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Beijing Electron Positron Collider (BEPCII)
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Beijing Spectroscopy (BESIII) Detector
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Features of the BEPC Energy Region

= Rich of resonances: charmonia and charmed mesons
= Threshold characteristics (pairs of t, D, D, ...)

= Transition between smooth and resonances, perturbative
and non-perturbative QCD

= Energy location of the gluonic excitations and multi-quark
states
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Physics at BESII|

Charmonium physics: Open charm physics:
- spectroscopy - charmed mesons
- transitions and decays ~ decay constant, form
factors
— CKM matrix: Vcd, Vcs
Light hadron physics: — D%-D%ar mixing and CP
b violation
- Meson aryon — rare/forbidden decays
spectroscopy A
c
- glueball, hybrid,
multiquark

, Tau and QCD physics
- two-photon physics
- e.m. form factors of

qucleon New physics



Data collected at BESII|I
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Baryons are the basic building blocks

of our world d

* the simplest system in which the three colors
of QCD neutralize into colorless objects and
the essential non-Abelian character of QCD is
manifest

e 3 quarks only contribute ~1% to the mass of
proton -- ySB

e spectrum- symmetries- degrees of freedom -
confinement



A7 PHYSICS AT BESIII

® Semi-leptonic decay: form factor, Vcs, ...
® Hadronic decay: decay mechanism, FSI, ...
® Inclusive decay: isospin symmetry, CPV, ...



Quark Model picture

A} : a heavy quark (c) with a unexcited spin-zero diquark (u-d)

u
d ue .\.d

C 3 .
Charmed meson (D*[cd]) Strange baryons (A[uds]) Charmed baryon (A [udc])
my << m_ > quark + heavy quark m,, My =m, = (qqq) uniform m,, My << m, = diquark + quark
(q) () (qq) (Q)

Heavy Quark Effective Theory :

O diquark correlation is enhanced by weak Color Magnetic Interaction with a
heavy quark

0 More reliable prediction of heavy-light quark transition without dealing

with light degrees of freedom that have net spin or isospin.

A} may provide complementary powerful test on internal
dynamics to charmed meson does



Cornerstone of charmed baryon Spectroscopy

(a) Charmed baryons

O The lightest charmed baryon . ? gﬁ,go, o8
O Most of the charmed baryons B .
- LUV

will eventually decay to A}

O The A/ is one of important
tagging hadrons in c-quark

counting in the productions at

Charmed baryon mass (GeV)

high energies and bottom
baryon decays

O B(A{ » pK n"): dominant
error for V, via baryon decay




The A{ Decays

A, Measurements [PDG2015]
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A weak Decays

[J Contrary to charm meson, receive sizable non-factorization W-
exchange contribution

Chau, HYC, Tseng 96

¢§< %ﬁﬁ< §< ETwo distinct internal W emission

diagrams, three different W exchange

iﬂ A Y Y
Q

diagrams
- - — B Need information of decay
. == — —
e & | . asymmetry to extract s-wave and p-
Py Py e wave amplitudes separately

O Exotic search in Af— ¢pn®: an analog to Pcin A‘l),—> J/YpK~



available data set at BESIII

A Data at BESII|

First time to run around 4.6 GeV in 2014, marvelous achievement of BEPCII

Energy(GeV) | lum.(1/pb)
4.575 ~48
4.580 ~8.5
4.590 ~8.1
4.600 ~567

c(nb)

PRL 101 (2008) 172001
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A Measurement using the threshold pair-productions via e*e’
annihilations is unique: the most simple and straightforward

First time to systematically study charmed baryon at threshold!



Analysis Technique

A} AZpair production at e*e collision at mass threshold,
no additional hadron in final states

0 Tagging method :
— Single tag (ST) : reconstruct one A} B
— Double tag (DT) : fully reconstruct At A pair

Msc = \/Ebzcam — B I?
AF = E — Fpeam
[0 Advantages:
— Clean environment
— Straightforward and model independent
absolute BRs measurement

— Some systematic uncertainties canceled in DT
method




Semi-Leptonic decay A{— Al*y

[0 ARGUS first measurement :
Phys. Lett. B 269, 234 (1991).

olete” = ATX)- BRI — Ae™X) =420+ 1284+ 0.71 pb
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olete” = ATX)- BRIAT = AutX) = 3.91 £ 2.02 £ 0.90 pb

[0 CLEO improved measurement :
Phys. Lett. B 323, 219 (1994).

o(efe” = ATX)-BR(AS — NetX) = 4.87£0.28 £ 0.69 pb

Events/100 MeV/c’

o(ete™ = ATX)-BR(AF = AutX) = 443 £ 051 + 064 pb

( )(Lv\//)

00 Combined with the t(47) and the assumption of form factors

Aty PDG 2015 [ (28 +04)% Not a direct
e, (29 + 05 )% ,
Autv, (27 +06)% measurement!

