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Beijing Electron Positron Collider (BEPCII)

.
beam energy: 1.0 — 2.3(2. 45) GeV \"’ ﬂ*

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

2004: started BEPCIl upgrade,
BESIII construction

N 2008: test run
2009 now: BESIII phy5|cs run
& - 1989-2004 (BEPC):
Lpea=1.0x1031 /cm?s
e 2009-now (BEPCII):
Lpeak= 1.0 x1033/cm?(4/5/2016)
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BESTT BESIII data sample

2009: 106M y(2S5) 2015: R-scan2 — 3 GeV +2.175 GeV
225M J/y 2016: ~3fb-! at 4.18 GeV (for Ds)
2010: 975 pb-! at y(3770) 2017: 7 x 500 pb-! scan 4.19 — 4.27 GeV
2011: 2.9 fb-1(total) at w(3770) 2018: more J/y (and tuning new RF cavity)
482 pb-1 at 4.01 GeV 2019: 10B (total) J/y
2012: 0.45B (total) y(25) 8 X 500 pb~! scan 4.13,4.16,4.29 — 4.44 GeV
1.3B (total) J/y 2020: 3.8 fb! scan 4.61-4.7 GeV
2013: 1092 pb-! at 4.23 GeV 2021: 2 fb! scan 4.74-4.95 GeV,; 2.55B (25)
826 pb-1 at 4.26 GeV 2022: 5 fb-! at Y(3770)
540 pb-! at 4.36 GeV 2023: 8.2 fb'! at y(3770)
10 X 50 pb-!scan 3.81 — 4.42GeV  2024: ~5 fb-! at 1p(3770); Y (3770) scan data
2014: 1029 pb-lat 4.42 GeV BESIIT Publication
110 pb-! at 4.47 GeV % L
110 pb-! at 4.53 GeV 80 Totally submitted 634 papers
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48 pb-! at 4.575 GeV 7 (1/5 PRL)
567 pb-1 at 4.6 GeV 6
0.8 fb-1 R-scan 3.85 — 4.59 GeV >
40
3
. 2
in total ~55/fb 1 || || mll
NN

2010 2011 2012 2013 2014 2015 2016 2017 2018 2019 2020 2021 2022 2023 2024
[ Submitted [ Published
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BESII
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* Hadron form factors

e Light hadron spectrosco e XYZ particl
* Y(2175) resonance B P PY PV

_ * Gluonic and exotic states * D mesons
* Mutltiquark states * Process of LFV and CPV « f andf,,
with s quark, Zs * Rare and forbidden decays * D,-D, mixing
* MLLA/LPHD and QCD * Physics with T lepton * Charm baryons

sum rule predictions
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BESIT tnclusive 0 and K ¢ production in e*e”
annihilations

PRL130, 231901 (2023)
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* broad z, coverage from 0.1 to 0.9
* the agreement between data and theoretical calculations degenerates as
the c.m. energies decrease
* provide brand new inputs in low-energy region to global fits of
fragmentation function
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BESIT Inclusive 17 production in e*e™ &)
annihilations eruiss, 021901
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BESII

Hadron Spectroscopy
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Two-body ZZs  Q0; DD EcZi Q0
Thresholds EsEs B.E
Molecules qq9q : s
Gluonic ddg,u:ug,ssg ccg
Excitation R
aq Light Mesons Charmonium
Mesons LB Iy, %, w(2S)
p! f! a! h, K E
LEAR. BESIII:
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At BESIII, two golden measures to study

hadron spectroscopy, esp., to search for exotics

* Light hadrons: charmonium radiative decays (act
as spin filter) (10 B J/3p and 3 B ¥ (2S) )

* Heavy hadrons: direct production, radiative and
hadronic transitions (data above 3.8 GeV)

n Landscape

2024FBESIIFIIETS

Hadron-physics challenges:

« Understanding of established
states: precision spectroscopy

« Nature of exotic states:
search and spectroscopy of
unexpected states
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XYZ studies: about 23 /fb
data above 3.8 GeV
Q



BESIT

Discovered hadrons

5
| BESIII .
[ Y(4710)
Y(4390) Y(4500)9
. \Y(4320)
4 Z(4020) Z,(4020)° " Y(4230) )
i ) 3 ©2.(3900)° Z,(3985)'®
. 20000 & o)

30 new hadrons at BESIII

Mass (GeV/c?)

! N(2570) i :i((fz%lg)
el Lo e X262 ®, s OX(2350
, X(2120) (2250) X(2000)
i (1870) X(1840 h,(1900)
| eX @X(1840) 771(1855)5060(1 Gip X(1880)

[ http://english.ihep.cas.cn/bes/re/pu/NewParticles/

2012 2014 2016 2018 2020 2022 2024

Date of arXiv submission
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BESIT

Main PWA tools

* C(Closed source / hand coded

— Tensor formulism: most of charm decays. [Dt = Kdntn%m°: JHEP09, 077(2023)]

— Helicity formulism: [ete™ —» wmn*m~: JHEP08,159(2023)]
« GPUPWA:

— First PWA tool based on GPU

— Used in many PWA of light mesons: [/ /Y — ynn: PRD87, 092009(2013); J /¥ = ynn': PRD106, 072012(2022)]
« FDC-PWA:

— Feynman Diagram Calculation

— Used in some baryon final states [1)’ — ppn:PRD88, 032010(2013); ete™ —» pK~A: PRL131, 151901 (2023)]
« TF-PWA:

— TensorFlow-based, configurable, GPU acceleration, AD

— as an example: [Af - ArTm®:JHEP12, 033(2022)]
e Other tools:

— Amptools: [y.1 = nrTm™: PRD95,032002(2017)]

— PAWIAN: [ete™ - ¢pK*K~: PRD108, 032004 (2023) ]

— ComPWA: [D® - KK+ K™ : arXiv:2006.02800]

S 2024 FBESIIFEYS 1


https://doi.org/10.1007/JHEP09(2023)077
https://sourceforge.net/projects/gpupwa
https://doi.org/10.1103/PhysRevD.87.092009
https://journals.aps.org/prd/abstract/10.1103/PhysRevD.106.072012
http://www1.ihep.ac.cn/wjx/pwa/index.html
http://journals.aps.org/prd/abstract/10.1103/PhysRevD.88.032010
https://doi.org/10.1103/PhysRevLett.131.151901
https://github.com/jiangyi15/tf-pwa
https://arxiv.org/abs/2209.08464
https://github.com/mashephe/AmpTools
https://doi.org/10.1103/PhysRevD.95.032002
https://gitlab.ep1.rub.de/pwa/Pawian
https://journals.aps.org/prd/pdf/10.1103/PhysRevD.108.032004
https://arxiv.org/pdf/2006.02800.pdf

BESII

~-PWA: Partial Wave Analysis with ¢

e Fast

 (eneral

* FEasy to use

* Open access

N

Tensor

* GPU based
* Vectorized calculation

* Automatic differentiation
Quasi-Newton Method: scipy.optimize

* Model customization support
~ * Simple configuration file (example provided)

* Most processing is automatic
* All necessary functions implemented

_ * Rich function support

https://eithub.com/jiangyil 5/tf-pwa

=Y 2024 FBESIIFTIEIHTS 19


https://github.com/jiangyi15/tf-pwa

Light hadron spectroscopy

BESIII, LHCb, Belle (Il ...

h
/¥, D,B, ... . hs
<o s
= N hn
Quarkonia @—@  |]] > \
Hybrids eA@® |9] g> |
_|_
Glueballs &  [29)
_|_
Multi- qz (72> hbea(?nluex, Compass, ... h
quarks + e he
: X hfn—l
hn
htarget hrecoil
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BESIT  Xp)/X(18??) from Jhy radiative decays

J/y->y'mt " PRL117, 042002 (2016) PRL129, 042001 (2022)
o T T T T Y T i .-? II _
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Are they the same state? It is crucial to understand their connections.
s 2024 FEBESIIFIIEHYS 14



BESIL  Anomolous lineshape of X(1840) in &3]
] / II) — Y3 (Tl'+71'_) PRL132, 151901 ()

300I_ ] I B A I LI I LI L ] LI LI ] T I 1
- BESIT
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S ook | = (5142 1) Mevic g 10B J /1 events are aqalyzed.
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= 150 . =
£ | PRDSS, 091502 (2013) % - : O
w 100 — 3 —: 15000 |— B fit result
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sof- 225M R atte s L e coherent 2B
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[ B N () B ” e
@ f e T e
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g Wb \‘Nﬁm o B R A K . é ‘
O [l J ] M(6r) (GeV/c?) M(6n) (GeV/c )
PRL 117, 042002 (2016)
s
“F ] Parameters Solution I Solution II
it i Mx 1810y (MeV/c?) 1832.5 £3.1+25
N S, I x (1840)(MeV) 80.7£5.24+7.7 ‘
X (1835) Bx (1840)(x107°) 1.194+0.30 £ 0.15 2.07 £ 0.50 £+ 0.36
Mass (MeV/c?) 1825.3 £2.41173 Mx (1880) (MeV/c?) 1882.1 £ 1.7+ 0.7
Width (MeV/c?) 245.2 +13.114¢ I'x (1880) (MeV_)5 30.7+5.5+2.4
X (1870) Bx(lggo)(x 107°) 0.29+0.20+£0.09 1.194+0.31 +0.18
Mass (MeV/c?) 1870.2 +£2.2123
Width (MeV/c?) 13.0+6.173%
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BESIT  x(2370)inJ/v » YKsKsn'

