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Baryon Physics with e e~ colliders

Advantages of e*e™ colliders: Baryon Structure

— Clean production process with a well-known initial state.
— Baryon-antibaryon symmetric.
— Suitable for near-4m detectors

— allows an exclusive or highly constrained final state!

— Broad baryon physics scope.

Credit: DOE’s Jefferson Lab

Baryon Spectroscopy
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Time-like EM form factors

* "Snapshots” of the time evolution of the
baryon-antibaryon.

« Allow study of unstable baryons.

« Access option 1: e*e™ annihilation into an

exclusive final state.

* Access option 2: Baryon Dalitz decays.

Baryon Structure at ee~ colliders

0 4m3 (mq — mg)? (mq + my)

Figure adapted from E. Perotti, PhD thesis (Uppsala 2020)

2

Fragmentation functions

et

Figure adapted from PTEP 2016 (2016) 11, 113Bo4

* Quantify coloured partons forming colour-
neutral hadrons.

* Access in inclusive hadron production from
e*e™ annihilation.
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Baryon Decays & Spectroscopy at e"e™ colliders

Exploit
« Abundant production and well-known initial state in

Decaying charm baryons Af, 2}, 22

Quarkonium decays produced inthe e™e™ — c¢ continuum
J/¥, ¥, Y(NS)

N*, A% A 25 BT

» Versatile detectors for reconstruction of final state particles:

v, w5, nln, Ks, K, p, 0,71, €%, u* ...



orveser - BESIIT at BEPC-11

Super-KEKB, Tsukuba

« Asymmetricete”

BEPC-II, Beijing

« Nearly symmetric e*e™ collider.

*  Eqyg within 2.0 - 4.95 GeV — t-charm region.

2.1

 Peak luminosity 1.1 - 1033 cm™2s

2.1

 Design luminosity 1.0 - 1033 cm™2s

collider

— E(e*) =4 GeV,

Belle II at SuperKEKB

collision point I Belle Il detector |

— E(e7) =7 GeV.
Optimised near Y(45S5).

Peak luminosity
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| Positron damping ring |

— 532+ 103* cm™2s71 (Belle II off)
— 528 -103% cm™2s71 (Belle Il on)
thanks to nanobeam technology.

SuperKEKB
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BESIII also comprises a muon system and has replaced

BESIII and Belle 11

Both detectors are near-4m and offer high-precision tracking, PID and calorimetry.

the inner MDC with a cylindrical GEM detector.

RPC: 9

layers ‘

|

Electro Magnetic
Calorimeter

'%

eI

kX2

DC

Baryons with BESIII: nucleons, strange hyperons and
the lightest single-charm A and X, baryons.

Belle II has vertex detectors and a dedicated
muon + K; system.

KL and muon detector
Based on Resistive Plate Counter

EM Calorimeter
Csl(TI), SE/E: 1.6%~4%

)

electrons (7 GeV)

Clertex Detector

Vertex resolution: ~15um

Particle Identification
Time-of-Propagation counter (barrel)
Proximity focusing Aerogel RICH(forward)
K eff: 90%, fake  rate: 5%

. -
.

positrons (4 GeV)
Spatial resolution: ~100um
dE /dx resolution: 5%

pr resolution: 0.4%

Belle Il TDR, arXiv:1011.0352

Baryons with Belle II: Ground-state and excited strange,
heavy charm and strange-charm baryons.

7
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Recent highlights from Belle II
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Belle IT




Total integrated Weekly luminosity [fb~]

4
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~wite  Belle IT luminosity

Belle II 2019-2026: [ L., = 0.914 ab™1
Belle 1999-2010: [ L., = 0.980 ab™?!