Theoretical calculations on the BF ranges from 1.4% to 9.2%



The measurement of AL — Al*y,

Double tag method 11 tag modes: My = /B2, — P
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ST yields: 14415 1159 events with 11 ST modes




BFs of AL — Al*v, decay

First direct measurement, optimized variables: ¢ . =F . — [Pyl

B(A: > Ae'v,) = (3.6340.38+020)%  B[A > Autv,]=(3.49+0.46+0.26)%

30 total fit
% A= Antr?
S?, 20 - s«=sas gther bkgrounds
20—
S Events Events
@ 10 10
| =
v
a
'lrl' I "L 1 'L ot N T PP L A | T1
-0.2 -0.1 0 0.1 0.2 -0.2 -0.1 0 0.1 0.2
U s (GeV) Unmniss (GGV)

TA > Ap v, J/T[A; D Aev,]= 0.96+0.16+0.04

Important for test and calibrate the LQCD and lepton universality.



Absolute BFs of A7 Cabibbo-Favored
Hadronic decays
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PRL 116, 052001 (2016)



Absolute BFs of Af— Z°K* and Z°(1530)K ™
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[ Straightforward and model independent
1 A least square global simultaneous fit :

Results of 12 CF hadronic BFs

PRL 116, 052001 (2016)
[CPC 37, 106201 (2013)]

Mode This work (%) PDG (%) BELLE B
pK2? 1524003003 115 _+030
< pK 7w 5.84 +£0.27 0.23 5.0+ 1.3 6.84 = 0.24" 5T
pKsm® I 87T TUI3=T005 105050
pK2nTwr~ 1.53+0.114+0.09 1.30+0.35
pK—ntm® 453+0.234+0.30 3.44+1.0
At 1.24 +0.07 +0.03 1.07 +£0.28
A 7® 7.01+0.37+0.19 3.6+1.3
Artn~ 7t  3.81+0.24+0.18 2.64+0.7
YOrt 1.27 +0.08 = 0.03 1.05+0.28
PRI 1.184+0.10 +0.03 1.00 4 0.34
Yt~  425+0.244+0.20 3.6+ 1.0
Y w 1.56 +0.20+0.07 2.7+1.0

O B(Af — pK™mt"): BESIII precision comparable with Belle’s
O BESII B(AF —» pK™ ) is compatible with BELLE's with 20
O Improved precisions of the other 11 modes significantly



HFAG Fit to world BF data

1 A fitter to constrain the 12 hadronic BFs and 1 SL BF, based on

all the existing experimental data, overall y?/ndf=30.0/23=1.3

[ Correlated systematics are fully taken into account

HFAG Summer 2016

tours contain 68.3%, 95.6% and 99.7% C.L. | |mmm CLEO 1998
I - I L

[ HFAGFit
N BESIII 2016
N Belle 2014 H

Mode HFAG 2016 (%)| BESIII (%) |PDG 2014 (%)| BELLE (%)
pK2 1.59+0.07 [1.52+0.08 £0.03] 1.15 +0.30

pK " 6.46 £0.24 |5.8440.27+023| 50+13 |6.844+0.247020
pK 2" 2.03+0.12 |1.874+0.13+0.05 1.65+0.50

pKgntm 1.69+0.11 |1.53+0.11+0.09| 1.30+0.35 |

pK ntn®| 5054029 [4534+0.23+0.30 3.4+1.0 . _—
Axt 1.28+0.06 |1.24+0.07+0.03| 1.07 £0.28 Gty
Axta® 7.09+0.36 |7.01+0.37+0.19 3.6+1.3 D oo

Artr— 3.73+0.21 [3.814+0.24+0.18)] 26+0.7 T

N0t 1.31+0.07 |1.27+0.08+0.03| 1.05+0.28 = 005

¥t 1.25+0.09 [1.184+0.10+0.03| 1.00+0.34 =

Stata 4644024 [4254024+020 3.6+1.0 =1

»tw 1.774+0.21 |1.56 +£0.20+0.07| 2.7+1.0

Ae v, 3.18+0.32 |3.63+0.38+0.200 2.1+0.6

B(Af — pKg)

0.008 0.(510 0.012 0.014 0.016 0.018 0.620 0.022

Precise B(pK~m") is useful for V,, measurement via baryonic mode




Observation of Al — nKr*

First observation of A} decays involving the neutron in final states.
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Events/0.010 GeV 2/c?

