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e Introduction

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

* 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

k\

J
A

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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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)
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@ 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:

[1]

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

Table 1. Our estimate of the status of the Z resonances. Only those with an overall
status of ### or s+:*# are included in the Baryon Summary Table.

Status as seen in —

Overall
Particle  J¥ status = AK YK =(1530)w Other channels
Z(1318)  1/24 ek Decays weakly
E(1530)  3/24 ks FRok
=(1620) ok *x
=(1690) *kx *x *okk *k
Z(1820)  3/2—  #xx *x *kok K% K%
=(1950) *okk ok * *
=(2030) ok o e
=(2120) x x
=(2250) *% 3-body decays
=(2370) o 3-body decays
=(2500) * * * 3-body decays
kR Existence is certain, and properties are at least fairly well explored.

Existence ranges from very likely to certain, but further confirmation is desirable
and/or quantum numbers, branching fractions, efc. are not well determined.

Evidence of existence is only fair.

Evidence of existence is poor.

Few information about Q*
2 BARYONS (S = —3, I= 0)

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



BESIII: Hyperon Factory
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Large data samples enable rare channels and amplitude analyses.




Events / 0.010 GeV/c?

Events / 0.010 GeV/¢?

Confirmation of

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

A* @ BES' " 272 M y(3686) sample
Partial wave analysis of 1/(3686) — AX’7? + c.c.

A(2325)

1.6 18 2.0 22

M) (GeVie?)

2 24

2.6 2'80 30 32 34 3.6
M(AZ) (GeV/ied)

19.50

| Data Background

— Total fit — A(1405)
A(1520) — A(1600)
A(1670) A(1690)

— A(1800) — A(1890)

— A(2325) e Y(1385)
r(1660) e Y(1670)
Z(1750) 2(1910)
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M(7°A) (GeV/icY)

/\(2325) 3/2— 1JP) = 0(37) Status:
tesonance Mass (MeV /c?) Width (MeV) B (x1077)
A(1405) . 0.44 + 0.05 + 0.12
A(1520) 15199+ 1.6 £48 206+ 1.9 £0.6  0.19 £ 0.05 £ 0.05
A(1600) 1570.5 + 4.6 +£12.1 2281 +11.9+ 348 449 + 0.25 + 1.23
A(1670)  1667.5 + 2.3 £ 3.6 302+ 4.2 £87  0.33 £0.07 £0.09
A(1690) 1691.1 + 44 £15.7 723+ 4.7 £18.3 0.55 £0.11 £ 0.10
A(1800)  1800.9 £ 13.3 £12.6 208.8 &+ 14.5 £ 36.7 0.60 £ 0.15 £ 0.18
A(1890) 1807.2 + 9.6 + 6.2 1492 + 1354+ 4.1 047+ 0.10 £+ 0.09
A(2325) 23065+ 6.3 £17.1 2271 +£12.2 +£47.8 2.93 £+ 0.20 + 0.26

»(1385) 1388.2+ 1.9 £33 60.5 + 3.6 £6.3 1.30 £ 0.11 £ 0.19
2(1660)  1643.2+ 4.5 £7.6 2213+ 13.1 £41.1  3.53 £ 0.29 £ 0.63
Y(1670)  1679.7 £ 3.4 £4.3 870+ 6.4 £89 1.60 £ 0.25 £0.38
¥(1750) 17149+ 4.2 £ 7.3 9724+ 9.8 £ 0.7 1.39 + 0.23 £ 0.32
2(1910)  1912.1 +£ 10.6 £ 33.6 2251 4+ 24.5 £ 46.0 0.23 £ 0.10 £ 0.06

’