Belle Il Online luminosity Exp: 7-42 - All runs

Integrated luminosity
I Recorded Weekly

] — -fﬂnemrdeddt =0.914[ab™1] e

1.0

Belle IT

Total integrated luminosity [ab™1]

25

L Y(1S) Y(4S)
sil i on-resonance
= | "Here be B"
A
g i off-resonance
< n "
- Y(2S) B free zone
P of -
- Y(3S)
\6 -
sk ) \
: + + L% AFTY Y . L R
continuum background
0 S YT ( O (PO | (S)L S LT O | (g) N PP [ T RIS (0
944 946 10.00 10.02 1034 1037 7 10.54 10.58 10.62
e*e” Center-of-Mass Energy [GeV]

808 fb~tatY(4S) (>7u fb~! from Belle)
Data per ab™! (- 10° events):

1.1 BB

1.3 cc Important for baryon physics!
21qq (q =u,d,s)

o9ttt”

Most results in this talk are obtained with
Belle + Belle II data.
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Charm hadrons are the only probe of up-type hadron decays

— transitions within quark generations: ¢ — sW (Cabibbo-favoured, CF)
or between: ¢ — dIW (Cabibbo-suppressed, CS).

Example

Y

d > d d

Y Y
v

c

Y

< d
W
W
u
s(d) ¢
17}

Y

(7

.
>

u

H

s (d)
u

Coupling between quark generations quantified by the complex CKM phase

— Drives CP violation in the Standard Model.

Complex interplay between weak and strong interactions
— Strong, non-factorisable contributions important.

D

<[O

Belle IT

Charm baryon decays with Belle II

10



Two-body decays of =,

DR D
e (Wa] p Rey. D 113, 032015 (2026)
Belle Belle I Y
(o ¢

le i L Zhao et al. [16]
Lo — o i L Geng et al. [19]
¢ ¢ i L Zou et al. [23]
—c— ——— [Eem| i - Geng et al. [20]
jo| ] i - Hsiao et al. (I) [17]
| 23] i - Hsiao et al. (II) [17]
——| o " i L Zhong et al. (1) [21]
o——— o—— |—o—{ L Zhong et al. (1) [21]
e - o i - Geng et al. [24]
(a2 ] [ i - Zhong et al. [18]
e hed }-o'{{ - Xing et al. (I) [22]
— ] —eo— i - Xing et al. (II) [22]
—e— .l —>i [ Belle and Belle II
(Iléllé (I)HHIISHH ([]é(]i combined measurements

BR(E? - An) BR(E? - An') BR(E? - An®) all-107*
Figure from Ref. [1]

*BRs are relative to 50 - E-ntand £f - 272"

With 980 fb~! from Belle and 430 fb~?! from Belle II:

[1] PRD 113,032015 (2026): New
«  First BR* measurement of CS decays =0 — An, An’

«  Upper limit of 0 — An°.

[2] JHEP 08, 195 (2025):
« First BR* measurement of CF decay £/ — XK and
CSdecay £ - E°K ™.
0.+

* Most precise BR* measurement of CF decay £ — =27,

[3] JHEP 03, 061 (2025):
First BR* measurements of CS decays =/ — pKj,

Efr > Antand EF - 20xt,

[4] JHEP10, 045 (2024):

«  First BR* measurement of CF decays 0 — Z

EF > E%and £f - 2%

07'[0,

11




Two-body decays of Z,.

Charm baryon decay asymmetry

DOl D
Belle Belle IT

* Includes 980 fb~! from Belleand 430 fb~?!
from Belle II [1].

 Exploits W(cosfz) x (1 + ag ag cosOz).

» Uses PDG /BESIII value for a= [2].

e First measurement of axz,:
az. (50 - E079) = —0.90 + 0.15 + 0.23

Lab. frame

[1] Belle + Belle II, JHEP10, 045 (2024).
[2] BESIII, Phys.Rev.D 108 (2023) 3, Lo31106

Figure adapted by ChatGPT from [3]. [3] Belle, Science Bulletin 68, 583 (2023) 12
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New,

Study of CS decays A} - AK* 7% and AT - AK™q
obtained with
980 fb~! from Belle
and 570 fb~! from Belle II.

B(A:—>AK*O) (x107)

Most precise!