PRL118(2016)112001
I I

30

20

Events/2.5 MeV/c

10

.7' 0.8 0.9 1 1.1 046 048 05 052 054
M. (GeV/c) M,._ (GeV/c?)

B[A,*—NnK L r*]=(1.8240.23+0.11)%
B[A.*—nK*)/B[A*—pK*]=0.62+0.09
B[A.*—nK*)/B[A*—pK°n?]=0.97+0.16

The phase difference between 1 and 1(9:
c0s6=—0.24 £ 0.08
and relative strength: |[IO/[10]= 1.14 £ 0.11

The relative BF of neutron-involved mode to proton-involved mode is essential to
test the isospin symmetry and extract the strong phases of different final states.




Measurement of A{->Xwtnt (nV)

O The total measured A decay BFs is ~65%, searching for more decay
modes are important

O Only one A decay involved X-is observed, B( Af —Xrt*n’)=(2.310.4)%,
where X~ dominantly decay to nm

11 ST modes, 114154159 A} tagged candidates

Y L A v AT ntrtnd
% >
& | o 4r
2 T 11161.3+15.2 = I 88.1£13.9
= '|  Events S : '. Events
w M _l- | wy
= = 20
g .[. g Phys.Lett. B772 388
= 20 =
*Hj Hipphibiartiuie "th}‘ "FH‘
0.25 0.25
My — u ( GeV fc ) Mo —_.-Un ( GeV ,fc }

B[AI2>Zntnt] =(1.81+0.17)% [Improved precision] [ s istical only,
B[ A}2Xntntnf]=(2.11 £0.33)% [first observation]  [totallyuncertainty <3%



Single-Cabibbo-Suppressed decay of
Af-prtn /KK

Sensitive to non-factorizable contributions from W-exchanged process

b 200 £ Lk
> % 4\+ — [J—I_ I(—I_I'(_ % : 4\+ — J-I_ .Rhl_ I{_
(1] 20 C L ¢ L
s 150 2 | 2 |
= o | o
100 T S |
@ :@m-_> ~ * ol
c 50 cCt c
S 0 I@ll i O by A LA A
UJ \ | R LIJ A d IT'TTF | " LIJ .:'.3‘ Hﬁﬁmmm5‘£4 e
£25 226 227 228 229 230 ?25 226 221 2 § 229 23 1 1.05 11115 12 125 13
Mg (GeVic?) Mer(GeV/ MK'K)(GeVic)
Decay modes Bnode/Bret. (this work) Binode/Bret. ((28])  PRL117(2016)232002
A = prtr” (6.70 £ 0.48 £ 0.25) x 107~ -
Af = po (1.81£0.33£0.13) x 1072 0.015 £ 0.002 £ 0.002
Af = pKTK~™ (non-¢)  (9.36 +£2.224+0.71) x 10™*  0.007 4 0.002 + 0.002
- Bmudc B(PDG)
A} = prtr” (3.914+0.284+0.15+0.24) x 10~ (3.5+2.0) x 10~ ==> first observation

AF S o (106 +0.19 + 0.08 4 0.06) x 107 (8.242.7) x 107" } : isi
AF - pK¥K™ (non-g) (547+1.30+0.41+033) x 10~ (35+1.7) x 1= 7 Improved precision




Events / (2.5MeWcz)

different non-factorizable diagrams

SCS Decays A.*2pnland A_*>pn

Their relative size essential to understand the interference of

Phys.Rev. D95 111102

It is expected that F(A = pn)>>F(A *2>pnt)
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 BESIII preliminary results:
B(AE— pn) = (1.2440.28+0.10) X 1073;
B(Af— pr) <2.7 X104
B(Af— pr®)/B(Af— pn)<0.24

e First evidence for Af— pn
with 4.2c



Events / ( 0.00046 )

The measurement of A >A+X

[0 The measurement is useful to test of HQET
O PDG2016 B(AF — A + X) =35+11%

N 23 SR
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AD —pKg  [-0.021,0.019] 1220 £37 PTBAF S A+ X)+BA- 5 A+ X)
A; —»pKTr~  [-0.020, 0.015] 6088 + 85
- Decay mode  Branching fraction(%) Acp

. i NS AEX RRERUEOG e T
B(Ac > A+ X) =(36.981+2.18)% Ao R4X 367023044050 S




BARYON SPECTROSCOPY AT BESIII
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- Many open questions left
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Where are the “missing” baryons?

