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2020 energy upgrade to 2 45 GeV
& top-up mode

2004: started BEPCIl upgrade,

N\ BESIII construction

N 2008: test run

2009 now: BESIII phy5|cs run

& - 1989- 2004 (BEPC):
Lpeak=1.0x103! /cm?s

~* 2009-now (BEPCII):

Lpear= 1.1 x1033/cm?(3/2023)

BESIII
" detector




BESI

eter
» MDC:
« Material<0.05 |, <130 m
. () <05%@1GeV/
: _ RPC: 8 . ;. <6%
ayers A ayers
» TOF:
SC . ~70 ps (barreal two layers)
Solenoid . « ~110(60) ps (endcap)
(@]
Barrel ‘&ﬁ
2 g\> > EMC:
Endcap o dj; ” . /N <25% @ 1GeV
ToF 2|2
@ \S . < 0.6cm
Je S
Quadrupole b > MUC
R L= = ==« L .

No. of layers (barrel/endcap) 9/8
Cut-off momentum (MeV/c) 0.4
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2014:

2015:
2016:
2017:
2018:
2019:

2020:
2021:
2022:
2023:

. 106M y(25)

BESII!

225M Jly Many topics!

: 975 pb-tat w(3770) spectroscopy

. 2.9 fb-1(total) at w(3770) (light and heavy),
482 pb-1at 4.01 GeV ﬂavor physics,

: 0.45B (total) y(2S) new physics,

1.3B (total) Jly
1092 pb-! at 4.23 GeV
826 pb-! at 4.26 GeV
540 pb-1 at 4.36 GeV
10 X 50 pb-!scan 3.81 — 4.42 GeV
1029 pb-! at 4.42 GeV
110 pb-1 at 4.47 GeV
110 pb-1 at 4.53 GeV
48 pb-! at 4.575 GeV
567 pb-1 at 4.6 GeV
0.8 fb-1 R-scan 3.85 — 4.59 GeV
R-scan 2 — 3 GeV + 2.175 GeV
~3fb-1 at 4.18 GeV (for Dy)
7 x 500 pb-! scan 4.19 — 4.27 GeV
more J/y (and tuning new RF cavity)
10B (total) J/y
8 X 500 pb~! scan 4.13,4.16,4.29 — 4 .44 GeV
3.8 fb'! scan 4.61-4.7 GeV
2 tb-! scan 4.74-4.95 GeV; 2.55B (25)
5.1fblat (3770)
~8 tb-! will be taken at (3770)

R scans,
T physics, etc.

mple
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SI| data sets 41904280
7.6 fb!
R 7 T =T I e p— T T T T ‘Lbl
10 ¥(25) 4040 Wareo 4420
6 [ billion & Mark-1 0.5 fb! 423044260 1.0 fb~!
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2 s ;_13— ————— can 1. 3 fb' {130 pomts} " o
il et 1 L] 1 I [
3 25 s Vs [GeV]

[t}

40

20

10

BESIII publications
(May 9, 2023) 500 publications!

= PRL = Other m Nature/Nature Physics = Submit d

Total publications: 500
PRL: 91

Nature: 1
Nature Physics: 2

61 62
38 38
34 36
9 23
19 I

2010 2011 2012 20M3 2004 2015 2016 2017 2018 2019 2020 2021 2022 2023
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* Hadron form factors

Light hadron spectrosco o XYZ icl
* Y(2175) resonance & P Py particles

| _ * Gluonic and exotic states * D mesons
i : M-utlhquark states * Process of LFV and CPV « fyandf,,
F with s quark, Zs * Rare and forbidden decays ~ + D_-D, mixing
9 * MLLA/LPHD and QCD * Physics with T lepton * Charm baryons

sum rule predictions

S
W~ -




R valu BESII Phys.RevLet, 128 (2022) 6, 062004 _

14 fine-scan data points from 2.23-3.67 GeV
* The accuracy is better than 2.6% below 3.1 GeV and 3.0% above
* Larger than the pQCD prediction by 2.7 between 3.4-3.6 GeV

e Important input for the SM-prediction of g-2
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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 > 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 7y w1 w9 w4
pQCD 0.293+0.030 0.8124+0.018 1.6474+0.067 0.34440.020
3Py 0.515+0.029 1.39940.580 0.971 +£0.275 0.406 4 0.017
DD loop 0.359 £ 0.019 1.28540.017 5.110+=0.057 0.465 =% 0.002

=0,2

1=1 817 50l. 2=1 -1/ Gol. a=1 %1/ 5ol for o - are the helicity amplitudes)




> Properties of : JHEP 05, 069 (2023)

. , = 341542 MeV/ ? T 10 frome T 60F
L4 = 2 % ;B:t:(ground % 4t l_[r)::aal
. =114 MeV/ e 2 ol AT\
> For o s | = o
=] 9./ 3o =0.299 + 0.003 + 0.019 g § o) o
> For ; (statistical uncertainty only): A i |- i i
o —1 1 1l | — 3.3 3.4 3.5 3.6 1.2 1.4 1.6 1.8
' : %0; 21: (])-8;3 i 882 M(99) (GeVic?) M(y¢) (GeV/c?)
* 2=1 11/ 10l =YYV 2 @
> For 2 % = ! 4 ! % 500
2 2 1 _ 200~ + 7 400
° 1 = | 0’1/ 0,0| = 1.265 == 0.054 = 0.079 150 1 -
« o= %_4/ §ol =1450 =+ 0.097 £ 0.104 i N
- 4= 2./ 35| =0.808 =+ 0.051 = 0.009 Bl |-
» Branching fractions o S ik

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




» Discussions:
« For the decay of
particle symmetry breaking

1, no evidence of identical

« For the deday of
prediction
» For the decay of

o, consistent with the pQCD
2y the
cannot describe the measurements, either.

« Using about 2.7 billion (3686) accumulated at
BESIII now, more attractive results will be
reported in future

~ loop model ruled out
due to the large deviation, while the other models
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« With the branching fraction ( -
* 7 )= (1.7 £ 0.5)%, the ratio of the

branching fractions of and (2 )

-+

decaying into is calculated to be

(f”1i;%ﬂM5iam

« Combining other hadronic decays, the

average ratio is determined to be 0.30 %=

0.10
« Using the 2.7 billion (3686) events
e collected at BESIII, more precise results will
‘ be reported

Phys.Rev.D 107 (2023) 5, 052007
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P(3 Y

IR . Two treatments of the (3770) resonant decay amplitude is considered:

v' (3770) is coherent with the other amplitudes:
co. =1 v ()+ 1BW 3770y + 2BW (goa0) +  3BW (4230) + 4BW (4300)l

v' (3770) is incoherent with the other amplitudes:
co. = IBW @77g)l?+| v () + 2BW (qoa0y + 3BW 4230y + *BW (4300)I°

* Incoherent: ( (3770) = / ) =(8.7 % 1044 + 1.05s) X 1074, close to the result of CLEO

« Coherent: Four solutions with branching fraction varying between ( (3770) - / ) =(11.2 £ 585 *

1.1gy5) X 107% and (11.6 = 6.0¢y; = 1.1gy5) X 10~4 (substantial interference effect with highly excited vector states)

T R A L L T L T | | |

150 i -4 XYZ data SRS i 150 I —4- XYZ data

"~ + -4 Scan data "+ -4 Scan data
= . — Coherent fit = . — Incoherent fit
% l(l(]: ~= YW(3770) | % IU(]_— -= w(3770)
Z r ‘ s
_é B .i I || —é
T 50 I ' 1I — T 501
K " " il | ‘© i

e T M S I

Ll 'y - d 1 TS 1 ®

—SU _I L | 1 1 L | I 1 L | 1 I I | 1 1 I | 1 = —SU _I I | 1 1 1 | 1 1 L | 1 1 I | 1 i L | 1 =]

3.8 4 4.2 4.4 4.6 38 4 4.2 4.4 4.6
Is (GeV) Is (GeV)

Phys.Rev.D 107 (2023) 9, L091101



« Signal yield is obtained by an unbinned maximum likelihood fit to the recoil mass spectrum
of the radiative photon ( )

obs
° N — ) —
( ) 3686)° ( (3686)- ) Phys.Rev.D 107 (2023) 9, 092004
r S 300 F
Mode | Ny  €,(%) Sig(0) B(x107°) > _
(=5 »
Xeo 284 +44  3.05 56  3.5140.54 = 200
Xe1 T 42 7.02 6.4  1.49 +0.23 % I
. 1038 + 91 1 4.52 4+ 0.24 - X
Xc2 038 4+ 56 8.9 8 5 0 5 100 .
- : r.; {/ N
0 ey, o e L e R W] P
3.4 3.5 3.6
RM (GeV/c?)

15,88

L
- Rl



Y(: - e e n,

« Only ™ ~ pairs reconstructed. Signal yield obtained by fitting recoil mass of * ~

+  ((3686) ~ * = )=(377 £ 0404 * 0.18,;) X 107°

(G- )= (111 +021) x 1072
( (3689~ ) Phys.Rev.D 106 (2022) 112002
6 x10°
1%
"i': " %2/N,;=93.80/36=2.61 N ’
= gl 2 10° £
2 > -
= = f
= v :
SN z |
g2 s 1
]

5 a 107

0 -. P e Y A | ._-r'."..-“]‘ﬁ—..__. o e I — L L L L | L ! : .