(a) (b)
Experimental band
Preliminary
@ —&-
O
—— ——
—— A
e e a
lJIlJlJlI JIlIJIIllJIllIll

0 2 4 0 2 4 6 8

B(Ai—AK™n) (x10™)

® Preliminary Belle + Belle I1
(O BESIII, PRD 109, 032003 (2024)
B Geng, PRD 99, 073003 (2019)
ACen, EPJC 79, 946 (2019)

* Geng, PRD 109, 093002 (2024)

BRs are relative to A} - At =0.

Three-body decays of A7

Events/[2 MeV/c?] Pull Events/[5 MeV/c?]

Pull

3000

2000

1000

-Lll}ﬂl\.}-h

150

100

50

LPL'!GM-h

Signal channels

& Data o AEXK RO
— Total Fit = Ap—Am'mO
cere AV AK™RO « Combinatorial

reanstt ) ey SEU T T

23 24

M(AK'n?) [GeV/c?]

é_.‘_-_l._r-l . lj_-l _-lJ-rl .J_l.___rrﬁ_.r_-l_-__._

¢ Data
— Total Fit
-ees Al—AK™

« Combinatorial

>

4 ‘ " - 1

....................

" L
2.25

23
M(AK™) [GeV/c?]

E =

e o L e

13



CP tests in three-body decays

D>

Belle IT

. 400
3 Belle Il [ L dt = 428 fb~?
[
= 300 { data
: —— total fit
g 200 background
w
H 7
g w0l 1 + + 17+
b= ~— —
- X 2 LTKTK
8]
2.40 2.42 2.44 2.46 2.48 2.50 2.52 2.54
M(ZF = Z*K*K™) [GeV/c?]
2z 05 l
g i b § {
E o 0t ppttiies it st b b sty
g i { t
< =05
2.40 2.42 2.44 2.46 2.48 2.50 2.52 2.54
~ - -1
% 6000 Belle Il [ Ldt =428 fb
(] + data
x —— total fit
8 40001 - background
g - e
B
2 2000 + + 71—
2 At > pKtK
S C
0
2.24 2.26 2.28 2.30 232 2.34
M(AS =pK~K*) [GeV/c?]
Z o1
g i i ty 4ot ! +
E 0.0 ] “
o
£-0.1
2.24 2.26 2.28 2.30 2.32 2.34

A

New

Phys. Rev. D 113, 032017 (2026)

T 150
s Belle Il [ Ldt = 428 fo=! —_
: | data I Ef > ¥tntn
Zw0{ L"“”"(ﬁ‘ .
O ackgroun
g
("]
Qo
8
°
e
8
0
2.40 242 244 246 248 250 252 254
M} =Z*n*n~) [GeVic?]
2 05
g Mt Lt bttt YR G bt
A u T 1% L ol | T ’ 1 LU L
% ||[|1”u Py T THITII”IITIIITW j
-0.5
240 242 244 246 248 250 252 254
10000
% Belle Il [ L dt = 428 fb~?
3 80000 | dota
= —— total fit
g 6000 —- background
"] v e
§ 4000
- + + —_—
b=}
5 2000 A - pt'n
2.24 2.26 2.28 2.30 2.32 2.34
M(AS »prn—nt) [GeVic?]
2 o1
£
E oo
Z-01
2.24 2.26 2.28 2.30 2.32 2.34

- i —

Obtained with 428 fb~?! of Belle II data

CP asymmetry from decay widths:
rxd —fH -1 - f)
PXE —f*)+1(X =)

Acp(XT - f7) =

First measurements of individual 3-body
baryon decays (all CS):

ACP(E;I- - Z+K+K_) = (37 + 6.6 06)%
Acp(Ef - %™ n™) = (9.5 6.8 £ 0.5)%
Acp(AT » pKTK™) = (3.9t 1.7+ 0.7)%

Acp(AY - pritn™) = (032102 0.2)%

U-spin (d < s exchange) sums:
Acp(ES » 2™ ™) + Acp(A » pKTK™)
= (13.4£7.0£0.9)%
Acp(EF » ZTKTK™) + Acp(AT » p™n™)
= (4.0 6.6 £0.7)%

Consistent with CP and U-spin symmetry!'*
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Analysis of 102 M events of Y(15) and 158 M events of
Y(2S) from Belle [1].

Belle II analysis framework.