PRL 132.181901 (2024)
o —__
X(2370) firstly seen in J /Y -y m™n
= 500F ®) X@2370) " 1 ]/ radiative decays are -
oot :
8 400 gluon-rich processes
S 300F "
2 200f :
1002— - J/y>yn' T 180 g, = 82,6869 ] 1805"'('5)" T g, = seaeis2
o S : % 160 L o :
0%14 16 18 20 22 24 26 2.8 S 140 I Background
M, (GeV/c?) @120 T
2 100 ws
S 80 co b
 Partial wave analysis | /Y — yKsKn' 8 o E
in 10B J /1 decays 2 | i ] . ,
* X(2370) - KsK¢n' significance larger T 1I\'II(ZK;(g:V1/c':g)6 e
than 14 o

#2In,;,, =59.30/53

500
* mass 2395 + 11%3$ MeV/c? D e
e width 188t%§t;§4 MeV g5’?.300 —
* spin-parity is determined to be 0~ 3200 |
 candidate for lightest pseudoscalar Emo__,_,_m, ]
glueball predicted by LQCD OO e L e R 7 02 06 1
M, (GeV/c?) COSO iy gy
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BGSHI _ BESIII

4 I N(2570) " @ ((221:"%‘2)
© X(2370) X(2500)
s ) EX(2120) N(2300) xzzeze o X . 0’X(2356) (2000

: BEE e 1,(1855AD, 1817)"° x’};ggo‘)w

L 20.1 2 2011 4 20.1 6 20.1 8 20IQO 20.22 2024
Date of arXiv submission
. _ . + °
Observation of n,(1855)(1~ ) Observation of ayg(1817)™ in
. . + +..0
with exotic quantum number D5 - KsK™m

PRL129, 192002 (2022)

PRL129, 182001 (2022)
PRD106, 072012 (2022)

400 T— T T T g]\ L _*
o~ + (a) X‘.’/dofz 1.57 & : (a) K"’K (892)0
S 300F A i > sl KK (892)'
= - S K*K (1410)°
< 200 =g T ST a,(980)'n?
E .._.. E’WA fit projection (exclude n‘) et b ’ =
qc) - & — PWA fit projection (baseline fit) : 50 — B a0(1817) T[o
0 = [
Q
7 Pptan, > i
045 2 25 3 - e
M’ )(GeV/c?) 1 12 14 1.6 1.8
. M,,,.(GeVic?)
PWA of ] /1y — ynn' in 10B ] /1 events !
Must be exotic state! A new ag isospin triplet!
Hybrid? Molecule? Tetraquark?
s 2024 FEBESIIFIIEHYS
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SOl Rediscovery of Y(2175)/¢(2170)

* A strangeonium(-like) state: Y-particle with strange quark
ete”™ — K*(892)°K?

o(ete™ = K*(892)TK™)

v’ $f1,(980) resonance with FSI

1 I
2.4 2.6

» Theorists explain ¢(2170) as JHEP 01, 180(2024) RUKT(892)) = = (e = K (892)0K0)
v sSg hybrid 55- - (a) e o] (8) foesm {
v' 23D, or 33S, s§ ) B 2 ol
v’ tetraquark 2 ool g k
v Molecular state AA oo ahd Il“ | | l’
1 I Cob o
;: ofnaion - 't ‘ |“
\6/ 3

v’ Three body system ¢KK L T e
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~
-
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m 2470y [GEVIC
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JHEP 01, 111 (2023)
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BGSHI _ BESIII

N(2570) g @ ((22%‘2)
X(2370) N(2300) X(2500) ®x/2356
EX(2120) (22629 @, 4,50 X(?356)

| @X(1870) @X(1840)

Mass

X(2000)
h,(1900,
1185548 1817y X(1880)

20.1 2 20,1 4 20.1 6 20’1 8 2620 20l22 2024
Date of arXiv submission

Observation of X(2356) > AAinete™ - nAA
PRD 107, 112001

New strangeonium in J /1 — ¢nmr®

(2023) arXiv:2311.0704

5 + o ¢ T : _
“ 100; N — ;I'(:t:l fit * %, 300 __lenbm = 1.31 -
el PHSP > i
8 e n sidebands s [ |
8 oof . = 200f .
3 | N [ ]
5 2 ]
= sagk: b | _ S 100 .
i | . y 1 T M } Lﬁ
0 we. | | | Ticcd 1 I b it &
2224 26 28 3 32 3.4 36 38 4 42 T P i - —A
M, (GeV/c?) ~ 055 2 2.5 3
 Clear enhancement is seen near the AA M, (GeV/c?)
mass threshold combining 31 datasets PWA ﬁtoto the isospin violating process J /i
« Simultaneous 1D fit to the AA mass 2 ¢nn” in 10B/j/pevents
spectra assuming a 17~ state: . Observations:

. hy(1900)(1*7):
h,(2P) strangeonium state? !
. |+ X(2000) (177 ): i
hexaquark? baryonium? ¢(35) or ¢p(3D) strangeonium state?
s 2024FBESIIFIBThYE T 10

mass: 2536 + 7 + 15 MeV/c?
width: 304 + 28 + 54 MeV



Counts / 2.0 MeV/c?

Pull

Counts / 2.0 MeV/c?

Pull

Hyperons from charmed baryon decays

Belle, PRL 130, 151903 (2023)
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Enhancement around 1.43 GeV
%(1430) or NK threshold cusp?

BELLE, PRD108, L031104 (2023)
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An threshold cusp

enhanced due to A(1670)
LHCb, PRD108, 012023 (2023)
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Many X contributions

BESIIL, arXiv:2407.12270
Af - Apm*

— Aa,(980)"

— X(1385)
2(1380)'n

— A(1670)m*

| Total interference

T3 14 15 16 17
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Evidence for £(1380)"
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Overpopulated charmonium spectrum

Charmonium-like [cc] spectrum;,, F.k Gu arXiv:1511.01589, arXiv:1812.10947

10(4700) Charmonium spectrum
S X(4685
Y660 2016 2021| X (4630) [1-*
2007 —20’2‘1 ‘
Y (4660
3D Y20(4500) . ( )
4500 . 2016 Z,(4430)
= T y4a15) —F 2008 Achc
58‘1‘)}“ % W(4360) 3p . X350 X(4500)
C— - &~ 2010 *
N ——— e { U B D ) ) | (- Y s ) b 3 A/ e
2015 44260548 — —2011 X *2014 2021 DD*(2S) Z(4430)
¥(4230) ——= Ye1 (4274 2D 2D 2008 Re0(4240)  Z5(4220) oA
2D X(4160) AT S — D*D M s s
(4160) Yau(d140) b . 2014 Y(4390
3 a5 2009 IE 2018XE100) 2015 =53 ( )
] 2008 x(sosoy B Y053y PE D" X(4350)_v(4360)
40007~y TR e Ty T o L0301 e DD.**
i 2 - 2007 X940 A D-D*. D+~ D" srrzzzzzzzsszsszsszssesssszeszssrzzrrzzszrzzrzzzzzzzszazazi:
s DD 2 Ye1(3872) ¥ (3930) LT, ~e0200) 2020 b X(4274)
g ————————-——-——-————————_————-———ms ———————————————— X ‘(‘U“L—'z—o—i'g —————— 22(4250)
e b rw@860) 2003 —— §3(3842) 005 Y(4220)
8 |, WQIK 2017 20823 5574 Z(4200)
s I e E 2013  TCCT . _ﬂﬂ %)
( ———
7.(2S)
Yer(1P | Vi Jre Dst ..................................................................
h (1P) Ya(lp) = X(3915) ot 0t or 2+t Zl 4050
3500 X(3940,4160)  7° D*D* :;-;::::::::::::::::::::::::::::::::::::::::::;-:::::7::::2‘: 4020
— X (4350) 0t 7+
Yco(IP) Vs 1" 1 D.D X
R 1 0
X(4020,4055)* 1% o X(gg?g}
X (4050, 4250)* 1 DD' S et s e — x(3872r;;;;;:;;;:;;::;;;;;;:;;::Zc(.s..g.oo)
Ju Godfrey-Isgur quark model
discovered before 2003
3000 _zc(1S) discovered after 2003
0°(0™*) 07(17) 07(1*) 0*(0*) 0°(1**) 0%(2*) 07(27) 07°(37) 27 =1 1=1/2

Overpopulated observed new charmonium-like states, i.e. “XYZ":

* Most of them are close to the mass thresholds of charmed meson pairs

e Some are not accommodated as conventional meson
==> candidate of exotic hadron states

« More efforts are needed to pin down their nature
s 2024 FEBESIIFTIIE TS 21



BESIT
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BES]]I Observations of three heavy Y(4500),
Y (4710) and Y(4790) states

CPC 46, 111002 (2022) ete” > KtK~J/y PRLI31, 151903 2023) e+e~ — D** D'~
PRL‘1’31,§1_19'02(2023‘) o), 4 This work == Ei resul S

S [ Y(4230) ~--Y(4500) - Y(4710) 2 .l e s S

i3] o S e :

S ®hy230) YHES0D) s

UU)) r 1: te 102 l,'
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o i g & — 1BWS —fitedline e

B 2F 108 5 . [][]| A contnue e . B e

w B 43 44 4.5 4.6 4.7 48 49

2 o:l: ME SO R 3L 4 4 EuGev) 4
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PEOI;BO’ P21 @029 ete” DD m*  PRL132,161901 2024) e*e” — wy,

g [ —Fi Y (4500) ~+ XYZ data = Y

E 1000? ng{m.mm Y(4666-)Scan data eh [

5 UF o . 201 Y (4500)?

O 600 f = i ( )

l 400 % [

g’ 200f O st +$ 10:

b e ®

4.2 4.3 4.4 45{5(6466\/) 4.7 4.8 4.9 5 44 \1_4((63 V) 48
- — S e
Are they [cCsS] states?
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BESII Cross sections of charmed hadron pairs

