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HH production in Charmonium (-like) decay

O Main Feynman Diagrams

X. F. Wang, RMFS, 3, 0308074 (2022)

[0 Provide a rich laboratory to prob non-pQCD,
hyperon property/CPV, pQCD, etc.
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HH production in e* e~ annihilation
O One photon exchange

,Y*

H

® Differential cross section with combination of G M
dOB(S) = o*BC 2 2 1 2 i 2
A0 4s |G (s)]“(1 4 cos ‘9>+;|GE(S)| sin® 6]

® Form factor (Ggrr, Gg/ym)
TG (s)]? B(s)]® _ a7(s)
’Geﬁ“(s)’:\/2 CSurls)l +Gp () _\/( SM

27 + 1 14 o5) - (F2E)
Gg(s) rl—mn) ,doP(s) 5
R = — =
’GM(5)| T+ (dcoseocl—l—ncos 0)

[0 Understand the internal structure of hyperon
O Provide extra insights for Charmonium(-like) states
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Why hyperon CPV at BESIII

SM Prediction: CPV: 104

] World’s largest data samples: 10B ]/, 3B ¢(3686)
 Large BR for hyperon pair production in ] /{ and Y (3686)
J Quantum entangled pair productions

 Clean background, etc.

18.9+ 0.9 40 3,000,000 ~10°
11.7+0.3 18 860,000 ~107
15.0+ 2.4 24 960,000 ~10?2
10.7+0.8 10 350,000 ~107
11.6 + 0.5 10 350,000 ~102
o 11.7 + 0.4 74 300,000 ~103

L] 9.7+0.8 15 600,000  ~10%10% |
3.2+1.4 5 50,000 ~102
3.2+0.8 5 50,000 ~102
3.8+0.1 40 180,000 ~1072
2.4+0.9 15 20,000 ~101
2.3+0.1 19 20,000 ~101
0.7+0.1 8 10,000 ~10't
0.9+0.1 10 10,000 ~10
2.340.4 5 10,000 ~102
3686) - ==t 2.9+0.1 10 25,000 ~103
3686) — £(1530)°2% or c.c 0.5+0.3 2 1,000 ~10
W(3686) — E(1530) & orc.c. 1.2+0.1 2 1,000 ~101
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How to construct CPV observables

O Amplitude for Hy,, > Hj ;Mg

(

.

~
. . S — |8|el(58+€’8)
A o S T 7)0- L {73 — | P|ei(P+ép)
J
B [ee-Yang parameters B If CP conservation: ay = —agp, ...

in hyperon decay

B Then, one can construct CPV

e — 2Re(S*P)
N ISE+]PP2
_ 2Im(S*P)
P = s [P
ISP - PP

TH= S+ PP
ag+Bh+vhi=1

Bu=+1- “12100591’}1; Y =+1— a1215in¢H

1B
Yu

¢H = tan

=)

T. D. Lee, C. N. Yang. Phys. Rev. 108, 1645 (1957)

observables (£ - mA):

Acp =
Bep =
Cep =

Apcp =

Xz — &g’
,BE + ,BE op — g ~ arctan(i) ~

Bz — Bz
YE + Y=

Y= —9s Sp—Cs=

¢z + Pz
2
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Roadmap of CP violation

Strange particles:
Parity violation CP violation in K
T.D. Lee, meson decays
C. N. Yang and J. W. Cronin,
C.S. Wuetal. V. L. Fitch et al.

Beauty particles:

CP violation in B°
meson decays
[BABAR] and [Belle]

Charm particles:
CP violation in D°

meson decays
[LHCb]

. 1963 1973

- L
1964
Cabibbo Mixing The CKM matrix
N. Cabibbo M. Kobayashi and
T. Maskawa

2020

L
2019

—>

Beauty particles:
CP violation in B?

meson decays
[LHCDb]

Neutrino oscillations:
CP violation in
Vu(T) = Ve(Te)
[T2K]

Symmetry 2023, 15(1), 214

1 All are consistent with CKM theory in SM
O But no evidence in hyperon system (CPV°M ~ 10™%)
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Observation of A spin polarization
in//Y - AA
Nature Physics 15, 631 (2019)

A SD angular distribution analysis

7 Unpolarized-term
I ] p ’ﬁl WEQ) =1+ a,,,cose,z\ Entangled-terms

+a_a,[sin? 0,(ng,ny , — ayngyny ) + (cos? 05 + ay)ng ny |
+a_a, /1 + ay, cos(A @) sinbcos0,(ny Ny, + Ny Ny ;)

- /1 + aZ, sin(A®) sinb,cos0,(a_ny, + a,n,,)

Polarized-term

5 angle parameters: & = {(-) A Op, &y, 07, 4),—\}; 4 unknown parameters: Q = {ay, AP, a_, o, }

mN(eA) q ] q q
n(cosO,) = N Z (sin 0] sin ¢ — sin 0}, sin ¢3)
: i : Clear A hyperon\
02; [A>pm” . oz [A2 nm transverse
5 o M polarization
* 0 - g ° signal observed
o 2 S o for the first time! /
02} * --- W=t -0.2 | ++ —— W=t
-1 T —OIS T (; T ‘0l5 o 1 -1 T I—OIS‘ T (I) T ‘0‘5I T 1
cosé, cost, 13/50




Observation of A spin polarization

Data Sample: 1.3B J/¢

inJ/yY - AA

Natu

re Physics 15, 631 (2019)

Table 1| Summary of the results

Parameters This work Previous results

a 0.461+0.006 +0.007 0.469 +0.027 (ref. ')
[Zcb 42.4+ 0.6 +0.5° - S
a_ 0.750+0.009 +0.004 0.642 +0.013 (ref. ©)

a, —0.758 +0.010 + 0.007 —0.71+0.08 (ref. ©)

ag —0.692 +0.016 +0.006 -

Acp [—0.006 +0.012+ 0.007 0.006 + 0.021 (ref. 6)] P
Ao/, 0.913+0.028 +0.012 -

First observation of a
transverse polarization

>S50 difference (17%
‘ higher than) to PDG

/ Test of CP violation:

Test of Al = ; contribution

a_+ a,
Acp =
Cl__ - Cl{.