Search for [udscc] pentaquark states in
Y(NS) - J/WAA +anything.

Confirmation with 3.30 of P,z;(4459)° found by LHCb [2].
No evidence of P,;(4338)°.

[1] Belle + Belle II, Phys. Rev. Lett. 135, 041901 (2025)
[2] LHCb: PRL 15, 072001 (2015); ibid. 122, 222001 (2019)

Search for pentaquarks

DR D
a»] [¥s] Phys. Rev. Lett. 135, 041901 (2025)
Beﬂe Belle IT

Mode B(x107%)
Y(1S) — P.z5(4459)°/P:5(4459)° + anything 3.5+2.0+0.2
Y(2S) = Pcz(4459)°/P.(4459)° + anything 29+1.7+04
Y(1S) = P.z(4338)° /}_’C.gs(433§_%)0 + anything <1.8
Y(2S) — chs(4338)0/13¢53(4338)0 + anything < 1.6
15
- -+ Data
- = Total fit
L ---- Signal fit
--- Sideband fit
10}~ -~ no-P simulation IAMLTAE)
sideband 1800 T29)

Entries/10 MeV/c?

I

“l"-. s

A I.n(" 1

$
S
—

ii AL

2.2 4.3 4.4 4.5

4.6 4.7

M@J/yA) (GeV/c?)

15
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Charm baryon pairs from B decays

[1] Phys. Rev. D 112, Losu01 (2025): ete™ - Y(4S) » BB,B — E.2.(2455) + c.c.

« 71 fb~! Belle + 365 fb~! Belle II.

* Significances > 60, BRs larger than single-charm B — pZ.(2455).

* Results consistent with diquark model.

|2] arXiv:2606.12905, acc. by Phys. Rev. D:

« - fb~! Belle + 492 fb~! Belle II. ” t

« Same final state as above + an extray from E, = E_y.

BRs 2-3 times larger for sextet Z, than for ground-state Z,..

—+— Data
= Total Fit
=== Signal

—e— Data
— Total Fit
===+ Signal

B
o
T
N
o

- Preliminary ~ Preliminary

= =
4] 4]
= =
S 30:_ £ scF S C KX scF
8 - Il Combinatorial 8 15 » [l Combinatorial
2 5ol N
T 20F T 10F
o C ° C
2 2
o o

0 -0.05 0 0.05 0

AE [GeV] arXiv:2606.12905 AE[GeV]

b < < c =,
S Z¢
w+ q
B <<
q
c X2.(2455)
q > q

Decay BR (-107%)
+ stat. £syst. xsyst. from BR(E,)

5.74 + 1.11 4+ 0.42%227
4.83 +1.12 4 0.3715:72
16.8 + 3.1 + 1.211%°
128+ 3.2+ 1.0%39

Bt —» E;3}%(2455) [1]
B? — E9%9(2455) [1]
Bt — EZ'2}+(2455) [2]
B - £%'%2(2455) [2]

16
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srrona More baryon results from Belle + Belle II

Measurement of the At lifetime, Phys. Rev. Lett. 130, 071802 (2023). B

Belle I

— Most precise to date!

Measurement of the Q2 lifetime, Phys. Rev. D 107, 3, Lo31103 (2023). B

Belle I

r=d Kz=
Measurement of the BR of AT - pKIm®, Phys. Rev. D 112, 1, 012013 (2025)

Search for the baryon number and lepton number violating decays 7~ » Ar~ and t~ - An ™,
Phys. Rev D 110, 112003 (2024).