2.8 2.9 3 3.1 0 0.1 0.2 0.3
RM... (GeV/c?) M... (GeV/c?)
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New ¢ =S|

[ e |26 newhadrons atgeSm |
— Y(4390) &
® Y I . Y(4320)
e X - Z.(4020) Y(4230) . .
— & E = o, ® % ez(3900) Z.,(3985)'9 @Z.(3985)
Y = +(3900) g
L — ® 99 2
> |
o |
2, 8
8 — «N(2570) #X(2600)
S [ e s S
~ - X(2200 X(2085)|
= 2 — _x(1870) N0 gx(2100) 0(2100) ®X(2120) o %)
X(1840
| @ 9X(1840) 1,(1855) A 2,(1817)
1 : : I . L L I 1 | | I 1 1 1 I 1 1 1 I 1 1 1 I 1 1 1
2012 2014 2016 2018 2020 2022 2024

Date




3872) e"e” - a 72)

Phys.Rev.Lett. 130 (2023) 15, 151904

Phys.Rev.Lett. 122 (2019) 20, 202001 . o 16.
ete >yt iy {\,;* 0.95 ; | ‘:‘g 14;— o e
70F (a) 415 <E__ <4.30 GeV S o09f > 120 —m
o cm (] E ie = o = Background
60 1 o) 0.85 3 i e - [ sideband
® f 8 075f : >~ 6F
= 40F ok i 2 r
< M B 07p . | c ar
E = o650 o 2
o 20F 0_g:HL..J\;..i..'.i.'.,l...t...-m 0 |
E .8 3.82 3.84 3.86 3.88 3.9 3.92 3.94 3.8 3.82 3.84 3.86 3.88 3.9 3.92 3.94
M(rdiy) (GeV/c?) M Jly) (GeV/c?)
i « Anew X(3872) production process © ~ -  (3872) is observed for the first time
F (b) 4.00<E_ <4.15,4.30 <E_ <4.60 GeV 5
Ly e N (3872) = 3870.2 = 0.7 = 0.3 MeV/
v 5F « The line shape of the cross section indicates that the observed  (3872) signals may be
2 from decays of some nontrivial structures.
[T} B
% 3 Vs (GeV) Lin(pb™) Ngg e(1+8) (%) o®(pb) oin(Pb) Significance
o 2f 4.661 529.63 33 =L 283 05 101102 5.6
: 4.682 1669.31 8.0017 5% 24.6 4642 +04+15 11.5 340
5 I _ s =8 T 4.699 536.45 0.00735 27.0 0.0736 £0.0+ 0.0 23 ree
3.75 ] 385 4.740 164.27 L7 21.8 109456 £1.0£35 40.6 1.00
M(r*mdiy) [GeV/ic?] 4.750 367.21 5007238 224 2t r144 45 38.2 3.16
ST . . — 1 36 2.0
radiative productionvia * ~ -  (3872) 478 gy 1.00%570 - 1575 40205 e i
4.843 527.29 A 26.7 78552 +074+25 21.1 2.60
4918 208.11 1,003:733 22.6 5,oj§§ +04+16 217 0.7¢
4.951 160.37 0.004955 20.4 0.0788 1 0.0+ 00 14.7 -
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Cross sect

s i _..l. o
" T Phys.Rev.Lett. 118 (2017) 9, 092001

g I -+ Xvz
& — Fitl
£ gL --Fitll
&

42 44
15 (GeV)

Phys.Re&)%’IOG (2022) 7, 072001

o(e'e’'— ntnd/y) (pb)

90
80F
70F
60F
50
40F

higher statistics, higher percision,
higher energies, better fit

Y(4230) |-+ XYZ data
—+ R-scan

+ ¥5=3.8713
— Fit

Y(4320)

W(4415)?
Y (4500)?

X se
(a-8 .. Bpecunn oo FEi b
':. -*"*F

T .. T . |
-

""""-“o'gt"h'o"r;"
. .

.
.
|

1 I i i il L i
3.8 4 4.2 4.4

4 a6
s (GeV)

e"e - J/Y

Y (4230) and Y(4320) observed with > 10
Structure around 4 GeV can be fitted better by a
BW (an expotential function is used before)
Evidence ~3 of a structure at higher energies

( (4415)?Y(4500)?)

Taking higher states in the fit, the parameters of
Y(4320) changed

Myngg} = 42214 +1.5+ 2.0 MeV/c?
Mva230y = 418 +£2.9 £ 2.7MeV

Myuszo) = 4298 £ 12+ 26 MeV/c?
r‘\r’{432m 127 £ 17+ 10 MeV




oP(e*e’ — K'K'J/y) (pb)

J

« Try to investigate the strange content inside Y(4230) [Phys.Rev.D 105 (2022) 3, L031506]

» First observation of (4230) -

v =y
( (4230) - * ~ /)
002<——azmn - 7))

<0.26

 Resonance Y(4500)>5 , the parameters are consistent with

v" 5S8-4D mixing scheme [Phys.Rev.D 99 (2019) 11, 114003]

v" heavy-antiheavy hadronic molecules model [Progr.Phys. 41 (2021) 65-93]

v’ Lattice QCD result for a (

12_"'I""l""l""l""l'_
+ -3 XYZ Data N
10 — Fit curve: Total F
5 [ — _I_=it curve: _Y(_4230) (a) ]
6:" _E
F - Y(4230)  y(4500)? :
4 : e
2F ]
b | 3 ;
[ i s o xsenincs friasdisaiasipipsnssarionpanied
4.1 4.2 4.3 4.4 4.5 4.6
(s (GeV)

oP(e*e’ — K*K'J/vy) (pb)

—) state [Phys.Rev.D 73 (2006) 094510]

12'{ —I—)I(YZ b;itla. R R E Parameters Solution I Solution II
10 — Fit curve: Total = MMeV 4232534234215
 — Fit curve: Y(4230) (b) 7
8 [ --<- Fit curve: Y(4500) . ¥(4230) rlm.-METVT 729+6.1+30.8
6 - e BleV 0.42+0.04+0.15  029+0.02+0.10
F Y(4230)  v(4500)7 :
4k 4 MMeV 44847+ 13.3+24.1
oF. 4 ¥(4500) Tiot/MeV 111.1£30.1£15.2
of _Teeesd .8V 13540142007  0.41+0.08+0.13
P R AT S O G e R | A P R
41 42 43 44 45 46 Phase angle /rad 1.72+£0.09+052  5.49+035+0.58
s (GeV)

Chin.Phys.C 46 (2022) 11, 111002




= 4F & Daa —— Fit result (a) -

Y(4230) 42269 £ 6.6 £ 220 717 £ 162 = 328 ‘—3} : -

. * 5l Y(4710) il

Y(4500) <14 not clear due to low statistics " L J

Y(4710) 26 47040 £ 523+ 695 1832 + 1140 + 96.1 E
: s
0 e, LTI F I F 0 LT (T
42 4.4 46 4.8 5
 If assuming Y(4710) as (5 ), the measured mass will be in favor of the linear \s (GeV)
potential model predictions [Phys.Rev.D 98 (2018) 1, 016010] Phys.Rev.D 107 (2023) 9, 092005
 Assymetric Gaussian fit (3.1 hint for isospin violation): “F(b) E
=|=15F -
BORN( + - S5 | ]
( - / ) =0 338+0.035 C;m ;!C C g
d BORN( + — |+ — 7 ) ~o00-0028 ¥lx ¢ =
5 =15 F -
' With considering the three-body phase space (1.9 hint for isospin violation): o 1o 05 H ——1——— =
A : }—{ :
. BORN( + - - :
v =042 +0.038 + 0.018 2 _4 46 48 5
;{y BORN( + — _ + ~ 7 ) 0.426Z5031 s (GeV)
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i
A A

* Most precise measurement of the parameters of ,(3823):

L — TwoBW it =3823.12 = 0.43 = 0.13 MeV/ ?
[ -~ One-BW fit < 2.9 MeV (at 90% CL)
ar Y(4360 Y((4660)? « First observation of vector Y states decaying into D-wave charmonium state
o I - Taking ( (4660) -~ * ~ (3686)) measured by BESIII [Phys.Rev.D 104 (2021) 5,
o el AP s i 052012]

( (4660) -~ * ~ ,(3823))

42 44 46 ( (4660) - * ~ (3686))
» Conflict with
E., (GeV) _ _
«  (980) (3686) hadron molecule interpretation [Phys.Lett.B 665 (2008) 26-29]

~20%

Phys.Rev.Lett. 129 (2022) 10, 102003

< — « baryonium picture that explain Y(4660) as a baryonium of °70 [J.Phys.G 35 (2008)
Lo Y(4660)
346 075008]
g, « diquark-antidiquark tetraquark explanation that explain Y(4660) as a radial
=" . .
z sy excitation of Y(4260) [Phys.Rev.D 89 (2014) 114010]
‘g 4.4 = N
- Y(4360) : - ‘1-(:?- m*_' Data
43 Parameters Solution 1 Solution II _“.‘.ﬂ; [ s
Y(4260)
42 S M(R,] 44069 +17.2 + 4.5 =100 Q1 e Background
" . TilR] 128.1 +37.2 423 s B Sideband
4 v r. BB,  036+010+003  030+009+003 £ 5o
| M[R,)] 4647.9 + 8.6 + 0.8 L% h
% | ] [ot[R2) 33.14+18.6+4.1 .. Tt b E Sk
3.8 e T Lo BRB, 0.24 +0.07 + 0.02 0.06 + 0.03 + 0.01 %65 37 375 38 385
rach ’ _._.-‘LT.

e e R e ¢ 267.1 +16.2+3.2 —324.8 +43.0+5.7 Mecliri) (GeVic?) 22




e"e — |

LN
Mass (MeV/c?) Width (MeV/c?) « 4:ifassuming the Y(4230) [Adv.High Energy Phys. 2018 (2018)

Y(4210) 42096 =47 £59 816 178 =90 5428734]
. r(O ~ H~1( 0 ~ )

600

Y(4470) 4469.1 + 26.2 = 3.6 2463 = 36.7 = 9.4
Y(4660) 46753 + 295 + 35 2183 + 729 + 93 « (" 7)>40 eV, disfavoring the hybrid
interpretation [Chin.Phys.C 40 (2016) 8, 081002]
« ,:consistent with Y(4500) observed in * = -
Phys.Rev.Lett. 130 (2023) 12, 121901 Lo
1200 - / [Chin.Phys.C 46 (2022) 11, 111002]
e 5= Bl Y(4500)? —+- XYZ data
1000 ... continuum v(4660) + Scan data « T( 9 = *)becomes two orders of magnitude of
800 [ == BWA :
E - BW2 ; r¢+ =7 )

.
-
-*
-
-
-
-

400 Ev4om01 ‘ g, it - contradicts with hidden-strangeness tetraquark

-
.
-".
am

T,
-,
-~
Py
ot iy bl
e . -,
-

200 conjecture [Phys.Rev.D 73 (2006) 094510, Progr.Phys. 41

-
e
_______
-
amm

FE SR (2021) 65-93, Phys.Rev.D 107 (2023) 1, 016001]

cdressed(e*e”5D*°D* ") (pb)

5 (Ge ' ' ' » 3. consistent with Y(4660) [Phys.Rev.D 104 (2021) 5, 052012]

« first observation of open charm decay mode




(pb)

e*e— Ds " Ds

Bom

g

T

10

10

!
10 |
i

v consistent with Y(4160) [Phys.Lett.B 660 (2008) 315-319, Phys.Rev.Lett. 111 (2013) 11, 112003, ]

v’ consistent also with Y(4230) considering the systematic uncertainty [Phys.Rev.D 106 (2022) 7, 072001], which will

indicate Y(4230) couples more strongly to open charm final states than to charmonia

Mass (MeV/c?) Width (MeV/c?)

