Sl

/

~

3 X3

2]

9%;

=g

ﬁ_[\_,

I

ETAME PAR AR A AT

H-NS4/ 32 # 14 2

2026.08.14 — 17, | FF K&



Outline

* Belle3L4y | A B ath{L VN E
. FBALFEE K

. BES”':’—%AJ:E%QLIQE B XAy =4 FHE K IE N £
c BFRETEI. CPV
o B L2 IR B FEMFF (Electromagnetic Form Factors)
o BH{EREEEDM (Electric Dipole Moment)

o A4E

VAR ] |



A BB B &
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Reference frames

Thrust Frame

A production plane

>
P;r’

A production plane

i

* ABETHHREDI 25 = 2E4/Vs, A B THEH (S58 1%
MBI Ep:

« Wi WM cosO Hy N EFERILE
1 dN
N deosd 1 4+ aPcosf

« A, A decay parameter: a,=0.642 + 0.013; a_=-0.71 &+ 0.08
(H4APDGEYE) ; (RECPSFIE, @_=-0.642 + 0.013

*BESIN(2026): «,=0.7519 4+ 0.0036 +0.0024 ; a_=-0.7559 %+ 0.0036 %+ 0.0030

Hadron Frame

P;r’
) kinematic variables
A+ X thrust frame
variables ZA 5 Py

A+ h+ X thrust frame hadron frame

variables ZAs Zhs Dt ZAs Zhsy Dt
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(Belle collaboration)
Phys.Rev.Lett. 122, 042001 (2019)

Results in thrust frame
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ete” > A+ K7/m™ + X vs. (2, 2)

In the hadron frame

Belle collaboration)

Phys.Rev.Lett. 122, 042001 (2019)
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« MC simulation(Pythia6.2).

BERAN—IHZ A RiE.

A+ T+ XIER, u-
A(favor); U —» ™~ (favor), £S5z,

X8, HEZsSTRAITTHER,

X
8], u— n*(favor), EEzpX

B, BEZsTRAITII.

A(uds); wH(ud); Kt (us)
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o ATEESREBREUEE, hHLEARED, A EHEE B ol
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1k 10000;
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(Belle collaboration)
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Polarization

Polarization

- IHiR

D’Alesio, Murgia, Zaccheddu, PRD102,054001(2020)

Kang, Terry, Vossen, Xu, Zhang,
PRD105,094033(2022)

Callos, Kang, Terry, PRD102,096007(2022)
Chen, Liang, Song, Wei, PRD105,034027(2022)

Gamberg, Kang, Shao, Terry, Zhao, PLB 818 136371 (2021)

Chen, Liang, Pan, Song, Wei, PLB 816, 136217 (2021)
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See also: @

Light bands: uncertainties from the fit
to Belle data

Dark bands: uncertainties from the fit
to Belle data and EIC pseudo-data.
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22 K] PRD102,054001(2020)
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BESIII @ BEPCII

olete” = J/p) = 3400n\bA o(eTe™ — 1(3686)) = 600nb
~
RPC: 9 TR TERTE RPC: 8 6 T 1 L L L 3 T
ayers e ayers e e L .
° 3 " E===m QCD ' B
SC 4F § : o B
Solenoid - 7 ‘ 3 ‘ i P
e B ! ;] !
Barrel 3 ‘ bt : iR I
En_lt_:lcFap 5 E_ +l ' {[ o BES m Crystal Ball
: E L 2 exclusive data ° 2 A PLUTO il
SC o_n [ i ogeling ‘ Pt e e S T ST T IO T R T PO R I
Quadrupole ol 0.5 1 1.5 2 25 3 35 4 4.5 5
g | =i s Vs (GeV)
* Hadron form factors .
* R values and QCD * Light hadron spectroscopy * XYZ particles
» Hadronization » Hyperon physics + Charm mesons
» Fragmentation functions * Physics with 7 lepton * Charm baryons
S L &=, * Nucleon structure
hd ﬁ/}[[, BEE=. 1 GeV-2.8GeV e
—_ \ ' ' =
- B R EIA R x10-Upgrade vs BEPCII /p