® 13 resonances detected

® Strong existence of A(2325): J¥ =

3_

® 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 )(2686) - p K"2°+ c.c. events:s S 0 o 3
B = 150 4 E 150F A L E
* Br=(2.44+0.20+0.08) x 10 5  bata 0 8 oot JM’H I *ﬁ*ﬁﬁiﬂiﬂ# { 8
_ 7o g . 2
or(1.73+0.29+0.06) x 10™° s g ]
0 P '
aas2o) 2 s
N* and X* states are measured in PWA e S 0} e A
. _51.4 1.6 138 2-“"; ’2.2 24 . 22 24 2.61 ,2'§ 30 32 _iﬁ 1.8 20 2..% 2.;1 26 28
New excite state observed:[>(2330) My (GeVIE?) My (GeVIE) Mg (GeVIE)
00 200F T T T T T T
« m=2334.7+7.9+16.0 MeV/c? f |
3 oty Wl
e '=206.3+9.5+18.4 MeV 3 100t H%- f 43
_ Background g _ g
LEE o : =
_6 £(1660) = | 0
 Br=(4.47+0.58+1.52) x10 £(2010) _ 5
o — E(2300) g O ey g0
¢ Slgnlflcance: 1196 =T —0.5 0.1(19 ) 0.5 1.0 o —0.5 0.(:9 } 0.5 1.0
. . . CO8spal e COSp el O
* Compatible with the predicted 1F(3/2 ) state
Significance of 2(2330) with different J® hypotheses Resonance Mass (MeV/c”) Width (MeV) B (x107°)
N(2300) 22853 + 13.8 + 26.1 335.0 + 14.6 + 21.6 1.95 + 0.53 + 0.58
Jr ANLL ANgor S (o) N(2570) 2577.9 + 14.8 + 33.2 255.1 + 14.6 + 19.7 2.98 + 0.53 + 0.67
- - A(1520) 0.49 £ 0.10 = 0.14
i/; ig'é ’ ;-é (1660) 1680.5 + 13.8 + 21.3 U777+ 158 + 18.8 5.84 + 0.69 + 1.55
i = - s $(1670) 1680.5 + 4.1+ 11.0 7344+ 91+ 71 1.22 4 0.38 + 0.28
32+ oy < o $(2010) 1980.1 + 10.0 & 18.1 192.5 £ 13.3 £ 13.3 3.11 % 0.50 £ 0.92
52 T < o $(2110) 21724+ 6.3 £ 10.9 107.2 £ 9.3 4102 117 £ 0.23 + 0.38
— o . - 5(2330) 2334.7 + 7.9 % 16.0 206.3 £ 9.5+ 184 447 £ 0.58 + 1.52
7/2” 4.3 8 8.0 9



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

PWA of

15t PWA on =* states
15t measurement of JP of = (1690) & = (1820)

Study of excited states in | Phys. Rev. D

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

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

Learn more about the excited hyperon spectrum.

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®)| I' (MeV)
=(1690)~ [1/2(1/27)[16857; +£12[8175" £20
=(1820)~ |1/2(3/27)| 182172 £3 | 7378+ 9

1572 1+ 45 events

— PHSP MC

Events / (1.0 MeV/c?)
Events / (5.0 MeV/c?)
5
T

++ — PHSP MC

—|— Data
tt

| ty
i

F
+ g
++ P

95 1.31 132 133 134 %
M(r*R) (GeV/c?)
o 2nbin=1.10 | o 8of 23{nbin = 2.16
= 60| ﬂ = } ”‘
(0] (]
= + = 60
o () L
© 40 © |
2 | 3400
! iz 20
M
0 2 2.2 . 2.4 0 2.6 2.8 . 3
M(KZ")(GeV/c?) M(AZ")(GeV/c?)

1.1 1 12 1.3
RM(K™=") (GeV/c?d)

------- Non-res

o ¥2/nbin = 1.46
e —+— DATA
S, PWA
2 - — — . =(1690)
2 =(1820)
%

=

[}

>

L

2 2?2 .
M(K'A)(GeV/c?)

TABLE VII. Branching fraction results; the first (second) uncertainty is statistical (systematic).

