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Introduction: Baryon Family
B With SU(3) symmetry and the standard model, all ©=

baryons in octet and dectet are established well. 2;;_1

m For the higher excited states, we have not a good

understand.

€ Inaccurate masses, widths
Unknown J?
Missing resonances

Multiquark states
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Introduction: N* and A* status (|S| = 0)

B The most thoroughly studied and data-rich area of excited baryons

B Broad mass and spin coverage.

B The precision of the mass, width, and branching fraction remains insufficient.

Status as seen in Status as seen in

Particle J®  overal Ny N# Ar No Nn AK XK Np Nw Ny
N 1727 sxxs
N(1440) 1/2%  sasr  sxns seer srnx xan

Particle J®  overall Ny Nx# Ax XK Np An
A(1232) 3/2F  waer eer waes

N(1520) 3/27 #xts  ssex skkx fxdk *k  Sxk

A(1600) 3/2%  srax  rax wax ke

N(1535) 1/27 #xts  ssex sxx 2k % $5xk A(1620) 1/2° sawk  wkrr wwrr dwnx

N(1650) 1/27 s#xs  wsk sxx 2k *x ke & _

N(1675) 5/27 #xtx  sesx skkx dknk k% & % % A(1700) 3/2+ NESE RS SNER N3AS (S

N(1680) 5/2% satr  sank srex sxxs s % * * 4(1750) 1/2 * * * *

N(1700) 3/27 ##x  #%  sxx *4x x % A(1900) 1/27  #%x  xxk  kkx  * ok

N(1710) 1/2%  saxx  sens snnx « I * A(1905) 5/2+ SEEE e SR W W P
N(1720) 3/2%  shr  sans sher sxx % & kb & * A +

N(1860) 5/2% == s s . (1910) 1/2+ L I R T *
N(1875) 3/2° #xx & ¢ % %% = % = * A(1920) 3/27  #xx wkk kkx kkk kx "k
N(1880) 1/2% sax  2¢ &  #x % %= % ** A(1930) 5/27  ##x * dokk % *

N(1895) 1/2: LT T * CE T T * ek 4(1940) 3/2— ok * ok * *
xgg; %; ::" ::“ :: o : :‘ :' e A(1950) 7/2: Fhkk kokkk kkkk Rk Rk
N(2000) 5/2% #x ¥ ok &k k% * A(2000) 5/2 *k * *k *

N(2040) 3/2* « * A(2150) 1/27 = *

N 52060; 55 2w e ow ok ke ok * A(2200) 7/27 #xx wkk kk kkk kx

N(2100) 1/27 %% *k  kk Kk k% % * *  *x% +

N(2120) 3/27 ##x w2 #x  *x  *= = x * A(2300) 9/2_ . .

N(2190) 7/27 s#xxx  wdex sxkx xkd +%x % *x % * A(2350) 5/2 * *

N(2220) 9/2% saex 2% sas & % A(2390) 7/2+ * *

N(2250) 9/2° #xtx 22  wxax * * * A(2400) 9/2 »x *k %k

N(2300) 1/2% #» ** +

N(2570) 5/2~ s ) A(2420) 11/2_ Fkkk ¥ Rk

N(2600) 11/27 ##x *Ex A(2750) 13/27 = *

N(2700) 13/2% »+ - A(2950) 15/2F = o
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Introduction: A* and X* status (|S| = 1)

m Starve for data
B The information on decay channels is incomplete
B The spin-parity quantum numbers of many states have not been determined

Overall Status as seen in — Overall
— ; P
Particle JP status NK Xnw Other channels Particle J T status NK Ar o2l Other channels
A(L116) 1/2F  wwer N (weak decay) Z(1193) - 1/27 wwax N (weak decay)
( y 2(1385) 3/2%t  wxxx Rkkk kR Ay