= arXiv:2403.14998 | / \ PRL131, 191901 (2023)
= = B
= 600F ® BESII 1] s / ete” — AYA:
= : :
= | i | — \ e
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& 43 44 46 43 | i +
En GeV) | 0‘ "
_ 4.6
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s | s | -y ®  BESIII arXiv: 2407.07651
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: E 8 aeees o ‘.. --... Ty | Ty il * L
’ I I ikl e I L T A
] N \ /
E I ~ W e
it 2t PP | o Mind: Tension of cross sections near threshold
s (GeV) .
| between direct (BESIII) and ISR(Belle) methods

Rich ¥ /Y resonances in the final |
states of the charmed hadron pairs.
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BESIII negates the Y (4630) reported by Belle
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BECSII The Zc Family at BESIII

Zc(3900)+ Zc(3900)° Zc(4020)* Zc(4020)°
PRL 110, 252001 (2013) PRL 115, 112003 (2015) - PRL 111, 242001(2013) PRL113,212002 (2014)
% ; :’,‘:: Preliminary X S_‘MI <
a z g % 3
5 60 ' R Z A [ E 2 {
L % B E
g N o] Rt 1] Y M.::mn‘fll" §
a 2 i &
(I 2= 3 [ - Q-.(- 38 3.0 2 ’ Ubvparhs -\
M intiy) GoVIED) M(R"J/Y) (GeV/e)) R B ® e ey
ete™ = - atJ/p ete~ — 90U/ ete™ 5 7w~ nthe ete~ — n°nPh,
Zc(3885)* Zc(3885)° Zc(4025)* Zc(4025)°
ST: PRL 112, 022001(2014) PRL 115, 222002 (2015)  PRL 112, 132001 (2014) PRL115, 182002 (2015)
DT: PRD92, 092006 (2015) P = -como.ekG  +cata SO T s - ]
: w T Tz E ol

Everts/{ 25 MeV/c?)

i -
4.02 4.04 4.06

4.08 4.1
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) ‘ +,- 0 *)*)\0
ete™ — = (D*D*)~ erer »m(D°D)

Which is the nature of these states?

_ G
If exists, there should be SU(3) @
counter-part Zcs state with strangeness
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BESIT

Studies on the Z  states

Z..(3985)" PRL126, 102001 (2021) Z..(3985)0 PRLI129, 112003 (2022)
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. Search for Zf, - K*]J/y arXiv:2308.15362
Search for Z.;  cpc47, 033001 (2023)
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Precision measurement
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BESII

Unique data sets near thresholds

e'e symmetric collision: ic::llge— S ASEERs BRESERLEES
O e BESIII 2014 e BESII 2011
energy scan data sets at open 10° | —— SND (2011 +2012) —<— BES (1999 + 2004)
charm thresholds 10" | —=— FENICE (1991 + 1993)—e— DM2 (1984)
100 . _ _ _ e el
3.773 GeV, 20 fb™2, DD wph e (NS, . M oppTT AR
4.008 GeV, 0.48 fb~2, D;Dg o som®t T oo .
4.18-423 GeV, 6.32fb~1, DD 4" Tecas "
4.6-4.95 GeV, 6.4 b1 AA, 107 ' ! !
2 25 3 3.5 4 45

; g SGeV/c)
Energy scan in 2014-2015 at BESIII

» Meson and Baryon pair-productions near thresholds:
form-factors in the time-like production, precision branching fractions, relative phase;

» Quantum-entangled pair productions of charmed mesons

» Hyperon and charmed baryon spin polarization in quantum entangled productions;
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BESII BESIII advantage: unique data near to the

thresholds

e X7 — pyu
Known initial 4-momentum Single tag 7P
Known beam energy: pair productions ot e o
Decay with neutron & m'
Decay with invisibles: neutrinos >t - prd
Missing mass or missing energy
use machine-learning algorithms?
under study by
Zhang Jian-Lu
80" < ‘p
'vé'.i : ° Ve T (o
260 il X e
2 % ) CR— \ @
2 40f \ /
g E 2
4 E / (A ) —
02 01 0 o1 oz e—*_(_ef)
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o)
ExEs 2024 FEBESIIFIIEIFTS

Excellent resolution
Beam-constraint A, mass

1000 -

500 -

Events/( 1.0 MeV/c?)

Sassyessedeegecpeney,

925 226 2.27 2.28 2.29 2.3
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Neutrino reconstruction
A;" — Aety,

[]
=]
I

Events /0.010 (GeV)
T T
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20



BESIT

Charm hadron decays

K- K*
. . Tag
/77;+ Signal side

+ T

Q@ ‘ v
Tag side _ y
T D3t
r'd

2.93/fb at ¥(3770) X I}‘(Ds* \

Semi Leptonic
Take V,, from fits to CKM Similar to leptonic decay but now | Models of hadromc decay
assuming unitarity and measure f | q (= four-momentum of W) Isospin

dependent SU(3) flavour
Precise test of lattice QCD in Different amplitudes T, P, A, E

charm and extrapolate to beauty | Test QCD models of the form Long and short distance effects
factor
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BGS]]I Precision measurement of CKM elements
-- Test EW theory

CKM matrix elements are fundamental SM parameters that
describe the mixing of quark fields due to weak interaction.

(d'\ Vud b \ /d\ _s CKM matrix
S :‘ T/chcst S/

C

BESIII + B factories +

. -
O K.V Vi NDO ) LQCD
Three generations of quark? Unitary matrix?

/ BESIII + B factories +
Expected precision < 2% at BESIII LHCb + LQCD

* Precision measurement of CKM matrix elements
* A precise test of SM model
* New physics beyond SM?
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BESII

Form factors
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« LQCD has repaid improvement on precisions
« Systematics on from factors at BESIII will be
dominant and crucial for further 20/fb charm




BESII

data: BESIII, arXiv:2408.09087
LQCD: PRD 107, 094516 (2023)
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BESII

Energy-dependent form factors
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data: BESIII, PRD108, 092003 (2023), PRL132, 091802 (2024)
LCSR: JHEP11, 138 (2015)
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More form factors

L/E..,

H 0,
Chain Ref. (fo—1/GeV) BF(%) FF
. ry = 1.46 £ 0.07 % 0.02
D% - K*~etv. | PRD99,0111003 2.93/3.773 1.434 4+ 0.029 £ 0.032 ry = 0.67 + 0.06 & 0.01
o rv = 1411 % 0.058 % 0.007
DT — K*e" v, PRD94,032001 2.93/3.773 3.77 £ 0.03 £ 0.08 ry = 0.788 4+ 0.042 + 0.008
D°: 0.1445 + 0.0058 + 0.0039 ry = 1.695 + 0.083 + 0.051
+
D= petve PRL122,062001 2.93/3.773 D*: 0.1860 £ 0.0070 + 0.0061  r, = 0.845 4 0.056 £ 0.039
D° — p~pty, | PRD104,L091103 2.93/3.773 0.135 £ 0.009 £ 0.009 -
. rv=1.24 £ 0.09 £ 0.06
D™ — weTv, PRD92,071101 2.93/3.773 0.163 = 0.011 £ 0.008 ry = 1.06 + 0.15 + 0.05
Dt — wu"'l/ﬂ PRD101,072005 2.93/3.773 0.177 £0.018 £0.011 -
" 0.+ ry=1.674+0.34 +0.16
DY — K*e v, | PRL122,061801 3.19/4.178 0.237 £ 0.026 £ 0.020 ry = 0.77 + 0.28 + 0.07
Df — ¢etv, PRD97,012006 0.482/4.009 2.26 +£0.45 + 0.09 -
Df — ¢uty, | arXiv:2307.03024  7.33/4.128-4.226 2.25 £ 0.09 + 0.07 rv=158+0.17+0.02

ro =0.71 £0.14 £ 0.02

* Precisions is being improved much with full 20/fb ¥(3770) data
« LQCD calculations are desired.
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Measurement of |Vcs| and \Vcd\

Vcd(s) |+
\) w7
‘\.‘\.’\.’\,‘/\/\.’»’V\.—'\
B

=
Ved(s)|*

z
mi;mps+ |1

-0.6

SM global fit PDG(2022) "0.22486:0.00067 = e
HFLAV21  PRD(2023) 107, 052008 0.2208:0.0040 ]
HPQCD PRD84(2011)114505°I'v,  0.22520.0620.10 I —
ETM(2+1+1) PRD96(2017)054514°"I'v,  0.2330:0.0137+0.0067 [
CLEO PRD80(2015)032005,:°"e*v,  0.2381:0.0066+0.0025 -
BESII PRD92(2015)072012,ve'v,  0.2278:0.0034:0.0023 L]
BESII PRD96(2017)012002,x%"v,  0.2243:0.0058:0.0026 -
BESII PRD97(2018)092009,ne"v, 0.2264:0.0338:0.0318 L |
BESIII PRL124(2020)231801,nu"v,  0.242:0.041:0.034 L —
BESII PRL124(2019)061801,K° v,  0.21720.026+0.004 i
BESII PRD89(2014)051104,u*v,, 0.2165:0.0055:0.0020 -

