -
* 4 parameters \’IV’;,
o o B = ar - = @1, |sin23 = 0.6¢ 017
3 mixing angles and 1 phase ”'-‘7( K',ﬁ;;;) Phefene =

‘Ld‘],’;,)
y=arqg | ——— =@3, [ _ (72 9+6.3\0
VudVub” +VeaVep +VegVep™ = 0 | ‘]< VaV ) ~ 70 [1=(B-270)

BESIII data @3770 MeV ( 20 fb™!)

0o i
i_ 3278 i (a2 (p=m) v(3770)>D°D° quantum correlation
4 A2 412 A 4 —
i 1";{2 A= 1+04)  3strong phase parameters between DO and DO decays
AA l-l“(P—”?) —AA” I A=siné,
= inputs to LHCb/Bellell measurement of v/¢-
e ;: S __ S A, 2 _; - ?g i e é
£y Rk
| 3 = Vus| _é
:J: ....... || \- ...... E— S 1.-.;_0;/ S E— f " ]
- oz . o F+(0) B 5
(0,0) (1,0) Phase 1 (= 2025)

LHCb 27 fb~!, CMS/ATLAS 300 fb—', Belle 11 50 ab™

CP violation phase y > year of 2030 (BESIII 20 fb! as inputs)



New forms of hadrons

B Conventional hadrons consist of 2 or 3 quarks:

Naive Quark Model: q P

meson

baryon

B QCD predicts the new forms of hadrons:
e Multi-quark states : Number of quarks >= 4

% 0" 3

g
L )
* Hybrids: qqg, qqqg..
e Glueballs: gg, ggg.. g % g

None of the new forms of hadrons is settled !




Glueball mass in quenched and unquenched LQCD

3500

3000

2500

2000 A

MeV

1500 A

1000

500 4

o

Glueball & Hybrid

o+

(13 CI)cI‘CP

@

%@

0006660

arXiv:2305.04869

)
Ref. [61] (Ny =2, m, = 490 MeV)
Ref. [68] (N = 2,m, = 650 MeV)
Ref. [68] (N; = 2, m, = 960 MeV)
Ref. [7O] (Ny =2+ 1,m, = 140 MeV)
Ref. [67] (Nf =2+ 1, m, = 360 MeV)
Ref. [63] (N = 4, m, = 250 MeV)
Ref. [48] (quenched)

o+

2++
JPC

TOWARD THE EXCITED ISOSCALAR MESON SPECTRUM ...

Hybrid

uuuuuu

m | MeV

1500,

|||||||||

Mass [GeV]
(]

-

mass

0
1970 1980

2010

o+

PRD 88, 094505 (2013)

3 MIT bag model
x Others
Flux-tube model

QCD sum rules

I Constituent gluon model
1 I Lattice QCD

I QCD sum rules
0 I Others

2020 2030

1-+ hybrid decay width PRD 103, 054502 (2021)

T / MeV

m% ,Z r

LQCD predicts:

* The mass for lowest 0** glueball state is 1.5 - 1.7 GeV.

* The next lightest glueball is 2**. The mass is around
2.3-2.4 GeV.

 The lightest 0* glueball mass is ~ 2.3-2.6 GeV

The mix of glueballs with ordinary qq mesons
makes the situation more difficult.

F(J/¢Y — vG) ~ O(aa?2),F (J/p — vH) ~ O(aa?),

F(J/¢ — M) ~ O(nng), F(J/¢ — ~F) ~ O(nnﬂ)

Charmonium decays: gluon-rich processes

well defined initial and final states

low BG mmm) Ideal lab for gluonic excitations

high cross section of J/y and '’ 17



B‘GS]]I X(2370): pseudoscalar glueball candidate ( 0~)

* Observed by BESIII in J/yw—yn’'n+m- in 2011

 Confirmed by BESIIl in J/\wy—yn'n+n- and yn’KKbar
* Not seen in J/w—>yn’'nn [BESII: PRD 103, 012009(2021)],
J/w—yYyd[BESII: PRD 111, 052011(2025)]. Upper limits

of BFs are consistent with the predictions to 0-+ glueball

* Mass of X(2370) is consistent with LQCD prediction to

e Spin-parity determined to be 0-+ in J/\yy—>yKsKsn

-------------------------
180F ( a) ¥3ny,, = 82.68/69
o E t Data
2 160 :_ — MC projection _:
% 140F [ Background ]
(O] r ---- Non-resonant
o 120F e X(2370) E
S 100 Eoo X(1835) E
o F X(2800) ]
~ 80 m & =
a F ]
g S0 1
o 40F § g bt |
20F ) e '
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n Jhy

BESIII: PRL 132, 181901 (2024)

Events/(0.01GeV/c?)