1.1 x10%3cm™%s71 (4.0~5.0GeV)
(04—0.7) x10%3cm=2s7t (5.0~5.6 GeV) N

ak lominosity (cm

1

« 10 billion J /1, 2.7 billion 1 (3686), 107 8 ¥ Xt
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BESIIISCIS |38 FHIHTE

« IWZEITFE (exclusive)
o« fIMEFE: BREAZE (quantum-entangled)

« T[XNAIEE: BT HJdecay parameters, CPV, BB B4R
Btk (EDM)

~+(EMFF), &5
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B XA =4

* In the case of a spin-1=2 hyperon pair, there

e (ki) A(p1) .
are just two form factors. The angular
y distribution is described by two real
numbers: the ratio and the relative phase:
et (k2) A(p2)
o TlGM|2 — |GE|2
, Y 2 2
i TGy |? + |Gl
[*(p1, p2) = —ie| ¥ Fi(s) + is—q,Fa(s) S
2MB GE
AD = Arg | —
Gg

Hadronic form factors:

Gu(s) = I'1(s) + Fa(s), Ggls) = Fi(s) + F2(s)

° 7?/5 R ] :)J"GM%‘:’GF ) 7]:5]%7]:3'{—“’5— (A¢) /1 — a, sin(A®) cos @ sin 6
ﬁ‘j%jk/i{, é\%ﬂkﬁ%éﬁﬁﬁﬁjﬁﬁ&o SIS 1+ a, cos? 0

16



8= A FNCPV XN &=

 Amplitude of hyperon decay
A=S+Po-n S (par.ity odd) final state ip s-wave
P (parity even) final state in p-wave

strong phase
S = |S|elds+és)

_ o
P = |Ple'OP*er)  phase )

S = _|S|ei(5s—fs)
p = |P|ei(5P_€P)

* Decay parameters Pphys. Rev. 108, 1645 (1957) P, _5 4%10-7
L _2Re(s"P) ; _ 2Im (S*P) . 1S|2 = | P2 o
Y =912 20 YT e 2’ YT g2 2 l'a +Ta +a
NEES S|+ |P| S| +|P| CPV < 4= ST RCITNLA 0 5x10-t
5 2 . .2 observables foe = T o=
a“+pc+y =1 [8 4T3 5+5
p=V1-a’sing . B=rr—F 3.0x1073
=mcosqb p- ‘8 ‘8 ﬁ

CP convervation: ay = —Qy, fy = _Ey, Oy = —Py 17



ete” - /P - AA

W(E: oy, AP, 0, 011 ) =1 + 0tycOs“ 07 Unpolarized part Spin correlated part

+ ol_oty [SinQGA (n1 yno x — Oy w2 ) + (00829/\ + Oy ) 11 212 )

+ 00t/ 1 — Oy? cos(AD)sinOp cosOp (n1.x12.; + 11 202 x)

+4/1— Oﬁwz SIN(AD) sinB cosOp (0_nyy+in2y),  Spin Polarized part

Spin correlated term and polarization term can be used to

A determine a_ and a, simultaneously and precisely.
02k
0-1;— \ J1—a K Siﬂ(A@)COS 9A sin QA Nuovo Cim. A 109, 241 (1996)
=~ p 0.) = \f W Phys. Rev.185 D 75, 074026 (2007)
i },(COS A) = P Nucl. Phys. A190 771, 169 (2006)
+ l+a y COS QA Phys. Lett. B 772. 16(2017)
o5 1 19
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ete”™ = ]/ - AA

[1] 1.3 billion: Nature Phys 15(2019)631
[2] 10 billion: Phys. Rev. Lett. 129 (2022) 13, 131801

3.2 M AA pairs were reconstructed.(0.1% bkg)

Most precise decay parameters:
A® = 0.7521(42)(66)
a_ = 0.7519(36)(24)
a, = —0.7559(36)(30)
Aavg = 0.7542(10)(24)

Most precise measurement of A decay parameter
Most precise A-p measurement in hyperon decay:

a_ + ay

Acp =
a_ — a,

* JUNE R 2 AIAERIL (Ag #0)

