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* Introduction

 Excited hyperon states at BESIII
e Confirmation of A(2325)
* Observation of new state 2(2330)
* Measurement of =(1690) & =(1820)
e Observation of New state =(1720)
e Observation of new state €2(2109)
* New radiative decay modes of A(1520) and A(1670)

* Summary



From Nucleons to SU(3) Flavor Sector

BESII

Nucleon sector (SU(2))

Nucleons (p, n)

Well-established spectrum
Many states observed
Quantum numbers relatively
well determined

=3

Extend to
SU(3) flavor
sector

—

Strange baryons (SU(3))

Hyperons (A, £, =, Q, ...)

Rich predicted spectrum
Many states unobserved
Quantum numbers & decays
poorly determined
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What we learn

Flavor
symmetry
breaking
Quark
dynamics
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Strange baryons probe flavor-symmetry breaking and quark dynamics in the SU(3) sector.
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Two Complementary Questions

BESII

3 B ™
Which excited states exist? How are they structured?
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MO eyt M o Z2ER0 P qqq core meson—baryon diquar'k electrom.a'gnetlc
Mass spectrum Missing states Spin—parity J cloud correlation transition
® Many predicted hyperons remain unobserved ® Transition amplitudes probe wave functions
® Masses, widths, /¥ and decay modes require PWA | | ® Radiative decays test quark models and SU(3)
\ 7\ J

@ Spectroscopy + decays = spectrum and |

ternal structure




Status of excited Hyperons: A*&>*

9 four-star A*, 5 four-star ~*, many states to be confirmed, measured,
and observed. A(1405) puzzle, 2(1385) and X(1380)

e Two-pole structure of A(1405)

. . . Table 82.1: The status of the A resonances. Only those with an overall Table 82.2: The status of the X resonances. Only those with an overall
Table 83.1: Comparison of the pole positions of A(1405) in the complex status of #x# or ##+# are included in the main Baryon Summary Table. status of #+x or #+++ are included in the main Baryon Summary Table.
energy plane from next-to-leading order chiral unitary coupled-channel Decay channels other than NK and X are only given for =+ and s+ Decay channels other than NK, Ar and £ are only given for ++ and

kkEck TESONANces.

approaches including the SIDDHARTA constraint. The lower two results [ESONANCES.

Status as seen in —

also include the CLAS photoproduction data.

Status as seen in — Overall -

. P Overall p— Particle  J¥  status NK  Arx pyrs Other channels
approach pole 1 [MeV] pole 2 [MeV] iz‘ﬁ‘l‘é‘) 1‘/]2+ b;::‘:‘ NK Xm N%}Eife;ikl:;;::i) g(ﬂzjg ; /ii P Nr (wca;lft decay)
Refs. [14’ ]‘5}’ NLO 14241—;‘3 —1 26t?4 138]‘1—%}8 —1 Sltég A(1380)  1/27 o H% o l E%lSBBJ 3;2_ ***** * **:* ***** .
Ref. [17]1 Fit 11 14211-'25 —1 19f§ 13881-3 —i 114-_%; [ A(1405) 1727 sekkx  wkwk  kkxx ] D(1620) 1/2- " N . .

Ref. [18], solution #2 143472 —i 1077 133073 —i 5677 ﬁ“gﬁ? 3/; f”’ gh.im §§}2§8§ éﬁf
i ] : 5 ; 2 1 1 T, X(1385 Kk kkkk kkkk kKRR
Ref. [18]’ solution #4 1429t? o 12t§ 1325t}g — 1 got%g AE]GTU% 1;:2_ :::: :**:* :::: - A(fq " X(1750) 1727 *kk Aokok ok o Xy
A(lGQU) 3/2_ *okokk Sokkk ok A?TT(.E(1385)W 2:(1775) 5/2° - sk kK .
A(1710)  1/2F * * * ;E}ggg% ?5;: .* .* * *
IR AT S & .
. . *3k * *k IN 2 1910 3/2~
* Pentaquark models predict a possible AIS20) 525 e s e S(1385)7 UMD Y2 e
. A(1830)  5/27  wwwk wkwmek kR X(1385)w . $(1910) 3/2+ . . .
>* around 1360MeV with JP=1/2" AQSO0) 3/2% wees e e D(1385)7 VK Seow) 32 4
A(2000)  1/27 * * * X(2030)  T/2T wkwk wkwk Rk % A(1232)K, NK*, X(1385)m
A(2050)  3/27 * * * X(2070) A/2F * * *
A(2070) 3/2F % 2&2030) 3;2+ . .
. A(2080) 5H/27 * * * X(2100) 7 2: * * * *
e Evidences for 2(1380) @ BESIII AOSS) T2 e e N e
A(2100)  T/27  kwxk owkkk k% NK 2(22“50) o . : :
PhyS ReV Lett 134, 021901 A(Qllﬂ) 5/2+ - - K% N'F* 5 (2155) N i
A(2325) 3/27 * ¥(2620) x .
A(2350)  9/2% ek ok * 2(3000) . N N
A(2585) * * 2(3170) *