2.
v’ consistent with  (4415)

v' the first time to observe (4415)in *

state

Y(4160)7 e )
T e ———

JBWS_I, — fitted line "“I( \‘-

cununue - Iﬂ‘l"l-'J2 / m—
.l n i | - by | 4 s
43 4.4 4 5 4 6 4.? 48 49

~ final Y(4160)/Y(4230)
(4415)
arxiv: 2305.10789
Y(4160)’P ;
O 0 ey :
= v ( ) (4415) T
(] Sy
1 2 10 i
- — BWE
© ] / — lBw, —frtte;;e T
wE ) ] T B L\ TE
43 44 45 4 6 4.7 48 49
Eqyv (GeV)

4186.5 = 9.0 = 30
4469.1 = 26.2 = 3.6

55+ 17 £ 53
2463 £ 36.7 =94

7 | 1 ol I
Y(4160)
=)
= lCrJ
.
] r
100
- ¥ i
';,bm e — Bw,’ + data TR
E / — BW,®  — fitted line e
: il . ]BWl =
voi) o ]| 5o conmms - 4
43 4.4 4.5 TR 43 49
Eqy (GeV)




For the case of

1

v" No obvious resonance observed

For the case of >

v Evidence for Y(4660) is observed with 3.1 fitted by a single BW
( =46728 =108 =39MeV/ 2, =932 =+ 19.8 £ 9.4 MeV)

v’ 3.6 fitted by the coherent sum of a BW and continuum (

4701.8 £ 109 = 2.7MeV/ 2, =305 *+ 223 %= 14.6 MeV)
v" The first evident structure observed in > system
4,
. 35F ® e'e—yX(4140)
a sE s e'eyX(4274) o
il =
] 3 o5k ® 4 e'e—yX(4500) [0}
;I‘ No evident hint for X(4140), 2 oF =
X(4274) and X(4500) in  / b ok ® . 2
system T T :. ‘ -
) 05? . “li !? T * piliy : ) ) N
O 64654747548 485 4.9 4.95
#’ (s (GeV)

50

40}

30}
20}

10}

)
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10 + Dat
-8_ g/ Threshold -
CR % — Fit
5> B
< o
T b
.
L 2r:
S
05 46 47 48 49 5
s (GeV)
- 157 @ —— Data
L — BW
3 L Threéhold 77777 Y(4660)
—aC - Y(4660)+PHSP
xu i l o 'Aocml“’5
jls; .
o 5- | 1. Y(4660)
0 : : [ Koo, ST e
9526 27 28 49 5
s (GeV)
KK ——data
g - oy, MC
‘‘‘‘‘‘‘‘‘‘ ¢x MC
—ox, +¢x MG
-S|deband

T
—

Events / 20 MeV/c?

46 48 5

M(oJiy) (GeV/c?)

. 10: ® 4 Dat
8_ 8;Thfeshold dld
= "L, — Fit
n3
2F
9846 47 48 49 5
/s (GeV)
_ e e
fl‘ Threshold - Q\BV -
~n10F BW (S2)
Ro : Acom
?— |
- Y (4660)
tﬂ’, i
SR L LA :
05 46 47 48 49 5
(s (GeV)
20
[ 0oKIKD ——data
¢x MC
L= ol ¢x MC
L — 0, +¢oc MC
10' -S|deband

&

4.6
M(oJ/w) GeV/c?)

4.8




Y stat ESIII

80 =
o ey P 1 0 S
r . 2501~ o BESIII: R-scan data sample I 60 E- 1
100 - *Y 4 This work _ | =BESH:XYZdatasample | s0bE i
r = 200 ? =
5 r (4220) —4- BESIIl 201542016 %. _yﬁ::::;((,:zm ok (4040)
s £ 0 £ 3
Fal =l o _= Y(4390)
Il 5 & o
ot -
© il L] % . E 0; _j: 0 :I ............... ;
T I S R _50:_ B, oo, T [
4.2 4.3 4.4 45 46 E. R L L "o 150
s (GeV) : : :9 .
T 100
50F
LI ] L T [ T 1T I T LI B ] LB I T T I :
f i ey
- - 0 - C
B : % 100 — Eit result o5 r
— [~ it E ta = oren PRPRFIN S IESTRPETAN IFSRSPUTTN IPRPENUPAS EPUPRVIr | [ BT I |
2 - 950 5 80F Solni¢4230) + ﬁf.’-.gh BW 38 39 4 41 42 43 44 45 46
2 500 o = H on-resonance
£ |- % = 60 i 3 Inteference /s (GeV)
) = g = .
- el i g 40 Y(4660)
E T 5 20F
)50 e o T R R AT Tl T N PP g (4] B = P LS
I 1 1 1 L ] 1 L L 1 I 1 L 1 1 I +m +g 0 :
42 4.3 4.4 45 4.6 — T E
© 0 2 20
Ey(GeV) o
L | | — s | 1 t 40 = + + - (3686)
4.2 4.4 4.6 4.8 5 -60F- N
E(GEV) 4:....|....|....|....|....|....|....|....
~ (2) EiE _'__'__'_-;'_-'3{..-_-_:_:_':,'_!_.___ R AL TL R
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Phys. Rev. Lett. 126, 102001 (2021)

I — — . 20— 1 T
* An enhancement near the 0 and O mass thresholds in 200E— Z>DD® (3 = 4.681 GeV-
: el i Z,.— D*D° ~+— Dat :
the ™ recoil-mass spectrum 160 k*p p*° t ritresut 3
MOF_ . kD0 W WS Data

match the hypothesis of  (3985)~

Events/ 5.0 MeV/c’
2

100 F -
3985)] = (39825738 =+ 2.1) MeV/ 2
pole[ ( ) 1=( 26 ) -'"""_!!f _
pole = [ (3985)7] = (12.8233 = 3.0) MeV & e
_ L 1.95 2 205 21
« Mostly likely RM(K*D))+M(D)-m(D) (GeV/c?)
* The first tetraquark candidate observed 40
Consistent with the orediction (s = 4.681 GeV —T— it
onsistent wi e prediction: sof cosia) > - — Total fit |
v’ relativistic diquark-antidiquark picture [Eur. Phys. J. C (2008) 58: ! — — — Z.4(3985)
399-405] EREE 3 3*1(2600)°D*°
v —  molecule [J. Korean Phys. Soc. 55, 424 (2009)] P P\ eI TIRITT U MRy, | o non-Res.

ok

L )
7 Dg Dg

oo

v" QCD sum rules [Phys. Rev. D 88, 096014 (2013)]

v' initial chiral particle emission mechanism [Phys. Rev. Lett. 110,
232001 (2013)]




Phys.Rev.Lett. 129 (2022) 11, 112003

—4— Data Total PDF Signal
e Sideband ----- MNon-resonant process ~ — - D, *¥D,
 Evidence of a neutral open-strange hidden-charm state 40F @ V5=4628Gev 40F (by 5=4641 GeV
(3985)° o SOF }
20} 20F .].
[ (3985)°] =(3992.2 £ 1.7 + 1.6) MeV/ 2 ok of 4 J T
=[ (3985)°] = (7.7*4} = 43) MeV R e
[ (3985)°] = (7.774F = 43) O " —
 Mass largerthan  (3985)~, consistent with theoretical = 30} : ;
prediction [Nucl.Phys.B 968 (2021) 115450] 3 20 0F N e
8 10} L4
* Mostly likely — @ e
_ 5 200F
« Borncross sectionsof * =~ . "9 (3985)° + . .is consistent i gy "RSASGIEEY of @ All data
30F . S e
with those of ™ = 5 = (3985)" + . .[Phys. Rev. Lett. 126, 102001 - -} {' + 100f HET T M
(2021)] 105_ ++ . ¢ i i o 3 ; 502_ (3985)0"
» The isospin partner of ~ (3985)" Y I A M s A s ae




for charged Z..inete” - K*D:"D*° + c.c.