Search for 2%, Q™p and Q™ n dibaryons in Y(1S) and Y(2S) decays, arXiv:2605.29778 (2026).

o =d Kz=,
sl=pes
Belle Belle IT \

17
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Recent highlights from BESIII

SESII

18



BESIII luminosity

104 - BESII W3770p S | Baryon-antibaryon pairs from
- goal: E
- Summer 2026 10 . B :
: W 35 x109D.D%% © ] + 10" J/Wevents
- I w(25S) . o piT- | + 3.5-10° ¥'(3686) events
— ool 1 e 20 tatw(3773)
'q d . |+ The qq continuum in
Q ol . g . * el ® C _ [1.8 , 3.08] GeV (light and strange)
~ : . e e e e e and > 3.735 GeV (triple-strange and charm)
= i o o ° e ° ® ]
J o ‘ ° ° |
10! - e g ~ * i - ’ e - E
-
109 -.. ¢ oo E
2.0 25 30 35 4.0 45 5.0
Ecm [GeV]

19
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70¢ . E—
60F ¢ Jiy data
'g 50F — Total
- - —— Signal
% 40¢ —— Background
2 30
[ o
2
o 20
10§ I
AT 8 10
Ry,(cm)
T T T T T
140 F
— 120F ¢+ Jhydata
Qo N
> 100F Total
= — Signal
- —— Background -
2
[y
[44]
=
Ll
00 002 004 006 008 010
M,..(GeV/c?)

xewo” First measurement of BR(X° - Aete™)

1] using ’T\/

New study of the Dalitz decay by BESIII
>V from J /¥ - 2939,

*  Well-known from BESIII [2]
e X% > Ay reference for BR.

« TagZ®in X0 - Ay.

* Identify Dalitz decay
¥V > Aete” s> pnete.

« Externally converted y separable
through e*e™ mass and vertex.

[1] arXiv: 2608.16076
[2] Phys. Rev. Lett. 133, 101902 (2024).

Events / (0.9MeV/c?)

BT

50

40F
30F

20F

4 Data
Il Signal

Il con Bkg E
[ noncon Bkg

15 116 117 118 119 120 121 122 123 124
2
M, (GeV/c?)

20
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First measurement of BR(Y 0 AeTe™)

Related BESIII studies of the % — A transition:

* First complete measurement of the complex
%9A EM form factors [3].

[ § Eachbinresultfor dy>Rx" E Each bin result for Jig A"
I I I 5 04: 5 a3 O4i 4 Each bin result for

q 0.2‘ Global result I
0 4m? (my —mg)? (my + mo)? g

o 0f
=0.2F
*ﬁ Preliminary results: 0.4

ey - T m ¥ sy mr Yo
BR(Z® > Aete™ +c.c.) = (6344 0.25 + 0.23) - 1073 [1]

cos0 cos6
Theory prediction: BR (£° - Aete™ +c.c.) =5.5-1073 [2]. * Thee*e™ - Z°A cross-section lineshape in
[2.3004, 3.0800] GeV [4].

»E T

Measured transition magnetic moment:

u=(1.74+ 0.03 + 0.09)uy 1] BESIII, arXiv: 2608.16076 (2026).

[

[2] Feinberg, Phys. Rev. 109, 1019 (1958).

[3] BESIII, Nature Commun. 15, 1, 8812 (2024).
[4] BESIII, Phys.Rev.D 109, 1, 012002 (2024). 21



New measurements of A and At EM Form Factors

e ete” > YY - BrnBm from scan data BES]]I

— Combine double-tag and single-tag data for A — pr™.

— Combine 2-body and 3-body single-tag decays of Af .

* Exploit spin polarisation and correlations to extract
complex EM form factors from angles [1].

[1] Faldt & Kupsc, Phys. Lett. B 772 (2017) 16. 22
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Ad e (rad)

2.5

2.0

1.0

0.5

0.0
10

A EMFFs

Measured EMFF ratio R(g?) = | GE((q 2)) | and phase )
Ad(g?) at 5 energies in [2.38, 3.08] GeV [1].

Fit based on dispersion relations [2] to BESIII and

BABAR (3] data. .
Phys Rev. Lett 135, 191 902 (2025)
i Charge RMS radius
: 22:;::91:;11 fé\ =—0.076 £ 0.043 fm
A e BAEAR[ [1]6]
R K — Asymmetric charge
» - | distribution,
d,s quarks at the
i | centre.

* A EMFFs

Scan data at 13 energies in [4.6 , 4.95] GeV [4].
Combined four 2-body and one 3-body decay mode.

Significant polarisation: 4% < \/ < |PX'+|2 > <18%
Measured R(g?) and sinA®(q?).