. L X(2120) j(zsam)
N "
¥

141618202.22.42.62.8
M (GeV/c?)

TN

PRL 106, 072002 (2011)

~1300M J/

J/y—=>y'mn- ~225M 3/

=YY 500 F Jy—=yK'Kn', n'=yp’, p°—n'r

--------------
0

Events/(0.01GeV/c?)
l

100 W‘
[t -
) :

Ssult ]
ignal X(2370) a3
SOUFE wme Jjy— K Kuor(+ ! -
$
w1’ Sideband e é ;UF a
200 Partye

M, (GeV/E)

EPJC 80, 846, (2020)

ey
% 21 22 23 24 25 26 27

JPe¢ = 0*with significance >9.80

M = 2395 +11+26 94 MeV
I =188+18.;7%124 33 MeV

B (J/yp—yX(2370))B(X(2370)—f0(980)n’)B (fo(980)—K %K %)
= (1.31 £ 0.22%2854 84 )x107
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BESII

New decay modes of the X(2370)
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Observation of X(2370) » KIK2n°

Events/0.02 GeV/c?

L

o N — ‘4°°°E 18000 ' T
C % 0.0 - ]
o] vt J/p o yrOmOn | ] oo ™
C 9030 13 14000 3
i S a000 1 © 12000 3
80~ = 10 o ]
C % 0000 1 & 10000~ E
60— @ 4000 3 ‘?B 8000 3
: 2000 E C ]
C S 6000F 3
0 PR SRU NS S | O i [ S | - > - -
40— 2 2.2 24 2.6 2.8 C -
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0 2 n
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¢+ Data
= Fit result
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200
100
Y Y
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,X(2370) - 7°7%) and X(2370) - a(980)m with significances >> 50

19



States with exotic quantum numbers

e |PC =N +- -+ i 1
| =0 even, odd are forbidden for 41 BRI
* Light hadrons with exotic quantum numbers

T p-omT N GAMS

: : . - 0 KEK

are unambiguously signatures of exotic states zg:ﬂ’; cacy
. . nm T p-o>mnnm E852
* Three 17(1*) isovector candidates: m,(1400) o 7t CBAR

50—y 7200

v' 1,(1400) : seen in N, pTr pp = TN CBAR

, ) op — 21t 2" Obeli
v 1;(1600) : seen in pm, n'm, by, f,m P e e ehx
v . . . , n~Be - n'n n’Be VES
1, (2015) (needs confirmation): seen in b, and f;m n’m np > Tn'p ReED
n,(1400) and m;(1600) could be from one pole. n~Be » wn~n°Be VES
b,m pp —» wntr 0 CBAR

PRL 122, 042002 (2019), EP) C 81, 1056 (2021]) t,(1600) 7 p - wr-1'p Fees

] ) ] 1 - n Pb-ontn n”X COMPASS

* Crucial to establish hybrid nonet. p mp - TP E852
m I6JPO)=1"(17%) £ T p > pnntnTnT E852

\ “ 1 n"A-onntn n"A VES

_ 1 -
K 1507)= 3 (17) R
m,(2015) E852

— + — —
. mIEgR9= 0 (1Y) R
1 16079)= 0% (17)
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BEST Observation of 0* (1) 1,(1855) in J/y—ynn’ at BESIII

PRL 129 192002(2022) , PRD 106 072012(2022)

* J/¥ - ynn': 1~ n,(1855), stat. sig. >> 100

e« M = (1855 +9*%) MeV/c?, T = (188 + 183)MeV G 40| ]
> -
 B(J/Y - yn;(1855) - ynn') = (2.70 + 0.41i8;§§) X 107° 2 ! <Y1>
o B .
* The mass is consistent with LQCD expectation ;E 20| without 71 (1855)
e Stimulated theoretical discussions — g :
Hybrid/KK ;Molecule/Tetraquark § of

e Statistical significance for an additional n, ¥4.6c at ~ 5 5 25 3
2.15 GeV M) (GeV/c?)
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CLEO-c
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Hadron structure

Quark confinement and non-perturbative feature in low-energy QCD region are big
challenges

e Electromagnetic Form Factors (EMFFs) are fundamental properties of the baryon,
describing the internal structure/shape of the non-point-like particle
» Connected to charge, magnetization distribution

» Crucial testing ground for models of the baryon internal structure

e EMFFs can be measured in space-like (SL) and time-like (TL) regions

e e

Space-like
e B —e™ B

-Q2=qg2 <0 g2 =0

q? = (mg;—mpgy)? q? = (mg,+mpgy)?