=(-25+4.6+1.1)x1073

« FE#NE T A FA decay parameters

1+ a;/y cos? Oy

u(costy) ~

P, (62)

3+ G‘.').v/w
0.2 —
015 A transverse po}g,mimgn
= 4 1
= s i
015_ F_Hh‘ : h
0.05F 1
UE .
0051 s
E L s I Data
_0-1§ hw. i — Signal MC
045 e — PHSPMC
5
,5 . .
—1 -0.5 0 05 1
cos6,
T | T T T ] T T T | T T T | T T T | T T T | T I
BES3 10 billion J/y(A/R) -2
BES3 1.3 billion JAW(ET7Z ) —_—
CLAS19 ——
LHCb &
—— ——
PDG 2018 PDG 2024
1 | 1 1 1 ‘ L L L | L L 1 1 L L | L L | 1 L L | L L L | 1 1 1 I

0.62 0.64 066 068 0.7 0.72 0.74 0.76 0.78

o (A — pr)

20
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— B B Yale
€+e_ _)]/l/J — = :‘+ T > ATT Nature 606 (2022)64 SII

PRL136(2026)201802

* Nine-dimensional phase space given by
nine helicity angles
& — (9, eAa PA, OKa (pKa epa(ppa 9173 (pj_J)

* Eight free global parameters determined
by maximum log likelihood fit:

w = (alp, AD, )
* The formalism exploits polarization, 04 Ad=12205(159) 56y rad 3 & 0-3813(20)05)
entanglement and sequential decays 02F- 3 @z~ 0.3873(20)(0)
- oF '] @z =-0.0008(72)(10) rad
Hyperon decays ] IPYEAN 4 @z = 0.0020(72)(6) rad
04E 3 @y = 0.7434(39)(15)
= @ 3 @y = —0.7478(38)(15)
) _ 1T 05 0 05 1
W({; w) = z Cluﬁ Z‘ aﬁ]wa%‘,g,aﬁ,paﬁ,’o COSG

wv w'vr

The weak CP and strong phases are extracted :

(&p— &) =(—0.2+ 12 +0.1)x10 % rad

Phys.Rev.D.99.056008 (B0 — ) = (03 4 1.2 0.2 )x10-2 rad 20



https://journals.aps.org/prd/pdf/10.1103/PhysRevD.99.056008
https://www.nature.com/articles/s41586-022-04624-1
https://journals.aps.org/prl/pdf/10.1103/c1fz-9r8q

+ — A \\ = AV / \ > 2
ete” = AN E BT RE 4
* The production mechanism is expected to be dominated by one-photon Ry o
exchange.(2.0 - 3.08GeV) d y
A
* Electromagnetic form factors (EMFF): quantify hadron structure in terms of -
analytic functions of g carried by the photon. G200

* Measurement of A EMFF (Gerf,R = g—E,Aqb) in the time-like region (g% > 0).
M

Phys.Rev.Lett. 135 (2025) 191902

+ ERRMEESRLFRIFTE 5 JT
.+ FERHRRIAGM 37° B) 148°, TfLBi 90, bt
« zero-crossings (ZE &) 5Dyson- Schwmgerﬁﬁ | +
W% T TN —2K. k T
* A charge rms radius: 72 = —0.076 + 0.043 fm - °f P .
E g | —:—%— *

2> ds BEEILARFI,

A¢true
o N EN o

I
0 2 4 6 8 10 12 14 21
2 4


https://journals.aps.org/prl/pdf/10.1103/9f1h-fl4k
https://journals.aps.org/prl/pdf/10.1103/9f1h-fl4k
https://journals.aps.org/prl/pdf/10.1103/9f1h-fl4k

lL: magnetic moment T“
d: EDM

1 /8B 4% %0 Electric Dipole Moment

X.G.He, J.P. Ma, B. McKellar, Phys.RevD47(1993)1744
X.G.He, J.P. Ma, Phys.Lett.B 839 (2023) 137834

d ﬁ T ;

- —; <

A non-zero intrinsic EDM would violate both
parity (P) and time-reversal (T) symmetries.
When CPT symmetry is conserved, T
violation 1s equivalent to CP violation.