A(1380) 1/2- *k *k *ok £(1580) 3/2- . . . .
A(1405)  1/27  kkkk kkkk kokkx 2(1620) 1/2- * * * *
A(1520) 3/27  wxxk kxxk  kkkx  Anm, Ay, Xrnm $(1660) 1/2F  wax  awr wkx wek
A(1600) 1/2F  sxxk *kx  xkkx Anm, X(1385)7 X(1670) 3/2~  w#xx
A(1670) 1/27  sokkx wkokk  dokkx An D(1750) 1/27  xkx xkx xk kkx Xy
A(1690) 3/27  Hxkk  wkkx kkx Anmw, X(1385)7 Z(1775) 5/27  x#xk  kakk  kkxk  *k
AQ1710) 1/2% * * * 2(1780) 3/2+ * * * *
A(1800) 1/27 k= *kk Rk Arn,NK* Z/(1880) 1/2t *x *x *
A(1810) 172 wkx *k ok NK* X(1900) 1/2_ *x *x * -

+ 2(1910) 3/2 ok * * **
A(1820) 5/2 *kkk  kkkk KKKk 2(1385)w

- 2(1915) 5/2F  akwx wkx wxk kkx
A(1830) 5/2 dokkk kbl kokokok 2(1385)7 £(1940) 3/2* R N .
A(1890) 3/2F  axkk  wkkx xx  X(1385)m, NK* (2010) 3/2- * * *
A(2000) 1/27 * * * $(2030) 7/2t  wexx wexx sxexx 22 A(1232)K,NK, 2(1385)x
A(2050) 3/2~ * * * X(2070) 5/2+ * * *
A(2070) 3/2% * * * X(2080) 3/2% * *
A(2080) 5/2~ * * * X(2100) 7/2- * * * *
A(2085) 7/2% *ok *k * X(2110) 1/2; * * * *
A(2100)  T/27  Hrkk krkx ok NEK* Z(2230) 3/2 * * * *

— 2(2250) *k ok * *

A(2110) 5/2F  xxx *k *k NK £(2455) . .
A(2325) 3/2~ * * X(2620) * *
A(2350) 9/2F  xxx *kok * 2(3000) * * *
A(2585) * * £(3170) .

Status as seen in —



https://journals.aps.org/prd/abstract/10.1103/PhysRevD.110.030001

Introduction: Z* and Q* status (|S| > 2)

B Even less is known about Z* and Q*.

B Q(2012)

4
4
4

In 2018, Belle Il collaboration reported a new Q(2012) state via ZK process
In 2025, ALICE and BESIII Collaborations confirmed the existence of the ©(2012)
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Excited baryons, especially hyperons, urgently require new and high-precision experimental input.


https://journals.aps.org/prd/abstract/10.1103/PhysRevD.110.030001

Experiment at BESIll: Advantage on Baryon Spectroscopy

Symmetric collider for e*e™ annihilating - iy —
p
Wid N R T
I er energy range — \: 7777 7777777777 7 Qog\\ N
i\ S
‘'11; i ! 0060/ o2
10 billion J /¢ Tor) BN e S
. TOF ST
2.7 billion ¥ (25) endsep 7
SCQ  ~] Z
Low backgrounds and high signals o =
Two-body or three-body baryonic proce: ~] |
Method: Csl/ ~r cosemsssescassssssceen|l|
‘ PWA c:::ap - 54: T T T TS I II T I I 'EHE
barrel e ||
& Electromagnetic Radiative Decays *%* =
HWOE
Aty U | \ X L]




Key Results: PWA ¢(ZS) N AEOTIO JHEP. 02, 212 (2025)

m Flatté-like and chiral dynamics model for A(1405) dipole structure

€ Due to the limited statistics, two model are not distinguishable

= Strong existence of A(2325): J¥ ==

\

Resonance Mass (MeV /c?) Width (MeV) B (x1079)
A(1405) L N 0.44 £ 0.05 + 0.12
A(1520) 151994+ 1.6 +4.8 206+ 1.9 £0.6 0.19 £ 0.05 4+ 0.05
A(1600) 1570.5 + 4.6 +12.1 228.1 £11.9 4+ 34.8 4.49 4+ 0.25 + 1.23