B, — By

Dispersion theoretical analysis provides a coherent framework for the joint

interpretation of SL and TL EMFFs over the entire physical range of g2.
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Time-like EMFFs

> Spin-% baryons: two Form Factors (G and Gy,) SoeE T

©
— += 0.08
> Assuming one y exchange, ete™ — BB: & 0.7
A 0.08

_ 2 0.05
dO-BB 77:05 C 0.04

Toosd - [(1 + c0s?0) |Gy |? + IGE|231n ] 003

0.02

1 001F _
* For charged baryon: C— 00074008 4910 4912 4914 4916 4918
B 1-exp (——) /s (GeV)

* For neutral baryon: C=1

4M?

(qZ)z [C|G5(4M2)|2 + 2|GD(q2)2|]

> Or write in partial waves: ¢ = 2mwa?f

q? q?
_ oMzt Gmamz"CE
> Gs = Gp =
3 3

> At threshold, S-wave only = G (4M?)=0 = G.(4M?)=G,,(4M?) = llgEll 1
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Time-like EMFFs

Energy scan method at
discrete c.m. energies

» Well-defined c.m.energy, low background
» Very good energy resolution

» Discrete values, leaving gaps without
information

Initial state radiation method
at a fixed c.m. energy

> At a fixed c.m.energy /s, collecting events
from threshold to /s

» Systematic uncertainty in a coherent way
» Large luminosity needed

» Higher background

Both techniques can be used at BESIII.
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Proton EMFFs

0.4 e BESIII (LA-ISR) + BESIII 2020
i BESIII (SA-ISR)
0.35f BESIII 2015
- A BABAR
0.3F + E835
F Fenice
__ 0.25fF PS170
o E (1l E760 a
S o0.2f DM L
E e DM2
0.15F . < BES
E i‘h ‘[ v CLEO
0.1 % 2~ ADONE73
B 1 *Q.] |
0.05F by,
F - s T A
o) P T
4 6 8 10 12 14 16
P[(GeV/cF]

BESII

PLB 817, 136328 (2021)

0_06: e BESIII (LA-ISR) + BESIII 2020
k BESIII (SA-ISR) 4 BABAR
0.04{~
o,ozi ; :*:
oF | #Mﬁ% 1
-0.02F %
-0.04f
-0.06[-
e v by by b b b v b g by
o0 05 1 15 2 25 3 35
p [GeV/c]

»|G;/Gy,|, |Gy | are determined with high accuracy,
comparable with data in SL.
* Damped oscillation distribution after subtracting

the modified dipole.

|GE|

Q
O

Neutron EMFFs

0.8 )
L « BESIII {this work)
i pacD[37] 1
0.6~ - Modified Dipole [38] |
r VMD [39] ]
— DR Mainz Model [40] |
04 e Production threshold ~ —|
0.2 —
L 3
I -?*:_\L ]
0 I P S [ =y ey
18 2 2 2 2 4 2 6 2 8 3
Vs (GeV)
FrT rrrrTrTrT T T T T T T
1 - TL|G,| (this work) 3
I ' + SL G, World Data ]
107 [ 3
250
o,
102k o,
10_37‘ RIS I RN PR P B ‘H|...7
0 2 4 6 8 10 12 14
9% (GeV?)

|G ar|

PRL 130, 151905 (2023)

0.8 « BESIII (this work)
- = FENICE [20]
r pQCD [37] q
0.6 - Modified Dipole [38] ]
[ vMD [39]
— — DR Mainz Model [40} 4
= 04F n - Production threshold |
0.2+ + -
L ~ 4
i \"-“—i‘-—- ' = — ]
ol L - ﬁ—*r—-
1.8 2 2 2 2 4 2 6 28 3
Vs (GeV)
ET L A B T 3
15 ' LTL \G |(th|5 work)
Y
[ f - SL G, World Data |
10—1, . H f’_i B
£ ™ ,.“+ S S
1072 P — =
P E
10—37”.|.‘§|..‘\H‘|..‘\...|Hm‘
0 2 4 6 8 10 12 14

Ig?| (GeV?)