BESH PAL1P3(2019)211802, vy  0238:0.024:0.012 (==t

-0.4 -0.2 0

IV |

0.2

cd
Semileptonic D, decay Leptonic Dy decay
T T
LN B B S N B B B S NN B S B B BN B B B LI | I (,KMHner | l'l"U’Z'ZUZ’)OX‘( Ul I 097349:000016 |
CKMFitter PTEP2022(2022)083C01 0.97349:0.00016 . HFLAV21 PRD107(2023)052008 0.9701+0.0081
HFLAV21 PRD107(2023)052008 0.9701+0.0081 L CLEO PRD79(2009)052002, t,v 0.9810.04420.021 +— G t H H
HPQCD PRD104(2021)034505 0.9663-0.0079 o CLEO PRDS80(2009)112004, © v 1.00120.05220,019 == re a p re C I S I O ﬂ
( ) p e CLEO PRD79(2009)052001, v 1.079+0.068+0.016 b
ETM(2+1+1) PRD96(2017)054514 0.945:0.38 BaBar PRD82(2010)091103, t,,.v 0.95320.03320.047 vt 1 m m t d 'I:
e e e e T T e e e e e Belle JHEP09(2013)139, < v 1.01720.019:0.028 - I p rove e n U e O
CLEO PRD80(2015)032005, Ke'v,  0.9648:0.0090:0.078 —— BESII 632 fb*  PRD104(2021)052009, <,v 0.972:0.023:0.016  *
BESIII PRD92(2015)112008, K’e'v,  0.977:0.008:0.016 . BESII 632fp"  PRD1I04(2021)032001, ©v 0.980:0.023:0.019 LQ C D 'l: r r ] 'l: t
RLo N 4 il BESII 632 " PRLI27(2021)171801, v 0.978:0.009:0.012 = O r aC O rS
BESII PRD96(2017)012002, . e.! Ve 0.946+0.005+0.016 BESI733 " arXiv:2303.12600(hep-ex], ©.v 0.993:0.016:0.013 3 i i
BESII PRD92(2015)072012, K'e'v,  0.9624:0.0034:0.0062 BESHI733 M1 arXiv:2303.12468(hep-ex], 7,v 0.987:0016:0.014 ™ ° NO SI g N Of CcO nﬂ | CtS
BESII PRL122(2019)011804, K'u'v,  0.9572:0.0050+0.0057 .
CLEO PRD79(2009)052001, pv 1.000£0.040+0.016  +=~ .
BESIII PRL122(2019)121801, ne'v, 0.900:0.020+0.057 —— BaBar PRD82(2010)091103, uv 1.03220.033+0.029 bt b etwe e n d | reCt
. = Belle JHEP09(2013)139, uv 0.969:0.026:0.019 1
BESHI axiv2306.05194, g .\ s 0.913:0.014:0.067 i BESIII 0.482 i PRD94(2016)072004, pv 0.95620.069+0.020 i
BESIII arxiv:2307.12852, nu'v, 0.911:0.020:0.057 —— BESII 3.9 1" PRLI22(2019)071802, uv 0.985:0.014:0.014 ™ m e a S U re m e n‘t a n d
BESII PRL122(2019)121801, v'e’v,  0.903:0.060+0.077 ——te BESII 632 ! PRD104(2021)052009, pv 0.973:0.012:0.015 =
BESIII arxiv:2306.05194, n/'e'v, 0.941:0.044:0.081 —— BESII733fb"  arXivi2307.14585hep-ex], pv  0.965:0.010:0009 9 N d | reCt f|'|:
BESII rxiv:2307.12852' nu'v, 0.?07:0.067:0.078 | —.—1 BESIII Combined tv 0.9831:0.0068=0.0080 *
1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 % x e
BESIII Combined ™ + uv 0.97740.00560.0072 +
~ 1 ‘0 . 5 0 o . 5 1 1 1 1 | 1 1 1 1 | 1 1 L 1
|V | - v 0 1
Ccs I csl
O nig == kv Z_] ‘—J—/_\
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BESII

Events / (0.05 GeV?/ )

Study on D™ — e™v

PRL 131, 141802 (2023)

: xQCD 274 +7 ]
- 290 ETM 268.8 + 6.6 bt
B UKQCD 254 +17 —.—
: LPTHE  311+9 [
- LPTHE 272 + 16}, ——
~ HPQCD 274 +6 (-
: This work 213.6%;;, +43.9, 4—+ - -
: . 0.4 0l - I510l - Il(l)()l - 11;01 - '2(|)0I - IZ;OI - I3(l)Ol - 13;0
M2, (GeV?/ct) fy: (MeV)
. Branching fraction is determined to be (2.11L(1,:§Swt 10 2ys1.) X 10~°

an avenue to study the weak decays of vector
charmed mesons in experiment
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BESII

D;' > nttn~ ety PRL132, 141901(2024)

Excited light hadrons via charm SL decays

DO o prO() gty

1 I
10
N T T T ]
Ly f0(980) i =
S0 —e- Data : §
E I —’;‘f)tal lfit 1 s Bl L.
- Signa | 0
= 401 - - - Background g 0
= | 1 $ 20
S | :
2] i w
s 20 =
S A |
= i
. A 0
8. . 1.6 -
M. (GeV/c?) M, .(GeV/c?) U(GeV)
BF(DS — f,(980)e*v, f,(980) » n¥m™) = B(D° — ay(980) e"v,) x B(ag(980) — nr) = [1.337933 (stat) + 0.09(syst)] x 10~
(1.72£0.1354at £0.105ys¢) X 1073 B(D* — ag(980)°e*v.) x B(ap(980)° — mm®) = [L.66” (34 (stat) + 0.11(syst)] x 10,

D) 5 =79+ gty PRL122, 062001 (2019)

N ) £ 150F
%100- * @ ] f
o o
o]
g p(770) SIOO
S sof 1g
Z 3 sop ;
= =
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025 i 1.5

- . LN 45200F

£(0) = 0518 + 0.018,0a0 & 0.0361ys 2 Sl

03 0.5 1 g S toof
q* (GeV?*c?) z 2 5l ;
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<
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3COI Hadronic decays of charm mesons

» Strong phase measurement with quantum correlated
Y (3770) —» D°DO is crucial in the model-independent determinations
of Yy and charm mixing/direct CPV.
— v 1s the least well known CKM constrain
— vy status: Pre-LHCb: = (7375:)°

Direct measurement y= (73.5 *42 5 ,)°,

indirect measurement y= (65.8 *1:0_, ,)°

»> Probe non-perturbative QCD
— Help to understand hadron spectroscopy L
— Study SU(3) flavor symmetry P
— Study short and long distance effects

u P uu u ¢ s_d gﬁ
u u
¢ d ™ rid w oK d
w d d
. w D:
Ds C s u
D! () d u s d
d s n d n K* up
s ° s s u u s s u u

Short-distance Long-distance effect
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BESIT  Quantum entangled D°D° Strong
2 s S a ¢ phase measurements

0 .+ —
sMID — KS/LTI m Constraint on y =sMDD - Kg,m"n
PRL 124, 241802 (2020) easurement ~ 0.99 arXiv:2212.09048
[ [ F 1o
1E 1F - 5 1
i i i il = 30
osf 05k 05 2 05
E E . [ o BES-III measurement B -y
@ o .— @ 0 '._ - U: 5 BES-III model
0.5 - 0.5 _ 0.5? -0.5
| \\
) S BT Y-S R - — et T
; c;
MI D —» K%, Kt K~ PRD102, 052008 (2020 D- Kntntnm and K- n*n”®
] - Kg / L ( ) ] T T 1T an T
1'5’—Stat|st1cai T | ‘ie')‘ ! 157 ' Statistical I ‘ o ) ] JHEP 051 164 (2021)
1 — Total 1»—Total E 350F | o0
; ] 3002— N 300; BESIII
051 1 0.5 ik asof. 1 81°=2.30
" 0:_ ] w ol ] . -AX2=6.18 -
5 @ . ] g: 200} ;’v 200—-AX =11.83 g
-0.5 0.5 g e 150; so 150F
: E —d ©  CLEO-
-1 — CLEO-c -1 _ CLEO-c 100f e 100 — Ax?=2.30
| * BaBar Model * BaBar Model ] F F A °=6.18
55 1 05 0 05 1 15 550 05 6 05 1 15 0 / Op —M=11.83
C;. R Y I K MR LA N A KR B P F R I A A F R

Constraint on y measurement ~ 1. 30
Knn®

RK3n
Constraint on y measurement ~ 69
sD - K"m"  Epics2, 1009 (2022)

5f(7r — 187 g+8.9+5.4) o the most precise measurement
( 9.7-6. 4) using quantum-entangled D°D°

2= 2024 FBESIIFTIEIHTS a9



BESIT

BESIIl data @3770 MeV (2.93 fb'! =» 20 fb!)

v(3770)>D°DO quantum correlation=»strong phase parameters between D° and DO decays
q gp P y

=2 inputs to LHCb measurement of y

Belle Il (arXiv:1808.10567): 1.59 with 50 ab-!
LHCb (arXiv:1808.08865v2): < 1°, 50 fb-1, phase-1 upgrade (2030),
< 0.4°, 300 fb1, phase-2 upgrade (> 2035)

0.7

S Eg Amg& Am, A\ E

% 3 0.6 :—g Y "A'umd K % —

Summer 19 _: E.E E

_f o :_§ SiHQB S0l W/c06 28 <0 _:

(n:, clacal:n = os :_§ (excl. at CL>0.85) _:

E = g .

i 03 - A @ 3

- 2 - - E

E E Vubl E

= 0.1 .y

EL .\ = v P ]

_ e es -0 0'0-0:1 I 02 — 0.0 = o.lz = 0!4 — o.le — o!s ' :.o
2019 >year of 2030 (BESIII 20 fb-1 data as inputs)

BESIII White Paper, Chinese Phys. C 44 (2020) 040001
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BESIT Physics publications on the A}

2014 : 0.567 fb! at 4.6 GeV
A} - pK~m* + 11 CF modes

Published 17 papers
(7 PRLs)

A series of precise absolute BF
measurements: hadronic, semi-
leptonic and inclusive decays
Observation of decays into neutron
Af > nK .t 2 ntatrd
Observation of Cabbibo-suppressed
decay A} —» pntm~

First evidence of Cabbibo-
suppressed decay A — pn

First measurements of many decay
asymmetries

Determination of AF spin
Threshold cross section and form
factors of A} pairs

Very productive for the
data set taken in 35 days!