Status of excited Hyperons: =* & QF

Even less information about Z*. Only 1 four-star Z* well established, Z(1530).

Table 1. Our estimate of the status of the = resonances. Only those with an overall

status of skx or sk are included in the Baryon Summary Table. FeW |nfo rmatlon a bout Q*
Status as seen in — 2 BARYONS (S= —3, I=0)
Overall ' !
Particle  JF status =r AK YK =(1530)7 Other channels
Z(1318)  1/2+ sk Decays weakly
Z(1530)  3/2+ s sk ok
=(1620) sk ok
=(1690) Hokk ok *xk *k
=(1820) 3/2— seokok ok $eokok *ok *ok
=(1950) stk sk sk ok *
=(2030) Hkk *% ook
=(2120) * *
=(2250) $ok 3-body decays
=(2370) * ¥ 3-body decays
=(2500) * * * 3-body decays
ook Existence is certain, and properties are at least fairly well explored.
Hkk Existence ranges from very likely to certain, but further confirmation is desirable
and/or quantum numbers, branching fractions, efc. are not well determined.
sk Evidence of existence is only fair.
* Evidence of existence is poor.

measurement of the mass, width and production of =(1820) need to be improved; spin-parity of Z(1690) to be
determined, the existence of Z(1620) to be investigated, new states to be found...



BESIII: Hyperon Factory
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10.7 billion J/Y events i @
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Large data samples enable rare channels and amplitude analyses.
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Events / 0.010 GeV/c?

J. High Energ. Phys. 2025, 212 (2025)

A* @ BESI " 272 M y(3686) sample

Partial wave analysis of 1(3686) — AX%x? + c.c.

Confirmation of A(2325)

18 20 22 24 26
MT) (GeVied)

MAT) (GeVic?)

il \— A(1800)

| Data
— Total fit

Background
— A(1405)

_/",{{Eﬁ'd— —— A(1600)

A(1670) A(1690)
— A(1890)
------- ¥(1385)
------- ¥(1670)

2(1910)

— A(2325)
2(1660)
2(1750)

350
300
250
200
150
100

50

0
5

313

Events / 0,010 GeV/c?

1.6 1.8 20 22 24
M(T°A) (GeV/ich)

Resonance

Mass (MeV /¢?)

Width (MeV)

B (x10-%)

A(1405)
A(1520)
A(1600)
A(1670)
A(1690)
A(1800)
A(1890)

1519.9 £ 1.6 + 4.8
1570.5 + 4.6 = 12.1
1667.5 £ 2.3 £ 3.6
1691.1 + 4.4 + 15.7
1800.9 + 13.3 £ 12.6
1897.2 + 9.6 + 6.2

206+ 1.9 +0.6
2281 £11.9+ 348

302 £ 4.2 £8.7

723+ 4.7 £18.3
208.8 + 14.5 + 36.7
149.2 + 13.5 + 4.1

0.44 £ 0.05 £ 0.12
0.19 £ 0.05 £ 0.05
449 +0.25 £ 1.23
0.33 £ 0.07 £ 0.09
0.55 = 0.11 £ 0.10
0.60 £+ 0.15 + 0.18
0.47 £ 0.10 £ 0.09

A(2325)

2306.5 £ 6.3 £ 17.1

227.1 £12.2 £ 47.8

2.93 £ 0.20 £ 0.26

¥ (1385)
£(1660)
2(1670)
2(1750)
¥(1910)

1388.2 &£ 1.9 £3.3
1643.2 £ 45 £ 7.6
1679.7 + 3.4 £+ 4.3
1714.9 + 4.2 £ 7.3
1912.1 + 10.6 + 33.6