» Compared with FENICE results, the |G|
values are smaller by a factor of 2-3.
» The analyticity of neutron SL EMFFs and TL

2_)00
EMFFs: pEM — GE{‘M(QZ)/G%M(—QZ)IQL )
RE=518+1.18 RM =1.72 + 0.14



BEST Results of EMFEFs at BESIII

— T T T T I

@
o

pp BESIII

e - . P Babar m _-E' B o L‘_IL:E_. L
8= 3L . TRBESH . Q)] u —— Al .
10 g . ——qu—ﬂ*.;.. ©  ni SND 3 i = —‘F—ﬂﬂ .
© o o5 . ® AR BESIHI = o) 2.5 —— pB:BESII —
TEnaaTE . Siremm ] —  F o ]
B * -{)'({) ‘% * IJ(:’ == BESII ] - ; ig';gm|_1 =
10 . ® T J)ﬂ‘ fif J 3 . i;c Been 3 2.0 - ) .
= + . ° A A, Belle - - ]
B j \L + . * 21-:,;11;;[1‘ i 1.5 | S + —
10 £ : * E y 2 ]
SN ﬁﬁ & = 1_0E ------------------ ++TT+ }l -
| T R
e f S 05F | +* E
S [""” 3 - .

B | it T 0.0 Bl 1 1 I Ly o | 1

00 o5 10 01 02 03 04 05 06 07
Nat.Sci.Rev. 8 (2021) 11, nwab187 B=VTM§/S
> Abnormal threshold effects observed in various baryon pair production: pp, AA, AFAZ ...
» Oscillation structures observed
> |G:/G,,| ratio significantly larger than 1 at low beta for p, A}, X%, indicating large D-wave near threshold
> Relative phase angle of form factor A¢(sinA¢) measured for A, A}, etc

™ 2l
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B'ES]]I First complete measurement of ™ EMFF

PRL 132 (2024) 081904
First measurement of the relative phase A®

Polarization measurements at different
between G; and G,, form factors

center of mass energies

. . i {a) —8— This work 200F (b) —a— This work
- (a) 23960 GeV - (b) + 26454 GeV of —=— Provious wark C B v potential model
't — ‘;ﬂp&_f%*z;lmmv e * B v cotertiaimocel| __100F ; :
: — _.=l=—* G [ =~ of
o . — Tmy — —— ﬂ—
i]= 0 w [ .
o’ : qj—h l & e % G qF % & : (L
1F F [ \/" 10,
:u 1 " 1 1 1 1 " 1 1 PR PR 1 1 1 1 " + 1 1 1 | PR 1 1 1 1 PR 1 1 1 1 PR 1 ﬂ: 1 1 1 _Em:_ 1 | |
-1 05 0 0.5 1A 0.5 0 0.5 1 24 = 26 28 3 24 26 28
56 S0
o €0 /s GeV /s GeV
V' E {GEVJI 2.3960 2.6454 2.9000
5} -0.47 £ 0.18 = 0.09 0.41 = 0.12 £+ 0.06 0.35 = 0.17 = 0.15
Ad {:'} 42 4+ 22 4+ 14 {—138 + 22 + 14} b 1+ 19 1+ 14 8+ 2240
sin Ad -0.67T £ 0.20 = 0.18
|GE‘.’GM| 1.69 + 0.358 £+ 0.20 0.72 =+ 0.11 £+ 0.06 0.85 £+ 0.16 £+ 0.15

Such an evolution will be an important input for understanding its asymptotic behavior and the dynamics of baryons.
Moreover, the fact that the relative phase is still increasing at 2.9 GeV indicates that the asymptotic threshold has not

yet been reached. A. Mangoni, S. Pacetti, and E. Tomasi-Gustafsson, Phys. Rev. D 104, 116016 (2021). -



Energy-dependent measurement of A EMFF from ete™ — AA
BESIT (2.396 - 3.08 GeV)

(T e PRL135, 191902 (2025)
N —e— BESIII 2025 (This work)

