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Beijing Electron Positron Collider Il (BEPCII)

— - —
beam energy: 1.0 — 2.3(2.45) GeV
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2020: energy upgrade to 2.45 GeV
& top-up mode

2004: started BEPCII upgrade, v about 10 billion 7/
N\ BESHlT construction v about 2.7 billion  (3686)
%y 2008: test run
2N 2009 - now: BESIII physics run v’ data sets for the study of
. - 1989-2004 (BEPC): R value, exotic states,

Lpeat=1.0x103! /cm?s
~* 2009-now (BEPCII):
Loear= 1.1 X1033/cm?2(3/2023)

charmed hadrons...



Helicity amplitude analysis of -

Study of the ( =0,1,2)decays helps to test QCD

Predictions are smaller than measured branching fraction [Phys. Lett. B 93 (1980) 119, Phys. Lett. B 93 (1980) 119,
Phys. Lett. B 93 (1980) 119]

BESIII measured N before without amplitude analysis [Phys.Rev.Lett. 107 (2011) 092001]

The analysis of the meson polarization: probe hadronic-loop effects in the N decay [Phys. Lett,
B 93 (1980) 119]

The ratios of the helicity amplitudes are effective in the discrimination between the proposed models
[Phys. Lett. B 611 (2005) 123, Phys. Lett. B 611 (2005) 123, Phys. Lett. B 93 (1980) 119]

Table 1. Numerical results of predictions from pQCD [6], *P, [9] and DD loop models [10].

Decay channel Xc0 = Q@ Xc2 — OO

Parameter i w1 w9 w4
pQCD 0.293+0.030 0.8124+0.018 1.6474+0.067 0.34440.020
3Py 05154+0.029 1.39940.580 0971 +0.275 0.406 4-0.017
DD loop 0.359 £ 0.019 1.28540.017 5.110+=0.057 0.465 =% 0.002

— 0
= | 9,1/ ool for
1 =131/ Bol. 2=1%-1/ 30l a=1 %1/ Bolfor 5 ( 7°Z are the helicity amplitudes)



Helicity amplitude analysis of -

Based on 448.1 million (3686) data
The joint distribution for the sequential decays

T~ 5 (3686) - , - and -

Is constructed in the helicity system

/ .
XCI CM frame ¢ rest frame

Interference is only considered for  due to the (b)

Figure 2. Definitions of helicity angles.

1 1= o J*
Z Axpn, Darag—a, (0,600,0)F5 x, Diga,—x, (€1, 60,0)
M, Ap,A1,A2

x B oDAY o(#2,02,0)BgoDxs o(#3, 03,0)BW (mgg, mi, Ty),

2
1
do 5 Zﬂ{,,\,’,

An unbinned likelihood fit is performed rest frame

much wider width compared with ; and » 1

MR = 2

> M(R;)| do

R;




Helicity amplitude analysis of -

> Properties of :

I 2]

. = 3415.42 MeV/ 2 T & owF
. "= 11.4 MeV/ 2 % > +
- : S T S
» For o . = | .
+ =] 94/ 84/ =0.299 + 0.003 + 0.019 s § o | e
> For 1 (statistical uncertainty only): o S
* 1= 10/ $11=105£0.05 £ 12 14 16 1.8
171 M(76) (GeVI<?)
* 2=| 11/ 10/ =007 £0.04 i )
» For % i ! 4 ! % 500
—1 2 2 1 — =il t 7 400
* 1= 51/ 6ol =1265=* 0054 £ 0079 - +
« o= 2_,/ 30| = 1.450 = 0.097 * 0.104 ST e
. 4= %1/ %Ol = 0.808 = 0.051 = 0.009 50| o i—, ST
» Branching fractions B O__:

> ( o- )=(859 =+ 027+ 020) x 107
> ( - )=(426=*013+015) x 107
> ( ,- )=(12.67 £028 =+ 033) x 107



Helicity amplitude analysis of -

» Discussions: BESIII
« Forthe decay of 1, no evidence of identical :E;‘;D 0 5
particle symmetry breaking V- A,
- For the deday of , consistent with the pQCD R =
prediction
 Forthe decay of ,,the  loop model ruled out o o
due to the large deviation, while the other models °* ** °% °% %% %% 8% bTo08 e T2 Ve e
cannot describe the measurements, either. o o
« Using about 2.7 billion (3686) accumulated at 2
BESIII now, more attractive results will be 2 - \4
reported in future ke A

1 1 [l 1 1 (] 1
4 5 § 02 03 04 05 06 07 08 5 0.9 4 1
IF2 1 /1F 271 |



Evidence forthe ( )- = = decay

Charmonium states play an important role in understanding the strong interaction
The knowledge about (2 ) is still limited [Eur. Phys. J. C 71, 1534 (2011)], suffering from the very soft
photon from (3686) transition

The total measured branching fraction of (2 ) is less than 5%

( @)-)___((3686)- )
¢ -) (/7 -)

especially inthe - [Phys. Rev. Lett. 51, 963 (1983)]