Chin.Phys.C 47 (2023)

S

Q l M 1 M ! -~ S

2 Pt Sl
| D,(2536) D, — Comb. BKG 2 50 Yy o ;1"
§ L --- NR —- Total data Q 7 20
@ - — Total fit — 7 =107 / & ;
= i 8 i 3o
SN t = 10
~ A ™ ’4124 1MeV loc 14 1
< a 107 NG
S i _
= »

107 s Ty =20MeV ==T,=40MeV

0 . ' : —— T, =10MeV =+ F0—39Mev — rG 50 MeV
4.12 4.14 4.16 4.18 T R i
4.12 4.13 4. 14 4 15
& 2
RM(K ) (GeV/ c ) mo(z’cs) (GGV / 6'2)

[ 7]1= (41235 % 0.7¢ar, = 4.75yst) MeV/ 2




Z . sta ESIII | PRUTS, 112003 0018)

= T0F
% 6o (a)4.230 GeV, 1091.7 pb'
@ 50 ;— 0
E 40F + (3900)
T 30f
_ _ ‘g 20 S U e
 IEE————————— 2 wf
100 & . —4- Data . Li 48 z—
- e . T (3900) el - + (b) 4.260 GeV, 825.7 ph*
" = _ = r 0 30E
= 2 30 ) (4020) = B -~ PHSP MC E 25E- +
3 80 : = O [ sideband T 0
" s 2k o S 60 | 3 15§ o
2 60 210 = o I c 10F T
E., 1 5 0 B g ~ L g 5 %—
z i 38 39 40 41 ‘g £ 401 | -SSP . 5 Ak - - VPOV
5 M_., (GeVic) Z o A & ig 3 (c) 4.360 GeV, 539.8 pb'
20 420y % WE
= nf
0 .ﬂ"‘y" =~ 0 9_ 10 r
395 400 405 410 415 420 425 g i 4 405 41 415 a2 0% 37 3.8 3.9 , 4.0 2 2;
M., (GeVich) M (GeVieh) Mrex(t S ) (GeV/cT) & AETHTTHM T
i ) & 2H
+ - - + E ) :
L +-, 00 - / . 3.8 40 42
M oy, (GEV/G?)
+ - 00 /
= 80 —
90E C o ~+Data L — - comb. BKG —4 data R
%, 80F (a) % 80~ (3885)” —aiobal Fit g [ D*D** — ?:zl)lets) a0 e -
-~ E + r / *NT17 e = 60| + — T & - R o
= @ b
2 O | (3885) = 60 ® f (402p) .- PHSP signal - @ (4025)(%?“1 )
= 60 5_ T = S S i S o S ST E [ G 20 o ]
<+ 50F Pl sl 48 g | : !
~ = — [ = r
o 40F | A i d I ! o I : ol ]
L= E — - L ) ol 1
g 30 3 il {4 ] ol * ﬂ w - § 20k £ 101 & e
= f:2s N L > i 1
LI>J 20 é f + | + + s 0 L, I i 0 . -
10E 3.85 39 3.95 4 4.05 C r ]
By ! L L Lk M(DD*) (GeV/c?) : 0k
‘ 4.02 4.04 4.06 4.08 / A 4.06 4.08
385 390 395 400 405 4.1 0 4.1 5 + - . O( — )O RM(‘E_) (GEV/CZ) . RM(TCD)(GSV/Cz)
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* Quasi two-body decay amplitudes in the sequential decay processes / - , - '/ - , - ‘’and / -

', -  are constructed using the covariant tentor formalism
- All kinematically allowed known resonances with 0%, 2** 4%+ ( Yand 1¥~, 17" () are considered

« 17"in ’'systemis also considered ( / ' not identical particle)

400 T T T T = T T T a T T T L
S Ft (@ xidof= 5;57 ] g (b) x¥dof = 1.52 1 G 4of (o) o= 124 by
- - Data -~ - e o
S 300 — o - => y > i
< [ - < 300 E: < 300F -
2 200 — 1 (n1855) ] S f S
E r ..—..;WAfitprojecﬁon (exclude ) ] E 200 - E 200: —
c L — PWA fit projection (baseline fit) 4 c ] c L
@ 100 il 48] ] @ B
g & 100 1 & o} :

i 5 2 25 3 a 3= 15 2 T 15 2 2.5
Mnn)(GeV/c) M(yn)(GeV/c?) M{yn)(GeV/c?)
' ' ' Phys.Rev.Lett. 129 (2022) 19, 192002
i -~ Phys.Rev.D 106 (2022) 7, 072012

3 3

o o

2 2

c - e = . =

2 200f:: D 100} gy

I ¢ i <

]
o T 0 0.5 1 .
cosen




- o

¥vatior n,(1855)

« Assuming ;(1855) is an additional resonance, scans of with

" Resonance M MeV/c*) T (MeV) B.F.(x107) Sig.

fo(1500) 1506 112 1.81 £0.111212 > 300 different masses and widths
fo(1810) 1795 95 0.1 L0013 1110
s o = 1855 *+ 97 MeV/ 2
fo(2020) 2010 £ 6% 203+ 9713 2284012102 24.60 1(1855) = 1855 & 977 MeV/
f0(2330) 231274 654101, 0.10+£0.0210 1320 . L(1855) = 188 = 18%3 MeV
m (1855)  1855+9'% 188 +18%] 0.27+0.041 50 2140 _
f2(1565) 1542 122 0_32:&0.051-8:522 8 7o e Some poentlal models:
f2(2010) 2062 +617° 165+ 171° 0.71 £ 0.061; 1340 v' hybrid meson [Chin.Phys.C 46 (2022) 5, 051001, Chin.Phys.Lett. 39 (2022) 5,
£4(2050) 2018 237 0.06L0.01709 4.60 051201]
0+ PHSP 1.44 4 0.151350 15.70
hy (1415) 1416 90 0.08 + 0.01709 1020 v’ tetraquark [Phys.Rev.D 106 (2022) 7, 074003]
0.03
hy (1595) 1584 384 0.16+£0.02507 990 v' Molecule [Nucl.Phys.A 1030 (2023) 122571]
¥, = 096 ' (b) '
o 200
Q -
- : o -
£ : #T = 50 MeV 0 -
<1 150} ~-- T = 100 MeV-—- % F 4
‘T =150MeV S 100 [
i : BT =200 MeV L L %
-200 oo W = 250 MeV
Y S N S N SO S B Phys.Rev.Lett. 129 (2022) 19, 192002

Phys.Rev.D 106 (2022) 7, 072012
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" Phys.Rev.Lett. 129 (2022) 4, 042001
Dot i ‘g ' (b) 3 « 10B / events are analyzed, where (2120) and (2370) are
1 &7 1 confirmed
(1835)(212 0()237?2)600). = : « Anewstate ( )in * T ’final states is observed with
£ ;L = o significance >20 , which is correlated to a structure @1.5 GeV/
j" ‘\-/'\/\/*\_s "%‘ i ! 'AA"'F\/ ] 2g|n ( + —) @
' ; @
0

« Simultaneous fitto ( * = ') and ( * 7):interference of
0(1500) and X(15??) in *
« (2600): 0" or 27" is favored. radial excitation, or exotics?

Minm'r] (GeV/c?)

2 T T T 2 12
. -~ . (1540): ,(1525) or ,(1565)?
1.8F 1.8F
S ¢ S _— ; ' : : - &\1600;— (lb) : : ' ' -
sE- 1 ‘E‘ ] = 2500 5 b
%1'4._ %1'4__ 2 2000 812{?2% P E
1.2k 1.2k . @ 600F :
52 . 24 . 26 .28 2 1:22 = Zﬂg_ <
M) (GeV/c?) i i . Bk e A
%.3 24 25 26 2.7 28 23 24 25 26 2.7 28
M, (GEV/c?) M, (GeV/c?)
Resonance Mass (MeV/c?) Width (MeV) _ _
£0(1500) 1492.5 4 3624 107 & 9+2!
X(1540) 1540.2 + 7.01383 157 £ 195
X(2600) 2618.3 £+ 2.07163 195 + 5+%
, D o I o
9.2 173 1:4 1:5“ 176 1":' 1.l.8r 1.9 ?.2 1:3 1:4 1?5‘ 176 1‘7 1-18 1.9

M,..(GeV/c?) M, (GeV/c?)



] e'e 1T 1T 1

Phys.Rev.Lett. 129 (2022) 2, 022002

Observation of (1835), (2120), and (2370) in EM Dalitz

Branching fractions of J/y — ete™X, X » nnnf decays

X = X(1835) (solution I) (3.58 £0.19+0.16) x 107° - First measurement of the TFF between / and (1835)
(solution IT) (4.43 £0.23 +0.19) x 1 2 1
X = X(2120) (0.82 4 0.12 + 0.06) x 10~ (V=177 2] 2
X = X(2370) (1.08 £ 0.14 + 0.10) x 10~° — 175 + 0.29 + 0.05 GeV/ 2
dU(J/w — X(1835)e"e™) 5.1 5
=|F ED(4%)],
= C W=y mode S 3 e g _ |- mode s i _
ops — ] T =
§ C (d) e Non-n’{!]ziclfgr’mfnd ] g | (b) S Non-1’ sbafk.gl,'OIfIId )
g 1500 I Nonrseamncebadgomd | = | IT Nonresonaae background
¥ 2 100F 1 2 s0
= C 1 g
’ s0F = ;
R ALy i :
14 16 18 20 22 24 26 28 14 16 18 20 22 24 26 28 02 04 06 08 10 12

M,...(GeV/c?) M, (GeV/c?) M., (GeVic?)




» pole width: (56+5+16) MeV
> favor 17

~ resonance parameters and spin-parity:
» pole mass: (2086+4+6) MeV/c?

no corresponding excited kaon candidates in experiment or
in quark model prediction
could be an exotic state

arxiv: 2303.01989

Source Myo1e (MeV) I'pole (MeV)
Radius d 4.8 15.2
Excited X states AT 4.8
Resonance parameters 0.8 1.7
| cos O | requirement, 0.4 0.2
A(A) signal mass window 0.8 1.2
Background estimation 1.3 2.0
Mass resolution 0.3 0.2
Total 5.8 16.2

150

100

Events / (26 MeV/c?)
&

B oy s
m, - (GeV/c?)

200

100

x2mbin=1.17

2.5 30 o 3.5
m ~ (GeV/c?)