Quark models predict many more baryons than have been observed

Mass (MeV)
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Where are the “missing” baryons?

@ Are the states missing in the predicted spectrum because our
models do not capture the correct degrees of freedom?

y...

1, 3 quarks 2, quarks and 3, quark-diquark 4, multi quarks
flux tubes
Npredictied: N4>N2>N1>N3' Nobserved << Nl

€ Or have the resonances simply escaped detection?

Nearly all existing data result from TN experiments



Excited state baryon spectroscopy from lattice QCD

R. Edwards et al., PR D84 074508 (2011)

1 1 m. = 400 MeV

0.6}

7 4 = &= g=
2 1 2 2

Exhibits broad features expected of SU(6) @ O(3) symmetry
=» Counting of levels consistent with non-rel. quark model, no parity doubling



Charmonium decays can provide novel insights into baryons
and complementary information to other experiments

JLab, ELSA, MAMI, ESRF, ' T % * %k ok
Spring-8, .... J/?P(T.U ) — BBM = N ’ A 52 9 bt
* N, Az, =
y \ M (mm, w, 1)9.:)9 K...) ¢
N* A* ‘.' , "
N
NN,AZ.L) e p.A, E, =

v’ Pure isospin 1/2 filter: p > NNm, ¥ - NNnm

v Missing N* with small couplings to tN & yN , but large coupling to gggN :
Y - NNm/n/n'/w/p, DEm, DAK ...

v" Not only N*, but also A*, 2%, E*

v’ Gluon-rich eviroment: a favorable place for producing hybrid (qgqgg)
baryons

v Interference between N* and N * bands in iy = NN Dalitz plots may help
to distinguish some ambiguities in PWA of TN

v" High statistics of charmonium @ BES Il



Recent results @ BESII|

Measurements of ' = pK*2% and x.; - pK*A
Measurements of ¥’ = (y)K~AET + c.c.
Observation of Y’ - AZ*n T + c.c.

Observation of | /Y — a,(980)pp
Measurements of J/Y — ¢ppp

PWA of ' - n%pp

PWA of ' — npp

These analyses based on 108*10% ' decays and 225*10° ] /1 decays.



BESIII Phys.Rev. D87, 012007 (2013)
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BESIII Phys.Rev. D91, 092006 (2015)

E7(1690) and £~ (1820) are
observed iny’ » K~AET + c.c.
Resonance parameters consist with PDG
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In the study of Y' - yK~AE* + c.c.,
the branching fraction of
Y’ - K 3YEY + c.c.and
Xcj = K~AE* + c.c.are measured

Diecay Branching fraction
P 3686) — K AZT (3.86 £0.27 £0.32) = 107
[ 3686) — Z(1600)—Z+, Z(1600)- — K—A (5.21 £ 148 £ 0.57) = 10—
[ 3686) — S(1820)" =T, S(1820)” — KA (12.03+2.94 + 1.22) x 1078
(3686) — K- E°=1 (3.67 £0.33 £0.28) x 107
W(3IGB6) — v, X —+ A A=Y (1.00 +0.30 + 0.16) = 103
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WIGRGE) — ez, xe2 = KAZET (1.68 +0.26 +0.15) x 1075
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Observation of ¥’ — AXInt + c.c.

).13) x 1074,
13)x 1074,

112007 (2013)
5440.0440.

c.c.) = (1.40£0.03=£(
c.c.) = (1.

B(4(3686) — AXTn~ +c.c.,

BESIII Phys.Rev. D88
B(1(3686) — AX @™
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Observation of | /Y — a,(980)pp

A chiral unitary approach including FSI

BESIII Phys.Rev. D

90, 052009 (2014)

~ 45p 00~ —
[Phys.Rev. C68 015201] K 2 ;
> 40F - 25 > 3
v F @ ]
a) M b) e 0 Qr 35k 4 20 8_ 3
© M ¢ (1) [ aE ]
N N = 30f 4045 3
! + ... ; 1 ] 3
N " 25 " .-_-'I '-;-:;‘. 1 qu 3
. 2o A el P E
. o, . . —_ + —_ lil:o .lli Ivlol — I':Ii: .7|0. — I-,»I;-
Ambiguities from fitting to ] /Y - pprt™ M (GeVie M, (GeVich
I~ 0.2 It I=- 27 >
L 0 B A
15 1L o ] > 400F 3
i = X ]
Eﬁ / ’\\< : // \\\ I[Q.q\ & 300: -:
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M (MeV) M MeV)

Br(J /v — ppag(980) — ppr°n) = (6.841.2+£1.3)x107°
Comparing to Br(J /Y — pprt*m™) in PDG,
r,=0.2 is preferable

*r, is one of the coefficients in the parameterization of
meson-meson amplitudes in [Phys.Rev. C68 015201].