60.5 4+ 3.6 +£6.3
221.3 £13.1 £ 41.1
7.0+ 6.4 £89
9724+ 9.8 £90.7
225.1 + 24.5 £ 46.0

1.30 £ 0.11 £ 0.19
3.53 + 0.29 £+ 0.63
1.60 + 0.25 + 0.38
1.39 £ 0.23 £+ 0.32
0.23 £ 0.10 £ 0.06

y

® 13 resonances detected

® Strong existence of A(2325): JP =

3"
7

® Flatté-like and chiral dynamics model for

A(1405) dipole structure = distinguishable

due to the limited statistics



https://doi.org/10.1007/JHEP02(2025)212

https://doi.org/10.48550/arXiv.2602.11501

2* @BESI " 272 M y(3686) sample

Observation of a New Excited ¥ State in 1/(3686) — p K X" + c. c.

PWA on 6100 + 86 )(3686) = p K'2°+ c.c. events: S 0 " 3
_5 z Z 1500 Hﬁ#}ﬁﬁf Jrlﬁﬁ;%p by z
* Br=(2.44+0.20+0.08) x 10 - e Jﬂfﬁ TR, :
-5 —— Total fit 5 50 - 4 3 g
or(1.73+0.29+0.06) x 10 osT N s ~E
ALLS20) =
N* and X* states are measured in PWA e S 0} e A
. _514 1.6 18 2-""; ,2.2 24 -5 22 24 2.61 !2.§ 3.0 32 _iﬁ 1.8 20 2.% 2}4 26 28
New excite state observed: >(2330) My (GeVIE?) My (GeVIE) Mg (GeVIE)
200F T T T T T T T T
« m=2334.7+7.9+16.0 MeV/c? f |
§ 150%&&}%&%&. i ﬁi& §
« =206.3+9.5+18.4 MeV S higdtt 1y S
— Background 2 s
3 : 2 ~ ] 2
L N ‘s N ¢
i L(1660) 0 - |
* Br=(4.47+0.58+1.52)x10 £(2010) s s
o — E(2300) g O ey g0
* Slgnlflcance: 11'96 _—E.O —.5 l].l(]e ) 0.5 1.0 _—'ri.l] —0.5 0.(:9 , 0.5 1.0
. . . CO8spal e COSp el O
* Compatible with the predicted 1F(3/2 ) state
; , 2 s , 6
Significance of 2(2330) with different J® hypotheses Resonance Mass (MeV/c7) Width (MeV) B (x107%)
N(Z’-BOU) 22853 +13.8 + 26.1 3359+ 14.6 £ 21.6 1.95 4+ 0.53 + 0.58
Jr ANLL A Ndof S (o) N(2570) 2577.9 = 14.8 + 33.2 2556.1 +14.6 £ 19.7 2.28 + 0.53 £+ 0.67
nE ol . - A(1520) 0.49 + 0.10 = 0.14
1/2+ 180 (f ;'9 (1660) 1680.5 + 13.8 + 21.3 2477+ 15.8 + 18.8 5.84 + 0.69 + 1.55
3/2_ %57 g 1 $(1670) 1680.5 + 4.1+ 11.0 734+ 91+ 7.1 1.22 + 0.38 + 0.28
352* 1y < Lo ¥(2010) 1980.1 & 10.0 + 18.1 192.5 + 13.3 + 13.3 3.11 & 0.50 £ 0.92
%/2, 74'1' 8 11'0 ¥(2110) 21724+ 6.3 £ 10.9 107.2 £ 9.3+ 102 1.17 £ 0.23 £ 0.38
:5/2+ 53:7 g 9:1 33(2330) 2334.7 = 7.9 &+ 16.0 206.3 &£ 9.5 £ 184 4.47 £ 0.8 £ 1.52
7/2” 44.3 8 8.0 9



https://link.springer.com/article/10.1007/s00601-024-01933-1
https://doi.org/10.48550/arXiv.2602.11501

Study of excited states in | Phys. Rev. D

E* @ BESI " 448M y(3686) events

—+
Study of excited = states in ¢)(3686) - K~ AE +c.c.

