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Introduction



m From Nucleons to SU(3) Flavor Sector B‘ES]I[

Nucleon sector (SU(2))

Strange baryons (SU(3))

What we learn

Nucleons (p, n) Hyperons (A, Z, Z, Q, ...) ( )
. ]SI] Flavor
Extend to
symmetr
SU(3) flavor [)), ki y
sector reaking
| -’ Quark
dynamics
«  Well-established spectrum « Rich predicted spectrum : j
- Many states observed + Many states unobserved VA N Baryon
« Quantum numbers relatively « Quantum numbers & decays C“ff:\ ~ structure
well determined ) | poorly determined
\ W, \ w,

{ ii ¢ Strange baryons probe flavor-symmetry breaking and quark dynamics in the SU(3) sector.




m Hyperon Status B—ESI[[

PDG(2026)

Hyperon family A(S=-1) > (S=-1) =(S=-2) Q (S =-3) Total
@ 1=0 & /=1 |=1/2 @ /=0 (All families)

(Strangeness S)

@ Established 10 states \ 8 states \ 3 states » 1 state 22 states
(43.5%) (28.6%) (25.0%) (16.7%) (31.9%)

@ Very likely \ 4 states N 4 states 4 states 2 states n, 14 states
(17.4%) (14.3%) (33.3%) (33.3%) (20.3%)

Q Fair evidence » 2 states S 3 states \ 3 states 2 states wn 10 states
(8.7%) (10.7%) (25.0%) (33.3%) (14.5%)

° Poor evidence ‘ 7 states ) 13 states N 2 states ~ 1 state ) 23 states
(30.4%) (46.4%) (16.7%) (16.7%) (33.3%)

Total (all ratings) 23 states 28 states 12 states 6 states 69 states

C:/ As the strangeness increases from S = -1 to S = -3, the experimental knowledge

decreases rapidly, while the opportunities for discovery increase dramatically.



https://pdg.lbl.gov/

m Two Complementary Questions

BESII

(

N )
Which excited states exist? How are they structured?
é 150 “ JP /’ == ‘\ ’ = _‘_
i = 14+ 3= @ é - )
’ 2 9P B %
E‘_‘: N B L e o e 54+ 7-
MR G 272" qqq core  Meson—baryon diquark electromagnetic
Mass spectrum Missing states Spin—parity J* cloud correlation transition
® Many predicted hyperons remain unobserved ® Transition amplitudes probe wave functions
® Masses, widths, J¥ and decay modes require PWA | | ® Radiative decays test quark models and SU(3)
\ J \ y

@ Spectroscopy + decays = spectrum and internal structure




The BESIII Experiment




m BESIII: Hyperon Factory

BESII

.
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10.1 billion J/Y¥ events

N\

2.7 billion P(3686) events
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Large data samples enable rare channels and amplitude analyses.




Key Spectroscopy Results




LEY Key Results I: Confirmation of A(2325)

BESII

)

(3686) —» AZ°1%: 2.7 B(2S) = 15561 + 131 AZ°x° |

Events / 0.010 GeV/c?

1.4 1.6 1.8 . 20 22 24 26
M@T) (GeVic?)

Events / 0.010 GeV/c?

‘5.:2

JHEP. 02

24 2.6 2Ls0 3.0 32 34 3.6
M(AT) (GeVic?)

212 (2025)

{ Data Background
— Total fit — A(1405)

% —— A(1600)

A(1670) A(1690)

<) \— A(1800) — A(1890)

— AQ2325) 2(1385)
¥(1660) 2(1670)
X(1750) 2(1910)

350¢
300¢
250¢
200¢
150;

Events / 0.010 GeV/c2

Pull
o

8314 16 18 20 22 24
M(°A) (GeV/c?)

Resonance Mass (MeV/c?) Width (MeV) B (x1079)
A(1405) L N 0.44 £ 0.05 + 0.12
A(1520) 1519.9 + 1.6 +4.8 206+ 19 £06 0.19£0.05 £0.05
A(1600) 1570.5 + 4.6 £12.1 22814+ 11.9+34.8 449 +0.25+1.23
A(1670) 1667.5 + 2.3 + 3.6 302+ 42 £8.7 0.33 +£0.07 £ 0.09
A(1690) 1691.1 + 44 +15.7 723+ 4.7 +£183 0.55+0.11 +£0.10
A(1800) 1800.9 + 13.3 £ 12.6 208.8 + 14.5 + 36.7 0.60 £ 0.15 4+ 0.18
A(1890) 189724+ 9.6 +£6.2  149.2+13.5+4.1  0.47 £+ 0.10 4 0.09
A(2325) 2306.5 £ 6.3 £17.1 2271 +£12.2+47.8 2.93+0.20 £ 0.26
Y(1385) 1388.2 4+ 1.9 £3.3 605+ 3.6 £6.3 1.30=£0.11 £0.19
3(1660) 164324+ 45 £76 221.3+13.1+41.1 3.53 +£0.29 £+ 0.63
¥(1670) 1679.7 + 3.4 +4.3 870+ 6.4 £8.9 1.60+0.25+0.38
(1750) 17149+ 4.2 £ 7.3 972+ 98 £9.7 1.394+0.23 +0.32
3(1910) 1912.1 +10.6 + 33.6  225.1 +24.5 +46.0 0.23 £+ 0.10 £ 0.06