200

150

100

50

L {€)

=+ Data
— Total Fit
[ Background
K;(1980)
— K,(2045)
— X(2085)
K,(2250)
— N(1720)
[~ — N(2570)
— A(1520)
— A(1890)
—— A(2350)

x*/nbin=1.04 |
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JHEP 03 (2023) 121

Result from mass independent and dependent partial wave analysis show good consistent with each other
pseudoscalar and axial vector components are the dominant contributions

,(1525) - (892)° © first observed
L L L D L D DL DL B T T T T T =
C 7 —+— Data =
12000 - - Data '""'—0-* e — Total Fit (a) 3
& N o .- .- 1L "TE s 07— (Ken), e KS E
2 10000 -~ 7 srm™ B 13 0 (K 0 =
8 L 0" (K, Ks ] % - 07 a,(1320)°n° =
o 8000 - g IS e 1 K (892)°KS 3
o s Slias Loty 1S - - 1 a(080)n? -
S o ) o 2 | By - =
\\U_; 6000: 4t K 892K° ++_ 1% -m 275 K (892)°KE ; e I —
e L . il I 1z 2 a,(980)°x : e 3
@ 4000 4 >, KgozK? paees i . -
L R TS ST I I s RS AsE 1 S S5 . i e R
IZs 18 1358 14 185 1.3 1.25 1.3 1.35 1.4 1.45 1.5 1.55 1.6
M(KZKgn) (GeV/c?) M(KKen)(GeV/c?)
Resonance M(MeV /c?) I'(MeV) Decay Mode BF. Sig.(e)
" — s /U = m(1405) = YK KGr")pwave = YKFKGR® (5.84 £ 0.127338) x 10™° > 35 _
n(1405) 13917 £0.77,5°  60.8 £1.277) .- £ KOKD " KOO0 T = well describe the
Jip = yn(1405) = Y(KZKG)s-wavem™ — YKQKg (2.88 + 0.047535) x 10 18.4
U4TS) 1076 £ 16HS 11584 2.ties I8 VNI4T > YKYUKETO)p e = 7KEKET (658 % 0.12+3%8) 105 » 35 pseudoscalar
i M-32.2 . "2=10.8 ’ - = ;
T/ = An(1475) = A(KIKD)s.wave™® = 7KK IO (3.99 £0.00138) x 107 » 35 components
fi(1285) 1280.2+0.6%1% 28.2+1.1%38  J/y = 471(1285) = vao(980)°x° — v KIKIn0 (8.55 £0.417342y x 10-% 35
/0 = v f1(1420) = vK*(892)°KS — vKI KO0 7.25£0.127978)x 10~ » 35
f1(1420)  1433.5 £ 1.172%%  95.9 + 2,31188 ’%. A { i ~5 55 ( +:':i) —
J/p = v f1(1420) = vap(980)°7° — v K2K I (4.62 £ 0.36313%) x 10 17.8
f2(1525) 1515425132 64.0 43139 J/y = 4£2(1525) = vK*(892)°K — vKOKOr®  (9.47 £0.43153) x 1078 23.8




L [

Phys.Rev.D 105 (2022) 5, L051103

. (*- 929 %)=(068 =% 0.04g = 0.015)%, consistent with CLEO result

& 60F
5 ““:>“‘ —— Data ’
. o1710) = (1.723 £ 0.01155¢ £ 0.0024y;) GeV/ § sl (@) _ Total fit
+  _710) = (0.140 = 0.0145; £ 0.0044y;) GeV/ 2 o KoK (892)° +
= L = S(1710)r* +
Lot - T : : : & 20r :
. (( ‘;((117711?))) 0 0)) = 0.32 £ 0.12 (implies existence of an isospin one partner of the s | +
0(1710). Constructive interference for charged kaons and destructive = = +11*2 ---------- ? ‘;1[4 116 - 1*8
interference for neutral kaons)
« More closetothe — molecule hypethesis of (1710) [Phys.Rev.D 79 (2009) 074009, ~ ~ F
Phys.Rev.D 104 (2021) 11, 114001] “:“;100_
Q N
= |
g B
; Atiplifd BF (10%) =
} : mplitude : =~ "
3 2.9 deviate from CLEO P s
2 . D+ — K9K*(892)t — KKzt 30+034+0.1|2 |
~ result (interference?) > |y KK (892)7 — KoKsm 3 al :
L

D} — S(1710)z" - KgKgn* 3.1 £0340.]

.7
._l
.



. (*-

 Models:

0 % 0) = (1.46 = 0.064y,;, * 0.064y5; )%, consistent with CLEO result

0(1817)™ first observed with significance larger than 10
1817y = (1.817 = 0.008a¢ * 0.0204yct) GeV/ 2

0(1817)+ - (0097 i 0.022$tat i 0-015syst) GeV/

(

Phys.Rev.Lett. 129 (2022) 18, 18

* isospin-one partner of ;(1817): BF consistent roughly with prediction [Eur.Phys.J.C 82 (2022) 3, 225] but mass is larger
about 100 MeV/ ?
» isospin-one partner of (1812) [Phys.Rev.D 105 (2022) 11, 114014]

Amplitude Phase (rad) FF (%) BF (1073) o
D} - K*(892)°Kk " 0.0 (fixed) AT+ 20+19 4.77+0.38 +£0.32 > 10
D} — K*(892)"K} —0.16 :-0.12 £0.11 18394 1.7 13 2.03+0.26 +£0.20 > 10
D} - ay(980)*z° —097+£0.27+0.25 I FE 174 1.8 [ 324025 0025 6.7
D/ — K*(1410)°Kk* 017 +0:15+0.08 60+14+1.3 0.88 = 0.21 £0.19 G
D - ay(1817)*z° -2.554+0.21 £0.07 236134420 3.44 +0.52+0.32

()

100

- a,(980)'n’
507

Events / (20 MeV/c?)

K'K (892)
K_‘éK:(892)"
—-K*K (1410)

— a,(1817)'n"

—_—

tn

—

=
T

Events / (20 MeV/c?)
T

§ 1 12 1.4

#
i 0K+

- (b)

(GeV/e?)

i (GeVie?)

Events / (20 MeV/c?)

80

E B

(o]
=

M,., (GeVic?)

(-

(892)° ™) _

( *-70 (892)%)

2-351L8:g% stat ¥ O-:I-Osyst

+ —0 +

( 0(980)" - ™)
3.65tat * 4. 2syst
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CPVi cay

;P
General Partial Wave Analysis of the g oo
Decay of a Hyperon of Spin 1 p A e 4 ,X‘.'*
T. D. Lee* anp C. N. Yanc < , Pt @’“” rcos®
-
Institute for Advanced Study, Princeton, New Jersey NS
= (Received October 22, 1957) 0 " p
‘ . @
_ e
P ° / A
The amplitude of spin 2 baryon  decay to a spin "2 baryon =
+
and : P< c?: T

- o7 r, /4 =./

The decay parameters are defined as:

o 3
2Re (S*P) 2Im (S*P) ISIZ _ IP|2 7P<sing M ,%/ K
4 = T EY 4 RS = T — - enp— = =
TEsE PR YT sE+ R Y T s+ PP
P

Two complex amplitudes:

=z C(*) =5 =+ « T N

Under CP transformation: r A=
- _ — (_ + ) T = (_ + ) r + r_ + —
2 , 2 _< SUSLL I A
If CP conserved: — — — observables
- _ _r+r
- B ~ T -

A
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PHYSICAL REVIEW D VOLUME 34, NUMBER 3 1 AUGUST 1986

Hyperon decays and CP nonconservation

John F. Donoghue

Department of Physics and Astronomy, University of M h Ambherst, M 01003

Xiao-Gang He and Sandip Pakvasa
Department of Physics and Astronomy, University of Hawaii at Manoa, Honolulu, Hawaii 96822

)
| ~
/ E ASNS (Received 7 March 1986)
. 3 We study all modes of hyperon nonleptonic decay and consider the CP-odd observables which re- _
XlaO-Gang He Sandlp Pakvasa sult. Explicit calculations are provided in the Kobayashi-Maskawa, Weinberg-Higgs, and left-

right-symmetric models of CP nonconservation.

SM Prediction of
decay

=

Not sensitive to wsm) Decay width difference A= ~+/2-2 sm A sin

+

—
_II

2

i Polarization of decayed ‘ Decay parameter difference — =tan « -
. baryon needs to be measured t - :

-
Easiest to measure) =) Decay parameter difference ﬁ =tanA tan -, X
T
T

== =0 Q~ cascade

decay




BES "y

CPV in SM is small: # events
10 billion / events collected: Experiments
* LargeBr.in / decay meson: () discovered(2001) B factory
* Quantum entangled pair productions meson: ( ) discovered(1964) Fix targets
* High efficiency, background free meson: ( ) discovered(2019) LHCb
Hyperon: ¢ 7)) noevidence( ~ ) ( ) Fix targets
Detection
Decay mode B(X 10_3) Np (XlOG) Efficiency Number of reconstructed
J/p — AA 1614015 | 161415 | 404 4500 X 10 4 T o’
J /b — 050 1204009 | 129409 | 259 600 X 107 d o d
T/ — St5- 1.50+024 | 15.0+24 | 24y 640 X 10° \0 XQ
T/ — 2(1385)- 2T (or c.c.) 0.31+£0.05 | 3.1+05 W
J/¢¥ — 3(1385)~ X(1385)1 (or c.c.) 1.10£0.12 | 11.0+1.2
J/¢p — 5050 1204+ 024 | 12.0+£2.4 14% 670 X 103
J/yp - E-ET 0.86+£0.11 | 8.6+1.0 19% 810 X 103
7/ — 5(1530)0=0 032+014 | 32+14
J/ — 2(1530)~ =+ 059+0.15 | 5.9+15
P»(2S) — -2+ 0.05+0.01 |0.15+0.03




Polarization

X

. d
* Angular distribution of pr=

. * Unpolarized ™ ~ beams

cos? |,

Two form factors are used to describe the

production of hyperon pair:
I I e N G
A Pea P

Polarization:

/1— 2 cos sin
) =" sin(A®)

cos?