O First observation of hyperon spin polarization, and
first test of CPV in A decay with precision over
previous measurements
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Most precise measurement of
A spin polarization and CPVin ]/ — AA

Phys. Rev. Lett. 129, 131801 (2022)

0.2 T T T T T T T
0.15 i_ AR BES3 1.3 billion J/y(Z/Z) ———
0.1 BES3 10 billion J/y(A/7) -
< 0.05F
% E CLAS19 ——
o OF
o -
3. -0.05F BES3 1.3 billion J/y(A/R) ——
= —— Data
-0.1 = — Signal MC —e— ——
E — PHSP MC
-0.15F PDG 2018 PDG 2022
= T IR B N BRI A EE o B B
0.62 0.64 0.66 0.68 0.7 0.72 0.74 0.76
, . o(A = pr)
Par. This work Previous results (8]

gy 0.4748 £ 0.0022 = 0.0024  0.461 £ 0.006 £ 0.007
AP 0.7521 £ 0.0042 + 0.0080  0.740 + 0.010 £ 0.009
a—  0.7519 £ 0.0036 £+ 0.0019  0.750 £ 0.009 £ 0.004
ot —0.7559 £ 0.0036 + 0.0029 —0.758 £+ 0.010 + 0.007

[(Acp —0.0025 £ 0.0046 + 0.0011y 0.006 + 0.012 + 0.007

0.7542 £ 0.0010 + 0.0020

----------------- 4

 CPis still conservation within 16 uncertainty
] Results are consistent with previous measurements, and with
higher precison (~1073)
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Measurement of A spin polarization in ete™ - AA

Data Sample: 66.9 pb~! @ /s=2.396GeV PRL 123,122003 (2019)

o

[
Q0
el

o

(&)

[

¥

o

do/dcos6 (a.u.)

(?'I -

+

|

I

: ol
(
—4

1©
N B N B B

cosb cosbH
~ "\ B First complete determination

— — — 0
AP a_=¢i 18(1)7M+ 5(2 :_J—rs 112in 6) of baryon time-like EMFFs

|Geff.| =0.123+ 0.003 + 0.003 B More informatiml for
understanding AA

Gg
R=‘—‘=O.96+0.14+0.02 .
Gy - - Y production near threshold

\_
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A hyperon spin polarization around y(3686)

Data Sample: 333 pb~1./s = 3.68 — 3.71GeV arXiv:2303.00271
~2400 events
: . . : . . 1.14— — —
2f 5=3.680GeV | 5=3.683GeV - T Ee, 2C
15 +~ ] 18
: + & 1€
of gty R 14
- > 112, 1
] + " s=3.685GeV <) 1C
F 8
(a8
N
S = °
= 1.1 4
% R " 2 " .. : " . = 0
S 1.1 1.12 1.14
3 M, (GeV/c?)
Vs MeV) Nops n AD(°) R”
3680 3177 027005 +£002 11067525 £1.6 1.0070%% £ 0.02
3683 7873° 09570 2% +£0.02 -108.97152% + 1.6 0271029 4+ 0.05
3684 385120 0597018 £002 28.072% 1 4+ 1.6 0857023 £0.02
3685 831730 0647012 £002 2017329 £1.6 0.78101% +0.03
3687 87615, 07170124002 1207155 £1.6 06470 1% £0.03
3691 1761715 0.8370-15 £0.02 11291530 £ 1.6 0327035 +0.04
o 205 0 05 3710 5373 0521038 +002 007857 £1.6 0897023 +0.02
COS
A

 CP is fixed to be zero, more information for understanding
the production mechanism of AA in Y (3686)
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The A spin polarization in Y(3770) —» AA

Data Sample: 2.9 fb~1 (3770) PRD(Letter) 105,L011101 (2022)

Moment: M(cos8) = %Zi\' ©2)(sin 6}, sin ¢}, — sin 6}; sin ¢;)

T T T T T T T T T T T T T T T T T T T T T

— I
1.141- ) . . 2066 events [ 20
B, .;...', .| By

1 .1 0 B B3 .. . ' B4 . ] E .
o | _1__ ]
L I L ) o | ! L L | : TR L | L TR | L TR L P T
1.10 1.12 1.14 -1 -0.5 0 0.5 1
2
M, (GeV/c) cos,
Para. U(3686) scan data ¥ (3770) — AA [24] J/ — AA[33] ete”™ — AA (/5 =2.396 GeV) [34]
n 0.6970 57 +0.02 0.857052 +0.02 0.4748 + 0.0022 + 0.0031 0.12 £ 0.14 £ 0.02
ADY (°) 23755 £ 1.6 717% £5 43.09 +0.24 £0.38 3741246
RY 0.7179-15 +0.03 0.4810 2% +0.04 0.8162 + 0.0023 =+ 0.0033 0.96 4 0.14 & 0.02