2.5

[1] BESIII, PRL 135, 191 902 (2025)

g
|
> : [2] Mangoni et al., PRD 104,
y i 116016 (2021)
|
i

(3] BABAR: PRD 76, 092006

2 2 | 5 8 0 2 14| [4] BESIII, Phys. Rev. X 16, 031058 (2026).

g2 (GeV3/c?)

¢  This work
2.01 t BESII previous results
— === Theo. Cal. (2021) Besm
6‘: 1.5 —— Theo. Cal. (2024)
o
O 1.0
0.5
0.5
S 0.0
3 0.0
5
v
—0.51
—1.01
4600 4650 4700 4750 4800 4850 4900 4950
Vs (MeV) 23
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CP tests in strange hyperon decays

. . + —_— x> —
* Exploit same formalism for eTe™ = YY — BnBmr [1] as for 1] Fildt & Kupsc, PLB 772, 16-20 (2017),

2] BESIII, PRL 135, 191 902 (2025).
3] BESIII, PRL 136, 251802 (2026).
4] BESIII, PRL 135, 141804 (2025).
5] BESIII, PRL 133, 101902 (2024).
6] BESIII, Science 393, 1027-1030 (2026)

the EMFF measurement [2].

at+a

— Recent CP tests through A.p = — in A,X decays:
- J/¥ - AA - nnpr 3]
— J/¥Y& WY (3686) - XX - prpr® [4]
— J/¥ - 2°%°% 5> AyAypr~yprty [5] - strong and weak CP tests in 2% EM decay!

— — — — — —

» Expanded formalism encoding P- and CP-violating form factors F 4 and Hy allows the
search for hyperon Electric Dipole Moment (EDM) [6].

— Alternative to the spin-precession
method.

— First measurement
consistent with A

BGS]]I zero EDM. )Ne(

Figure from [6]
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Sequential baryon decays

CP test in the one-step decay process Y — BM involves strong and weak phase shifts

+ *
Acp = % ~ —tan(§, — 8, )tan(§, — &)
CP conserving, depend on strong FSI #+ 0 = CP violating

CP tests in sequential decays Y; — Y,M; - BM, M, involves only the weak:

+ *
Mpep= B2~ = (5, — E1o

— More sensitive to CP violating effects!

Figures from Schonning et al., Chin. Phys. C 47 052002 (2023)
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Recent CP tests in sequential = decays:

e EEtoAn Ant s prn rnprntat + c.c [1,2]
e EEto AnAnt s prnrn an’mt + c.c. [3]
e EYE0 5 AnPAn® - prn%prtn® + c.c. [4]

— Most precise measurement of weak phase differences so far!

1] PRL 136, 201802 (2026)
2] Nature 606, 64 (2022)
3] PRL 132, 101801 (2024)

[
[
[
[4] PRD 108, L031106 (2023)

Figure from [1]

Sequential strange hyperon decays

3SI

New

—
—_—
— e

——

1998 BChPT LO model I
1998 BChPT LO model II
2001 K-matrix approach
2004 BM-exchange method
2017 BChPT NNL model
2022 SM prediction

2004 HyperCP

2024 BESIII 10'0 J /¢ — =020
2024 BESIII 10'° J /v — mc
2022 BESIII 1.3 - 10° J/¢ — E;.?;’
This work

—100 0 100
(6p — 83) - 1073 [rad]

—50 0
(&p — &s) - 1073 [rad]

50

26
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Py, Theo. and Exp.
Kérmer (1992), CCQM ° °
PYz Xu(1992), Pole o
Cheng, Tseng(1992), Pole » [ ]
Cheng, Tseng(1993), Pole L] [ ]
by Sl BB, Zencaykowski (1994), Pole ® L] [ ] o
Zencaykowski (1994), Pole » [ ) [ ®
Alakabha Datta(1995), CA [ ® ® ]
. . d . Ivanov(1998), CCQM [ ] ] L]
Preliminary results from recent study [1]: s s ] . . .
Geng(2019), SU(3) o [ —o— —o—
R Zou(2020), CA (] ] ® w
* Weak decay asymmetry parameter oc of: 7500 seer o ' " p
+ 0 Zhong(2022), SU(3)? —e— ¢ [} o
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[1] BESIII, Phys. Rev. X 16, 031058 (2026) 27
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V/Ne“’\( Hyperon semileptonic decays

Double-tag method using YY pairs (Y = A,E)in ete”™ - J/¥ > YY,Y - Be™V,,Y - B + c.c.