Measurements of ]/1/) qbpp

BESIII Phys.Rev. D93, 052010 (2016)
B(J/v¥ — ppd) = [5.23 £ 0.06 (stat) £ 0.33 (syst)] x 107°

§§§$§

Events / {10MeV/&?)

No obvious threshold structure of pp or ¢p

||||§|||
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8 8§ 8 8 8
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Baryons with hidden charm PRL105 (2010) 232001, PRC84 (2011) 015202
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' = n°pp, npp

Scatter plots of pp invariant mass versus yy invariant mass

0.1 02 02 04 05 06 07 OB 08 1
M, (GeVic)
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Two vertical bands: ¥’ — nopﬁ,npﬁ
Horizontal band: : Y' > X+ /Y ,J/Y — pp



Partial wave analysis at BESII|

-

Tasks:

X2 ")-> £(1275)r

= "
\ - L Ty

£,1275) = nn
" .ﬂfi_‘_\

SN

-

o 05 .
v 2 1 05 “cos® ¢ 2 5 -0.5 cos 8

0 Map out the resonances
[0 Systematic determination of
resonance properties:
spin-parity,
resonance parameters,
production properties,

decay properties, ...
&€ resonances tend to be broad

and plentiful, leading to
intricate interference
patterns, or buried under a
background in the same and
in other waves.

S

v' Decompose to partial wave amplitudes
v" Make full use of data

v" Handle the interference

v Extract resonance properties with high

\ sensitivity and accuracy

Event-based ML fit to all observables
simultaneously dynamic  angular
do \2 VL

w($) = T z ciR;B(p,q)Z(L)

Event-wise efficiency lcorrection
w(§)e($)
P($) =
J w(®e(@)

Tools: PWA \

/




. Feynman Diagram Calculation (FDC)
FDC-PWA: Project by J.X Wang,

automatic generation of the complicated partial Nucl.Instrum.Meth. A534 (2004) 241
wave amplitudes for baryon spectroscopy

Using an effective Lagrangian approach
and covariant tensors, FDC-PWA construct
amplitudes with spin wave functions,
propagators and effective couplings.

For example, for J/§— NN*(3")— N(ky,s;)X
N(k,, s,)7(k3), the amplitude can be constructed as

Automatically generated
Feynman diagrams in ' —» n%pp

s
P F
-
NI
16401
)4 o
Ps

e 51 I
. >?\ p_;- A (3/2)* — (K-; 91)K2;¢P§L/3(C]§p,\ + CoK1p YA
14 o
. P
Dagam + 3Kk ) YsvlKg, s P, (4)

where u(k,, s,) and v(k,, s;) are -spinor wave functions
for N and N, respectively; 11;" is the spin-1 wave function,
i.e., the polarization vector for J/ . The ¢, ¢, and c;
terms correspond to three possible couplings for the
J/ — NN*(H) vertex. They can be taken as constant
parameters or as smoothly \,drym“ vertex form factors. The

— spin 5 propagator P4, 5)ns fOr N*(3 ) is
Y- p+ My 1 2pHtp”
P T IR T [ﬁ””—;v”v”— e

oAV VA M
+p 0% ply ] 5)

3My-



Recent development of PWA tools for baryon
spectroscopy at BESIII

FDC-PWA has been used to generate the complicated
amplitudes for baryon spectroscopy [Fortran codes].

PWA is time-consuming for high statistics data sets.

Porting amplitudes (lots of codes) to GPU (OpenCL/ CUDA)
requires additional efforts

We are a new framework with OpenAcc :

B Offload large computations to co-processor (GPU, multi-core CPU)
* Matrix element for each event
B Speed up with Vector and Thread Parallelism
 Events are independent
B Easy to port
 x86 based
* Directive parallelism
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PWA of ' - n%pp

BESIII Phys.Rev.Lett. 110 (2013) 022001
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Events/{32MeV/c?)

