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Baryonic States

® All ground baryonic states are well established

€ Good agreement between experimental data and 1o S p
du = uu
quark model / \ X(Q
® The excited spectrum is much less clear oL

€ Many more states predicted than observed

. A e,
B) i
® [nsight to hadron structure X ‘ \ /
S

S - S
Issues in baryon spectroscopy: 7 =0
» Threshold enhancement
> Missing resonance of N*, A*, X7, ... A simple 3-flllal'k structure for
» Multiquark baryon the light baryons
>



Missing Resonances

* Many of the predicted resonances were not observed experimentally
* Experimental and theoretical efforts
* Experimentally:
* baryon resonances may couple very weakly to single pions
* Theoretically:
* the baryon spectrum can be modeled with fewer effective
* degrees of freedom (quark-diquark or Y/A-type models)
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Missing Resonances

* Many of the predicted resonances were not observed experimentally

* Experimental and theoretical efforts
* Experimentally:

* baryon resonances may couple very weakly to single pions

* Theoretically:

* the baryon spectrum can be modeled with fewer effective
* degrees of freedom (quark-diquark or Y/A-type models)
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Lattice QCD

Nucleon- and A-resonances spectrum
my,; = 396 MeV

mq =~ 1672 MeV

m/mgq
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BESIII at BEPCII

Beijing Electron-Positron Collider 11 The BES' Detector

‘ "«:!"f"'/";@u;. .l\« -

e RFes SR oRE,

o,

Drift Chamber (MDC) .
oP/P (°/,) = 0.5%(1GeV)
O ge/ax (%) = 6%

Super-conducting
magnet (1.0 tesla)

Time Of Flight (TOF)

o;: 90 ps Barrel 3 nCounter
110ps endcap  EmC: GE/VE(%/,) = 2.5 % (1 GeV) 8- 9 layers RPC
(Csl)  ©,4(cm) =0.5-0.7 cm/VE 5R®M=1.4 cm~1.7 cm

Symmetric electron-positron collider BEPCII:
* energy range: \/s = 2.0 — 4.6 GeV (~5 GeV since summer 2019)

» design luminosity achieved: 1x1033 cm™2 s~ (at 1(3770))

* operating since 2008



Why BESIII 1s complementary for baryon spectroscopy study?

 When compared to hadron collider or fixed

target experiments, electron positron collision

has a different production method: ¢ N, AL T, T

» the direct production: vector state

> Background is low, and the initial state (energy, J°¢) y
is known

» Could run the collisions on the critical points, such

as J /Y peak, where the cross section is large.

o)
>\
M)
Iy

» Coupling of unobserved states through conventional
production channels could be small, but coupling

may be large to gggN:
> P > NN(/n/n'/w/P), pKA pKE



Evidence for A* - Aw in Y(3686) - AAw

Phys.Rev.D 106 (2022) 11, 112011

O Three body decay is a great opportunity to search for potential

baryon excitation.

OO0 Many excited hyperon states near the Aw threshold are performed

in the past.

v’ Based on 448M y(3686) events, the process 1(3686) - AAw is

performed for the first time.
v’ An excited A state is
investigated by an unbinned
maximum likelihood fit to

the Dalitz plot.
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Evidence for A* - Aw in Y(3686) - AAw

« B(1(3686) » AAw) = (3.30 + 0.34 + 0.29)x107°
 For A™:
* Parameterization: An S-wave Breit-Wigner function convolved a Gaussian function
« M =2001+7MeV/c?T =36+7MeV
» Statistical significance: 3.00
« B(3686) - A*A+c.c.—» AMw) < 1.40x10™> @ 90% confidence level.

> The branching fraction of (3686) — AAw is measured for the first time.
> An potential excited A state was seen with 3.00 around 2.0 GeV/c?, the mass is
near to A(2000), A(2050) or A(2070), but the width is too narrow.