Decay Mode Branching fraction

= 0.128, so-called ‘12% rule’ [Phys. Rev. D 44, 1597 (1991)], which is violated

2) - (1.9 £ 1.2)%
2) - (5 + 4) x 1073
2)- *+ -~ +-0 (1.4 £ 1.0)%

2) - (1.9 +£1.3) x 1074



Evidence forthe ( )- ™ = decay

[a—
o

; $data
Based on 448.1 million (3686) data 2 el by iy
( (3686) - C)Nx (@2)- "7")=@97x E _"E;;R: wtnn
b 102 E ~Argus
0.81 + 0.26) x 10°° g
( 2)- * 7 )=((424=%+116 £38x303) X E 0
10_4 1 :',.....‘:u.:.. .Y .-.. |
_ _ 3.35 34 345 3.5 3.55 3.6 3.65 3.7
The evidence forthe decay (2 ) - * ~ s found for M, .. (GeV/c)
the first time with a statistical significance of 3.5 using the _—
448 million (3686) events §
- K'*K n*nn®
((@)* ) =0.25 + 0.20 - | KK
= KKn
C o) 0.30 £ 0.10 -
Will be measured more precisely using about 2.7 billion I RN N SR SRS

Br(n.(25) — hy/Brin, — h)

(3686) :



Observation of ( ) 4

The conventional model for (3770), the lowest-mass -wave charmonium state above the

threshold [Phys. Rev. D 17, 3090 (1978)], cannot explain the measured large non-  decay width of the state
[Phys. Rev. Lett. 101, 112001 (2008)]

Various theoretical models are developed for this puzzle

v’ tetra-quark component [Phys. Rev. Lett. 101, 112001 (2008)]

v 2 —1 mixing between (3686) [Phys. Rev. D 81, 034011 (2010)]

v' (3770) or rescattering mechanism with mesons [Phys. Rev. D 85, 114007 (2012)]

The only well established non- ~ channelis (3770) - © =/ [Rev. Mod. Phys. 80, 1161-1193 (2008)]
CLEO reports the branching fraction ( (3770) -~ / )= (8.7 £ 3.3 £ 2.2) x 10~ at a statistical
significance of 3.5 without considering the interference [Phys. Rev. Lett. 96, 082004 (2006)]

( (3770) -~ / )is usually used as an input for the calculation of charmonium(-like) states [Phys.
Rev. D 88, 014010 (2013), Phys. Rev. D 95, 114031 (2017)]

Decay Mode Branching fraction

(3770) - * ~/ (1.93 = 0.28) x 1073
(3770) - 0 0y (8.0 +3.0) x 1073
(3770) -~/ (9 +4) x 1074

(3770) - (31+0.7) x 1074
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Observation of ( ) 4

« Based on 2.93 fb~! data @ 3.773 GeV
« The observed signal yield ©°PS =232 + 23

» The Born cross section
obs

+ - /)=
( T A S ar ™ (- ) (1 - )
e (* T 1 )=(888% 087+ 042,)pb@ 3.773 GeV

80 T T T T T L L T T T

E - _\_E' l T ¥ L] __ : L] I L T L L] T L] T

7 120 @) 1 % (6) ¢ ©)

2k <) =

2 100F- i o 25k 2

s [ = =

=k = £ 20t

M 7 E =

a [ z 3 15 |
60 i + 111 TH
40F 10 i —
20F ;o + * =
.: i’ IR " | TRCREH Lo VAou [t mh Eitit M) (R l-'l".:L".I-“-I-"l‘.‘[.-.4"'1---1 Loy S e Ly (P w1 el iy Yol a.-'1"| 1 r"‘-l-al e et [yt |
2. 3.2 3.3 3.4 (?.48 0.5 0.52 0.54 0.56 0.58 | (?.48 0.5 0.52 0.54 0.56 058 |

Mi=x)(GeV/icT) M'(yy)(GeV/c) M'(yy)(GeV/c)

LEb™H e®) (Q+671-(1+6"7) BU/Y = p ") (%) Bln—1)(%) N°*  o”(pb)

2931 =15 47.8+0.1 0.79 5.96 £ 0.03 39.4+0.2 232423 8.88x0.87
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( (3770) -
3.773 to 4.60 GeV

Observation of (

Two treatments of the (3770) resonant decay amplitude:
v’ (3770) is coherent with the other amplitudes:

co. = |

SO+

1BW  (3770) +

2BW  (4040) +

v (3770) is incoherent with the other amplitudes:

co. = |BW (3770)]% + |

O+

R A 1 L Fa .
_ [ 4 XYZ data i SRR Frters o
150+ | #

- - Scan data ‘ \ g
= . — Coherent fit // % | ]
£ 00l v(3770) | ‘ I
z ‘ _____
> ! |
— | I !

