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Charmonium (-like) states

B Nonrelativistic cc bound states
> J/P (13S,), first member with JP¢ = 177(1974)
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Godfrey & Isgur, PRD32, 189 (1985)
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Baryon States

Baryon

88 O~ M = 2286.46 = 0.14 MeV
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BB production in Charmonium (-like) decay

O Main Feynman Diagrams
e+

€

[0 Provide a rich laboratory to prob both pQCD
and non-pQCD, the hyperon properties



BB production in e™ e~ annihilation
O One Photon Exchange

e

]

*

B

e
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10(5) _ B G ()P0 + cos?0) + L[ G(s) im0
a0 a5 oM R

® Form factor (Effective, Gg/¢)
TG (s)]? B(s)]® _ a7(s)
’Geﬁ(s)’:\/Q Culs)l + 1G5(s) _\/( SM

2 + 1 14 o5) - (F2E)
Gp(s) T1—n) doB(s) >
R = = —~
’GM(S)’ 1417 (d0089 OC].—I'UCOS 9)

[0 Understand the internal structure of hadron
O Provide extra insights for Charmonium(-like) states
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Non-standard hadron model

C. Z. Yuan S. L. Olsen, Nature Rev. Phys. 1 (2019) no.8, 480-494

Molecule Tetraquark
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Hybrid

Glueball

Pentaquark

6NN N6 6N

B Which one is the winner? W\



Beijing Electron Positron Collider-11
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Physics data taking P>
was started in 2009 ! &,

-1



Beijing Spectrometer-111 detector

A total weight of over 785t,

40,000 readout channels,
data rate 6,000Hz,~50Mb/s

(Main Drift Chamber)
Osigle—wire — 120pum

Super-conducting
magnet (1.0 tesla)

(Time-Of-Flight System)

Oparrel = 68pS
Oendcap = 65ps

(Muon counter)

(made of 9 RPCs)
2.5%@1GeV

(Electromagnetic Calorimeter) o
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> BB production in Charmonium decay
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Observation of A hyperon spin polarization in J/{ - AA

Nature Physics 15, 631 (2019)

Moment: p(cos0,) = %Z?(GA)(sin 0! sin ¢} — sin 0} sin ¢b)
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02 [ A - pTl'_ 0.2 A— nno
2 .
3 o1f >
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B Moment corresponds to the polarization calculated for 50 bins in cos@.

B A clear polarization signal, strongly dependent on the A direction cos@ is
observed for A and A.
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Observation of A hyperon spin polarization in J/{ - AA

Nature Physics 15, 631 (2019)

Table 1| Summary of the results

First observation of a
transverse polarization.

Parameters This work Previous results

a 0.461+0.006 + 0.007 0.469 + 0.027 (ref.
[:qj 42.4+0.6+0.5° - >50 difference (17%
2 0.750+0.009 + 0.004 0.642+ 0.013 (ref. ©) higher than) to PDG
a —0.758 +0.010 + 0.007 —0.71+0.08 (ref. ©)

i, —0.692+0.016 + 0.006 : Test of CP violation:
Ao —0.006+0.012+ 0.007 0.006 +0.021 (ref. © Agp = a_ +ay,
G/, 0.913+0.028 +0.012 2 a_ —a,

\—

B Most sensitive test of CP violation for A baryons with precision over
previous measurements.
B BESIII has collected 10B J/3 data sample, test of CP violation in baryon

decays are hopeful to reach sensitivities (Aﬁ’,‘;’ ~ 10‘4).
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M(cos6,.)

M(cosb,.)