4 CP is fixed to be zero, more information for understanding
the A hyperon structure, the production of of AAin Y (3770)

18/50



Outline

1 Recent overview

» Hyperon polarization and CPV
2,  hyperons

O Summary



Observation of 2+ (pm") spin polarization in Y —» ZTZ~

Data Sample: 1.3B ]/ & 448M Y(3686) Phys. Rev. Lett. 125, 052004 (2020)

N T
5 T x¥ntin =0.9 Par. Measured value
E EL N T gy —0.508 £ 0.006 £ 0.004
RS ("1 A®;/, —0.270 £ 0.012 + 0.009
e + : OQPI 0682 :IZ 003 ZIZ 00]_].
w560 Hpbudd Ay 0.379 £0.07 +0.014
Rt L_ ............................... oo —0.998 £ 0.037 + 0.009
= TaE I T 0.990 + 0.037 £ 0.011
s N .‘l’(3.686.)

] Test of CP violation:

0 ay + a
AZ ) =0~ 0 _ _0 015 +0.037 + 0.008 ~ 0?

ao — Ky 20/50




Observation of X (nnmt) spin polarization in ]/ - Z7X~

arXiv:2304.14655
008 = ., . { |Parameter This work
WRE 4 RSN I ERCI —0.5156 + 0.0030 £ 0.0061
R 002 g_ ..... ............... ............................................................................................................... _g ACI)J/w(rad) _02772 :I: 00044 :‘: 00041
qup:w 001 :_ ..... ............... .............................................................................................................. _; Q{+ 00481 i 00031 :I: 00019
Q O d |a —0.0565 + 0.0047 + 0.0022
E _0.01 ;_+Data ....................................................................................................... _ ol /ag —0.0490 + 0.0032 + 0.0021
onf _gﬂasespace ____________________________________________________________________________ 3 |a-/ao ~0.0571 & 0.0053 % 0.0032
003F- .lefe'remei._.._.._..4._.,; ............... e P A 3 |Acp —0.080 % 0.052 & 0.028
~0.04 T DU T T T 3 (o) 0.0506 £ 0.0026 £ 0.0019
-1 —08 06 04 02 0 02 04 06 08 1

0089

] Test of CP violation:

stmmt) o T U
Acp =
Ko —

v

3 Both oy, and AP are consistent with Z* (pr”) mode

= —0.0801+0.052 £ 0.028 = 0?
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Measurement of X* spin polarization in ee™ - XX~

. -1 -
Data Sample. 66.9 pb @ VS 2.396, arXiv:2307.15894
2.65 and 2.9GeV
; (a) _+_2'3960 GeV g (b) _+_2'6454 GeV (a) ::r]:ivc::;kwork 200? (b) ;;:sp‘;vt::ial model
s L it —4-2.9000 GeV _22:_ 1 B 7 poteriai model| __190F ; 4
0 | — -0 ot e o L
== RS SR e o & = oy * 3
—— : = :EF T 00
r - i \/ | 200~ . J .
i . ‘ . ‘ ; . N , N %4 26 28 3 24 26 2.8 3
-1 0.5 0 0.5 1 -1 -0.5 0 0.5 1 (s GeV s GeV
Ccos0 Ccos6
\/5 (GeV) 2.3960 2.6454 2.9000
o -0.47 £+ 0.18 £+ 0.09 0.41 = 0.12 £+ 0.06 0.35 £ 0.17 = 0.15
AP (°) 42 + 22 + 14 (-138 + 22 + 14) 50+ 19 + 14 78 22+ 9
sin A® -0.67 = 0.29 £+ 0.18
|G'E/G'M| 1.69 £+ 0.38 + 0.20 0.72 = 0.11 £+ 0.06 0.85 4+ 0.16 £+ 0.15

O The X hyperon EMFF is first explored in a wide four-momentum
transfer range with q? from 5.7 to 8.4 GeV

O A® < 0 at+/s = 2.39 GeV, A® > 0 at+/s = 2.64 and 2.9GeV, AP = 0
exist between these points? an important input for understanding the
asymptotic behavior [A. Mangoni ez al, PRD104, 116016 (2021)]
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http://arxiv.org/abs/2307.15894

Observation of ° spin polarization in J /9 — AZ? + c.c.

Data Sample: 10B ]/ arXiv: 2309.04139
O 4 [ § Each bin result for Jiy—AZ? 0 4 [ § Each bin result for Jy—AZ®  — Global result for Jiy—Az°
" " ¥ Eachbin resultfor T H | 4 Eachbin result for Jy—sAT" - = Global result for Jy—AT"
02 T 0217~
n~ OfF of
N
—0.2F 0.2
—0.4 | | | (a) 0.4 | | | (b)
-1 0.5 e0 0.5 1 -1 -0.5 e0 0.5 1
cOSO , ¢ cosO ,

oy, = 0.418 + 0.028 + 0.010,

G
R = ‘—E‘ = 0.860 + 0.029 + 0.010
Gy

Ab; =1.011+0.094+0.010, Ad, =2.128 +0.094 + 0.010
AdD :Aq)liAq)z =TT
A(DCP =mT—ADP =0

O Provide a new exploration for direct CP violation stu(};/fs 0
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£~ hyperon spin polarization and CPVin J/Y — E

Nature 606, 64 (2022)

nature

Explore content ¥ About the journal v  Publish withus v

nature > articles > article

Article | Open Access | Published: 01 June 2022

Probing CP symmetry and weak phases with
entangled double-strange baryons

The BESIII Collaboration

Nature 606, 64-69 (2022) | Cite this article
8772 Accesses | 96 Altmetric | Metrics

Abstract

Though immensely successful, the standard model of particle physics does not offer any

1.5
_145F
%’ 141
[b) C
(\5/1.35:—
é+51.3§—
125
1-2:|||lIllllllllllllllllllllllll
2 125 1.3 135 1.4 145 15

My (GeV/cZ)

DataFig.2| the="and = Di ofthe ~versusm .+ The= ="

precision to the most precise previous measurementi.