'}i BaBar ISR 2007 : 20 E
Fg ¥ =¥ BESIII Zf)jrs; ‘gELS E
S *'?‘Y" —¥— BESIII ISR 2023 | %1 . |
= . = 1o
= S G DT, ST combined Ml
= @M% + ; &l
< i -‘f—H 1 o.oi
Qm) —¥— { ] 1017
i H* # . Bi
PRL 135,191902 (2025) | S o
1075753 54 25 26 27 28 29 3 31 § |l
CMS energy (GeV) :
2'
> R = |Ge(g%) /Gy (g?)| remains constant, while A®

changes by more than 90° between 2.396 and 2.6544 GeV. GV
dR(q?) an asymmetric charge distribution
(rg)? = 6u P = —0.076 + 0.043 fm |mm) where the ds quark pair lies close
! q>=0 to the center of the A hyperon.
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Hadron structure

* Fragmentation function (FF), describing the processes of quarks/gluon hadronization, is
non-perturbative process and challenging in theoretical calculation.
» To extract Parton Distribution Functions (PDFs) accurately, precise knowledge on FFs are required.
» Most of the information at high energy comes from SLAC, CERN, DESY, lack of data below 10 GeV.
» The e+e- collider experiment provides the cleanest input for extracting FFs.

» With polarized electron beam, polarized FFs can be studied.

Experimental observable

h

e'et o=Y,0(ete” > qq)QFF

Single Inclusive Annihilation = qa * No PDFs necessary 1 do,
! * Calculations know at NNLO Ohad tot 92
¢ q * Flavor structure not directly accessible

Semi - Inclusive
Deep Inelastic Scattering

SIDIS: o=}, PDFQad(eq — e'q" )®FF
n * Depend on unpolarized PDFs

» Flavor structure directly accessible

* FFs and PDFs

h

pp: 0 =24 PDF®PDFQ0c(q:1q: —~ q1q2) ®FF
* Depend on unpolarized PDFs

» Leading access to gluon FF

* Parton momenta not directly known
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BES]]I Inclusive t° and K's production in e+e- annihilations

PRL130, 231901 (2023)
Differential inclusive production cross section of hadron h is:

Correction factor
* Reconstruction efficiency

Counts/1 MeV/c?

Counts/1MeV/¢?

1 do (e+e— - h+X) — Nh 1 — N;z)bs 1 ﬁz + Radiative corrections
Ohad apy, Niaa AP, NRR§ Apy, . fBoarSS.dviﬂf ?jgjiigrii\éiéoped
1 do(ete” -» n®/KJ+X N, 0/ko0 1
ete” > n/K24+X o) — ( /Ks )= E [Ks+X
o(ete~ — hadrons) dp_o /KO Npaa AP0 /KO
8F 2-232:tw<:=‘ten‘«fmLo /\ 3.0500 GeV 0.3F 2.2324 GeV L 3.0500 GeV
AN P AT ¥ * broad zncoverage from 0.1 to 0.9
. o2 L 7 R e disagreement between data and
e 3 S 4 e | swe  theor. calculations based on the
Mry) (GeVi/ < g R . . .
¢ 4 | R I existing fragmentation functions
| 818 58 otf N | : - :
b e S WS TR N [P . e provide brand new inputs in
A ﬁ I\ T N low-energy region to global fits of
e R e B ¥ 0.2p r . .
e 5 N k_ﬁ fragmentation function
pe:)(:;)st)ecj:\lfcz . 0.5 1.0 : 05 1.0 15 SR R e o SPSTETE IPSTETETS P |
P, (GeVic) 0.5 1.0 05 10 15

~ ~n a4 . n N K= 31



B'GS]]I Inclusive ) production in e+e- annihilations
PRL133, 021901 (2024)

More information on the hadronization process since the n wave function contains
all light quarks and antiquarks