Observation of £* hyperon spin polarization in ¢ » Z*X~

1310M J/¢¥ & 448M Y(3686) Phys. Rev. Lett. 125, 052004 (2020)

Moment: M(cosf) = %Zi\' ©2)(sin 6}, sin ¢}, — sin 6}; sin ¢;)

0.15
0.1
0.05

-0.05

-0.1

+ winbinz= 03 Parameter Measured value
e TR, 1a,,  —0.508+0.006+0.004
o 1+ 4 AD,,, —0.270 £ 0.012 £ 0.009

o L4 ay 0.682 +0.03 + 0.011
W
SJrﬁ"i, _______ Jf Jr AD, 03794007 +0.014
RS = S 0,998 £ 0.037 £ 0.009
& 0.990 & 0.037 £+ 0.011

-0.15
-1 -08 06 04 02 0 02 04 06 08 1

cosb;.

Test of CP violation:

a0+6_10

Aop = —% = _0.015+0.037 + 0.008 ~ 0?

ao —_ aO 14



Observation of £~ hyperon spin polarization in J /1 - Z"E%

1310M J/¢ Submitted to Nature

. arXiv:2105.11155
; P
:PCI ;2\% ig”; 2:2 Parameter This work Previous result

"\"s/ - Oty 0.586+0.012+0.010 0.58+0.04+£0.08  [39]

- "‘ A AD 1.213+0.046 +0.016 rad -
) — = oz —0.376+0.007 £ 0.003 —0.401+0.010 [21]
P, " 0z 0.011+0.019 £0.009 rad —0.03740.014 rad [21]

] (07 0.371+0.007 +0.002 -

o 9z —0.0210.019 +0.007 rad -
_ oA 0.757+0.011 +0.008 0.750+0.009 £0.004 [14]
Z'Z\/ o ap —0.763+0.011+0.007 —0.758+0.010+0.007 [14]
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0.8f 04
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0.2 -1

0.016 +0.014 + 0.007 rad
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L Observation of £~ spin polariztion, non-zero weak phase difference
L The most precise test for CPV on strange baryon decay .



Observations of Y (3686) —» £(1530) £(1530)*and £(1530) =
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B Observation for SU(3) broken process
B The measured a value favors the theoretical prediction

» Quark mass effect, SU(3) violated effect, Electro-magnetic effect, etc.
B Provide new input to test pQCD.
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Helicity Amplitude Analysis of ¥(2S5) - Q- Q*

Phys. Rev. Lett. 126, 092002 (2021)

OImprove precision for branching fraction

% ''''' ﬂ IIIIIII { This work:
e (€) 1Br[yp(2s) » @ 0']
2 |=(5.82 & 0.12 + 0.24)x10~°
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Measurement of 65(e*e~ — nn) near threshold

650/pb, 18 points from 2.00 to 3.08 GeV

Lowest order Feynman diagram

PRI

e BESII
= DM2(1991)

+  FENICE (1998)
SND (2014)
I + SND (2019)

e
TTT

P ST I L L
22 24 2.6 2.8 3

(s (GeV)

Accepted by Nature Physics

BESIII

FENICE: Nucl. Phys. B, 517, 3 (1998) [8] —
Prediction: Phys. Rept. 112, 173 (1984) [10] 3
Prediction: Phys Rept. 550-551 (2015) [11]

| T I R
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B Most accurate measurements for Born cross section and |G| form factor
B The ratio Ry, is not consistent with FENICE results
B An oscillatory behavior of the effective form factor (observed for the proton) is discussed

for the neutron
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Measurement of proton EFFs using ISR method

7.4/pb @ /s = 3.773 to 4.6 GeV

o(e’e — pp) (pb)
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Oscillating structure: a) Interference effect involving re-scattering
processes in the final state; b) Independent resonant structures

Results are consistent with previous experiments and parameterization
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do/dcos6 (a.u.)

o
5}

IV. Measurement of A baryon polarization in ete™ - AA

66.9 pb~1

Dots with error bars (data) a)
Red line (1 + a cos? ),
(with statistical uncertainty)

-
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T T T 1

e l
T
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scattering angle distribution!

| ]
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Numerical Results

. l/é'_\

|Geff.| =0.123 1+ 0.003 £ 0.003
G

R = ‘—E‘ —0.96+0.14 + 0.02
Gy

\_

4 oc=118.7+5.3+5.1 A

A® = & — @y =37°+12° £ 6°

PRI 123.122003 (2019)

i b)
05|~ §

First complete determination
of baryon time-like EMFFs
Confirm A Polarization
observed in J /Y decay