Hadronic decay

A —pK'K, prir
A} —nKsn*

Az —pn, pr’

Af— X nd
AF - ZOOK*

A > Anpm*t

Af -2t 2y’

A} — BP decay asymmetries

A7 - pK1
A} spin determination
Semi-leptonic decay
AF—Aety,
Af Ay,
Inclusive decay
AF—AX
Af—etX
AF—KIX
Production

A} A7 cross section

PRL 116, 052001 (2016)
PRL 117, 232002 (2016)
PRL 118, 12001 (2017)
PRD 95, 111102(R) (2017)
PLB 772, 388 (2017)
PLB 783,200 (2018)
PRD 99, 032010 (2019)
CPC 43, 083002 (2019)
PRD 100, 072004 (2019)
PLB 817, 136327 (2021)
PRD 103, L091101(2021)

PRL 115, 221805(2015)
PLB 767, 42 (2017)

PRL121, 062003 (2018)
PRL 121 251801(2018)
EPJC 80, 935 (2020)

PRL 120,132001(2018)

2024 FBESIFHIVIEITIT=
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BESII

New A data in 2020-2021

3847/pb [2019.12-2020.06]

1800
1600
1400
1200

1000

1847/pb [2020.11-2021.02]
800 567/pb [2014]

“_anlncenn..

.
. .
.....
----
.,y .

4.6 4.612 4.626 4.64 4.66 4.68 4.7 4.74 4:75....4.78 4.84 _ 4.92-"°4.95

.
---------------------

in total, 6.4 fb"! data above A{ threshold (~8x times more A{ statistics)

* First measurement of absolute form factors of AL — Ae*v,

* Observation of second SL decay Af —» pK~e*v,

* Many observations and improved precisions of Cabbibo-Suppressed modes
* First partial wave analysis of AL decays

* More studies of neutron-involved decay modes

* Search for rare decay Af —» yX+

2= 2024 FBESIIFTIEIHTS A8



BESII

Semi-leptonic decay

v" Form factors of Af—Ae™v,

v AY > pKTetv,

v LFU test of AT—Alv,,

v' Observation of A} - netv,

v' Search for A} - Antn~etv, and pK;m~e v,

Neutron-involved decay

PRL129, 231803 (2022)
PRD106, 112010 (2022)
PRD10S8, L0O31105 (2023)
Submitted to NC
PLB843, 137993 (2023)

v Af—nrnt PRL 128, 142001 (2022)

v A santrl notntnT, nK ntnt CPC 47, 023001 (2023) (Cover Story)
v AF o nKK* arXiv:2311.17131

v AY > IKtnt arXiv:2309.05484

v A} > nKntn© arXiv:2401.06813

Hadronic CS decays

v AF - pr®, pn,pn’, pw

v AT - AKY AK TR0

v AF > IYK, ZOKT

v A5 ItKtnT

Hadronic CF decays

v' PWA of Af - Antn®

v W-exchange-only process Z°K*
v A+ N ':OK+ 0

v PWA of Af - Aty

v Af - pK, pK 0, pK ntn™ 28 p
Inclusive decay

v" Improved BF of A —e*X

v' First BF of A; —»nX

PRDI106, 072002 (2022); JHEP11, 137 (2023); arXiv:2311.06883
PRDI106, L111101 (2022); PRD109, 032003 (2024)

PRDI106, 052003 (2022)

JHEP09, 1&5 (2023);

“b%% 12, 033(2022)

¢ PRL132, 031801 (2024)
¢S M PrRDI09, 052001 (2024)
pe arXiv:2407.12270
arXiv:2406.18083

PRDI107, 052005 (2023)
PRDI108, L031101 (2023)

Rare decay

v oAF s yst PRDI107, 052002 (2023)

Production and excited A}
v A{A¢ lineshape and form factor PRL107, 052002 (2023)

v A, (2595)* and A (2625)" production and decay arXiv:2312.08414, arXiv:2401.09225
s 2024 FEBESIIFIIEHYS ARG



BESIT

+ data PRD 108, L.031105 (2023)
1.14 > 200k — total fit
; 8 ==s Al— An*n®
e e -+=non-res bkgs
9 1.12 S - Averaged
B, 1) === LQCD
S : 100 | - LQ
> <ap >=
1.1f = ; Y
' ‘ 5 —094+007+003+
0. R T K ) { + + : —%’—
Umiss (GCV) al
2.5f=*'DATA 0 0.5 L1
2 LQCD / 2 (GeV?)
‘:9 > )“‘lf-’“";"'é;" —~
Sy e !”""m“ 2 o015 02r
|l ° o O 1
0 S .f./‘ 01 \\,‘\»‘ 0“‘_02%’! - ﬂF
3 005} 4:; oala -+, oo
s LAetv,  § detv,
0 0204 0608 1 12 0 05 1
4> (GeV?) 42 (GeV?)
— L e Sy 0.2f
& S 0.15[ e wE o, _t—
E: '.('3 4'}/';*—' RS o OfF o
o it E 0.1 l<u‘-0.2*’~:b | _t_ s
§0.05g11 '04;‘4— + _—}—
o u Vu . . . _A.“._]L#_._
; . . 0
0 02 04 66 08 1 12 0 0.5 1
0 0 5 ) 1 0 05 ) 1 q (GEV ) q2 (Gev2)
g% (GeV?) q* (GeV?)
141 T
12}
5
I B b
> 08-‘{——{‘—}-— S —a _l_
0.6k ) . ,
0 05 1 0 05 1
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BES]I[ Observation of AT — ne*v, with Machine
Learning Submitted to NC

03 -02 -0.1 0 0.1 0.2 0.3 0.4 0.5 0.6
L B B L

l\IIRQM Phys.Rev.DI‘wl(llmlw)z%s S ; N
RQM Phys. Rev. D 56 (1997) 348 .
HQET Phys. Rev. C 72 (2005) 035201 [
CQM Phys. Rev. D 90 (2014) 114033 .
RQM Eur. Phys. J. C 76 (2016) 628 °
SU@3) Phys. Rev. D 93 (2016) 056008 ——
QCDSR  J. Phys. G 44 (2017) 075006 o
SU@3) JHEP 11 (2017) 147 ——t
LFQM Chin. Phys. C 42 (2018) 093101 °
SU@3) Phys. Lett. B 792 (2019) 214 ——t
MBM Phys. Rev. D. 101 (2020) 094017 .
LFCQM  Phys. Rev. D 103 (2021) 054018
* A novel Deep Learning is utilized to separate signals from e R —
dominant bgck&round of dominant backgrounds from Af QCDSR  Phvs. e 108 205 07017
- A(_> nT[ )e v LQCD Phys. Rev. D 97 (2018) 034511 —e—i
¢ Train GNN with ParticleNet using control data from J /1 BESWlesp. e
— pnr™, pAK* and c.c. modes based on 10B ]/ decays 03 02 01 0 ol 02 03 04 05 06
. . B(A; — ne*v.)(%)
+  First observation of AL - ne*v,
—  B(A} > netv,) = (0357 £ 00344, £ 001445 )% (> 100) i s T T
Af > ne*v, [} 1}5 - '-1‘:‘7:
= [Veal = 0208 £ 0.01 ¢y, + 0.005,qcp +0.001 , M onaens | Sl I oo - s
: . Fall 3
* This measurement demonstrates a level of precision fl 2
comparable to the LQCD prediction. 2 ; b '
*  The result provides significant insights, shedding light on the 3 0 ittt bt 3 0 B otk
di-quark structure within the A¢ core and the T — N clouds in S e e
the low Q2.
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BESII

First evidence of Af — pm®

—nmt) (1074

+
C

B(A

arXiv:2311.06883
Q. 4 Data
;U 10 B (a) — - Signal
o i Inclusive hadronic
E background
o | - A¥A. background
N i
s
~
2 | |
0L N L
2.2 2.25 2.3 2.3% 2.4
e (GeV/c?)
15 T T T
10 — A
»& *7
R as ¥ BESIII Belle's Limit
+ SUR)I A SUQR)II
5 SU3) III m SU(3) O(13)
L + SU(3) broken () SU(3) respected
5 + CQM(A) CQM (B)
¢ ¢ PMCA TDA
[ | I SN |
0 2 4 6

SCS decays of A — pr? and pn

Most precise measurement of AL — png

B (Al— pr) (x10™)

_ 1
& [ JHEPIL, 137 (2023)
~
> —+ data
D
2 500 — fit result
- signal
<
o - - - background
2
~—
=
L
>
=
0.1...|r..‘~.»|L.J1...|
2.26 2.28 23 2.32 2.34
My (GeV/c?)
B(AF — pn) B(Af — pw)
BESIII 1.24 £0.28 £0.10 [22] —
LHCb — 0.94 4 0.32 £ 0.22 [23]
Belle 1.42 £0.05 £ 0.11 [24] 0.827 £ 0.075 + 0.075 [25]
This paper 1.57 +£0.11 £ 0.04 1.11 +£0.20 £ 0.07
Current algebra Uppal [13] 03 o
Cheng [26] 1.28 —
Sharma [14] 0.2%(1.7%) —
Geng [27] 1.251938 —
SU(3) flavor symmetry Geng [28] 1.30 = 0.10 _
Hsiao [29] 1244021 —
Geng [30] — 0.63 +0.34
Hsiao [31] — 114 +0.54
Zhong [32] 1.36%(1.27%) —
Topological diagram method | Hsiao [33] | 1.42 4 0.23¢ (1.47 +0.289) —
Heavy quark effective theory | Singer [34] — 0.36 £+ 0.02
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BGS]]I Recent results on A, hadronic decays

»*Ks and ZOK+

Observation of AL - nm™

PRL128, 142001 (2022) #/daia
oo 14 e Alon T
% 100 —Eio h ’M S
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Many CS modes are explored.
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PRD106, 052003 (2022)
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Q F Q F ;
Y :h
4 2 & 2|
ok N
rec(Ry p) M. . (GeV/c?)