04 Vs =2.0000 GeV [ Vs =2.6444 GeV [~ Vs =3.5000 GeV
a - i
= - o i ol 3 - ++
> - 02 /4 Ne- o " - ++ $¢
= 3 [ +—¢- [ A [ .a ¢o
e [  PLLTT - W T e
= L e, T e, I -
: E ‘--- ..l .... = 1 - . . . & ....';.;.#. Z ..-.* .......... 'l'?;.."__i
g < 0.4 Vs=2.2000 GeV [~ Vs=2.9000 GeV [~ Vs=3.6710 GeV
2 = [ +
o = - - -
CIES . W e
ot ettt brr! 3 “F ) N o S At %
2 :' < - = -
] T T e L I LT L e I MY, a9 y 4 e [ Yfeerreen., Coe,,
. s 1T Lesmrraa,,, f*°° s . 0gae LB 00000 v,
40.3 0.4 05 06 0.7 08 - PRbLL T Y Y B L yupayl:
My, (GeVic) 04 \s = 2.3960 GeV Vs = 3.0500 GeV 0.5 1.0
4 N i ...-0-_._ ~¢— BESIII data
02 .I._ 7 -@- __ y 4 ..-.-.. = = = AESSS prediction
N TILITTI g - [ e, ° - BESIII fit
“’ wwwww _|-.- ol
0.5 1.0 0.5 1.0
p, (GeVic)

* Disagree with the AESSS fit [PRD83, 034002 (2011)]

e Agree with a new fit by Li, Anderle, Xing, Zhang [PRD111, 034030 (2025)]
(includes NNLO accuracy, higher-twist effects and hadron mass correction)
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BGS]]I Inclusive K+/m+ production in e+e- annihilations

arXiv:2502.16084

Normalized differential cross section of the inclusive process at 8 c.m. energy points from 2.00
GeV to 3.67 GeV

rrfrrrJrrrJjrrr|Jrrr1rrrr1rrrrq

IOGE_"' o T

E 10° t K*
. = Is= 3.671 Gey (x 57 6K
= 0F = 10 %
X s X
~  10'F > 10’ W
S ki S | m
% 10 E % 10° G=2.644
9, u 9 GeV (x 59
N Vg Z 10 $.=.2.396 GeV/ (x 59
o]as b\”/l o vei
Slo 10k Sle 1 r. . S8V (s
'—'I E S —1| E Gey,
© 1E Y 107! (‘"59
10-‘_5 107
L 1 L 1 L 1 1 1 1 L 1 1 1 L 1 1 L 1 1 L 1 L L 1 ' I 1 L 1 l 1 1 ' I L 1 L l 1 L L l L ' 1 l 1 L ' l
02 04 06 08 10 12 14 02 04 06 08 10 12 14
P, (GeV/o) Py (GeV/oe)

Inclusive hadron differential cross section data from e+e- collision
experiments in the world (whole energy region) will be used to
better extract fragmentation functions.
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Hyperon-nucleon interaction

Hyperon is any baryon containing one or more s quarks,
but no ¢, b or t quark.

Detection
Decay mode B(x 10_3) Np (x 106) Efficiency Number of reconstructed
J/p = AA 1.61+0.15 | 16.1+1.5 40% 4500 X 103
J /¢ — X050 1.29 +£0.09 | 12.94+0.9 25% 600 X 103
J/p = Xty- 1.50+0.24 | 15.0+2.4 24% 640 X 103
T/ — 2(1385) LT (or c.c.) 031 +£005 | 3.1+05
J /¢ — 3(1385)~ £(1385)* (or c.c.) 1.10+0.12 | 11.0+1.2 AX
J /P — =050 1.204+0.24 | 12.0+2.4 14% 670 X 103 337 o
Jjp > 55 0.86+0.11 | 8.6+1.0 | 19% 810 X 10° vl “)FS =
J /¥ — Z(1530)0 =0 0.324+0.14 | 324+14 obs | oG H)
J /i — 2(1530)~ =+ 0.59+0.15 | 5.9+ 1.5 525 Jf ______
W(28) = -0+ 0.05 4+ 0.01 [0.15 +0.03 oo | Be
315 - l ------
samsea e A
Particle source: Hyperons from J /1 decays
Target material: Beam pipe (Be) N

Detector: BESIII detector °
PRL 127, 012003 (2021), CPC 48, 073003 (2024) -.
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BGS]]I Study of Eon — E—p N 4 PRL130251902 (2023)

Reaction chain :

]/l/) - EOEO) EO — /_\TI:O; /_\ — ﬁ7T+, T[O — ]/y, Beam pipe

> E7p, BT > AnT, Ao pr”. ot

The neutron is a component of the °Be, *2C, and ®’Au nuclei in the beam pipe.
Incident =° has relatively high momentum(P-, = 0.818 GeV/c), its interaction with
atomic nuclei tends to be a direct nuclear reaction.