A* in This work A(2000) A(2050) A(2070)

Mass (MeV/c?) 2001 + 7 ~ 2000 2056 + 22 2070 + 24
I' (MeV) 36 +7 (125~255) 493 + 61 370 £ 50
Sign?ficance/ 300 . 5 X
Existence



A* near An threshold in ¥(3686) —» AAn

Phys.Rev.D 106 (2022) 7, 072006

O Search for isospin violation decay of (3686) — AAr° E@ |M
O Search for A* in An® and An mass spectrum

v’ Based on 448M 1)(3686) events l.sMéoA)(-GezV./zcz)Hzﬁ =
v' The branching fraction of ¥)(3686) — AAr® is measured B I

with 3.7¢ statistical significance for the first time

Events/0.020 GeV/
o

v" Due to the low statistical, no clear struture is found in ot e
the A" mass spectrum. ) PREIRS

v A PWA is performed for ¥(3686) - AAn, and a A* near 5 ? ’
the An threshold is performed. TR “ Ty

M2MA) (GeV/c?)?
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A* near An threshold in ¥(3686) —» AAn

« B(y(3686) - AAmY) = (1.42 4+ 0.39 + 0.59)x107°
« B((3686) - AAn) = (2.34 + 0.18 + 0.52)x107>
 Forthe A™:

o 1
e Parameterization: BW (s) = o R S———
0o~ - oto

M = (1672 4+ 5+ 6) MeV/c? T = (38+ 10 + 19) MeV
« B((3686) » A(1670)A + c.c.—» AAn) = (1.29 + 0.31 + 0.62)x107°

> The isospin violation decay, ¥ (3686) — AAr", is observed with over 30
» The structure near An threshold can be described with A(1670)

A(1670) A(1690)

1/2- 1/2- 3/2"
Mass (MeV/cz) 1672+5+6 1670~1678 1685~1695
I (MeV) 38+ 10 + 19 25~35 60~80
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Observation of =~

¢ — =) (h)

[\
3
=

inete” » 5~

O Search for charmonium states above open-charm

[0 Measure the effective form factors

[0 Search for the excited = states

v' Analysis based on 11.0 fb™1

GeV, 15 energy points.
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Observation of Z* inefe™ » E7 + anythmg

[L.B((4260) > E"EZ1) < 0.27x1073 eV @ 90% C.L.
* A structure is observed in the recoil mass spectrum of T~ A
 Parameterization:
A BW function convolved a double Gaussian function
 Statistical significance: 6.20 — 6.50
« M = (1825.5+ 4.7 + 4.7) MeV/c?
e ['=(17.0+15.0 +7.9) MeV

» The upper limits on the products of the electronic partial %zoofiﬁi‘tﬁgm
width and the branching fractions of (4260) - 2~ =% is ;so;"‘s’?gﬁﬁm”"d E
measaured for the first time. 100 E
» The EFFs are measured at the 15 energy points. 50 -
» An excited E baryon is observed around 1820 MeV with T s
6.2—6.50 statistical significance. The mass and width of £* g **%} ;{Hfrm{f n‘n%+‘ﬁ‘*h*%n‘%%*ﬁf% £ﬁ
2.

are consistent with Z(1820) and the first updated in 33 18 ”M;‘?;1°ﬁ (G;\"”cz)’-"

years. 13



AA threshold enhancement in eTe™ - AAn

Phys.Rev.D 107 (2023) 11, 112001

[J Search for charmonium states

O Search for the enhancement near AA threshold ;
O Search for A* in the A mass spectrum 2 uf

v Based on the data events at 31 energy points (3.5~4.7 GeV)

t Data (a) ‘
—PHSP MC 1
i Weighted MG

22 24 26 28 3 32 34 36
M ~ (GeVic?)

Vs = 4.178 GeV

‘ ¢ Data (b> —

—PHSP MC
@ Weighted MC

v" Partial reconstruction technique to achieve higher efficiency.