(cos

[—1.0, 1.0]

transverse polarized hyperon (if AP # 0):

45
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* Joint amplitude:

2
— (1) 1 "'2—2 5 (2)

* Differential cross section:

AL 50cm
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~1+ cos? A+ 4+C0S? A A 7SI A A x— SN2 AparT |1 2CoSADSIN ACOS A A 7+ -

POLARIZATIONS SPIN CORRELATIONS

1— SiNADSIN ACOS A A+ £
A

~* The spin vector of A is denoted by

Only < > could be non-zero, if SINA® = O




BESIII has publish 2 works based on 1.3 billion and 10
billion / data sample:

[1] 1.3 billion: Nature Phys.15(2019)631

[2] 10 billion: Phys.Rev.Lett. 129 (2022) 13, 131801

* Most precise values for A decay parameter

* One of the most precise  test in the hyperon sector:
5

= ——=—0.0025 * 0.0046 * 0.0011

Standard mode prediction : Acp~ 104 (PRD 34, 833 (1986))

Par. This work Previous results [12]

oy 04748 £ 0.0022 = 0.0031  0.461 £ 0.006 £ 0.007
A®  0.7521 £ 0.0042 £ 0.0066  0.740 £+ 0.010 £ 0.009
a—  0.7519 £ 0.0036 £ 0.0024  0.750 = 0.009 £ 0.004
at+ —0.7559 = 0.0036 = 0.0030 —0.758 £+ 0.010 £ 0.007

j
p. ¥
E"- Acp —0.0025 + 0.0046 £ 0.0012 0.006 &+ 0.012 &+ 0.007
Y, avg  0.7542 + 0.0010 £ 0.0024 -

N S—
R
-

0.1=
0.05
o
~0.05F-
= —— Dat
-0.1= — S;:al MC
_01 5 E_ — PHSP MC
5
=23 05 0 05 1
cos6,
T | T T T I T T T | T T T | T T T | T T T I T T
BES3 1.3 billion J/y(Z/Z ) ——
BES3 10 billion J/y(A/R) o
CLAS19 —o—
BES3 1.3 billion J/y(A/R) ——
_._ —_._
PDG 2018 PDG 2022
1 | 1 1 1 I 1 | 1 I 1 1 1 I 1 1 1 | 1 1 | | 1 1 1 I 1 1 1 I 1 1
0.62 0.64 0.66 0.68 0.7 0.72 0.74 0.76
o (A — pm)




- o~ _ .
=, 8 > A pmr ) + C.cC.
* For the sequential weak decays, the formula of sequentlal decays i1s
B
o= 326 3 oot D
=0 ’ pt=1{)
* Angular distribution dI (, )
* :9 kinematic variables, denoted by 9 helicity angles I RS
« =( , AP, =, = =z, = A Aa):8free parameters . TN e m
first measurement 025 e
More parameters in SRS NEE
sequential decay! A m
U—O] .0 —0.5 Cg.sﬁg 0.5
- BT 4B 4RI
By =4/1—0Zsingy, W =4/1—0aFcosdy
b

—0.5 0.0 0.5
cosf

1.0

* Data sample: 1.3 billion / events



Nature 606 (2022) 7912, 64-69

Parameter Thiswork Previous result

First measurement of weak
phase difference in decay

a, 0.586+0.012+0.010 0.58+0.04+0.08
AD 1.213+0.046+0.016rad -
a- = +0.007+ = +0.
- 0.011+0.019+0.009rad -0.037+0.014rad
a= 0.371+£0.007+0.002 -
¢- -0.021+0.019+0.007rad -
a, 0.757+0.011+0.008 0.750+0.009+0.004
a, -0.763+0.011+0.007 -0.758+0.010+0.007
&-&  (1.2:34+08)x10%rad - |

(-4.0+£3.3+1.7)x10*rad (10.2+3.9)x10rad

; Three independent tests

Az (6+13+6)x10°7 = )
ADZ, (-5+14+3)x10rad .
AL (-4£12+9)x10™ (-6+12+7)x107

0.016+0.014+0.007rad

* First measurement of the

-golarization in / deca;

vaerCP: ¢BrHyperCP - ‘0. 042 u 0 011 B 0 011
BESIII: <¢bz>=0.016+0.014+0.007

We obtain the same precision for
¢ as HyperCP with three orders

of magnitude smaller data sample!

HyperCP: PRL 93(2004) 011802




erons

- Z+i_ - 0- 0 / z+z— . +— 0

i PRL125, 052004(2020)
0.2¢ _ 00 2%/nbin = 0.9 —; 0.04 ! ' arXiv:2304.14655
0.15F g R O S — E B n o G R S S S S
0.1 = oosE ThM g . —

o< 005} &iE L & 2 & 0.01
T 005 | 0.1 3 S -0.01
0.1  SEINE ~ oial -0.0
_0153_ — PHSP MC E : " el :
E i s -o.o: 3 rbin=1.0 —0.03g .leferenceg BT : ! :
5 Dl ot e et ‘ o 00430806 04 02 0 02 04 06 08 1
-5 05 0 05 1 Y R v o
COSGA cosb,.
Ab(/ )=(-155£07 +05) A® = (~0.277 + 0,004 + 0.004
A® = (0.7521 + 0.0042 + 0.0066) AD( (2 )) = (217 £ 40 £08)’ (__-0 e 0004 £ 00 0%8
=—0.0025 + 0.0046 + 0.0012 =—0.004 + 0.037 + 0.010 = ' - -
—_=+ — — — . —
/ - == / - =020 2)-=="
P)’ T T T
" 04 | o ,
Nature 606, 64 (2022) - PRD106, L091101(2022)
o 02 F
0.1F
0 Q_>‘ (0]
-0.1 0.2
-0.2F
—03f —04 | . . . -
-1 -08 -06 04 -02 0 02 04 06 Oé%se 4 05 coso " 05 1 -1 0.5 Co(s)e: 0.5 1
A® = (1.213 + 0.046 + 0.016) A® = (1.168 + 0.019 + 0.018) A® = (0.667 + 0.111 + 0.058)
=—0.006 + 0.013 +0.006 =—0.0054 + 0.0065 + 0.0031 =—0.015 + 0.051 +0.010




S

PRL 129, 131801(2022)  PRL 125,052004(2020)  Nature 606,64(2022) arXiv:2305.09218v1
Parameters AN PRDI = =" =0=0
=—/=0 S - —0.376 +£ 0.007 + 0.003 —0.3750 + 0.0034 + 0.0016
=+/=0 - - 0.371 + 0.007 + 0.002 0.3790 + 0.0034 + 0.0021
=—/=0 - - 0.011 + 0.019 + 0.009 0.0051 + 0.0096 + 0.0018
=+,=0 - - —0.021 + 0.019 + 0.007 —0.0053 + 0.0097 + 0.0019
(E—/EO) - - 0.006 + 0.013 + 0.006 —0.0054 + 0.0065 + 0.0031
A (E—/EO) - - —0.005 + 0.014 + 0.003 —0.0001 + 0.0069 + 0.0009
AJSH 0.7519 + 0.0036 + 0.0024 —0.998 + 0.037 + 0.009 0.757 £ 0.011 + 0.008 0.7551 + 0.0052 + 0.0023
A5 —0.7559 + 0.0036 + 0.0030 0.990 + 0.037 + 0.011 —0.763 + 0.011 + 0.007 —0.7448 + 0.0052 + 0.0023
(M) —0.0025 + 0.0046 + 0.0012 | —0.004 + 0.037 + 0.010 —0.004 + 0.012 + 0.009 0.0069 + 0.0058 + 0.0018
The most precise measurement at BESIII: = —0.0025 = 0.0046 = 0.0012

Systematic uncertainties are well controlled!
* Excellent performance of BESIII detectors.
e Data-driven method to study data-MC inconsistency.




: eon interaction

arXiv:2304.13921(Accepted by PRL)

arxiv: 2209.12601 .
For Z° momentum is 0.818 GeV/c

Beam Pipe MDC Inner

— Chamber - ;
© 15(22.9+5.5 ~+ Data
% | 7.10 —— Fit result

\ = 4ol T =0 . =7 is observed
g for the first time
£ 5
0 1.3 139
PRL 127, 012003 (2021) M(Ax) (GeV/c?)

-

\ 7(E% — E-p) = (7.4 1.84at +1.55) mb
(assuming effective number oj'" reaction neutrons in ~Be is 3)
Hyperon Beam Target Material 0(Z°+%Be = =~ +p + 8Be) = (22.11+5.354at+4.55ys) mb,

The first study of hyperon—nucleon interaction in electron—positron collisions!
More results are on the way.
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First st D" - e’v,

arxiv: 2304.12159

+ +
_)

first measured

° ( - T )= (2-11%:5 stat O-Zsyst) x 107>

| |= (207-&T—L451?1'.£61 stat = 42.7syst) MeV

+ = (21362358 star = 43.9syst) MeV (taking | | extracted by the global fit in the SM)

i XQCD 274 + 7 -
T & ETM 268.8 + 6.6 -
=
E = UKQCD 254 +17 ——
. L
S LPTHE  311:90 -
a -
S—
z2 2 LPTHE 272 + 167, ——
=
7]
a r HPQCD 274 + 6 -

i This work  213.6%,; +43.9, +— =

1 1 1 1 | 1 1 1 L | L ] L 1 I ] L 1 1 I 1 L 1 1 I 1 1 1 1 ! 1 1 1 1 |
04 0 50 100 150 200 250 300 350

Mi]iss (Gesz ) fD:+ (MeV)




ij:‘_ J | ( ’ a0 : : arxiv: 2303.12927
e (7> 0(980) " ) x  (0(980) - T 7)=(1.72 £ 0.134:5t * 0.10gys) X 1073
. 1 _ — _ _
« Taking ((980) as ﬁ( + )+ [EPL 90 (2010) 6, 61001Phys.Rev.D 80 (2009) 074030], ~ is found to
be dominant. Disagree with calculation [Phys.Rev.D 80 (2009) 074030] based on CLEOQO result [Phys.Rev.D 80 (2009)
052007]
* ,°(0)] |=0.504=£ 0.0175t4 £ 0.0354¢ ,
0rmn _ _ large uncertainty
*  ,'(0) =0.518 £ 0.01845 + 0.0364ys; (taking | | = 0.97349 £ 0.00016) e
This work CLFD [6] | DR 6] [QCDSR [7][QCDSR [8]] LCSR [9] [LFQM [11][CCQM [12]
f1°(0) 0.518 + 0.0184ta1 £ 0.0365ys1f  0.45 0.46 0.50 + 0.13[0.48 4+ 0.230.30 + 0.03[0.24 + 0.05 | 0.39 + 0.02
Difference (o) - 0.1 0.2 4.3 4.3 2.8
¢ in theory - (32 +4.8)°|(41.3 £5.5)° 35°% (B13%)° (56 +7)° 817
: L E e T B 10 0.8
60 — i (a) g (b)
}E :]1?2::11“11 ‘§ Si e 0‘??
r O wo Signal B 2 —Fit o 3
:;'. § 40 ---Bagslliground ;E 6 1 ‘i 06J/(/’/‘/
' gl E 4_— 0.5_—
EI' EE T | :
A 2 =2 ok 0.4F
5 1 N