Analysis method (double-tag):

= © 15122.9+5.5 +~ Data
« Use ZY to tag the event > [ 716 — Frrocut
. oy =0 .. m0 . = 10F -- Background
e require the recoiling mass of 2% in Z* region. N
w L
* Reconstruct Z7 and p in the signal side. o 5:1 H Hl H
L Tt - - R R
a(EOn - E‘p) = (7.4 £ 1.8stat + 1. 5sys) mb R 1.35

M(AT) (GeV/c?)
(assuming the effective number of reaction neutrons in °Be is 3 [PLB 633, 214 (2006)]

E0n —» E7p is observed

o(E°+ Be > E~ 4+ p + °Be) = (22.1+ 5.3, + 4.5,,) mb for the first time .



BESTM StudyofXtn— ApandX*n — X%

R,y is distance from reconstructed Ap vertex to z axis

O S /2% 4+ Dat S
£ ! ’ p— F'?a It % 15t
e 400 it resu =S
: - ---- Background o 10
82 | =
& 20 L2
> r c
= 0
0 L
Ry, (cm)
Ny =77.6 1 20.8
exn = 14.44%
For Py+ = 0.992 GeV/c
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PRC 105, 035203 (2022)

Consistent with theoretical predictions

o(Z*+ "Be>A+p+ °Be) = (45.2 £ 12.1,,, 7.2
o(Z*+ "Be > 2%+ p+ °Be) = (29.8+ 9.7, + 6.9

Sys

The first exploration of -nucleon scattering at an electron-positron collider.
These results provide valuable constraints on AN-ZN coupling, and help understanding the role of

¥-nucleon scattering in the neutron star.
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BGS]I[ StUdy of AN - X7X PRC 109, L052201 (2024)

Reaction chain:
J/W = AN, A - prct, A + N(nucleus) = X% + X(anything), =t - pr?, n° - yy.

x10°

T _ 1000 -
| | 2 4001\{ST = 7207565 + 3741 3 _
Signal side p o = : |
0 5 % 200 |- ié S00 1
N S i o
A 2 = |
> 05 L1 LIs s 12 125
\ / N RM, . [GeV/c?] M, . [GeV/c?]
. A / .
: * —— For P, ~ 1.074 GeV/c
" T
\j A \ / o(A+ "Be>3t+X)=(373+47,,* 3.54,,) mb

}/ 7 a(Ap > T+X) = (19.3 £ 2.4, £ 1.8,,)) mb

The first attempt to investigate A-nucleus
interaction at an e*e™ collider.

Single tag side
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BESIT  Study of Ap —» Ap and Ap — Ap

PRL 132, 231902 (2024)

AP—AP cos 0,5 N} e (%) (do/dQ) (mb/sr)

—0.9,-0.7] (5.0726,0.07L1) (6.94.4.93) (1.7409.0.0103)
(—0.7,-0.5] (1.072,0.07L1) (14.13,10.44) (0.2102,0.07973)
(-0.5,-0.3] (1.014, 1.0j‘_4) (17.32,13.27) (0.2107.0.2297)
(=0.3,=0.1] (11.073],0.0%54) (17.74,14.66) (1.5103,0.0707
(=0.1,0.1]  (6.9139,0.04)4) (19.11,15.79) (0.9}
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gaooﬂ)g

i R N 0.1,03] (50728 2.0°1%) (19.53,16.82) 30,370
' ' (0.3,05]  (12.037,7.0%39) (19.21,17.68)

(0.5, 0.71  (13.013%,25.073) (19.71,17.60)
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+ Cross sections in —0.9 < cosf,,z < 0.9 are
measured to be

—— o(Ap » Ap) = (12.2 £ 1.6, + 1.1, ) mb and
o(Ap » Ap) = (17.5+ 2.1+ 1.6.) mb

M S = Alll_‘_ll|

05 0 05 . .
cosh, Total cross sections are determined to be

. . ] o.(Ap - Ap) = (14.2 £ 1.8, + 1.3,)) mb and
First measurement of antihyperon-nucleon scattering 4 (Ap > Ap) = (274 + 3.2+ 2.5.) mb

stat sys

—h =
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A\ EDM via Quantum entanglement

Challenges in Hyperon EDM Measurement:

* Short lifetimes make traditional spin-precession measurements impractical

* Prior direct A EDM limit (Fermilab, 1981): |ds| < 1.5 x 107 1%e - cm.