More information for
understanding AA production
near threshold 21



Events /0.2

Measurement of oZ (e*e~ — XX ™) near threshold

0Born (pb)

~400/pb (6 points: 2.3864 to 3.0200 GeV) PLB 814.,136059 (2021)

~-
~
~~~~~
-~
-y
-

» No obvious enhancement near threshold

» Nonzero cross sections near threshold

> The cross sections for Z*Z+ baryon pairs
disagree with each other within the
sector of isospin conservation

» First measurements in the off-resonance
region, provide precision experimental
input for understanding baryonic

700 F———

600
500
400f
300f
200

1o

1005

structure

First measurement for the
1 ratio of EM form factors at

point Vs = 2.396GeV with a
N study of angular distribution
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B First study of e*e”

=") (fb)
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Study of ete™ » E"E% above open charm

11.0 fb~1

above open charm threshold
B A maximum likelihood fit to cross section:

- E7E

(%]

=

c
TTTT

.|>

—@- Born CS

—l- Observed CS

ﬁ#

+

[ﬁﬁ]

Effecttve form factor .

4 41 42 43 44 45 46

\'s (GeV)

Phys.Rev.Lett. 124, 032002, (2020)

VP(s)

+eBW(y/s

8) ‘2

T 4.0 41 42 43 44 45 46

s (GeV)

4 41 42 43 44 45 46
s (GeV)

dressed .
o (\/§> = ‘Co
V) = T aE o
Y(4230) - E"E”* Y(4260) » E"E* efe”" 5 E7E

2007 ‘ 7 g0 ~ LS IR
11501 + ~2. 70 11507 + 2 70 | psol * :o=o.1'_/¢0.0&§
.1100; I 100;— : I 100; .
§ sof S i sof
v f . S T+ F T ]
3 100 F 100 F 100
£ % £ ¢ £
2 —;g - Q‘WQ ——— E—; 4 e ; _gg ....... A .#b# ‘‘‘‘‘‘‘‘‘‘ P "

! ! 004041 42 43 44 45 46
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B No obvious significances for y(4230/4260) are observed in the £~ E* final states

r,.B[Y(4230) -

= 2%] < 0.33x1073eV
r,.B[Y(4260) - 5 5%] < 0.27x10 3eV

B Provide more experimental information to understand the nature of Y (4260)
B Charmless decays of the Y (4260) are expected by the hybrid model (F. E. Close
and P. R. Page, PLLB628,215(2005))
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Study of ete™ - E"E* above open charm
Phys.Rev.Lett. 124, 032002, (2020)
B Observed an excited E state by combining all energy points

— T
250 —

I N -

5 o/ =30 o
iR > 20 N°PS =288 + 66

8 25 E -

N/O\ 0150:

% 1.8_ 20 E :

S e 5 8"

.§.< B § 503—

Eﬁ 10 T B

,,,,,

o

1.40077

. - - .:.-'-: ll.' ] "..'I:.. .l ._l .- . %
1'12.28 1.30 1.32 1.34 1.36 o .
M., (GeV/c?) 16 17 18 19 2 2.1

Mmecel (Gevic?)

O Observed ete™ —» £7X(1820) with 6.20 significance
M= (1825.5+4.7 +4.7)GeV
'=(17.0+15.0 £ 7.9)MeV
O Consistent with the mass and width of £(1820) from PDG within the 10 uncertainty

0 JPC has not determined due to limited statistics
24



Measurement of 6°(e*e™ — EE) near threshold

2360/pb (8 points: 2:644 0 3.080 Gev) | L U LR AU PALIRIPA 22 IR
arXiv: 2105.14657

B First study for ZZ production near threshold

100 : = »r
’-g; Lo —e— Data i 2 7 I —¢— BESIII data
= — Fit result § ol | — . Fit (Eq. (6))
[x] r § .
jil] --- Threshold I'::'x] ; I / \ — Fit (Eq. (7))
0 W 15 I N — — Fit (Eq. (9))
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+