e

® 13 resonances detected

® Strong existence of A(2325): J¥ = %_

® Flatté-like and chiral dynamics model for

A(1405) dipole structure = distinguishable

due to the limited statistics
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https://doi.org/10.1002/andp.19955070504
https://doi.org/10.1002/andp.19955070504
https://doi.org/10.1002/andp.19955070504
https://doi.org/10.1016/S0375-9474(03)01598-7
https://link.springer.com/article/10.1007/JHEP02(2025)212

IXY Key Results I: Confirmation of A(2325) BESII

A 1/2Jr Fkkk

A(1380) 1/2* *%
A(1405) 1/2_ Fkkk
/1(1520) 3/2_ *hkk
s b /1(1600) 1/2"‘ *hhk
A(2325) /1(1670) 1/2_ *hkk
KN dominant A(1690) 3/2~ Fhkk

[ ] A(1710) 1/2% *
Sepee A(1800) 1/2- -
channels A(1810) 1/2+ *hk
required by PWA A(1820) 5/2% ok
¥ dominant 9 y 21218303 5?2:r *kkk
- 1890 3/2 -

3/2~ favored 4(2000) Vo .

X P A(2050) 3/2~ *

A(2070) 3/2+ *

A(2080) 5/2~ *

\ /1(2085) 7/2+ >k

i A(2020

b ChlraI: 11.10- %10(0) ) 7/2_ *kkk
, lA;%zllm 5/2"‘ Kkk

« Flatté: 11.20 2325) 3/2- *
A(2300) 972" T

« Cannot be distinguished 4(2585) *

J

@ A(1405): structure unresolved | A(2325): existence strengthened




IXY Key Results II: Observation of £(2330) BESII

| (3686) — pK*3%: 2.7 B(2S) = 6100 + 86 pK+5°0 | " JP scan for £(2330) |
g —+— Data Background I ANLL A Ngof S (o)
% —— Total fit N(2300) 1/2- 20.1 6 5.1
% N(2570) NR, 1/21L 48.9 6 8.9
: A(1520) —— %(1660) — - - —ZTr
’ —X — ¥(2010) 52 74.1 8 * 1.0
I o ~ 52T BT 8 9.1
E_g;fr"‘nf‘*""""*'*"'ﬁl | | 2(atll) 00 N 44.3 8 8.0

14 1.6 18 20 22 24
MﬁK* (GeV/c?)

r

® Observation of a new excited state

3

¥(2330): JP = 5_ - 11.9¢

® M = 23347 +7.9 + 16.0 MeV/c?
® ['=2063+95+ 184 MeV
® Compatible with the predicted 1F(3/27)

Events / (20 MeV/c?)
Events / (20 MeV/c2?)

HO IS 0 R MW m Ao s | state within 8 MeV/c? pew ody syst 65, 62 2020

arXiv:2602.11501



https://link.springer.com/article/10.1007/s00601-024-01933-1
https://arxiv.org/abs/2602.11501

IXY Key Results Ill: Observation of £(1720) BESII

 J/Y - KI°ET10B /i > 4545 + 73K E05

( )
g -+ Data -
G 300 oy | | ® Observation of a new doubly-strange hyperon £(1720): J* =
gy st ierg £(1690 C
2 ....N(on_rei ® Significance: More than 100
= - Z(1820
g S0 | | ® M =1721.0 + 5.2 + 3.4 MeV/c?
3 rodeband | @ I'=31.3418.3 + 15.4 MeV
e P i ® Absence of any theoretical prediction for such a state near 1.7 GeV/c? (JF = % )
M, o (Gev/c?) \ )
( )
350¢ 1~
& 300£(0) ® =(1690): )7 =
> o50E
i ® M =1695.0+ 0.9 + 0.9 MeV/c?
200
= ® [=128+1847.6MeV
%) 50F
S 100E ® Consistent with the previous results
> C
. e pupeer S el e ® No established such a state Z(1690) with
0)s e e L o[ AN sl i ki i 2
182 184 |8 188 |9 2.52 2.54 2.56 2.58 b 1- , .
m, = (Gev/c?) M. - (Gev/c?) J¥ == has been theoretically anticipated.
\\ V.