Resonance

Branching fraction

=+

B(1(3686) — 2(1690)" =" + c.c.) x B(2(1690)~ — K~A)[(1.06 +0.10 + 0.31) x 10~°
B(1)(3686) — Z(1820) = + c.c.) x B(E(1820)" — K~ A)|(1.78 £ 0.10 £ 0.32) x 10~°
¥(3686) — K~ AZ " + c.c. (3.60 4 0.10 £ 0.24) x 10~°
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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

Precise measurement of =(1690)

« m =1695+ 0.9 + 0.9 MeV/c?
r =12.8+1.8+ 7.6 MeV

« Br=(1.86+0.54+0.68) x 10>

New doubly-strange hyperon =(1720)
e m =1721+5.2 + 3.4 MeV/c?
I =31.3+18.3 +15.4 MeV

Partial Wave Analysis result

1-
P — =
] 2

]p_§+
T2

Br=(1.22+0.42+0.83) x 107>

Significance: >10c

+,

: =’ é'-: ‘!
“L’"‘:':ﬁ"‘wmﬂ'm?n.:éih:i
1.84 1.86 1.88 1.9

My = (Gev/c?)

- 350¢
£ —+-Data F
£a00-(a ~Pwa <3001 (b)
= E £(1910) NS F
g, 250 4t =(1690) E, 250
~ 200 Non-res o~ 200F
= - E(1820) = F
2 150 Z(1720) P 1505—
$ 1000 =+ Sideband $ 100F
> r
50 w 50F
0: et of
1.7 1.72 174 176 1.82
My o (Gev/c?)
300F=
d
250 *( )

Events / 0.02
— Y N
[6)]
S

o
o

& 200}
2

-

% 100}

05 0 D

cosb... in K=" frame

cosh,. in KX’ frame

-

05 0 05

JP 1= [ 1T | 3= | 37

9 2 9 9
AS for Z(1690) | - | 76 | 333 | 85
AS for Z(1720 | 59 | 57 | 71 -

cosh.. in £%Z" frame
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£(1720): 200 MeV/c? below the lowest%
predicted by theoretical models

TABLE VI. Masses of the positive-parity = states (in MeV).

+
state

Table 6. Comparison of masses with other predictions based on J* value for Z baryon (in MeV).

Experiment [1] Theory
Jr State Status Mass NLnl;  Mass
%J’ = Aokl ok 1321.71 £0.07 181s, 1330
281s, 1886
1D1s, 1993
1Plp, 2012
18525, 2091
IPlp, 2142
381s, 2367
282s, 2456
2D1s; 2510
1D2s; 2565
2P1p; 2598
2Plp, 2624

3 Z(1530) #EEE 1531.80 £0.32

1Ss, 1518
25151
8

1825,

1Dls, 2122
1Plp, 2144
1P1p: 2149

relativistic quark-diquark bound systems

P Masseql Massca2 [27] [28] [29] [30] [46] [47] B31] [2] [48] [49]
%+ 1322 1321 1330 1310 1305 1334 1348 1317 1318 1325 1317 1303 + 13
1884 1891 1886 1876 1840 1727 1805 1772 1932 1891 1750 2178 + 48
2310 2322 1993 2062 2040 1932 1868 1980 2231+ 44
2361 2372 2012 2131 2100 1874 2054 2408 + 45
2874 2899 2091 2176 2130 2107
2935 2954 2142 2215 2150 2149
3527 3562 2367 2249 2230 2254
3591 3620 2345
%+ 1531 5(1720)1524 1518 1539 1505 1524 1528 1552 1539 1520 1526 1553 + 18
1971 1964 1966 1988 2045 1878 1653 2120 1934 1952 2228 + 40
2270 2281 2100 2076 2065 1979 1970 2398 + 52
2283 2295 2121 2128 2115 2065 2574 + 52
2457 2459 2122 2170 2165 2114
2819 2842 2144 2175 2170 2174
2838 2861 2149 2219 2210 2184
3029 3041 2421 2257 2230 2218
3455 3489 2279 2275 2252
3479 3513
3679 3702