A > nK ntnt

Events / 5.0 MeV/c2

F©

L 200F >

=
T

=
T[T

100

i KT
— Chehyshey
I comb. BKG

0.95 1

M, (m7°) (GeVic?) T (GeV/e2)

~~~~~~
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0.9 0.95 1
M, (K1) (GeVic?)



Af —» 29Kt

three-level cascade decay At —» Z°K*, 20 - A%, A - pr~ PRL132, 031801(2024)

CcoS 00 —+— Data

— Fit

~378 signals reconstructed

40r o F }
~ [ —+ Data@4.60Gev At | 7 gim fit
Q L
L ~ N
= [ N\IBKG
c. 20 — o
o 201 7/ Misreconstructed 3
> 3
= i =
= B 5}
g 10— e
=T
[ “‘ "”‘ B "‘:"‘"_""'“““““““" - ) E:
My (GeV/cY) :

=0

rest frame A rest frame

B Physical Boundary 8
1_—__‘;__”“_'-—7—"—"%—- Polar angle Azimuth angle
B2 0.0, -(BESIII) & BF(PDG)
[ e Korner(1992), CCQM
0.5 ;U(l‘”ﬁ)’ l)‘;(l'e(ltm) Pol
L [ mameass.ccom * First determination of decay asymmetry azoy+
g o =0 e vis i ¥ b = 0.01 £ 0.16 £ 0.03, consistent with zero
- Sharma 199, CA * No theoretical model explains the current results
Y eng(2019), SU(3) . . . .
WFo  zmammer * First determination on phase difference &, — 4,
- Zhong(2022), SUG) . .
i ; D with two solutions of /2 and —m /2

Branching Fraction(x10™)
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BESIT

Form factors of baryons

. _
N
e /
- / &
e \”

e —C

" 2 4
e S =2
< Time-Like region Annihilation
NP o N2 :
0 5600 e_(kl) NV
= %0
O 2) 2 e p
£ 7 (Q7) \\'9\(’ Jlep VW ‘ Jhad
S & % (G
W HY o 0(\
e (k)7 Jiew e~ (k2) et (ko) N(p>
Access via:
t;channel: (P2 — p1)? = pp — e etnm® | s-channel: (ki + k2)? = q2’
Space-Like region 0 4M§/ q?
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In the time-like region, access to the Electromagnetic Form
Factors (EFF) of the baryons, which characterize the internal

structure of the baryon




BESIT

Baryon pair production

3 T T 'gzg'g;?::' 1 —230 vvlvvvvlvvvv]vv'vlvvv_‘_tm
31 03 | . nﬁgﬁst (\D I::T\c :
@) E_OO_%_-S&O o0 . ?\TK__BESIII (Dw 2.5 ~&- pp:BESII i
it ey, &l . :
k. fﬁﬁlﬁ T+ i b | =
E ¢ } d &, 0 AR, Belle "
F ‘ T 9 ! ¥ 15 1 ] r
10F i L ; 5
- $ 1.0 * * ; i
— ik
1¢ f %i(% 0.5 + + ! T-_
: L . . : % 00...l....l....l....l....l....l....l....:
0.0 0.5 1.0 01 02 03 04 05 06 07 08
B=V1-4M§/s B
» Abnormal threshold effects observed m various baryon pair production:
pp, AA, AZA; ...
» |Gp/Gy, ratio significantly larger than 1 at low beta for p, AL, 2,
indicating large D-wave near threshold.
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BESII

e Very challenging measurement due to pure neutron final states
« BESIII takes three approaches and provide validations among each other 1200(2021)
10 — . 0.08 .
;CfOSS sections :EB)II\E/ISZ”(Iref_ ¢ 1 EEE:I(I)E‘QCfOSS section ratio I EFF * BES'“_‘ ”’1‘ .
[ i 10' 0.06 ’ ’ BaBar: ppy,gp, (ref. )
;ﬁngE .......... Pred?ct?on:; OSC///atlon -------- Simultaneous fit: proton
103? 5-4‘-5; - . a et 0.04 - ~— = Simultaneous fit: neutron
g : t ’ ﬁ* ’.* * %: 5 0.02 ﬁ '
& 102§ 3¢ ¢ & 1100 (6] \ :
- : & ' p ! } {»HH of I *}L / \ \»‘}:;_T:XLLHQT
o | hl;ﬂf* .............. }..i;ﬁ}.{, ............................................... -0.02 f/}/
18 20 22 24 26 28 30 10_11.‘8 =0 b2 51 ©F 28 80 ~004 : 1 i i i 1
(s (Gev) [5(Gev) 20 22 24 26 28 30
(s (Gev)
* XS measured in a wide range with unprecedented ey
precision (~10%): confirming threshold enhancement MARE DIICS
» XS ratio between proton and neutron: do not support Neutronstructure oscillates
the FENICE conjecture, but are within the theoretical
predictions
* Oscillation of EFF observed in neutron data:
simultaneous fit of proton and neutron data gives
shared frequency (5.55+0.28) GeV-! with almost
orthogonal phase difference of (125+12)°
s 2024 FEBESIIFIIEHYS

Threshold production of ete™ - nn

Nature Physics 17,



https://www.nature.com/articles/s41567-021-01345-6

BGS]]I Separated electric and magnetic form factors
of the neutron in time-like region

A spin-half particle, such as the nucleon, described by two EMFFs: PRL130, 151905 (2023)
Gge(92) and Gy (g2), which are Fourier-transforms of the intrinsic
electric and magnetic distributions of the nucleon in the Breit frame

0.8—

« BESIII (this work) N i e BESIII (this work) |
-+ Modified Dipole: Phys. Lett. B 504 (2001) 291 i FENICE: Nucl. Phys. B 517 (1998) 3-35
o pQCD: Phy: Rev. Elen. 79 (1997) 1209-1212 i [ -.< Modified Dipole: P)flws Lett. B 504 (2001) 291 ) d GM' IOWGI‘ than FENICE
0.6 VMD: Phys. Rev. C 69 (2004) 068201 I O-GT ; :J/?A%l_); ihvshﬂev;::-(;zo(;)figg:!;g?94212 _
— - DR Mainz Model: Phys. Lett. B 385 (1996) 343-347 DR I\/'Iain: Model: Phys. Lett. B 385 (1996) 343347 e SultS
— L " Production threshold L ] e Production threshold h G d G
w | Tsp4l - .
o oa s _ g and Gy: agree more
. 1 BEEAS! | with Dispersion Relations
0.2 - 0.2 : +_ + ]
_?"+‘-*.—*‘{ ] e S 1 (PR
8 2 22 24 26 28 3 98 2 22 24 26 28 3
/s (GeV) /s (GeV)
1L o TL Separated IG,| (this work) A o T, ‘I:LSeparatedIGMl (this wor Time-like (TL) \A) Space-like (SL)
g v SLGg World Data ?“,‘ v SLG,, World Data
! " C N R 1 not sign of following
107" ?’?-1, 1 = 107 Ny b —
— %bﬁ; | ey = S : the tendency of
—_— HE! h'i-.._' ] B E *y e .~ n R
Nl | 1 7 [ e ] TL (.2 2
10_2* E."-. .................... 2| - N RE’M E | G‘S§>M(q ) | |q |_)<>o> 1
g, i e GEr (~ )
3 1 l 1 L Ll e
W% 4 6 8 10 12 14 L R R ST N T S
Iq°l (GeV?) I (GeV?)
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BESIT

Hyperon physics at BESIII

. _ Decay mode B(x10—3)
10 billion J/psi events collected =

_ J/— AA 1.61£0.15| 16.1£15

= Largsiratesiin /1 decays J b — X050 120+ 0.09| 12.9+09
* Quantum entangled pair productions Jjp— E+5- 1504+024| 13.0+24
+ Background free, high efficiency J/p— 2(1385)—.£!‘+ (or c.c.) 031 £005| 31+05
_ _ _ J/¢¥ — X (1385)~ 3(1385)F (or c.c.) 1.10£0.12| 11.0£1.2
Hai-Bo Li, arXiv:1612.01775 T s SO0 120 £024| 120L24

A. Adlarson. A. Kupsc, [v—=E7F ‘ ‘ =
arXiv:1908.03102 Jp—=>="=t 086+0.11| 8.6+1.0
J/v — =(1530)0=0 032+0.14| 32+14

a hyperon factory! J/v— =(1530)" =+ 059+0.15| 59+1.5
¥(28) = 2~ NF 0.05£0.01| 0.1540.03

CPVin SMis small : # events Experiments

B meson :
K meson :
D meson :

Hyperon :

O(1) discovered (2001) 103
0(10-3) discovered (1964) 106

B factory

Fix targets
0(10#) discovered(2019) 108 LHCb