arXiv:2604.27028 13



https://arxiv.org/abs/2604.27028v1

IXY Key Results Ill: Observation of £(1720) BESII

Ref. 22: Phys. Rev. D 92, 054005 (2015)

Mass (GeV) Ref. 23: Int. J. Mod. Phys. A 38, 2350053 (2023)
A Ref. 24: Nucl. Phys. A 1035, 122658 (2023)
2.00 — Ref. 22: 1966 Ref. 23: 1964 Ref. 24: ~1966
.................. @ ® ® lowest predicted 3/2* = =~ 1.965 GeV
1.95 — 1 /
i - 2(1720):J% =3/2* favored
S Theory gap: models place the
Licle lowest 3/2* = near 1.95 GeV
40" \ Similar case for £(1690) Y
175 :: =(1720): 1721 MeV, 3/2* favored
AM = 26 MeV (~30 MeV)
1.70 - A4 =(1690): 1695 MeV, 1/2~
1.65 —
A 4

@ A state at 1.72 GeV with 3/2* was not predicted = spectrum remains incomplete



https://link.aps.org/doi/10.1103/PhysRevD.92.054005
https://www.worldscientific.com/doi/10.1142/S0217751X23500537
https://www.sciencedirect.com/science/article/pii/S0375947423000611?via%3Dihub

Radiative Decays




Radiative decays for A(1520/1690) - yA/yX’ B-ES]]I

Theoretical predictions:
« Differ significantly

« Assuming A(1520) to be a SU(3) sinlglet:
Phys.Atom.Nucl.

59, 2080 (1996)

Phys. Rev. D 73, 114001 (2006)

B(A(1520)-yA)

R B(A(1520)-yZ0)

0.3

Experimental measurements:

50

¥ A(1520) - yA L 1 HBC
? A(1520) - yx0

N /20 MeV

40

1
°°°°°°°°°

20 | 30
| C

10 } i
lasg o |
-025 0 025 050 L

Bi— Bf +y A(1520) - yA | A(1520) — yZ0
YOM [3] 134 92
NROM 156 [61,96 [7] | 55 [6], 74 [7]
RCOMI8] 215 293
MIT Bag[6] 46 17
Chiral Bag[9, 10] 32 51
Algebraic model[11] 85.1 180.4
CLAS [5] 167 + 4375
o 25
% 225 | x*/ndf 40.78/52
7 173 2(1385), A(1405)
By
S 10 A(1520)
7.5
Sl
i 2.5 | ol
SO AR AL 13 14 15 L6 17

13 14 1516 1.7 1.8 1.9 2
M(AY) [GeV]

Phys. Rev. Lett. 21, 1715 (1968) Phys. Lett. B 604, 22 (2004)

My (GeV)
Phys. Rev. C 71, 054609 (2005) 16



https://journals.aps.org/prd/abstract/10.1103/PhysRevD.73.114001
https://journals.aps.org/prd/abstract/10.1103/PhysRevD.73.114001
https://journals.aps.org/prd/abstract/10.1103/PhysRevD.73.114001
https://journals.aps.org/prd/abstract/10.1103/PhysRevD.73.114001
https://journals.aps.org/prd/abstract/10.1103/PhysRevD.73.114001
https://journals.aps.org/prd/abstract/10.1103/PhysRevD.73.114001
https://journals.aps.org/prd/abstract/10.1103/PhysRevD.73.114001
https://journals.aps.org/prd/abstract/10.1103/PhysRevD.73.114001
https://journals.aps.org/prd/abstract/10.1103/PhysRevD.73.114001
https://journals.aps.org/prd/abstract/10.1103/PhysRevD.73.114001
https://journals.aps.org/prc/abstract/10.1103/PhysRevC.71.054609
https://journals.aps.org/prc/abstract/10.1103/PhysRevC.71.054609
https://journals.aps.org/prc/abstract/10.1103/PhysRevC.71.054609
https://journals.aps.org/prc/abstract/10.1103/PhysRevC.71.054609
https://journals.aps.org/prc/abstract/10.1103/PhysRevC.71.054609
https://journals.aps.org/prc/abstract/10.1103/PhysRevC.71.054609
https://journals.aps.org/prc/abstract/10.1103/PhysRevC.71.054609
https://journals.aps.org/prc/abstract/10.1103/PhysRevC.71.054609
https://journals.aps.org/prc/abstract/10.1103/PhysRevC.71.054609
https://journals.aps.org/prc/abstract/10.1103/PhysRevC.71.054609
https://inspirehep.net/literature/428800
https://inspirehep.net/literature/428800
https://inspirehep.net/literature/428800
https://doi.org/10.1103/PhysRevLett.21.1715
https://doi.org/10.1103/PhysRevLett.21.1715
https://doi.org/10.1103/PhysRevLett.21.1715
https://www.sciencedirect.com/science/article/pii/S0370269304015138?via%3Dihub
https://www.sciencedirect.com/science/article/pii/S0370269304015138?via%3Dihub
https://www.sciencedirect.com/science/article/pii/S0370269304015138?via%3Dihub