Spectroscopic investigation of light strange S=-1Aand 2 and S = -2 = baryons



https://journals.aps.org/prd/pdf/10.1103/PhysRevD.92.054005
https://iopscience.iop.org/article/10.1088/1674-1137/abf4f4
https://iopscience.iop.org/article/10.1088/1674-1137/abf4f4

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 £ 5.2gat £ 0.9yst MeV/C2
width: 18.3£16.4¢1atE£5.Teyst MeV

* New production mechanism of €2(2012)

with a significance of 3.5¢
ete™ — Q(2109)-QF

.
Q(2012)"
Q(2250)"
Q(2380)"
Q(2470)"

167245+ 029 37
2012.4 + 0.9
2252+ 9

2380

2474 + 12

100

60
50
40

Events / (20 MeV/c?)

== QU2109)
----- Q(2012y
— Q’

I|IIII|IIII]]'IIIIIIIr[llfllllII|IIII|III'I|II1

2 16 1

IIII|IIII|IIII|III1|II1IIIIII|'IIII|IIII:

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

¢ Data in signal region
Total fit (a)

-+=.=.= Simultaneous background fit

|II|IIIIII|IIII|IIIIIII]

NS TEAT AN ETA RN AT
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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’

<~ 6000 )|
s
ot e soof AL . A(1690)>¥A ?
+ o — ., LTy .
4043 + 247 events T e FDaa No signal observed!

E 2000 - A(1520)

% i - A(1690)

> | 7o Background

LLI 0 | T I "r-.; | I B

14 15 18 17 18
2
* N(1520)->yz° First Observation M, (GeVic?)

621 + 53 events g 600 = ! Data * A(1690)->y3° First Observation

o) B — Global fit
S B 1754 + 122 events

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

= (46.8 + 6.6(stat.) + 9.3(syst.)) keV 3 200 |- g
§ :_ * S )
L 0 | I, -

1.4 1.6 1.8

M(y=%) (GeV/c?)
15


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

Deviation from theoretical predictions

_ B(A(1520)-yA)
~ B(A(1520)-yZ0)

= 3.19 £ 0.34(stat.) £ 0.19(syst.)

~70 larger than the SU(3) prediction:
Assuming A(1520) to be a SU(3) singlet

_ B(A(1520)-yA) 0.3
~ B(A(1520)-yZx0) '
Phys. Rev. D 73, 114001 (2006)

Bi = By +7y A(1520) = yA | A(1520) — y2°
XQM [3] 134 92
NROM 156 [61,96 [7] | 5516, 74 [7]
RCOM[S8) 215 293
MIT Bag[6] 46 17
Chiral Bag[9, 10] 32 51
Algebraic model[11] 85.1 180.4
CLAS [5] 167 + 4375

B(J /P — AA(1690))xB(A(1690) — yx°)

= (6.05 + 0.42(stat.) + 0.39(syst.))x107°

B(J /Y — AA(1690))xB(A(1690) — yA)
(90% C.L.)

< 5.08x1077

R =

B(A(1690)—yA)

B(A(1690)—>y=0)

< 0.08 (90% C.L.)

New theoretical calculation: chiral unitary coupled-channel

300} -
i % This work |
i I * UxPT .
250 | = rRcam i -
i A NRQMI
% I A NRQM Il
]
i 200} i * xQM ; |
?31 ! @ Data i
T - -
— 150 . .
S ' arXiv:2605.14946 '
=
= i ]
= 100 - 1
* A ]
SOF » A
0 | 1 n . L n 1 " L n . 1 n n . " 1 . L n n ] L n
0] 50 100 1560 200
r(A(1520) - yA) (keV)
]P=E_ ______________________________

1+
—.i. -l A e - - A - -

A(1520) > yA A(1520) — yZ° A(1690) - yA A(1690) — yE°
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https://arxiv.org/abs/2605.14946
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!