0O(10%) no evidence (102) 0O(108) Fix targets

-> BESIII ?

2024FBESIIFIIETS

2008


http://arxiv.org/abs/arXiv:1612.01775
http://arxiv.org/abs/arXiv:1908.03102

BESIT  Relative phase of Form Factors(FFs)

» Through the weak decay of hyperons, we could probe its polarization. Hence
more information of the EFF can be studied

* Ag is the phase angle difference of G and Gy,: can be explored via angular
analysis of the spin-coherent hyperon-pair weak decays

W(§) = Fo(§) +nF5(§) + a@ (F1(§) + /1 —n? cos(AD) F,(§) +nFe($))
+41 —n2sin(A®) (aF;5(§) + @afF,(¥)) X a2
, = \/(;1 1)

R = G[: GMAAQ)—(D[: (DM, ’[—:‘gj

polarization-term
independent O._ and a, dependence

2Re(S* P
,,/l—a,f, sin(A®)cos 8, sin 6, 06=S(—2)

P,(cosb,) = 5 S| +[A
1+a,cos™ 6, ﬁ_zlm(S*p)

0,2; |S‘2+|P|2
=t /\ y_\S|2—|P‘2 CP asymmetry:
4 Sl e s
& + 83 ,13 + A3
02-\/ | 0{2+ﬁ2+72:1 A: 0_6 N B:m .

—1 0.5 0 0.5 1
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BES]]I Updated A decay asymmetry in J /1 - AA

PRL129, 131801(2022)

e Updated results based on 10B J /i events: ~0.42M signals
* Perfect fit to data

e Decay asymmetries with improved precisions are consistent with previous BESIII results
* Sensitivity of Acp 1s improved to the level of below 0.5%

0'2: i LI L LB L L BN N LN NN B N B LA I DA B | IR LR B B
0.15} 7 attie. ¥ PDG 2018 PDG 2021 PDG
0.1 uiff'r" LH AST75 — | | |
=% GEE. : b CLET —l"_ | CNTR85 |
c:%j g o DAUS9 : Dm2 |
= -0.05f &f OVE67 . | CNTR96 —
‘0-13 IL-.‘, ;xff tgf;:al MC CRO63 —+ l BES |
_0‘152_ i*wwwfﬂ — PHSP MC BESIII 1.3 billion J/y | | = BESIII 13 billon J/y _.|_
= CLAS19 - ' ‘ '
5 BESIII 10 billion J/y | |.§l5_‘71 BESIII 10 billion J/y ’l
= Op e b b L W T I T D Lo
-53 5 0 05 104 045 05 055 0.6 0.65 07 075 0.87.25 02 —0.15 01 005 0 005 04 015
cos6, (A — pr) Acp
Par. This Work* Previous results ** PDG 2018 ***
g/ 0.4748 + 0.0022 + 0.0024 0.461 £+ 0.006 £ 0.007 0.469 4 0.027
AP 0.7521 £ 0.0042 + 0.0080 0.740 + 0.010 = 0.009 -
o 0.7519 £+ 0.0036 £+ 0.0019 0.750 = 0.009 + 0.004 0.642 4+ 0.013
oy —0.7559 £+ 0.0036 + 0.0029 —0.758 £+ 0.010 &= 0.007 —0.71 4+ 0.08
Acp —0.0025 £ 0.0046 + 0.0011 0.006 = 0.012 = 0.007 -

O+ avg. 0.7542 £ 0.0010 % 0.0020 0.754 = 0.003 £ 0.002 -

aiRsE 2024 FEBESIIFIEFTS B



BESIT cpPvinE

Nature 606, 64 (2022)
ete” — J/p—

- =2>An decay with A - prt™

Based on 1.3 B ] /Y events
(13% of total ] /Y events)

f——f_\—|—
et o
e e

Parameter This work Previous result 9-dimentional fit: ~73K signals
Oy 0.586+0.012+0.010 0.58+0.04+0.08 3
AD 1.213+0.046+0.016 rad. -
oz —0.376 +0.007 +0.003 —0.401 +£0.010 22
0=z 0.011£0.019+0.009 rad. —0.037+0.014rad. 2
Oz 0.371 40.007 £ 0.002 —
o= —0.021 +£0.019+0.007 rad. =
7.[+
o 0.757 +0.011+0.008 0.750 4+0.009 +0.004 3
5 —0.763 +£0.011+0.007 —0.758 £0.010+0.007 2
-2 .
& =& (1.2£3.4£0.8) x 107" rad. - First measurement of baryon weak
3, — (—4.4+3.6+1.8) x 1072 rad. (8.7+3.3) x 10~2 rad2 | phase difference
O (6.0£13.4+5.6) x 10~ -
AE, (—4.8413.742.9) x 10~ rad. _ We obtain the same precision for
¢ as HyperCP with three orders
AL (=3.7+£11.7+£9.0) x 1073 (—=6+£12+7)x 1073 3 . |
of magnitude smaller data sample!
< 0z > 0.016+0.014 +0.007 rad.

HyperCP: ¢ErHyperCP =

~0.042 +0.011 + 0. 011
BESIII: <¢pz>=0.016+0.014+0.007

2024FBESIIFIIETS

HyperCP: PRL 93(2004) 011802


https://doi.org/10.1038/s41586-022-04624-1

BESIT J/p — 72T = A(p7r__')7r_/_\(’r_z7r0)7r+

10B J /1 decays ) ~ PRL132, 101801 (2024)

Parameters This work Previous result

/o 0.611 + 0.007790°052 0.586 % 0.012 £ 0.010 [17]
AD ;. (rad) 1.30 4+ 0.0370°92 1.213 £ 0.046 %+ 0.016 [17]
o= —0.367 £0.00470°9%%  —0.376 & 0.007 £ 0.003 [17]
¢= (rad) —0.016 £ 0.0121)-20% 0.011 £ 0.019 % 0.009 [17]
o= 0.374 + 0.004+9-992 0.371 = 0.007 + 0.002 [17]
$= (rad) 0.010 +0.01279°992  —0.021 4 0.019 + 0.007 [17]
an— 0.764 £ 0.00870°09°%  0.7519 £ 0.0036 £ 0.0024 [35]
an+t —0.774 £ 0.00970:9°% —0.7559 + 0.0036 £ 0.0030 [35]

| oo 0.670 & 0.00919-999 0.75 £ 0.05 [28] |

&Ao —0.668 +0.00870°00%  —0.692 £ 0.016 + 0.006 [18]
§p — s (rad) 0.033 £0.02070075  —0.040 £ 0.033 £ 0.017 [17]
Ep — €5 (rad)  0.007 4 0.02019-918 0.012 + 0.034 + 0.008 [17]
ASp —0.009 £ 0.00819-907 0.006 + 0.013 £ 0.006 [17]
A¢ZL (rad)  —0.003 £ 0.00819:902  _0.005 + 0.014 4 0.003 [17]
Agp —0.007 £ 0.008):00% —0.0025 + 0.0046 + 0.0012 [35]
Adp 0.001 =+ 0.00970-55% -
Al —0.004 £ 0.00719:953 -
ano/an— 0.877 £ 0.0151-91¢ 1.01 £ 0.07 [28]
ano/an+ 0.863 +0.01470-052 0.913 4 0.028 £ 0.012 [18]

=Y 2024 FBESIIFTIEIHTS A0



BESII

CPV in E° 2> An? decay

J/P — EOE° - An®An® in 10B J /1 decays

PRD108, L031106 (2023)

Parameter This work Previous result _
Q) 0.514 4 0.006 & 0.015 0.66 & 0.06 [34] J/p — 200 J/p - EET
A®(rad) 1.168 +0.019 + 0.018 - -
oz —0.3750 4 0.0034 + 0.0016  —0.358 + 0.044 [18] Parameter E” (this work) E” (from Ref. [15])
o= 0.3790 £ 0.0034 £ 0.0021  0.363 £ 0.043 [18] o/ 0.514 &+ 0.006 = 0.015 0.586 &+ 0.012 £ 0.010
$=(rad) —0.0053 + 0.0097 + 0.0019 —0.19 £ 0.13 [18] O_ZE —0.3750 £ 0.0034 £ 0.0016 —0.376 & 0.007 £ 0.003
= = —0. . 0019 —0.021 +0.01 .
€p — €s(rad) (0.0£ 1.7+ 0.2) x 1072 - ?—(iag) (rad) 0( g(ﬁf ;) iog ;)ixol?_zg (10 g N 3i 40 io 098)i3 (1)8?2
6p — bs(rad) (—1.3+1.7+0.4) x 1072 - Pes SO L emE
P o8 §p — ds(rad) (—1.3+1.74+0.4) x 1072 (—4.0+3.3+1.7) x 1072
= — — p—0ds(rad) (-1.3+1.7+04) x107° (—4.0+3.3+£1.7) x 10
ASp (=5.4+6.54+3.1) x 107° (—0.7£8.5) x 1072 [18] el (_54465+3.1) x 10-° (64134 6) x 10-°
ApZp(rad) (—0.14£6.9+£0.9) x 1072 (-7.948.3) x 1072 [18] = ' ' ' _ _
Ab, (69+458+1.8) x10°8 (—25+48) x 10-° 13 ~¢ertrad) (70.1£69209) x 10 S (C5E14EY X107
¢ (p=) 0.0052 + 0.0069 + 0.0016  0.016 =+ 0.014 % 0.007
(az) —0.3770 £ 0.0024 4 0.0014 -
(p=)(rad) 0.0052 + 0.0069 + 0.0016 -
(aa) 0.7499 =+ 0.0029 + 0.0013  0.7542 4 0.0026 [13]
= 2024 FEBESIIFIIEHYS
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B'ESI[[ Polarization behavior in different hyperon

]/1[)—>A/_\

PRL129, 131801(2022)

ete” > Y >3t - pprn'n

pair productions

0

PRL125, 052004(2020)

ete” > J/P > T - nutpn’

0-1-55_ :x?/”’”\#ﬂ N, o.t;sf_ x¥/nbin = 0.9 —E 0.04 3 arXiv:2304.14655
0.1 6 Y 7. S E 0.03F- 3
o< 005 4 ! N S £ 0.02f-