A(1670) 1667.5 £ 2.3 £ 3.6 3024+ 42 +£87 0.33£0.07£0.09
(

(

nbins= 1.45

1690) 1691.1 + 44 £15.7 723+ 4.7 £183 0.55£0.11 £0.10
1800) 1800.9 £ 13.3 £12.6 208.8 &+ 14.5 + 36.7 0.60 £ 0.15 £ 0.18
189724+ 9.6 +£6.2 14924+ 1354+4.1  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
2.(Lodo) loss.2 = 1Y 3.0 0U.ox 6.0 = 0.9 1.o0U = U.11 = U.1Y
¥(1660)  1643.2+ 4.5 +£7.6 221.3 +£13.1 +£41.1 3.53 +0.29 + 0.63

Events / 0.010 GeV/c?

3(1670) 1679.7 + 3.4 +4.3 87.0+ 6.4 +£8.9 1.60 &+ 0.25 £+ 0.38
LT6 T8 20 2224 26 o shs e 0 023 £ 010000
M@T) (GeV/e?) (1910) : : . . . 0 0. . ,



https://link.springer.com/article/10.1007/JHEP02(2025)212

Key Results: PWA —— )(2S) - pK*x’
B New excited state, X(2330), in the M+ distribution with 11.9a.

3
B Favors /¥ = -

B Compatible with the predicted 1F(3/27) state within 5 GeV/c?

Events / (20 MeV/c?)

\

arXiv:2602.11501

Resonance

Mass (MeV/c?)

Width (MeV)

B (x1079)

N (2300)
N(2570)
A(1520)
>(1660)
>(1670)
(2010)

5(2110)

2285.3 + 13.8 &+ 26.1
2577.9 £ 14.8 + 33.2
1680.5 = 13.8 £ 21.3
1680.5 = 4.1 £11.0

1980.1 & 10.0 & 18.1 |

21724 4+ 63 4+109

335.9 £ 14.6 £+ 21.6
255.1 £ 14.6 £ 19.7
247.7 £ 15.8 £ 18.8

734+ 9.1+ 7.1

192.5 £ 13.3 =13.3
10724+ 034102

1.95 £ 0.53 £ 0.58
2.28 £ 0.53 £ 0.67
0.49 £ 0.10 £ 0.14
5.84 £ 0.69 £ 1.55
1.22 £ 0.38 = 0.28

3.11 £ 0.50 &= 0.92
1174023+ 038

[ =(2330)

2334.7 £ 7.9 £ 16.0

206.3 £ 9.5 +18.4

4.47 + 0.58 & 1.52 ]

1.8 2.0 22
M. (GeV/c?)


https://arxiv.org/abs/2602.11501

Key Results: Radiative decays —— A(1520/1690) - yA/yX°

Phys. Rev. D 73, 114001 (2006)

B Theoretical predictions:

€ Differ significantly

€ Assuming A(1520) to be a SU(3) singlet:

R

B Experimental measurements:

B(A(1520)->yA)

B(A(1520)-y20)

A(1520) > yA
? A(1520) - y20

0.3

B; - Br+vy A(1520) = yA | A(1520) — y!
YOM [3] 134 92
NROM 156 [61,96 [7] | 55[6], 74 [7]
RCOM(8] 215 293
MIT Bag|6] 46 17
Chiral Bag|9, 10] 32 51
Algebraic model[11] 85.1 180.4
CLAS [5] 167 + 43+49
Phys. Rev. C 71, 054609 (2005)
% 22255 [ x*/ndf 40.78/52
= 20 (B) CLAS
7 175 >(1385), A(1405)
£ 15
e 12.5
ST 'I A(1520)
7.5 ’
S
i N
o LT

Phys. Rev. Lett. 21, 1715 (1968)

13 14 15 1.6 17

My (GeV)
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https://doi.org/10.1103/PhysRevLett.21.1715

Key Results: Radiative decays —— A(1520/1690) - yA/yX°

[ | First Observation Of A(1520) - )/ZO Phys. Rev. Lett. 136, 141801 (2026)