3

3 3
W(EQ) = ) Cul0; 0, AD Z PIL AN AT

u,v=0 '—01/'=0

9 angle parameters: & = {95, Or 0%, Oo PR, Op, O35, Dy, qbﬁ}
8 unknown parameters:;; Q= {aw, AD, as, Pz, ap, azg, Pz, al—\}

10 P, 0

0 C 0 C
C,; = (1 + ay, cos? O . *
. ( v =) —-P 0 C 0

i
m =132 GeV/c?. atmy,-=mz,=139 G V/ s from the reaction J/ > X(1385) £(1385)".

Parameters extraction by

a 9D angular distribution analysis
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£~ hyperon spin polarization and CPVinJ/y - Z"E*

a b
0.50, 1.5,
Py CX)?
0.25 ;
1.0
0 ¢
0.5
-0.25 -
-0.50 . . 0
c d
1.5 0,
1.01 -0.51
////f//?//T//}——4——$‘-\-L\\Y\\i\\\\
0.51 -1.0;
0.0 . . . . -1.5 . . .
-1.0 -0.5 0 0.5 1.0 -1.0 -0.5 0 0.5 1.0
cos 6 cos 6
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=~ hyperon spin polarization and CPV testin J/y > 2" EF

Nature 606, 64 (2022)

Non-zero phase:
E~ spin polariztion

First measurement:
C_lEa ¢E; EP — fSa A%Pa A¢%P

Strong/ weak phase ]
difference

Three CP observables]

~73,000

Table 1| Summary of results

Parameter This work Previous result Reference

a, 0.586+0.012+0.010 0.58+0.04+0.08 Ref.*

AD 1.213+0.046+0.016rad -
/a- -0.376+0.007+0.003 -0.401+£0.010 Ref.

- 0.011+£0.019+0.009rad -0.037+0.014rad Ref.?®

a- 0.371£0.007+£0.002 -

é. ~0.021+0019+0007rad - 2\
a, 0.757+0.011+£0.008 0.750+0.009+0.004  Ref.*

o] -0.763+0.011+0.007 -0.758+0.010£0.007  Ref.*

&-& (1.2+3.4+0.8)x107%rad - ___[
83— (-4.0+3.3+1.7)x107%rad (10.2+3.9)x10?rad Ref.® | T
Az, (6+13£6)x10™ - A

M’ép (-5+14+3)x103rad -

AéP (-4£12+9)x107° (-6+12+7)x107® Ref.* y

(=) 0.016£0.014+0.007rad

L Observation of £~ spin polariztion, non-zero weak phase difference
L Most precise test for CPV on strange hyperon decay
 Update with 10 billion J /s is ongoing
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£~ spin polarization and CPV in ¥(3686) - Z"E7

PRD(Letter) 106, L091101 (2022)
Data Sample: 448 M Y (3686) ~5000 events

1.2 T T T ] 1.36 . .-

._

%)

=
—

: > L
L %6 O 132} 30
0.4 < !
' L 20
0.2} S 13
04 - [ I 10
1 1 0 - . . -
1 05 0 05 1 1 e N e
c0s0- L™ 15 13 13 1360
= M., (GeVic?)
! or ] Parameter ¥(3686) — E_ =T J/p — ="ET
-0.2f ] Qg 0.693 & 0.048 £ 0.049 0.586 + 0.012 £ 0.010
] AP (rad) 0.667 £0.111 + 0.058 1.213 4 0.046 £+ 0.016
04 o ~0.344 + 0.025 + 0.007 —0.376 + 0.007 + 0.003
' as+ 0.355 +0.025 £ 0.002 0.371 £ 0.007 £ 0.002

¢=— (rad) 0.023 £0.074 £ 0.003 0.011 £ 0.019 £ 0.009
¢=+ (rad) —0.123 £0.073 £ 0.004 —0.021 £ 0.019 £+ 0.007

[ . 1 [ ] 1 ) 0p—0s (10~% rad) —19.5 + 13.4 £ 0.7 —4.0+3.3+1.7
-1 -0.5 0 0.5 1 -1 0.5 0 0.5 1 Acp= (10_3) —14.7 £50.8 +10.3 6.0+13.4+5.6
cosBz cosB Apop (1072 rad) —49.9 + 52.1 + 2.6 4.8+ 13.7+2.9

 Both ay,3686) and AP are very different from the J/{ peak
1 Other parameters and CPV values are consistent with the

J/W peak.
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Test of Al = > and CPV in J3 — E"E" with 4 — fin®