PRD 23, 814-816 (1981)

New Approach @ BESIII:

* Utilize entangled A- A pairs produced viaete™ - J /i - AA

* Extract EDM from CP-odd angular correlations in decay distributions

e Angular variables sensitive to EDM via interference with CP-violating form

factor H~ K . PLB 839(2023)137834
] 7!

=
]

]

'

-
S A

+
:

O H’,\

A

Spin precession method Extract EDM through CP-violating FF

The interaction between the spin of a hyperon and an external electromagnetic field induces a precession
effect, which can be used to directly measure the hyperon’s EDM



Hyperon EDM at BESIII
X.G.He, J.P. Ma, PLB 839(2023)137834

Detailed dynamics in J /i decay to hyperon pair, have been studied:

i
A = €,(M)u(1,) (Fvy” + Ma”"qua + YRy F  + G”VVquHT> v(4y)

Dominant contribution P violation term Hy is included in this term

arXiv:hep-ph/0412158 , 2e )
Psionic form factor Complex form factor, F, # 0 Hr(q%) = %ngB(q )

Fy and H, indicate P violation Assuming dg(q2) = dg(0)
can also be represented as G,
dg(gq?): electric dipole form factor

and G .
= dg(0) : electric dipole moment
Physics Letters B 551 (2003) 16-26
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BESTT Measurement of A EDM at BESIII

: : BESIII: arXiv:2506.19180
 EDM extracted via full angular analysis of entangled decays:

Re(dy) =(—-3.1+3.24+05)x107Pe-cm
Im(dy) = (29+2.6+0.6)x1071° e-cm
which corresponds to an upper bound of:
ldal < 7.0%x1071° e-cm (95% CL)
* Improves sensitivity by 3 orders of magnitude over previous best.

* First EDM constraint from strange quark system using quantum entanglement.
%10~

SM: 107%6 e-cm

. & Fitresultofdata ] Triple-product asymmetry projection: EDM = 0 vs nhon-zero
10F

------- [d,]=0 ecm
—=— |d,|=42x10™ ecm

EDM hypothesis:

Kinematic variable 0 = (I, x [5) - k
Triple-product asymmetry observable:
A(0) = Nevent(O > 0) B Nevent(o < 0)
D = N eren (0> 0) + Never (0 < 0)
T : * Ly(l5): unit momentum of p(p) in A(A) rest frame
' ' ' ' : unit momentum of Ain J /1 rest frame

CP asymmetry A(O)

°
&
-]
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EVENTS/(20MeV/c?)

Prospects of BESIII

BEPCIl upgrade ( 2024 - 2028 )
Highest beam energy: 2.8 GeV
Peak Lum.: 3.77 ~ 4.7 GeV : 1.2 x10%3 cms?

5.0~ 5.6 GeV: (0.5-0.7) x1033 cmst

BESIII: CGEM successfully installed.

BESII: 58 M J/y events BESIIl: 225 M J/y events BESII! 1.1B Jiy events 0
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o]
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P
=]
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M(r*Tm") (GeWc ) M, ... (GeV/c?)
PRL 95,262001(2005) PRL 106, 072002 (2011)
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Mn'n*r

High statistics data bring us more opportunities (surprises) and challenges.
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reminder: Hr =

10 17

1078

10719

10720

Sensitivity of Re(dy) (e cm)

Sensitivities of hyperon EDM at STCF

2e

2
SMJ/w

gvdp

® BESIII(Re(dy) 11 STCF(Re(dy) A STCF+Polar(Re(d,)

@ BESIl(Im(d,) [ STCF(Im(d.)) A STCF+Polar(Im(d,)

T
]

A xt
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I

(a)Sensitivity of Re(dg) and Im(dg)
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o
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Sensitivity of Im(dy) (e cm)

-k
b
3

SM: ~ 1072 e cm

BESIII: milestone for hyperon
EDM measurement

A 107% cm ( FermiLab
1071 e cm)

first achievement for X+ 2~
and ZY at level of 10~1% cm

a litmus test for new physics

STCF: improved by 2 order of
magnitude

Jinlin Fu, Hai-Bo Li, Jianpeng Wang, Fusheng Yu, and Jianyu Zhang, arxiv: 2307.04364 43
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