_ B(A(1520)-yA) . .
® R= BCATI520) 5720} — 3.19 + 0.34(stat.) + 0.19(syst.) = disagree with SU(3)

¢ TI(A(1520) - yZ%) = (46.8 £ 6.6(stat.) + 9.3(syst.)) keV = Compatible with NRQM

& 6000 & 600
L Q . { Data
%) % i — Global fit
= 4000 = 400 |- - A(1520)
2 ¢ Data ‘(2 : === A(1690)
: B — Global fit : B ) ¢ — Background
@ 2000 |- -+ A(1520) ® 200 - |
S i -+ A(1690) - -
q>) i , — Background q>) }
L O e e o L LLI O T T | o o

1.4 1.5 1.6 1.7 1.8 1.4 1.6 1.8

M., (GeVic?) M(y=0) (GeV/c?)
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https://journals.aps.org/prl/abstract/10.1103/l6g2-2wg6

Key Results: Radiative decays A(1520/1690) —» yA/yX’

B New theoretical calculation of A(1520) — yA/yZ°: chiral unitary coupled-channel
€ Only comparable with the result of the I'(A(1520) - yz%)

€ Much smaller than the CLAS experimental value wrXiv:2605.14946

s0f | .
| % Thiswork |
[ 1 ok UxPT
Bi — Bf +y A(1520) — yA | A(1520) > y=° 200 | RRoam
XQM [3] 134 92 § [ i A NRQM II i
NROM 156 [61,96 [7] | 55[6], 74 [7] SR N
RCOMIS] 215 293 I
MIT Bag[6] 46 17 !
Chiral Bag[9, 10] 32 51 =z ool
Algebraic model[11] 85.1 180.4 = .
CLAS [5] 167 + 43728 o : : -
O s 10 150 200

I(A(1520) > yA) (keV) 5


https://arxiv.org/abs/2605.14946

Key Results: Radiative decays —— A(1520/1690) - yA/yX°

[ | First Observation Of A(1690) - )/ZO: Phys. Rev. Lett. 136, 141801 (2026)

¢ B(J/¥ - AA(1690))XB(A(1690) - y=%) = (6.05 + 0.42(stat.) £ 0.39(syst.))x107°

m No signal of A(1690) - yA
¢ B(J/¥ - AA(1690))XB(A(1690) - yA) < 5.08x1077 (90% C.L.)

& R =I20USOVN g (90% C.L.) Mass: [1683.9 + 1.3(stat.) + 0.6(syst.)]MeV/c2
B(A(1690)-yX%) Width: [48.8 + 4.0(stat.) + 1.6(syst.)]MeV
~6000 T 1 & 600 [
N ,,,/’" LQ - ¢ Data
%J i w‘ %) i — Global fit
= 4000 |- Pl = 400 - -+ A(1520)
S ~ ° ¢ Data ‘C_D ---- A(1690)
= B — Global fit = ) ¢ — Background
@ 2000 - A(1520) o 200 '
- i - A(1690) -
q>) n . Background q>)
LL O PR T T TPr ol BT 1O R O Nt S S N T M B LL 0 L O, o el o
1.4 1.5 1.6 1.7 1.8 1.4 1.6 1.8

M, (GeVic?) M(y=0) (GeV/c?)
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https://journals.aps.org/prl/abstract/10.1103/l6g2-2wg6

Summary and Outlook

B With partial wave analysis and mass spectrum fitting, BESIII precisely measured the mass,
width, branching fractions of a series of excited states.
B We achieved the first high-precision measurement of baryon radiative decays (e.g., A(1520/

1690) — yzY) at BESIII, providing crucial experimental constraints for various theoretical models.

B Outlook
€ Further Measurements: Search for high-spin/highly excited states with future high-

luminosity data.
€ Extended Studies: Extend to strong and semileptonic decays to constrain baryon structure.

€ Joint & Future: Combine with other experiments and provide input for future facilities

Thank you for your attention!
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