PWA of 1)(3686)=> K- A =*+ c.c. 1572 + 45 events
1t PWA on =* states

15t measurement of JP of = (1690) & = (1820)

Learn more about the excited hyperon spectrum.
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TABLE VI. Results obtained for I(J"), mass and width for
each component. The first (second) uncertainty is statistical

(systematic).
Resonance| I(J7) [M (MeV/c®)| T' (MeV)
E(1690) [1/2(1/27)[ 168573 £12[817 4" +20
Z(1820) |1/2(3/27)| 182175 +3 | 737549

T oF %

> —PHSPMC | = } —PHSPMC

= 3001 = t

= S 4001 - Data

= oot e tt

@ F 2

= r =

e 0 2001 A

w w - ++M

[ 3 +H++*++++M’+”
43 131 132 133 134 % 12 13
M(r*R) (GeV/c?) RM(K™=") (GeV/c?d)
o 2/nbin =1.10 | 8o noin=2.16 | % ¥2/nbin = 1.46
> 60f ﬂ > } ”‘ > —+— DATA
= =50 = PWA
o o o - — — . E(1690)
2 40T 2 =2 =(1820)
o | Rl o oAb 75 Non-res
5 0! 5 | 5
@ 20 @ 20} i
“““ M [
1 = 1 N
0 2 22 24 0 2 22
M(KZ")(GeV/c?) M(K'A)(GeV/c?)

TABLI VII. Branching fraction results

Resonance

Branching fraction

B(1(3686) — =

(1690) E + c.c.) x B(E(1690)~ — K~ A)
B(1:(3686) — Z(1820) = + c.c.) x B(E(1820) — K~ A)

(3686) - K~ AZ' + c.c.

(1.06 +0.10 £ 0.31) x 107>
(1.78 £0.10 £0.32) x 10°°
(3.60 +0.10 + 0.24) x 107°

; the first (second) uncertainty is statistical (systematic).
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https://journals.aps.org/prd/abstract/10.1103/PhysRevD.109.072008

https://doi.org/10.48550/arXiv.2604.27028

E* @ BESIII 10087 m J/y sample

Observation of a Doubly-strange Hyperon Z(1720) in J/¢ — K~XZ + c.c.

=4 e
- Jip—-E =
* 15t observation of the decay J/ib - K 2% = + c.c.. L»K‘ZO
with Significant excited states. %, 180F %0 oa
S 160F (|=(1690 e
4545 + 73 events %133_ M Sideband
21000 |y i 222
N, F & 80 | HJ I#H}I*}H" "
<3500 ~Data - o 285_+ LT
r —-M it result -
2 2500 B T | I S
Ezoooi— O T2 e 176 178
21500 m,.o(GeV/c?)
"“'1000E 3.7
500}
S L % 3.6/
0 1.3 1.34 ) 0=t 118 T2 . T TET n; i
mKw(GeV/c) M= (GeVic) @ 35
Tim ;
— v0 S+ - _5 34
Br(J/Yy - K XE"+cc )=(2.68+0.04+0.17) x 10 ;

338 a8 3.1 3.2

3
m2 o (GeV/c?)
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https://doi.org/10.48550/arXiv.2604.27028

Partial Wave Analysis result

* Precise measurement of =(1690)

m = 1695+ 0.9 + 0.9 MeV/c?

r =12.8+1.8+7.6 MeV

1-
P — =
] 2

Br=(1.86+0.54+0.68) x 107>

* New doubly-strange hyperon =(1720)

m = 1721 +5.2 + 3.4 MeV/c?

' =31.3+18.3 +15.4 MeV

]p_§+
T2

Br=(1.22+0.42+0.83) x 107>
Significance: >10c

+
~200 MeV/c? below the lowest% state
predicted by models

—+-Data 350 F

§300§(‘1 —PWA <300 - (b)
= E £(1910) NS F
g, 250 Ju =(1690) E, 250
~ 200? rj(t;l;;j o 200?
P 150;— =(1720) P 150F
$ 100 =+ Sideband § 100F
50~ W 50
0: et of

1.7 1.72 174 176 1.82

My o (Gev/c?)