Radiative decays for A(1520/1690) - yA/yX’ B-ES]]I

® 10087x10° J/y = Study resonant structure in J/i» - yAA and yAZ® processes
® Clear A(1520) in both M(yA) and M(yx?)

v’ 4043 4+ 247 A(1520) - yA & 621 + 53 A(1520) — y2°
® A(1690) only in yx° channel

v 1754 4+ 122 A(1690) » y20 & < 341 A(1690) — YA

)]
)
)
o

& i &~ 600
Q 0 i ¢ Data
%) i % i — Global fit
= 4000 [~ = 400 | - A(1520)
S [~ } Data ‘(2 : === A(1690)
: B — Global fit : B . $ — Background
%) 2000 == A(1520) » 200 [~
c B - A(1690) - -
g : . — Background G>J B
L O PR U VT VPT ol BETT O TR BT SOt SN S A L] O PPl PR, R T Wi ! e

1.4 1.5 1.6 1.7 1.8 1.4 1.6 1.8

M,, (GeV/c?) M(yZ°) (GeV/c?)

Phys. Rev. Lett. 136, 141801 (2026) 17



https://journals.aps.org/prl/abstract/10.1103/l6g2-2wg6

Radiative decays for A(1520/1690) - yA/yX’ B-ES]]I

® First observation of A(1520) - yx° arXiv:2605.14946
_ B(A(1520)-yA) 00F .
vV R= BACIS20)5yT0) — 3.19 £ 0.34(stat.) + 0.19(syst.) S a— |
[ 1 ok UXPT |
« About 7¢ larger than the SU(3) prediction 70 X 250p | mRCaM
L1 ANRQMI !
S : )
v T(A(1520) » y=9) = (46.8 + 6.6(stat.) + 9.3(syst.)) keV ;% 200} i ﬁ)l\(lQRl\(zM I i
« About 210 below the RCQM prediction X L | $Daa |
+ About 110 below the Algebraic Model prediction X S oo
- Consistent with the NRQM prediction within 1o ? Z 1o0f .
i * A
: : . . 50} ]
® New theoretical calculation: chiral unitary coupled-channel o g :
L, . 0 L .
Only comparable with the result of the I'(A(1520) - yz?) ok e T
v Much smaller than the CLAS experimental value I(A(1520) - yA) (keV)

Phys. Rev. Lett. 136, 141801 (2026)
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https://arxiv.org/abs/2605.14946
https://journals.aps.org/prl/abstract/10.1103/l6g2-2wg6

Radiative decays for A(1520/1690) - yA/yX’ B-ES]I[

® First observation of A(1690) — yx°

v B(J/¥ - AA(1690))xB(A(1690) — y=°) = (6.05 + 0.42(stat.) + 0.39(syst.))x107°
® No signal of A(1690) — yA
v B(J/¢ » AA(1690))xB(A(1690) - yA) < 5.08x1077 (90% C.L.)

® The two decay modes of A(1690) differ significantly:

_ B(A(1690)-yA) 0 =

v R= BA(1690) oy 2) < 0.08 (90% C.L.) JP = ;
v No viable theory

= PWA of J /¢ —» Ax%n° =l

2

A(1520) -» yA A(1520) — yZ° A(1690) - yA A(1690) — yx°

Phys. Rev. Lett. 136, 141801 (2026) 19



https://journals.aps.org/prl/abstract/10.1103/l6g2-2wg6

EE summary & Outlook BESII

Summary Outlook

M Hyperon Spectroscopy () Quantum Numbers

« A(2325): existence strengthened
« $(2330): compatible with 1F(3/27)
« 2(1720): 3/2~ favored, about 240 MeV below

predictions W New States

Determine spin-parity of more hyperon
states with future data.

5 . o Search for partner states and missing
§ Radiative Decays excitations

« New A(1520) and A(1690) measurements provide {®» More Analysis

stringent tests of their electromagnetic structure . o
Extend amplitude analyses and radiative-decay

measurements with the more BESIII data sets

Thanks for your attention/
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IXY Key Results II: Observation of £(2330) BESII

3/27 11.90
s T within 8 Mev - S
B close
——— alternatives
1F excitation ~ 1F(3/27) prediction 2(2330)
32" 10.7¢ -
quantum numbers not final
(= ) @

\
- Mass agreement

« Spin-parity test
« 3/2 favored, 5/2° and 3/2* are close

. uantum numbers are not final
J \_ Q

« 1F(3/27) prediction: within 8 MeV

S 1F assignment is plausible

J

@ Mass agrees with the predicted 1F family — spin-parity is not yet unique