Data Sample: 10BM ]/

~144000 events

arXiv:2309.14667

[ ! ! ' ] Parameters This work Previous result
1.10 -
[ —— R(cosb,,cos0)) —R, ] @y 0.611 +0.00773-912 0.586 + 0.012 + 0.010 [17]
[ —+— R(cosb, costy) A® )y (rad) 1.30 £ 0.0379°92 1.213 £ 0.046 £ 0.016 [17]
o oz —0.367 £ 0.00479:99%  —0.376 £ 0.007 £ 0.003 [17]
$= (rad) —0.016 £+ 0.01279-99¢ 0.011 £ 0.019 % 0.009 [17]
a= 0.374 £ 0.00475-:992 0.371 £ 0.007 £+ 0.002 [17]
¢= (rad) 0.010 +0.01219092 —0.021 £ 0.019 £ 0.007 [17]
095 . . . . an— 0.764 £ 0.00873-9%5  0.7519 & 0.0036 £ 0.0024 [35]
T T
Lok ' ] ant —0.774 4 0.00979-99° _0.7559 + 0.0036 + 0.0030 [35]
"'[ —# Rocos0,,cos0,)  —R, Ao 0.670 + 0.00979-099 0.75 + 0.05 [28]
| —+— R(cos0_, cos0,) _ 40.006
Losh dao —0.668 £0.008790%  —0.692 + 0.016 & 0.006 [18]
[ 6p — 85 (rad) 0.033 £0.02070095  —0.040 £ 0.033 £ 0.017 [17
o4 0.012
[ é€p —€s (rad)  0.007 £0.02070°912 0.012 £ 0.034 + 0.008 [17]
100 [mhmmmmmmm o mmm e o e e mm o e m e — :
] AZp —0.009 % 0.00879-997 0.006 & 0.013 £ 0.006 [17]
- ] A¢Sp (rad)  —0.003 £0.00879:292  —0.005 £ 0.014 = 0.003 [17]
=~ i - = 3 Agp —0.007 4 0.00879:992 _0,0025 + 0.0046 + 0.0012 [35]
' ' ' ' AD 0.001 & 0.00973-9%5 . -
cose (@) 24 . . —0.007] Aép — (2AE’P+AOCP)/3
— AL —0.004 + 0.007+9-993 -
Ri = (14 apagcosf) /(1 + apas cosb) -
ano/an— 0.877 £ 0.01573-91% 1.01 4+ 0.07 [28]
_ +0.012
Ry = (1 + <04A0><OZE> COS 9)/(1 + <CYA—><OéE> ano/on+ 0.863 & 0.0147 005 0.913 + 0.028 + 0.012 [18]

O Most precise determination for o, /3 , first test CPV in neutron final states

O Ratio in S-wave: S . 1/S
Al=>

while P-wave: P AL /P
2

Al=

3
Al_i

3=28.4+1.3}1 + 3.9,
2

=-13.0+1.4%}1+0.7.
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2% hyperon spin polarization and CPV in ¥(3686) — Z°E°

Data Sample: 448 M Y(3686) PRD(Letter) 108, LO11101 (2023)

04—/

~1900
events

1.35 0.2

M, (GeVic)

1.25

5
N =]
- T T T { i i 1 W 1 T 1 | 1 1 1
s —
——
—_ | | | ‘ | | | h | | | | | | |

M 0, (GeV/c?) ' cosO5

Param. This work BESIII [38] PDG [33]
Quuagsay 0.665 £ 0.086 £ 0.081 0.650 & 0.090 + 0.140 —

A®  —0.050 + 0.150 + 0.020 — -

azo —0.358 +0.042 4 0.013 - —0.356 + 0.011
$=0 0.027 +0.117 £ 0.011 — 0.366 =+ 0.209
azo 0.363 & 0.042 £ 0.013 — —

$=0 —0.18540.116 + 0.017 — -

AZp —0.007 +0.082 4 0.025 — -

A¢Zp —0.079 4 0.082 4 0.010 - -

0 No spin polarization observed (limited statistics?)
O Fisrt simultaneous determination of Z° and Z° decay parameters
O CPis conservation within 16 uncertainty 30/50



=0 hyperon spin polarization and CPVin /¢y — z0%0

Data Sample: 10BM ]/ ~330000 events Phys. Rev. D 108, 1.031106 (2023)

1.45

Parameter This work

14 g/ 0.514 + 0.006 & 0.015

% A®(rad) 1.168 & 0.019 + 0.018
& 1.35 oz —0.3750 + 0.0034 + 0.0016
& aiz 0.3790 + 0.0034 + 0.0021
13 $=(rad) 0.0051 + 0.0096 + 0.0018
p=(rad) —0.0053 & 0.0097 + 0.0019
122 o5 15 e s s an 0.7551 + 0.0052 £ 0.0023

M0 (GeV/c?) oA —0.7448 £ 0.0052 £ 0.0017

¢p —&s(rad)  (0.0£1.740.2) x 1072

§p — ds(rad) (—=1.3+1.7+0.4) x 1072

AZp (-5.4+6.5+3.1) x 1073

A¢Zp(rad) (—0.14£6.9+£0.9) x 1073

Al p (6.9+£58+1.8) x 1073

(az=) —0.3770 £ 0.0024 + 0.0014

i 1 (p=)(rad) 0.0052 =+ 0.0069 =+ 0.0016
S = 0 e i (ap) 0.7499 =+ 0.0029 =+ 0.0013

cos 6,

[0 Most precise determination of Z° hyperon decay parameters,
consistent with the Y(3686) decay
O CP is still conservation within 10 uncertainty (1073)
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Outline

1 Recent overview

» Hyperon pair production
v’ Near threshold (AA, X, EE, QQ)
v Above open charm threshold (AA, EE)

O Summary



Discovery of Y(4260)

PRL 95, 142001 (2005)
d Y(4260) is observed first at BaBar via ISR method

N
(=}

b .
l m? 'ffﬁf'mfﬁi**ff* ”11+fm i i Fttipttﬁ ]

A 1 -
36 '%8 4 42 4.4 46 4.8 5

Events / 20 MeV/c?
3
[

Single-resonance assumption
N°bs = 125 + 23

g |—£ M = 4259 + 8(stat)*Z(syst)MeV
e | T = 88 £ 23(stat) X3 (syst)MeV

48 5
m(Tc wIhy) (GeV/c?)