Events / 0.02
- - N
(4}
7

o
o
RRRRRNER

+,

H
E |
ot T 5 Eul L
P P P MW WL, T

et

1.84

1.86
My = (Gev/c?)

1.68

1.9

& 200}
2

-

F + +i4, 7y ,z's F
SOW P g

N aancen
1 -0.5

0

cosb... in K=" frame

-

05 0

0.5 1 GRS 0 05 1
cosh,. in KX’ frame
Jr 1= |17 | 3= | 37
2 2 2 2
AS for 2(1690) | - | 76 | 333 | 85
AS for Z(1720 | 59 | 57 | 71 | -

: -.--‘"j’" .
0.5 1
cosh.. in £%Z" frame
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Phys. Rev. Lett. 134, 131903 - Published 4 April, 2025

(Q* @BESII 4.13-4.70 Gev 19 fb

Evidence for Two Excited Q~ Hyperons

* New state observed: €2(2109)

with a significance of 4.1c

mass : 2108.5 £ 5.2t £ 0.9yst MeV/C2
width: 18-3i16-4stati5-7syst MeV

* New production mechanism of €2(2012)

with a significance of 3.5¢

ete™ — Q(2109)"QF

100

60
50
40

Events / (20 MeV/c?)

I|IIII|IIIII]'I]IIII[[[II[IIIIII|IIII|III]|II1

IIII|IIII|IIII|III1|II1IIIIII[IIIIIIIII:

== QU2109)
----- Q(2012y

|
0

16 1

7 18 19 2 21 22
RMy+M-m_. (GeV/c?)

¢ Data in signal region
Total fit (a)

-+=.=.= Simultaneous background fit

NS TEAT AN ETA RN AT

13


https://doi.org/10.1103/PhysRevLett.134.131903

https://journals.aps.org/prl/pdf/10.1103/16g2-2wg6
Radiative decays of A* @BESIII 10087 m 17y sample

Observation of the Electromagnetic Radiative Decays of the A(1520) and A(1690) to yX°

Study resonant structure in / /1) — yA/A and y Az’

(o)}
o
o
o

* A(1520)2>yA
4043 + 247 events

P
o
o
o

I -
; _},/\_,k + A(1690) YA ?

 Data No signal observed!

- — Global fit
=== A(1520)
=== A(1690)

F Y Background
TR Ca I T | [RRENE  T

14 15 16 17 18
e A(1520)->¥2° First Observation M, , (GeV/c?)

Events / (10 MeVk?)
S
3
I

o

621 + 53 events g, 600 F ' Data * A(1690)->y2° First Observation

> B — Global fit
]
= i 1754 + 122 events

[(A(1520) - y2°) S “00F e
~ [~ Background

= (46.8 + 6.6(stat.) + 9.3(syst.)) keV 3 200 g
§ :_ ’ P )
Ll 0 Lt sl

1.4 1.6 1.8

M(y=%) (GeV/c?)
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https://journals.aps.org/prl/pdf/10.1103/l6g2-2wg6

Deviation from theoretical predictions

B(A(1520)~yA)

R B(A(1520)-yZ0)

~70 larger than the SU(3) prediction
_ B(A(1520)-yA)

= 3.19 £ 0.34(stat.) + 0.19(syst.)

B(J/ > AA(1690))xB(A(1690) - y5°)
= (6.05 + 0.42(stat.) + 0.39(syst.))x10~

B(J /¥ = AA(1690))xB(A(1690) — yA)
< 5.08x1077 (90% C.L.)

_ B(A(1690)-yA) S
R = poncieooonmy < 008 (90% C.L)

= ~ (.3
B(A(1520)-yZX0)
arXiv:2605.14946
300} -
i % This work |
1 % UxPT
250 | = RCaM
| A NRQMI |
3 [ | ANRQMI |
= 200F | exam
Sa | | @ Data
L O ——
T s
= 150
[
L
Al
= [
= 100 . 1
R FaN
S0t >
0_ uuuuuuuuuuuuuuuuuuuuuuu |
(0] 50 100 150 200

r(A(1520) - yA) (keV)

A(1520) > YA A(1520) — y=° A(1690) - yA A(1690) — y=°
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https://arxiv.org/abs/2605.14946
https://arxiv.org/abs/2605.14946

summary

* excited hyperon states have been observed and measured @BESIII
* 1 one* state confirmed: A(2325)
* 3 new states observed: 2(2300), =(1720), 2(2109)
* some states measured...

* New Radiative decays observed in J/1 » yAA and yAZ°
15t observation of A(1520)->yz° and A(1690)->yz°

* More analysis on excited hyperon states in progress...

new states, new decays, confirmation, precise measurement...
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Thank you for your attention!