H; is included in this term

2 2e 2
Hy(q )=3—29Vd3(q )

My,

Assuming dz(q?) = dyz(0)

dg(q?): electric dipole form factor

dg(0) : electric dipole moment
Physics Letters B 551 (2003) 1626

J /¥ = AA @BESIII
o] M A SR EZEDM.
5IA 2>H§%H'r3
CP violation term
mediated by virtual
photon exchange
between J /1 and
the AA pair.

* FFMNEDMEEN T EBEG P L1 NI, SERFHIBEHED).

- BT HFME, BEEENE,

Fermilab® M| & AR FHJEDM (1981%F)

22


https://journals.aps.org/prd/pdf/10.1103/PhysRevD.47.R1744
https://www.sciencedirect.com/science/article/pii/S0370269323001685
https://www.sciencedirect.com/science/article/pii/S0370269323001685

A EDMES 2 Bl

* ]/ — AA full angular analysis

SM: ~ 102%e cm

BESIII: milestone for hyperon

* EDMR BT WIBER LG T =L —PHE, e
SEIBT Bl £ H M g

« FHAFA Z[ERBUNIARSFRME, TREXEDM first achievement for X*,5~

e Ltk Z HiFermilabfYZERIZE T3INELR and B at level of 10~'% cm

a litmus test for new physics

arXiv:2506.19180 o e
RE(dA) _ (_31 + 32 + 05) % 10—19 e cm, _ ® BESII{Re(d,)) [1 STCF(Re(d,)) a STGF+Polar(Re(dy)) =

@ BESIl{im(d,)) O STCF(Im(d,)) a STCF+Polar(Im(d,))

—
e
=

Sensitivity of Re(dy) (e cm)
L ]
Sensitivity of Im(dy) (e cm)

Im(dy) = (2.9+2.6+0.6) x 107 e cm.

1010 = ! ; : '
E : : i e ¢ |3

—8.6x 107" < Re(dy) <3.3% 107" e cm,

—
(=]
©
|
! EEEEEY
—
o
©

—25%x 107 < Im(dpy) <7.2%x 107 e cm,

3
3

ol | s | 2
3 100 g a | i3

lda| < 6.5%x107" ¢ cm.

—_ —0
A p = =

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


https://arxiv.org/abs/2506.19180
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Electromagnetic Form Factors

Space-like
q> <O

Dalitz decay
Bl - B28+e_

Time-like
qg> >0

° Annihilation
ete” - BB
BB - ete”

Elastice™B — ¢ B |

(my —my)? (my + my)?
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Cross-feed Unfolding

* The bin-to-bin migrations estimated in MC.

c ¢ : : N

e F i ‘ 55 0.8

£ 16 | 0.7
,,,,,,,,,,,,,,,,,,,,,,, _ e

o 14 £ ' 0.6

-

12
10 - S-S
8 F

\m
6 y i
4 |
2 | i
0 Ll .\..i..\\..\llilll\

0 2 4 6 8 10 12 14 16 18 20

rec bin

* The svd-unfolded and normalized distributions
in two specific [z, , p¢] bins.

1 1l

08 [ 0s L
06 - 0'4<ZX<D'5; D.2<pt(GeV)<D.5 0.6 :_ 0'4<ZX<D'5; D.5<pt(GeV)<0.B
04 04 [

oz [ x2/ndf 6.5/4 oz [ x2/ndf 3.4/4

0 0
-1 -08-06-04-02 0 02 04 06 08 1 -1 -08-06-04-02 0 02 04 06 08 1
cos(0) cos(0)

In the thrust frame, the bin migration is
dominated by the smearing in p;, caused by
the resolution of the thrust axis.

2% - 35 % events are falsely reconstructed
in the adjacent p; bin.

Singular value decomposition(svd)
unfolding is used to correct the z,, p¢, and
cos O smearing and detector efficiencies
simultaneously.

In the hadron frame, the resolution of the
axis of the tagged light hadron is much
better than thrust axis, and not significant
migration is seen. The svd unfolding is not
applied for the hadron frame.