SV RN —— " M o 30
: ] 10 3
7F ¢ : &) 3 3 (b) 3 25
- LI . ] 9 = o’ eelst - &
— C .?J.-:. s -7- . ] . 3 .‘.. . e 3 © L
% 6 :_ ?ﬁ{'{.""v& . - 3 sk ...‘.. . ... ; E %
Qs L °5 Rt ael o & E . -‘._-‘..c . e E 2
> <F Kt RS . = TF I =
@ 5 R . 3 ® T 3 o
- s X O A = N
- i -.:). ceet - E -..: S . .: s E =
<& o ety " E oF sF gLl t 3 £
C sl o 3 v . 3 )
B . - =i L o. — >
sk i 3 A: i s it
E oL N 3 ;_ 0 K _;
2 e - 2 A T T T T -
4 5 6 7 8 9 10 11 4 6 8 10 12 14
M? - (GeV?/c?) M3~ (GeVZict)

\s = 3.773 GeV s = 4.178 GeV

2 22 24 26 28 3
M,, (GeVic?)
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AA threshold enhancement in eTe™ - AAn

 The enhancement near AA threshold: 43
35E
e Parameterization: A BW function with mass-dependent width = o i

¢ JPC=1"",M = (2356 +7 + 17) MeV/c%T = (304 + 28 £ 54) MeV 7,

~ | AR R LA LARA] LALR] LALLM M|
2
» [ FETT1 PTTT1 PTTT1 PTT1 ITTTIITRTA AP I AT T |

» No significant structure of charmonium state is observed in I FOUTTUTR A |
Vs (GeV)
the line shape of the Born cross section ]
100 -+ Data ]
i Ii — Total fit 1
sof ¢l 7 Xn

» A clear enhancement above pure phase space is observed PHSP

1 sidebands

near the AA mass threshold.

Events/0.02 GeV/c?
3
T

» Not any excited A state is observed due to the limit data.

'Ii,i '..
Qlutd 1010 ‘\[.T'T’r"\-;-r-‘.J.biJ A ’.H;_'i_,.. \
2224 26 28 3 3234 36 38 4 42
2
MAX (GeV/c?)
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N*and A*inete” > pK A+ c.c.at4.178 GeV

arXiv:2303.01989 [hep-ex]
* Based on 3189 pb~! events at 4.178 GeV, a partial wave

analysis is performed.

(b) x¥mbin=1.17

The intermediate states of baseline solution include:
« K*:K;(1980),K;(2075), K,(2250) ol ©  pmbintod]
« A*:A(1520),A(1890), A(2350) =1
« N*:N(1720), N(2570)
* pA enhancement: X(2085)

E ITSOHI]\I Fit 1
acKkground
150 — K;(1980)
— K(2045)
— X(2085)
K,(2250)
N(1720)
- — N(2570)
— A(1520)
— A(1890)
— A(2350)

Events / (26 MeV/c?)

Events / (26 MeV/c?)

* The parameterization of K*, A* and N*: Lt el
) m, .~ (GeV/c?) _
BW(s) = ma—m2—im,T, 150 %

100

The resonance parameters of K*, A* and
N* are fixed to the individual world
average values.

50

Events / (26 MeV/c?)

M (GeVZ/c)

m, i (GeV/c?)



pA threshold enhancementin ee™ - pK~A + c.c.

s =4.178 GeV
Vs JP Mpole (MeV)  T'pole (MeV) \/A —2In L)
pA threshold — — (b) (/nbin=1.17 1" 2085 £ 6 62 + 10 —
enhancement 2 L = 23;13;&“‘1 0~ 2095 +9 1404+ 6 9.3
= _ggggggg 1= 2063 + 12 130 £9 8.1
— X(2085)
S K 2+ 2077 £+ 2 122 £ 8 9.8
~ — N(2570)
S T — Ao, 2™ 2082 £+ 16 46 + 36 5.7
~— — A(2350)
§ ]
= A S S \/: Eint Year ]\'[pole Fpole
20 23 @ ;-;’cz) 33 4.008 482.04+4.7 2011 2085+14 50+ 16
.. My T 4.178 3189.04+31.9 2016 208546 62410
The parameterization of X (2085): 4226 | 1100.947.0 2013 2088+£10 68+ 12
BW(s) = 1 4.258 8284455 2013 2083+11 48+ 10
mz — m? — imol'(m) 4.416 1090.74£ 7.2 2014 208813 56 4 12
g \20H 4.682 1669.3£9.0 2020 2092+10 54+ 10
0 rerag — — ; 5 <
r(m) =T, (q_) EBlz (4,90, d) Average 2086 4  56+£5
0

B%(q, qo, d): Blatt — Weisskopf barrier factor Significance > 2 O o

A threshold enhancement near pA threshold, X (2085), is observed with:

JP = 1%, Mpgle = (2086 + 4 + 6)MeV/c?, Tyore = (56 + 6 + 16) MeV

17



Result of pA threshold enhancement

J/Y » pK~A Bt - pAD° ete” > pK™A
BES Collaboration Belle Collaboration BESIII Collaboration
Phys.Rev.Lett. 93 (2004) 112002 Phys.Rev.D 84 (2011) 071501 arXiv:2303.01989 [hep-ex]
40
2o Lo < + Dat I
SO - Ellig % — Fit Ng 00 i%)ltt:l Fit
2 5 > Sl
2 ol = 2 — gl
E 1 3 = o
5 5 ,
0 0.1 2 o5 3 2.0 25 3.0 35
Mz - m - mz (GeV) Moy (GeVIe) m ~ (GeV/c?)
X (2085
X(2075) Included in X(2075) of PDG Sioni ( )
. ignificance > 200
Significance =~ 70 JP =1+

M = (2075 + 12 + 5) MeV

[ = (90 + 35 + 9) MeV No conclusion can be drawn that X (2085) is the M = (2086 + 4 + 6) MeV

same structure as X(2075) observed J /1 - pK~A [=(56+5+16) MeV
since limited information was given. 18




Measurement of X > py inJ /Y - Z1TX~

[0 Measure the absolute branching fraction and decay
asymmetry parameter a,, of 1 - py

[ Through the decay asymmetry parameter, perform a test
for CP violation 1n hyperon decay

v" Analysis based on 10 billion J /1 events

v' The absolute branching fraction is calculated by

obs
Npr° &st

obs
NST EpT

B(X* - py) =

Phys.Rev.Lett. 130 (2023) 21, 211901

x103

W
T

p—

Events / (3 MeV/c)
(\®]

. 600
400}
: 200t 4
0 Les

0.21 0.22 0.23 0.24
§ Data

=== Total Fit

— = Signal

- >*—pn® BKG
0 [ . . Other BKG
0.15 0.2 0. 25 0.3
P, (GeV/o)
x103
: 600
<O 400}
A
= I ’,/'
@ 2F Tl %3T0257023 024
0 * § Data
E 1 i ’ : Total Fit
L% ) f ;121;1:0 BKG
S *y\ Other BKG
0015 02 025 03
P, (GeV/0)
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Measurement of X > py inJ /Y - Z1TX~

0.996 £+ 0.021 + 0.018

B(Z+ - py) x1073 1.23 + 0.05

ay, —0.76 = 0.08

* The CP violation 1s test through A-p and Ap:

B, -B_

Acp = B: 5 0.006 £ 0.011, % 0.004,q,
a_ +a

Acp = - a: = 0.095 =+ 0.087, £ 0.018,.

» The accuracies improvement:

» Branching fraction: 78%, decay asymmetry parameter a,:

> B(Z* - py) is lower than the PDG value by 4.20.

» No obvious CP violation is observed.

—0.652 £+ 0.056 + 0.020

34%

¥ BESII
¢ PDG
4 VMD
A PMI
A PMII
m NRCQM
4+ + BSUO)

<~ ChPTI(BF x0.1)

ChPT II

0.5

1

1.5

BF (2= py) (x107)
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Summary

v'Overview of our recent result of baryon (2019) (02) 297"
1x107 3x10° 20fb"! 05fb! 32fb! 105fb 1 10fb
spectroscopy Events\ Events  (2022)
|
v'Charmonium decays are the powerful ‘Tl I
6 | Mark-1 ,
tool to investigate excited nucleonsand | e |
e PLUTO e Tl T
hyperons b e | E
- KEDR |l |
1Ly
sy 3 | ‘ ‘ ‘ '.\‘ ‘ ‘|: :l{f,«' P
»BESIII has collected 10 billion J /1 and O LR RN
- 2 | sl g
about 3 billion 1 (3686) events. B T E— 5
. . L3 ekt 5.6fb~ ! at 10 points
»Many interesting analyses are now on >>2.0GeV < v/5 < 4.6GeV 4.6GeV < V5 < 5.0GeV

. . 1 x 10° had. Events each
performing and will come soon.
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Thanks for your attention!
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