B Signifying the presence of one or more previously unobserved
JPC = 17~ states containing hidden charm

B No quantum number determined due to the limited statistics
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Charmonium (-like) state
B Nonrelativistic cc bound state GMMQ
> J/P (13S,), first member with JP¢ = 177(1974)

Symmetry 14 (2022) 1, 65

2'D,(4.21) 2303(4.21) 2°D;(4.22)

1°F,(4.09) 1,(4.09) 1°F;(4.10) 1F,(4.09)

1'D,(3.84)
H@l \413(3842) |

[ ] Charmonium

B Charmonium-like
== Theoretical prediction
====s DD threshold
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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

Hyorid Glueball

Pentaquark

B Which one is the winner o/
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BESIT  Study of Y(4260)

PRD99, 091103 (2019) PRL118, 092001 (2017) PRD96, 032004 (2017)
— 100 e 190 o e et temees
2 100" + -$- BESIIl 2019 = [ +xvz g :zzg - . . T BEST
e + ¥ - : - o - Belle
~ —4- BESIII 2015+2016 = 805 _Ff“ S sof l - BaBar
xo 50; 5 60 -=Fitll é E
8 [ +: K (%)
I £ New! > 5 o g
2 ol Thl ! S af
© el s oo e asssacssamecsuy 0: L L ! - L o bt 11
4.2 4.:3@ (égV) 45 4. e 4 = E‘éev) 44 46 90 41 42 43 44 E?Ge \7)_6
100 PRL1 18, 092002 (2017) 1000_| LI N S B B B PRL122, 102002 (2019) T
= 805_ ::n cur\zef lo:a;:a S Y(4390) 800:_ [ T —:
= G v = | .
.% 60— @600_— =]
§ ‘“’;_ 02400:— —
E 205— A 200?— s N
of ¢ § + ........... B | -
3+9' A e e g 4.1 42 23 a4 45 46
ST seeyy Ec\(GeV)

Y(4220) appears in wWyco, 7T Jy, ntn Ty, ntn~h,, D°D* " n?
? Mass~4220 MeV, width~ 60 MeV'!

No study in hyperon anti-hyperon final states? /
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1 Recent overview

» Hyperon pair production
v’ Near threshold (AA, X, EE, QQ)

O Summary



Observation of an enhancement near AA threshold

Data Sample: ~40/pb (4 points: 2.2324, 2.4, 2.8 and 3.08 GeV)

PRD 97. 032013 (2018)
T T T
10° (a) g ' .
2 §o0o { |- 3
— : §200 :
-8- l%.’ §100_ ——————— I—_
£ 10°F t 5 E
2 - = 7000 1.005 .
[&] B = M, My eshoa ]
St -
@ 10F E
o X ¥ .
@) i T ]
1F \\\\ 3
EY M M R LU
1.0 1.2 1.4 1.6
MAX/Nlthreshold

40
)
N
S 30
>
2]
O
g
S 20
N’
~~
j22]
N
3
C 10
/M
0

PRD 107, 072005 (2023)

CISR

ﬁ
[JwoAR

Dy(Afo +c.c.)

[ Jnon-AA

ot it

24

{14t

2.
M, - (GeV/c?)

2.8

» Consistent with previous experiments (BABAR and DM2), improved precision

» More complicated physics scenario?

Final state interaction

Trrrrrrrrrrrrrrrrrrreroro

400 - g 0.20 . ' ' I
o QCD ] 400 B
v BESIIZ" P 400
= BESIP*®* pQCD +¢(2170) 4001 X (2 2 3 0) 300 ] BABAR
300 * BaBar T PQED+XEMO) 7 8 3 — Ph::ssezzzim
_,g i > DM2 — Total 0.18 300k ® 100 - 300 a
= o - 3
|§ L ife) 224 226 228 230 ?
T 200 N %— 00k V5(GeV) o
K 0.16 h
[
%’/ C (1)(2290) # BaBar(2007) E‘
100 o 100k & BESIIQ2018)
L ¥ BESIII new(2019)
0.14 L !
e, g 2100 2200 2300 0 : ; :
R PP el ek ke e e 2 = : L 1 4 1 Ok 1 L L L L 1 225 230 235 240
23 24 25 2.6 27 28 29 3 3.1 32 33 34 35 M(MeV 22 23 24 25 26 27 28 29 30 3.1
s (GeV) ( ) Vs(GeV) \s (GeV)

Cao et al, PRD 98, 094006 (2018) Xiao et al, CPC 43, 113105 (2019) Xie et al, CPL. 39 (2022) 011201

Qian et al, PRD 107, %é)/‘)slé(n (2023)



Measurement of 6Z(e*e™ — IX) near threshold
PLB814 (2021) 136059,

Data Sample: ~400/pb (6 points: 2.3864 to 3.0200 GeV) PLBS831 (2022)136187

3 T | T T T T T T T T T T T T T ™ 31 00 B ! | I ! ! ! I ! I 1 i
Q. . S =3 C +go= oy0 - Data )
T10°E | FeemyT 1 Feop | 6 TFF L Babar .
= E 1 ey w3 S - — - Threshold
80 F | +ete 3T ] » : — pQCD fit
7 . |
F j- ] - b
]S — ; 5 “or P
E |5 e : !
[ [ o 20 I [ .
—! ' 5 30 o34 2.6 28 30
2.4 2.6 2.8 3.0 . . . .
/s (GeV) Vs (GeV)
G~ & T 1 T T T T T T ]
= 20 (b) +-3° Thiswork 1 » No obvious threshold enhancement
X 7 iz 'Z'Zz'l'l'l 1 > Nonzero cross sections near threshold
= o 7 ° [
o 15F ' %A BESII 1 > Different cross sections observed
soF 4 > More complicated physics scenario?
i ‘ } : » VMD by Jujun Xie et al.
5E . i & ,.. PRD107, 076008(2023)
n —— i
0 I T R ' L > oo
2.4 2.6 2.8 3.0
/s (GeV)
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Measurement of 62(e*e”™ — EE) near threshold