SVD unfolding: Nucl. Instrum. Methods A 372, 469 27



https://www.sciencedirect.com/science/article/pii/0168900295014780?via%3Dihub

Quark flavorin ete™ - A(A) + X

1 0.2<z,<0.3 ] 0.3<z,<0.4 1 0.4<z,<0.5 1 0.5<z,<0.9

0.8 0.8 0.8

0.6 0.6 0.6

0.4 0.4 0.4

0.2

0
0 05 1 1.5 0 05 1 1.5
pt (GeV) pt (GeV)

A

- Look at the flavor of the quark fragmenting to A(A), based on MC simulation (Pythia6.2). y



Quark flavor tagged by Kaon

0'2<ZA<0'3 ; 0.5<ZA<0.9

1 u
- - - S
0.6 0.6 'ﬁ
0.4 — 0.4 |(§:|
0.2 0.2 iIc

0 E 0

0.2 0.4 0.6 0.8 0.2 0.4 0.6 0.8

ZK+ ZK+

; 02<z,.<0.3

1 0.5<ZA<0.9

INnA+ K*(us)+ X, atlow z,,
there is anti-u quark contribution.
At high z,, s quark dominates and
the A polarization is negative.

InA+ K~ (us)+ X, atlow z,, u/s
dominate and at high z,, s/u
dominate.

MC indicates that the tag of the
quark flavors is more efficient at
low z, and high z;. It might explain
why at low z, and high z,,
polarizationin A+ h¥ and A+ h~
have opposite sign.

Note that charm contribution is not
excluded out here.
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guantum-entangled baryon pair production

1 _
1,1 . . _ P1/2172 = 4 2. Cupoyt @ oy
@ Spin 5 + 5 baryon-antibaryon density matrix: Ko
Y1 transverse polarization
1+, cos?0 0 Bysin 6 cos 6 0 )
O = 0 sin<0 0 Y4»8in 6 cos 0
Tpy T —By,sinf cos @ 0 Q) sinZ6 0
0 —Ysin 6 cos 0 0 — Q) —cos26

Y, transverse polarization
By =4/1— c«:fb sin(A®),  y =,/1— a:fb cos(Ad)

@ Unpolarised eTe™ beams = transverse polarisation (if AD # 0):

V1 —ay?cosfsind
Py(costl) = Gy SRTT sin(A®)

1+ ay, cos? 0
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Hyperon polarization [BESI  xcossw - 20y,

X/
J/¥ — AA P > XX J/Y - E7E J/p — E°E?
PRI129, 131801(2022) PRL135, 141804 (2025) Phys. Rev. Lett. 136, 201802 (2026) Phys. Rev. D 108, L031106 (2023)
IR ] 04 g orl Hﬁ\f
# 02— —] L ,
D e Al 0;_ _; % 0 :- -]
i~ Data -02— —
Signal MC [ -
» PHSF MC 04 :I | . o B
O — F z 30 . e 3 . . .
R _05 — _0_.5. — 1 0.5 0 0.5 1 -1 05 0 05 1 -1 0.5 cos?&_ 0.5 1
cosh, e cosf :
AD(J /1p) = (—0.274440.0033+0.0010)rad
Ad = (0.7521 £+ 0.0042 + 0.0066) rad AD(P(2S)) = (0.427+0.022+0.003)rad Ad = (1.2205 + 0.0159 + 0.0056) rad Ad = (1.168 £+ 0.019 + 0.018) rad
— S m—=t =030
¥ (3686) - AA Y — 20%0 P(25) - E7E P (3686) = E7E
arXiv:2509.15276 Phys. Rev. Lett. 133 (2024) 10, 101902 Phys. Rev. D 106, L091101 (2022) Phys. Rev. D 108, LO11101 (2023)
‘10'\7‘ v v ' | o4 T T T
0.2 T T T T 04k 3
0.15F (b) N |
0.1F 3 0.2 = + | ]
0.05F . | I j
L Ao ol \%I_,
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-0.1 3 | — Fit —E' azl- 3
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CDSB__\ - -0.5 mgsz 0.5 i COSGE cosf-
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