Events/{32MeVic?)

—
L
=

100

50

150

g

Ln
(=]

— N(1440)
— N(1520)

— N(1533)
e W(1650)

____________

— N34

— N(1720)
N(2300)

e W25

PWA of ' - 'pp

BESIII, Phys.Rev.Lett. 110 (2013) 022001

2 New N* are found (1/2+, 5/2-)

Resonance M(MeV/c2) T'(MeV/c?) AS ANy,y Sig
N(1440) 139075173, 340735715 725 4 11.50
N(1520) 151072030 115730 198 6 5.00
N(1535) 15357550 12075010, 494 4 9.3¢
N (1650) 1650%@3 150:§ét%§ 82.1 4 12.20
N(1720) 1700752732 4507077137 55.6 6 9.60
N(2300) 2300730077 340759 10 120.7 1 15.00
N(2570) 257071973 250731FS) 789 6 11.70

|

The energy dependent width BW for

F‘ﬂ.;._f].t_j[];. — 1_.“-;[]-1-1[]:-'[.{]'

P By [(f?r."-f' jlj”:."-f' ';"'\]

" Bi(gy)pen(MR,)
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['ni1s20) — Uivgison

Ba(q)pen (M3,
F o Pﬂ’“‘frtﬁ»:l o
[ aizasy — Dvqeasy (05— 4 ()]
N(1535) (15351 dp;y[.-"lf‘%-*] 0

. Bi [(f:r.ﬁjf}x.ﬁ{*"']
0.3——L\ 4
Bi(g2%)pra(MR,)

P | "'JI' :I

Pl [1 ! “_?.-:r]

The other N* use constant width BW



PWA of Y' — npp

BESIII Phys.Rev. D88, 032010 (2013)




PWA of Y’ — npp

N(1535) and PHSP(1/2-) are dominant

No evidence for a pp resonance

Mass and width of N(1535)
» M = 1524 4+ 572° MeV/c?
» [ = 130737750 MeV/c?
PDG value:

» M = 1525 to 1545 MeV/c?
» [ = 125 to 175 MeV/c?

Branching fraction:

BESIII PRD 88, 032010 (2013)

50

Events/(25MeV/c?)

F o
20 b
E I

45
(a) 40% (b)

Events/(25MeV/c?)

Events/(25MeV/c?)

24 2.6
2
M, (GeV/c?)

» B(v' — N(1535)p) x B(N(1535) — pn)+c.c. = (5.240.3735 x107°)

* For N(1535)

|
M3, — s — iMy-Dye(5)
l‘N=(S) = IONS(()S pNW(‘;) +05 pNﬂ(li) )
Pna(My-) Py (M)

2 K
pnx(s) = q;:r/)g(?)

BW(s) =

Vi = My + M) (s — (My — My)Y)
A




Summary of N*'s @ BES

Modified from

Rept.Prog.Phys. 76 (2013) 076301

by V. Crede and W. Roberts

N(1440)1/2+
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N(2570)5/2-

Event / 0.01 GeV/c>

200 F
800 £
700 £
600 £
500 f

400 £
300 |
200

3 wﬂm‘} el

# N
P
ﬁt"*"m*f *Hwhd4 Wy |

-
o=

I_.q,.J'I.'J 1'!“.\_ vy

Y

YA pn
1m5i

+c.c.

-

1t

600

Events / 30 MeV/e?

1 1 1
12 14 16 18 2

2
Mpﬂ (GeVich)

400

200

1.2

(2014)

% % %k *k
% %k %k k
% % %k %
% % %k ¥
%%k %k

% % %k k

% %k

* %

n’pp
BES2

BES2

BES2

BES2

BES2

BES2

T pn+c.c.

BES2

BES2

BES1

BES1

BES1

npp

n’pp
BES3

BES3

BES3

BES3

BES3

BES3

BES3

npp

BES3

14

16
M(pn"

122 D||||||||I||||I||||I||||I|||

18

2 22
GeVic’



Summary and outlook

® The decays of charmonium provide a good laboratory for
studying excited nucleons and hyperons

® BESIII collected 0.6 x 10? @' and (1.3 + 3.7) x 10° J/y (and a lot
of x.,1.). The goal is to have 101° J /o

® BEPCII/BESIII reach a new territory to charmed baryons

@ BESIIl is unique to study charmed baryons, and is complementary to

others experiments

® The funding of BEPCIl upgrade for increasing beam energy has been

granted

More results are expected...

Thank you for your attention