T 50 _ 7
. | |
+CIJ | 1 ! : |
T [ ||,!|I m| s &
_ ) _
° 0p RO T o gt s
S0 N L
38 4 4.2 4.4 4.6
Is (GeV)

2BW' (4040) +

)~/

/ ) is obtained by fittting to the dressed cross section of * ~

SBW (4230) +

SBW (4230) +

-

/ from+ =

4BW (4390)

“BW (4390

T T | T T

5ol ¥ XYZ data b
"+ - Scan data ;\ |
i . A TR
= - — Incoherent fit | - r—| |
[ 7 [
£ 0o}~ (3770) . 5
2 I
= m | ] L
T 50 o
;CD i Ii| 1 || [ l
-EJ- B |". ( | L
% L |l||'3 1‘ I e | LT
0 B - |.I il | R
_SU_I I | 1 i L 1 1 I | 1 1 L | 1 | N
38 4 42 44 46
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Observation of ( ) Y 4

* |ncoherent:

v ( (B770) = 7/ )= (8.7 % 104 * 0.85y5) X 1074, close to the result of CLEO

e Coherent:

v’ Four solutions between  ( (3770) - / ) = (11.2 % 5845 * 1.155) X 10™* and (11.6 +
6.05tar + 1.15y6) X 107*

» There exists substantial interference effect, especially between (3770) and highly excited vector

charmonium(-like) states

13



Observation of thedecay - ~ 7

The decays of the -wave charmonium states, ( =0,1,2), to baryon anti-baryon () have a non-
trivial color-octet contribution [Phys. Lett. B 57, 407 (1975), Phys. Lett. B 57, 407 (1975)]
Multiple models have been developed for to —,including ~, ~, * —, 979 while none of them

can describe all the final states [Phys. Lett. B 57, 407 (1975), Phys. Rev. D 81, 014017 (2010)]

For spin 3/2 baryons, only -~ (1385)* (1385) has been studied by BESIII Collaboration [Phys.
Rev. D 86, 052004 (2012)]
The decay -~ ~ Tisunique due to the presence of three pairs of strange quarks in the final

states

Decay Mode Branching fraction

- (221 £ 0.08) x 1074 (760+034)><105 (733+033)><105
S (359 = 0.15) x 1074 (1.27 £ 0.08) x 107 (1.83 = 0.16) x 107
, 070 (468 £0.32) x 1074 (42 +£06) x 10™° (3.7 £ 06) x 10™°
I (4.6 £038) x 107 (3.6 £0.7) x 1075 (34 %£07) x 1075
- Tt (51+05) x 1074 (5.7 £ 15) x 10™° (44 +18) x 10™°
~ 00 (31£08) x 1074 <6 x 107° <10 x 1074

N (48 +0.7) x 1074 (8.0 % 2.1) x 1075 (142 + 0.32) x 107* 4



Observation of thedecay - ~— *

Based on 2.708 billion (3686) data
Signal yield is obtained by fitting to the recoil mass spectrum of the radiative photon ( )

obs
( - ~ 9=
aess) - ( (3686) - )
Measured ( - ~ 7)is one order of magnitude smaller than other ~ channels. Useful to

investigate the helicity selection rule evading mechanism in 4 decays
Used to probe the spin polarization of ~ baryon in the charmonium production at the future tau-charm
factories [arxiv: 2303.15790]

L 300 f
> s
Mode e ex., (%) Sig.(o) B(x107%) ﬁ - i
X0 284 + 44 3.05 56  3.51+0.54 wl? [
Xet 277 + 42 7.02 6.4  1.49+0.23 % 100 !
Xe2 1038+ 56  8.91 18 4.52+0.24 5 -

3.4 3.9 3.6
RM, (GeV/c?) 1



Summary

» Helicity amplitude analysis of o [JHEP 05, 069 (2023)]

« Present models is tested by the ratio of helicity amplitudes

« The branching fractions of - is measured

> Evidence forthe (2 ) -~ ™ * decay [Phys.Rev.D 107 (2023) 5, 052007]

+ +

 The evidence ofthe decay (2 ) -
3.5

is found for the first time with a statistical significance of

» Observation of (3770) - / [Phys.Rev.D 107 (2023) 9, L091101]

« The Born cross sectionof * = - / ismeasured aty = 3.773 GeV
« The branching fraction of (3770) - / is measured in two cases associated with interference
» Observation of the decay ~ T [Phys.Rev.D 107 (2023) 9, 092004]

« The decay -~ ~ T is observed and measured for the first time
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Outlook

» BESIII has accumulated about 2.7 billion (3686) data in 2009, 2012 and 2021, the largest dataset
around the world now
» The following topics will be further studied at BESIII
v The transtion between low-lying charmonium states ( (3686) - / (2 ), (3686) - ...
v The decays of charonia into light hadrons
v The precise validation of the calculation of non-perturbative QCD, such QCD sum rules and lattice
QCD
v’ Study on the light hadron spectroscopy
v Search for the rare decays of charmonia, leptonic, semi-leptonic, invisible...

v Constrain the new physics models related with axion, dark matter...
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