ﬁ ‘ ' ' M, (GeV/c?) ' ' ¢ (GeV?/c?) 7 (GeV7/c*)




) = arXiv:2303.12600 - 1 - arXiv:2303.12468

g o I
s [ Zm \other bkg g‘ [ %other t Y\ other bkg 1
o - " ~ —
7.33fb™* data from 4.128 GeV to 4.226 GeV
= [}
L%20 i Z
g g
04 02 B
BDT score BDT score
19,100 toaa[Juc 128000 $data [JMC E
S Zmwv Nother bkg ] gﬁOOO %qaqrt N other bkg ]
o
8 50 21000, E
3 g b
Z : 2000 - E
(e s 0 2
g 15 g 15 ;
EU_JWJ. ”3""& ﬁn_s‘l ARSI *il 100
03 02 =01 0 (0K 08 08 B 02 0
BDT score BDT score
600= e e e Y ;
| | CH)
=
N B — total i g
o i 1 = 150
o 400— — - signal ] -
~ o N s 100
)
-.9 - - - background 1 -
c ] =
O
. > 200 =]
! L —
n 400 100k — Fit result
e e e e e e e [ Sigmal
20 phuateptdutt t TTRATTE " o
= 0- ot " I BKGI
o e + + + + + TR i - = BKGIII
-2F ¢ 3 0 0




Further | DF > v

T T T T | T T T T I T T T T T T
L : : ; CKMTFitter PTEP2022(2022)083C01 0.97349+0.00016
s L : ! ' ) ] : T ! ' ' ! ! ' HFLAV2I arXiv:2206.07501 [hep-ex] 0.9701+0.0081
- CLEO PRD79(2009)052002, T,v 5.3240.4740.22 vt
CLEO PRD380(2009)112004, T.v 5.50+0.54+0.24  —e—i CLEO ﬁﬁﬁ;g‘igﬁg’?iiﬁgﬁ’ TV 0.981+0.044+0.021 i
CLEO PRD79(2009)052001, t,v 6.47+0.80+0.22 —— E’gﬁg I'RDTQEZIH],O;OSZ(]OI: :p: }'3353’3233’3‘;@ |-:--u
BaBar PRDS82(2010)091103, T, n 4.963+0.37+0.57 H—e—— BaBar PRDS82(2010)091103, 'c:iv 0:953;0:033;0:047 HeH
Belle JHEP09(2013)139, <., v 5.70+0.21+0.31 HeH Belle JHEP0Y(2013)139, 7, v 1.01740.019+0.028 ol
BESIII 0.482 b PRD94(2016)072004, pv 0.956+0.069+0.020 =
""""""""""""""""""""""""""""""""""""""""""""""""""""" PRD79(2009)052001
BESIII 632 fiy! PRD104(2021)052000, Ty 521:025:0.17 o4 e sidinseicrriied M < i S o
BESIII 6.32 fb! PRD104(2021)032001, t,v 529040251023  ted Belle JHEP09(2013)139, pv 0.969+0.026:0.019 1o
BESIII 6.32 fb! PRL127(2021)171801, t.v 5.2740.10+0.12 BESIII 3.19 fb™! PRL122(2019)071802, pv 0.985:0.014:0.014 ™
o o -1
BESIII 7.33 fb™! arXiv:2303.12600 [hep-ex], ©,v 5.41+0.17£0.13  vea D i A JBERHIDME R e
BESIII 7.33 fb! this work 7,v 5.34+0.1620.10 Fed BESIIL 6,32 b PRD104(2021)052009, <,v 0.97240.023+0.016 =
BESIIT v 5.3240.0710.07 ® Combined BESIII 6.32 fb™! PRD104(2021)032001, T v 0.980+0.023+0.019 -
! 1 1 | 1 1 1 1 | 1 1 1 1 ] 1 1 BESIII 6.32 b PRL127(2021)171801, TV 0.978+0.009+0.012 L}
5 5 BESIIT 7.33 b arXiv:2303.12600 [hep-ex], T v 0.991+0.015+0.013 ™
- 0 BESIII 7.33 b this work  7v 0.984-+0.015+0.010 ™
% BESIII v 0.982:+0.007+0.008 « Combined
B(DS —}T“"V) ( % ) 1 1 1 1 | 1 1 1 1 | | I 1 1 | | 1
T T [ T T T I T T T T I T T T T I -1 0 1
ETM(2+1+1) PRD91(2015)054507 247.2+4.1 e |V |
FMILC(2+1+1) PRDY8(2018)074512 249.9+0.4 L=
FLAG21(2+1+1) arXiv:2111.09849 [hep-lat] 249.9+0.5 — 7T T T T 1 T T T 1 T T T 1 T T T 7
HFLAV21 arXiv:2206.07501 [hep-ex] 2522425 - FNAL/MILC  PRD98,074512 212.740.6
CLEO PRD79(2009)052002, T,v 251.8+11.245.3 ——
CLEO PRD80(2009)112004, T v 257.0413.345.0 —— RBC/UKQCD JHEP1712,008 208.7:2.8% —c—
CLEO PRD79(2009)052001, T,v 277.1£17.5+4.0 —_
BaBar PRDS82(2010)091103, 7, v 244.6+8.6+12.0  H—e— ETM PRDY1,054507 207.4+3.8 —C—
Belle JHEP0S2013)139, 7, v 261.1:4.847.2 o
BESIII 0.482 ™ FRIBAIIGITHINM, v M58 g FNALMILC ~ PRDS0,074509 212620477 -
CLEO PRD79(2009)052001, pv 256.7410.2+4.0 —— A2
BaBar PRD82(2010)091103, pv 264.9+8.4+7.6 H——H —y—
Belle JHEP09(2013)139, 1y MUSBiEGiAS . | HPQCD PRD86,054510 208.3:3.4
BESIII 3.19 fb™! PRL122(2019)071802, pv 253.043.743.6 e
BESIII 6.32 b PRD104(2021)052009, pv 249.8+3.0+3.9 HeH FNAL/MILC PRD85,114506 218.9+11.3
BESIII 6.32 b PRD104(2021)052009, 7,v 249.7+6.0+4.2 et CLEO PRD78,052003, v, T V  206.8+8.7+25  emmm———
BESIII 632 fb! PRD104(2021)032001, TV 251.6£5.944.9 Wi
BESIII 6.32 fh™! PRL127(2021)171801, t,v 251.1+2.443.0 ol BESII PRD89,051104, puv 203.8:5.2£1.8 ——
BESIII 7.33 b arXiv:2303.12600 [hep-ex], T,v 254.3+4.0+3.3 il
BESIII 7.33 fb™! this work T,v 252.743.842.6 [ BESIII Expected (20fb™), uv 203.8:2.0£1.5 —
BESIII ™ 252.1£1.7£2.0 m  Combine
| | | | | ! | | | | | _Iz | | | | ij 1 I 1 1 Il I 1 L 1 I 1 L 1 I L 1 1 I 1
0 100 200 300 140 160 180 200 220
y fpye (MeV) f.. (MeV)




'BESIII

Fermilab Lattice and MILC, arXiv:2212.12648
|Vog| P24 = 0.2238(11) ¥t (15)QCP (04) EW (02)S1B[22] RFP,
|V:Jd|D3—>Ke+u _ 0.258(15)Ex13t(OI)QCD[O?)]QED,
|‘/CS|D—)K£+1/ — 09589(23)Expt(40)QCD(15)EW(05)SIB [95]QED’

lllllllllllllllllIIlllIllIlll T 1T 1 T T 1 T T T IIIIIII
u

SMfit PDG2020 0.97320+0.00011
DELPHI PLB439,209, W' —c3 0.9440.3240.13 s
PDG  PDG2020, DKI'y 0.939:0.038
CLEO PRD79,052002, D’ 7, v QBB OO0 :T_ SMfit PDG2020 0.22529+0.00041 ]
CLEO PRD80,112004,D >t v 1.001:0.052:0.020 ‘
CLEQ PRD79,052001,D -1 v 1.080:0.068+0.016 T‘--
BaBar PRD82,091103,D -7, . v 0.949:0.035:0.055  =m= PDG  PDG2020, D" a™v  0.214+0.003+0.009 ==
Belle JHEP1309,139,D -t,  v1,017:0.019:0.028 ‘-
BESIII PRD94,072004, D >pv, = v 0.936+0.063:0.025  =m=
CLEQO PRD79,052001, D] —pv 1.000:0.040+0.016 - ’
BaBar PRD82,091103, D] spv 1.032:0.033:0.029 - CLEO  PRD78,052003,D —»uv+iv 0.218:0.009:0.003 ===
Belle JHEP1309,139, D —pv 0.969+0.026+0.019 +
BESIII PRL122,121801, D >1/ev 0.917:0.094:0.021 ==t
BESIll PRL122,121801, D] nev 1.031:0.012+0.080 - BESII PRD89,051104, D" 5uv  0.2150+0.005510.0020 ==
BESIl PRL122,011804, D" >Kpv 0.967+0.004:0.007, 4
BESIII PRL122,071802, D] —pv 0.985:0.014:0.014 "
BESII PRD104,052009, D —>pv 0.973:0.012:0.015 = :
BESIII PRD104,052009, D't v 0.972+0.023+0.016 . BESIl Expected (20fb™), D*»>pv  0.2150+0.0021+0.0017 (=3
|
BESII PRD104,032001, D] 7,V 0.980+0.023+0.019 =
BESII PRL127,171801,D, 51, v 0.978:0.009:0,012 u
llllllllllllillllIIII[IIII!III IlII|lIlI|IIII|IIII|II
=15 -1 -0.5 0 05 \ 1 0.05 0.1 0.15 0.2
|Vcs] 0, 0 lVct‘ll
€ ,(0) fromHPQCD: 24%->0.6%