o L e
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07 ||||||||||||||||||||||||||
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; ViiiH'iiiWiiiiiiiii'iiii'
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S L L ~
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B No obvious ZZ threshold enhancement
B The ratio of Born cross sections for both modes agrees with the expectation
of isospin symmetry. »



Summary
BBESIII is successfully operating since 2008.

v Collected large data samples in the T-charm physics region
v Continues to take data in coming 5 years (at least)

EMany studies for BB production in Charmonium

decay and in e™ e~ annihilation achieved:
v More new observation for BB production in Charmonium decay
v Hyperon polarization observation
v Most accurate measurement for neutron and proton form factor
v' More new/precise study for baryon pair production near threshold
v" Still need more experimental/theoretical efforts

EMore new results for BB pair production in
Charmonioum decay and in e* e~ annihilation are on
the way!
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Baryon polarization in e+e-

<3

Unpolarized e+e- beams = transverse polarization:

V1—ay?cosfpsinby |
$04) = in(A®
ExJ/Y > AR |

AD + 0

...............
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Baryon-antibaryon spin density matrix
ete” - B4B,

1 =
General two spin %% particle state: p, , 77 = ZZ C-oP® ng

1 “u
uv
(0= 13,01 = 0y, 0, = Oy, 03 = 0z) P
{ pd

1 + oy, cos?6 0 By sin @ cos 6 0
C 0 sin“¢ 0 Vo, sin 6 cos 0

Uv — | —Bysinbcost 0 (v sin?f 0
0 —7, sin 6 cos 6 0 — @y, — 08?0

By = ,1 — ajsin(A®) yy = ’1 — a cos(Ad)

Angular distribution:

dl’ 5
d—QO(1+a¢COSO —1<ay=<1
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Decay amplitudes in hyperon decays

A - pn™
" - Am” PandS PandD Q- - AK~
Y > N transitions

Measurable: BF and
two decay parameters

A(E_—)Aﬂ_):S+PUﬁ 2 Re(S*P)
C T ISP+1PP

weak CP-odd phases 2Im(S* P)

7 PR ISP

S5 = |S| €Xp 'ifs‘/éXp(icss)— strong phases
P = |P|exp(i{p]) eXP(idPT/_ B=1+1-—a?sin¢

|AIl = 1/2

vy=141—a?cos¢

For A - pm~ admixture of |AI| = 3/2 (~1/22)
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Measuring hyperon decay parameters

Px Py ar =
=—(1+a,fiP
70 4n( apfl Py)
A rest frame &
- : ; P
T[ ¢ X, iﬂ’ .yi
. 5 Sl —, ;
p=100 MeV/c ?35‘\0‘/ |
A-pr ) ® @ A
4 ®
@ /
® O E-> A, A - pm

ap=0.750+0.010  Sr=-0.07510.040
@z=-0.392+0.008  Bz=-0.034+0.013

Accesible if daughter baryon polarization
measured eg in decay sequence:

E - Am, A - pr
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Testing CP violation in hyperon decays

Compare the two decay Acp =212 Bep = ¢+ ¢
parameters for c.c. decay modes: a—« 2
In the leading order:
A /1 — 2
Acp = —sin¢tan(ép — €S)Ta

Bcp = cos ¢ tan(

€p — 53)\/1+f‘£2

'ES fP Cs C,B
(MA°A%)  (n\°A?)
SM Ref. [13] BSM Ref. [21]

A~rpr— 1.0:E£1.0 12206 | 1.1E£22 04108
E =+ Anr” 09+09 —-0.5+£0.3|-0.5+1.0 0.4 £0.7

C; 4 C
(€p —&s)Bsm = B—B (6—> + Lepsum
G \ €/ Bsm K
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