PRD103, 012005(2021),
Data Sample: ~360/pb (8 points: 2.644 to 3.080 GeV) PLB820.(2021)136557

O First study for ZE production near threshold

wol- ¢ T T (L I I R I I R B B R N I R R
2 | ] 3 1
= o 30 > ool
@I] i Q_ \—4\—40
T = =02
T o 4 [I] = 4
o | . I[1] 20 7
S o i ]
I —4— BESIII data 5 ‘0 ]
I — . Fit (Eq. (6)) o o 10- . N
o C I/. '\/ — Fit (Eq. (7)) g (’) c?b' ) * ]
|f" . 15F ”’ \ — — Fit (Eq. (9)) 2F 1 ® lr
= - ’ - 26 27 28 29 3 31 Ol b b b b 9
1 C ) Threshold Vs (GeV) |||||[|||‘IIII‘II\I|IIII
! o L S A R B
e L 100~ -~
& -t g == Data ] T[I] i
© S o: | — Fit result 1 1 4_ -]
C J 8L --- Threshold 1 5 - .
P S I R B i 50— . * 1 b i
27 28 29 3 31 1 Fo 1 = ®
o o 1o i
Vs (GeV) e | M ol -
° o - 1] L + i
41_:51 —_— = Eb/ ..... ! S S ++h
R S S DN T . 1
N c L E Qlu||||||||||||\||J|||1|||
26 27 B e 3 31 .6 2.7 2.8 2.9 3.0 3.1
S €
Is (GeV)

B No obvious ZZ threshold enhancement
B Ratio of cross sections agrees with the expectation of isospin
symmetry 1070



Search for the Q™ Q" production near threshold

Data Sample: 8 points: (3.49 -- 3.67 GeV) Phys.Rev.D 107 (2023) S, 052003
(6.\2000 ] I I I T 0.04_
S I ] ; } This work
% { Data ] _ |
ﬁ 1000{- — Fitresut 0.03:— ,I CLECH: data
% | 1 g ~ Theory
| O
(I v —— == S 002
K ©) [
N i i i
0_1000 | | 111 | 111 | 111 | 111 | 111 | 111 I 111 | 111 | 111 | 111 | | -
= 1500 1] T T T T 001
Z oo [ | ;
? S00E E B
R S N § S | I i
_500:I I 11| | 111 I 11| | 111 I L1l | 111 I 111 | 111 | 111 I 11| | = | 1 1 1 I 1 1 1 1 11 1 1 | | 1 |
348 35 352 354 356 358 3.6 3.62 3.64 366 368
is (GeV) 1 12 13 14 15

s [GeV?]

B No obvious threshold enhancement

B Effective form factor agrees with the expectation of quark

model
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Measurement of 6Z(e*e™ — AX") near threshold

Data Sample: ~480/pb (2.3094 to 3.0800 GeV) arXiv:2308.03361
of P oo iy

= —a— BéBAR = —=— BABAR

S A% threshold B ool A% threshold

£ —— Fit with pQCD E “F o

g 30 — — Fit with strong-interaction o 3 Y

3 8 01 +

g _

O E’J:“ B —H [ ]

o . —t
- [ ]
| \ . ) . 1 . . 1 L . . * . . ! .
25 3 2.5 3
Vs (GeV) Vs (GeV)

B Cross sections agrees with BaBar, but with high precision

H A non-zero Born cross section is observed at 2.3094 GeV,
new threshold enhancement at 2.3 GeV?

B Plateau model provides the better description than pQCD

motivated function near threshold
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» Hyperon pair production
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O Summary



Study of ete™ » AA above open charm

20.0 fb~1 PRD104, L091104(2021) (Letter)

B First study of ete™ — AA above open charm threshold

o D é\ 1500:; BESIII ;
= —e— Data = i —— 1
S ijgg —-PL 'S 1000} } f —= CLEO-c .
|§ 1200 — PL+ BW[y(3770)] T r 1
T 1000 D 500» } ¢ N
o 800 : Iil T R
-:3 600 OT : : : s; ¢ CTO -
® :gg 155 { } t 5
y 10/ } : ]
4 : ‘ # |
2 L ]
: o ST ll { { } ]
Bl e I e . B A B | (LTINS
3.4 35 3.6 37 38 39 40 41 42 43 44 45 46 (;.74 36 38 20 i3 i3 4.-6‘
Is (GeV) s (GeV)
= — [ For other charmonium states
oy (fb) 379 £22 320750 —3
n 8.8+0.4 824 0.6 F6633111(4040) < 5.5X107°eV,
¢ 183+ 24017, FeeBya160) < 0.7x1073eV,
oy (fb) 0 (fixed) 24030 14401270, _3
x*/ndof 62.0/31 34.6/29 Feer,b(4260) < 0.8x107el,
B (x1075) 241150 144327, FeeB¢(4415) < 1.8x1073eV.
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Study of ete™ » E"E% above open charm