— Neutrino identified through missing kinematics.

* Exploit joint angular distribution from spin polarised and entangled YY pairs.

A - pe v, [1]:

P~ —
Lol
Ad

First measurement of the weak-electricity coupling gy ».

Axial-vector coupling g, and weak-magnetism coupling g, with precision comparable to resp.
slightly larger to Fermilab [2] despite 20 times smaller data set.

— Ae~ Vv, [3]:
— First measurement of absolute BR.

— Axial vector coupling g,, and axial charge g%

BESII

[1] BESIII, Nature 657, pages 92-97 (2026)
[2] Dworkin et al., Phys. Rev. D 41, 780-800 (1990).
[3] BESIII, Phys. Rev. Lett. 137, 091801 (2026) 28
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Summary

BESIII runs since 2009, has exceeded its design luminosity and extended its energy range.
Belle II runs since 2019 and is entering the "ab~! era” thanks to the nanobeam technology.

The near-4m coverage and clean production mechanism enables a broad baryon physics
program for both experiments.

BESIII: pioneering and world-leading measurements on structure and decays of, in particular,
strange baryons.

Belle II: unique and world-leading results on charm baryon decays and lifetimes.




= Outlook: Future opportunities

* Baryon structure:

— Increased precision of EM form factor
measurements with continued BESIII
operation, and possible with Belle II through
the ISR technique.

— Belle II, and also BESIII, can access

baryon fragmentation functions.

Picture credit: Goran Durgé

* Baryon spectroscopy: Expected progress in
multistrange spectroscopy through charmonium decays (BESIII) and multi-body charm
baryon decays (Belle II).

« Baryon decays: Goldmine especially for decays containing neutrals of strange hyperons (BESIII) and
charm baryons (Belle II).

« Baryon interactions: YY and YN interactions accessible in bottomium decays (Belle II) and

secondary hyperon interactions with beam pipe material (BESIII). -
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Crucial component to predict properties of
hypernuclei.

Needed to understand the hyperon puzzle of N
neutron stars.

331 eeeee

Secondary YN and YN interactions with hyperons 23
fromete™ - J/¥W - YY.

345  ---ee

0.001436
3148564 ------ ¥.....d

Recent YN and Y N studies:
— E% - Z7p [PRL 130, 251902 (2023)]
— AN - %X [PRC 109, L0o52201 (2024)]

Hyperon-nucleon (YN) interactions

BESII

0il (C, H)

Au ]

! . .
] Y: Scatters in beam pipe

et I €

NV

— Ap - Ap and Ap - Ap [PRL 132, 231902 (2024)]
— Ap » Ktntn~kn®, k=1,2,3 [PRL 136, 171904 (2026)] w

Y: Tag in detector 32




R Entanglement in ¥(3686) — AA

¥ BESII

Test of Bell nonlocality through
spin correlations.

- Data
= Theory
¥3Inbin =1.10

- Data
- [t
¥?nbin = 1.28

CHSH bound I

—Data Clauser-Horne-Shimony-Holt

== Theory

inbin =1.74 ~ (CHSH) violation by 3.7 o.

-1 -0.8-06-04-02 0 0.2 0.4 0.6 0.8 1
cosé,

- Data
- it
¥%nbin = 0.79

arXiv: 2509.15276 (2025), accepted by Science Bulletin
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Search for dibaryons with Belle + Belle II
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Most precise lifetime measurement of A7
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* Previously most precise measurement from LHCb is relative
tothe D lifetime [2].

* Belle Il measurement independent of the D* lifetime and
most precise to date.
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[1] Belle II, Phys. Rev. Lett. 130, 071802 (2023).
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