."kl"t..-.
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Fermilab Lattice and MILC, arXiv:2212.12648

process collaboration fy(0)

D - w FNAL/MILC 0.6300(51)
D—n ETMC17  0.612(35)
D — K FNAL/MILC 0.7452(31)
D — K HPQCD 22  0.7441(40)
D — K HPQCD 21  0.7380(40)
D K ETMC 17  0.765(31)

D, — K FNAL/MILC 0.6307(20)

1 I I 1 T T | ) 1 1 L | I 1 1 I I 1 | I 1 1 I | I 1 1 I | 1 I 1
ETM PRDOG,054514 0.765:0.031 ETM PRD96,054514 0.612+0.035
HPQCD PRD82,114506 0.747+0.011+0.015
HPQCD  PRD84,114505 0.666:+0.02+0.021
Belle PRL97,061804, D"—KTv 0.695+0.007+0.022
a8 == Belle PRL97,061804, D°—x1'v 0.624+0.020+0.030
BaBar  PRD76,052005, D"—Ke*v 0.727+0.007+0.009
CLEO  PRDS80,032005, D—Ke*v 0.739+0.007+0.005 BaBar PRD76,052005, D°»re*v  0.610+0.020+0.005
BESII  PRD92,112008, D'>Kle'v  0.74810.007+0.012 CLEO PRD80,032005, D—me*v 0.666+0.019+0.005
PRD96,012002, D*—K%e*v ; +0. Y
HESH s NEEE BESII PRD96,012002, D*—rle*v  0.6216+0.0115+0.0035
BESII  PRL122,011804, D">Kp*v  0.7327+0.0039:0.0030
BESII PRD92,072012, D°—re*v  0.6372+0.0080:0.0044
BESIl  PRD92,072012, D’—K'e*v 0.7368+0.0026+0.0036
! 0 o
BESHI  Expected (20fb™), D°>K'e'y 0.7368+0.0009:0.0033 HESN [ Bpechud b Branaty ESTEHLOIRNL 00N
1 | 1 1 | I | 1 1 1 1 | 1 1 1 | L 1 | 1 1 1 1 | ] 1 1 1 | 1 Il 1
K T
(0) f(0)
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PRD106, 112010 (2022)

Determination of form factors of Observation of ™ - - *
T Aetv,
20| +aee lof B e,
300F + data o v I AP,
- 1'14 > — total fit E sk i 8.20 § 3.30  reecwe
T{i O ---A;—- Ay*‘v” S il : =u=u other bkgs
% S' 200" e A:—» Anttn® % 10+ --- other bkgs 5 5
9’ 1.12F e % -~ other bkgs § E
EE L Rl e §100 =Sk l 7
Tl '
// //// | 02 - 14 15 16 1.72 1.8
02 0 0.1 02 -0.1 0 01 02 My (GeVie?)
mss (GCV) rmss (GCV)
+ + —
e - ) = (356 £0.11+0.07)% (N -~ F )=(088+0.17 +0.07)%
3k-DATA: AT~ Ae'v, (/\g- - (1405) * ) - (187 + 0.84 + 018)%
s == LQCD: A{— Ae'v, 7 s 0 e
22 e I N (Af - (1520) * ) = (1.02 +0.52 + 0.11)%
1E =
0 05 0‘5
(GeVZ/c“) (GeVZ/c“) . .
’ ’ « Second leptonic decay of A} is observed!
& * Good channel to study A excited states,
. . " ‘ , such as A(1405) and A(1520)
0 05 1 0 0.5 1
g% (GeV?/c*) g% (GeV¥c#)

First direct comparisons on the differential decay
rates and form factors with LQCD calculations




Content

Infroduction iy Charmonium decay-'_"

Charmonium(-like) Light hadron spﬁfc
particle spectroscopy |

Test CP in hyperon Charmed hadron
decay decays

BEPCIl upgrade and Summary

STCF




Peak luminasity (cm™%s™)

BE

le

v An upgrade of BEPCII (BEPCII-U) has been approved in July 2021:
the optimized energy is 2.35 GeV with luminosity 3 times higher
than current BEPCII and extend the maximum energy to 5.6 GeV

Upgrade BEPCII
(BEPCII-U)

BEPCII

3

=

4
'! ® . "
/i %
;e g% 3xLggpen
°
A

ra
Fd o \'

3.0

4.0 5.0
Ecm (GeV)

5.6

Lum [10%%cm-2s-1] 3.5 31
By [cm] 15 1.35
Bunch Current [mA] 7.1 5
Bunch Num 56 120
SR Power [kW] 110 250
ylum 0.029 0.033
Emittance [nmrad] 147 152
Coupling [%] 0.53 0.35
Bucket Height 0.0069 0.011
00 [cm] 1.54 1.07
az [cm] 1.69 1.22
RF Voltage [MV] 1.6 3.3

v" Detailed studies of the known
( ) states and search for "black

swans' in the higher energy region
within a considerable amount of
data sets.

v" Extend precise R values to higher
regions

v" Cover all the ground-state
charmed baryons: production &

decays, CPV search




Peak luminosity >0.5x10° cm2s-1 at 4 GeV

Energy range E_, = 2-7 GeV

Potential to increase luminosity & realize beam polarization
Total cost: 4.5B RMB

1 ab-' data expected per year

Rich physics program, unique for physics with ¢
quark and t leptons
Important playground for study of QCD, exotic

hadrons, flavor and search for new physicss:



STCF detector

Scintillator

> ITK:
* Material<0.01 |, <100 m

» MDC:
« Material<0.05 |, <130 m

e () <05%@1GeV/
. ;7 < 6%

» PID:
« 3 / seperation
* PID efficiency>97% up to 2 GeV

> EMC:

. < 2.5%, ~4mm, ~300ps@ 1

GeV

» MUD:

« efficiency > 95% above 0.7 GeV with

- misidentification rate < 3% ﬁ
64



XYZ properties

Pentaquarks
Di-charmonium

Hadron
Spectroscopy

Hadron production
(<2GeV)
(Muon g-2)

R value

T IMASS

Fragmentation
functions

Nucleon FFs

ete” 2 Y o yX, nX,¢X
ete =Y ->nZ, KZ.

e*e” - J/Ypp,ADp, L. Dp
ete” - lf‘llﬂ?cn J/Wh,

Excited c¢ and their transition,
Charmed hadron spectroscopy,
Light hadron spectroscopy

ete” st ot n®, KYK~
Yy = TFU,T]('J,?I+TE“

ete” = inclusive
ete -1t

ete” - (m,K,p,AD)+ X
ete™ = (nmm, KK, nK) + X

ete” — BB from threshold

Ny4260)/2./%(3872)
~10° /10%/10*

N/A

Nj/w/wizess) /.
~1010 /109/106

AajvF~30 x 107

5R~3%
Am,~0.12 MeV

M{_lol]i ns _.0.02

ectroscopy

Ny(4260)/2./X(3872)
~10*° /10°/10°

ag(ete” = [/Upp)-4 b

o(ete™ — |/ Pct)~10 fb
(prediction)

Njjw/w(zese) /A
~1012 /1011 /108

Aay”" <1010~

SR~1%
Am, ~0.012 MeV(1 month scan)

MCollins < 0.002

SREMM]_[;’,D = 3%




Flavour pl

CKM maftrix D7,y = I'v;,D = Pl*y,

¥/ measurement D® - K.atn K KYK™ ..

and CPV

chi,’cs""i- 5%
6fﬂfﬂs~1' 5%

A(cosdg,) ~0.05

SVedjes~0.15%
Sfﬂfﬂs ""u 15%

A(cosdy,) ~0.007

A(dy,) ~10° A(By,) ~2°
0 _ F0 s P(3770) = (D°D*)cp-_, Ax~0.2% Ax~0.035%
D" =D"mixing 4140) > y(D°D)cp_, Ay~0.2% Ay~0.023%
Charm hadron
deesiy D), A} E., 5,0, decay  Npyp_s4.~107 /107 /10° Np;p,sa,~10° /10%/10°
Y polarization D% - K,etv, A44;,~0.2 77 AA;p~0.015
CPV in Hyperons ]/ — AA, XX 5-E-, 5050 AA4~1073 AA~1074
T— K;av., EDMof 1 -3
Sdre = Mt._;_ﬂ' m"""lo
CPVinrt T2 /K v for polarized N/A e
o Ad~5 x 107" (e cm)
: D’ - K*K~ /m*m™, AAp~10~2 AAp~1073
¥ i A, - pK-mtn® . AA, ~1072 AA, ~1073

CPV,CPTin K° — K° mixing J/y = K°K~n*

n:~1073, A, ~0.05




LFV decays

LNV, BNV

Charge

Symmetry
Violation

FCNC

Dark photon
millicharged

I > WD (W £ D)...  BUM—eD<1x1078

Dy = P X™, ][ = Ae™,

B Ae)< 1078
B_}E. Uflp—" c€ )

B(n' - U/m )< 1 x

"> U n' > qll...
! e 10~°

D-y¥,D? =t ete”

Dt -aaltl...
te~ '
T Ig{l!;) R Mixing strength

-2, ~10-2
ete™ - vy ... A€y ~1077% Ae,~10

Exotic de and BSM

B(T = YU/ pupp)<12/1.5%
107°

B(J /¢ - e1)<0.71% 10~°

B(J/p —» AceT)< 107H

B(n' — l/m0l) <
1.5/2.4 x 1072

B(D? > e*e~X)< 1078

Mixing strength
Aeyr~107% Ae,~107*
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» Abundant physics results has been presented during the 15 years ( )

» Cover a large scope of physics topics:

The decay of charmonium states has been studied thoroughly and in detail

26 new states has been discovered at BESIII, including charomiun(-like) states (X, Y, Z., Z),
light hadrons and higher excited baryons

Precision measurements of hyperon decay parameters, polarization and asymmetry
Hyperon-nucleus interaction

Precise measurement of the CKM matrix elements | |/| |, the form factor of meson and

baryon

» Future goals:

BEPCII-Upgrade
STCF
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