11.0 fb1 Phys.Rev.Lett. 124, 032002, (2020)

O First study of ete™ » Z"Z% above open charm threshold

é Frr - sl o I rrrrrrrrrrerfrrropoe 3 Azo(): ‘ : ‘ :
= 200F ~@- Born CS 150 ' | so) i
+ r il ] F ]

- 100
|{g 1505 —l- Observed CS ] I E 1

- + 1 7 s0 17 S0 ]
T 100 4 e T e T
- - + 1 = odan 4 BEE: oty o
2 s I AR B R RS
o 0: | . : ) : 40 41 42 43 44 45 46 4 4.1 42 43 44 45 4.6

o AR is (GeV) is (GeV)
".g i ) ] g™ | 7103 |
- 6 %] ¢ 1 T 150- C=0.17 +0.08
RS E}j ] T 100 ;
2 4 : + 1 :
o | 1 v f

S 1 ERL S *’ T

i 1 2 ) 7 -

: : : : - . s g .50 1
4 41 42 43 44 45 46 A0 4647 42 TR R
's (GeV) is (GeV)

B No obvious significances for y(4230/4260)— Z~Z* observed.
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)

[0 Observed an excited Z state by combining all energy points

" N°bs — 288 + 66

(GeV/c?)

100

recoil
T A

Events / 10.0 MeV/c?

Pull

M, (GeV/c) | W™ (Gevic)

B Observed ete™ — E¥X(1820) with 6.2 significance
M=(1825.5+4.7 +4.7)GeV
'=(17.0+15.0 £ 7.9)MeV

B Consistent with the PDG values of Z(1820)
B JPC has not determined due to limited statistics 16750




Study of ete™ » E"E% above open charm
arXiv:2309.04215
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13.0 fb~1

Study of ete™ » E"E% above open charm

arXiv:2309.04215

é 1000} * * —— This work .
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Summary
B BESIII is successfully operating since 2008.

v Collected large data samples in the T-charm physics region
v Continues to take data in coming years

B Many studies for BB production in Charmonium

decay and in e™ e~ annihilation achieved:
v Observation of hyperon transverse polarization
v' CPV study in A, X, E hyperon
v More new/precise study for hyperon pair production
v" Still need more experimental/theoretical efforts

B More new results are on the way!

Thanks for your attention!
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Physics
was started in 2009 !
— a —————

e

data taking <

Reached peaking luminosity: 1.0 x 1033 cm™

11

Beam energy:
1-2.5 GeV
Design Lum:
1%x1032 cm2s!
Opt. energy:
1.89 GeV
Energy spread:
5.16 x104
Bunches No.:
93
Bunch length:
1.5cm
Total current:
0.91A
SR mode:
0.256A @ 2.5
GeV




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)

Obarrel = 68ps
Oendcap = 65ps

(Muon counter)

(made of 9 RPCs)
2.5%@1GeV

(Electromagnetic Calorimeter)
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Europe (17)
. _Germanv(6): Bochum University,
l;SI D'n'mstaq_._ﬂelmholtz Instifiute Mainz, Johannes Gutenberg

et T Univel;su‘\ of Mainz, Univer sitaet siessen, University of Miinster r .
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Carnegie Mellon University - UK(2): Universityef Manchester, I&iersm of Oxmrd S ¢ ‘“Jap:_ll'l(l)'
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University of Tatapaca """ — g GRS China (54)

Beijing Institute ofPetio-chemical Technology, Beihang University, Central South
University China €enter of Advanced Science and Technology, China University of
Géosciences, Eadan University. Guangxi Normal University. Guangxi University.
Hangzhou Normal University, HeBe University,Henan University, Henan Normal
University, Henan University of Science and Technology. Henan U niversity of

: Technology.Huazhong Nor mal Univer sity, Huangshan College, Hunan University,
‘ Hunan Normal University, Imner Mongolia University, Institute of High‘Energy
Physics, Institute of Modern Physics, Jilin University, Lanzliou University,
Liaoning Normal University, Liaoning University, Naniinc Normal I niversity,
Nanjing University, Nankai University, North China Electric Power University,

Peking Unjyersity. Qufu Normal University, Renmin University of China, Shanxi
University, Shanxi Normal University, Sichuan“Uniyersity, Shandong Normal
University, Shandong University, Shanghai Jiao Tong University, Soochow University,

South China Normal University, Southeast University, Sun Yat-sen University,
~500 members Tsinghua University, University of Chinese Academy of Sciences,
From 86 institutions ill 17 countries ) .['ni\:ersit}" o.f Jinan, University of Sc'ieuc_e and :I‘e.-chnc?log‘\' qf Cllilli.l. .
University of Science and Technology Liaoning, University of South China,
Wuhan University, Xinyang Normal University, YanTai University , YunNan
University . Zhejiang University, Zhengzhou University



BESIII: 13 years data taking

L L L S = = = s o e
dData sets by far P POSAE 6 ud,s <
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» Scan data [2.0,4.6]GeV, 130 energy i ! l i i | 4130, 4160,
. -1 ! 3 W " Energy Scan 526 pt 4190, 4200,
points, about 2.0 fb f P — 0 4 9 GeV from 4210, 4220,
» Large data sets for XYZ study above .| ¢ direct annihilation or ISR I‘“Pj“j““j"“‘f B et j;gg
4.0GeV about 22 fb~1! R”, 05‘ _ !1 _ j-5| .‘ 2 52'5 a0 415,
» Unique data sets at open charm threshold | YOI o) w0 | ﬁgg ﬁig
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