g O ) ?j__—‘" I T E & 001F,
T -0.05F} E - + . 3 A
0.5 A I 015 < 001 +Data £
_0.155_ 1'?3.\&‘:’. 3 ol fﬁrgsp Mg ; 0(:) ; - = _:::; E— _ Il'::?tasef space 3
: 8§ ~0.03F [@Difference _ E
2 3 -0.05 = : : H =
= Sf ' e e il ‘ Y3 —0.04 3= 06 04 02 0 02 04 06 08 1
1 —0.5 0 0.5 1! B T cosf;.
coso -1 08 06 -04 fo.zcogey 02 04 06 08 1 ,
= (0.7521 + 0.0042 + 0.0066)rad |®U/¥]=155+0.7 +0.5° AP ] =217 £4.0° + 0.8 AP = (-277.2£ 4.4+ 4.1)x10™" rad
9 i Ap=(—0.4+3.7+ 1.0)% Acp=(-8.0£5.2+2.8)%
A=(—0.25+0.46 + 0.12)% P =i s
=0 o~ o €'eT =1/ EEY - AAmtae efe” 2P - E7E - Mt
J/w - EEY - Am”'An y , , ,
L B S B R
i 1 Nature 606, 64 (2022) 04r
o, anXiv:2305.09218 T  PRD106, 1091101(2022)
- [ 0.1F
I )
5 0 T, SR, 0.1
S 0.2F
0.3F 04 } -
720820604 202 0 02 04 06 08 1 L L
-0.1 coso -1 -0.5 0 0.5 1
cosO-
= (1213 + 0.046 + 0.016)rad B
Y 1 (21250040 0:010) A® = (0.667 +0.111 + 0.058) rad.
cos 6 A=(0.601+1.34 + 0.56.)% Acp=(-1.5+5.1+1.0)%
aiRsE 2024 FEBESIIFTIIE TS R9
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BESII

Study on hyperon rare decays

Xt >ypfromJ/p - XtE~
PRL 130, 211901 (2023)

x103 x103
2+ 600
= E% ~
X 400 Q)
=¥ (a) ' - >3
p= % =
Q2r i Q3T o oo 2 05T 032023 024
: i % i Data : { i Data
= = Total Fit = i — Total Fi
§ 1F ff L —-sigal § 1F £ 1 —-§iglna{l} l
1 =*—spn’ BKG 4 3 —pn’ BKG
i J R y\, qmcfsxo o e = Q(hc’: BKG
0 15 2 0.25 0.3 15 02 0.25 0.
Py, (GeV/o) Py (GeV/o)
T — T T
04}
[ +
—~ i I
X -06f |
oo * T
Q - x BESII
+-08} NS
- 1 PMI
I A PMII
[ —_— = NRCQM
1k i ChPE (BE x0.1)
[ . 1 . L . L 1 L " . " 1 " . " .
0.5 1 1.5 2
BF (Z*— py) (x107)

A->yninJ/Y - AA

PRL129, 212002 (2022)
1800:— I
1600 N =
0,1400_—(3) R W
= 12001 A
i1000;_ | Sz:f’:;”ﬁ‘SS 0.16 0‘5: ﬂ|.7
% 800F
@ F
<|CJ 600 F — Total PDFs
e E .-+ Signal PDF
1L 400 J BG A PDF
200 A 7", - BG B PDF
(9.08 0.1 0.120.140.16 0.18 0.2 0.22 0.24
E} in A rest frame(GeV)
11— T T T T
A * ® BESII
L ¢ PDG
i % VDM
L A PMI
0.5 - A PMII
_ - B NRCQM
= L v QM
1‘5 L + BSUG)
S 0 _— ——t * ChPT
5 [ *
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L #
Ll + \ A
0 1 2z 3
BF(A—ny)(x107)

2024FBESIIFIIETS

AR



BESIT

Study on hyperon rare decays

It - Ae"vviaJ/YPp - ZtI"

N -
8 + Data _i
o ~ Total fit 3
L TE — sigoa e
> 6 - Background fit =
é’ I Background MC 3
5 - E
ll? 3
e 4 s =
~ o
g’ ;
> 3
@ 2 -
] 3
r g 1 3

-0.006 -0.004 -0.002 0 0.002 0.004 0.006

M, (GeVZ/ct)

PRD 107, 072010 (2023)

B | I I I | FRd
BNL (1967) 6 events 1.5540.63
CERN (1969) 10 events 107037
BNL (1969) S events 1.9410.86
This work 15.7+4.0 events 1.0610.28
Average 1.3740.25
Lee-Yang's prediction (1960) 157 L4
PR TS NS U P a1
-3 -2 -1 0 2
R

Events/( 2.8 MeV)

A->puvinjJ/yp - AA

71T

20

- ¢+ Data _
I8F — pqum NDr=641
165 — A-ppV,

A-apt

14F A=peT,
l’- <« Other backgrounds
10f
8

- {*
[y . .
4

- \

25 \

[ [ AT need
G " rww W B ERES  ¥83 3 - - - - -,
.08 006 004 -0,02 0 0.02

lJn‘l»‘ch)

PRL 127, 121802 (2023)

RIS

044 0.06

inconsistent |Vus| measurement

§ ¢

Kg, N, = 24141, PDG 2018
0.2231+ 0.0008

Ko, N =2+1+1, PDG 2018
0.2253 + 0.0007

CKM unitarity, PDG 2018
0.2256 + 0.0009

T Xy

0.2195 + 0.0019
T—=Kv/t—=nav
0.2236 + 0.0015

T —Kv

0.2234 + 0.0015

T average

0.2220 + 0.0013

HFLAV
[ 2018 |
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BESIII Physics

FETV— > . b 3 ‘

Chinese Physics C  Vol. 44, No. 4 (2020)

THEP-Physics-Report-BES-I11-2008-001

Physics at BES-III

Future Physics Programme of BESIII*

Abstract: There has recently been a dramatic renewal of interest in hadron spectroscopy and charm physics. This renaissance
has been driven in part by the discovery of a plethora of charmonium-like XYZ states at BESIII and B factories, and the obser-
vation of an intriguing pi I threshold enh: and the possibly related X{1835) meson state at BESIIL, as
well as the threshold measurements of charm mesons and charm baryons. We present a detailed survey of the important top-
ics in tau-charm physics and hadron physics that can be further explored at BESIII during the remaining operation period of
BEPCIL This survey will help in the optimization of the data-taking plan over the coming years, and provides physics motiva-
tion for the possible upgrade of BEPCII to higher luminosity.
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SOOI Planned future data set

Table 7.1:  List of data samples collected by BESIII/BEPCII up to 2019, and the proposed
samples for the remainder of the physics program. The most right column shows the
number of required data taking days in current (T) or upgraded (Ty) machine. The
machine upgrades include top-up implementation and beam current increase.

Energy ‘ Physics motivations | Current data ’ Expected final data ’ Tc | Tu
1.8 -2.0 GeV R values N/A 0.1 fb~1 60/50 days
Nucleon cross-sections (fine scan)
2.0-3.1GeV R values Fine scan Complete scan 250/180 days
Cross-sections (20 energy points) | (additional points)
J J /1 peak Light hadron & Glueball 3.2 b1 3.2 th~! N/A
J/ decays‘ (10 billi0111) (10 billioln) to be complete
\/u*(3686) peak ngéit l?adro.n & Gluelv)aH 0(:7 f"l)‘ .4.;) ﬂ). 150/90 days in until 2024
‘harmonium decays (0.45 billion) (3.0 billion)
»(3770) peak D"/DE decays 2.9 b1 20.0 -1 T 610/360 days
3.8 -4.6 GeV R values Fine scan No requirement N/A
XY Z/Open charm (105 energy points)
4.180 GeV D, decay 3.2 b1 6 fb—1 140/50 days

XY Z/Open charm
XY Z/Open charm

4.0 - 4.6 GeV Higher charmonia 16.0 b1 30 b1 770/310 days
cross-sections at different /s at different /s
4.6 - 4.9 GeV | Charmed baryon/XY Z 0.56 fh=1 15 b1 1490/600 days
cross-sections at 4.6 GeV at different /s
4.74 GeV YA cross-section N/A 1.0 fb~! 100/40 days
4.91 GeV Y..X. cross-section N/A 1.0 fb~! 120/50 days
4.95 GeV =. decays N/A 1.0 fb~! 130/50 days

~55 b1
aiRsE 2024 FEBESIIFTIIE TS GR7



= Proposal of the upgrade BEPCII

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 _mm
Lum [10%2cm2s71]
> Add another cavity per beam to improve the RF power 8 [cm] 15 135
» Change optics slightly, increase number of bunches Bunch Current [mA] 7.1 7.5
L . . . . Bunch Num 56 120
» Challenges: high beam intensities, backgrounds and aging effect in SR Power [KW] o SEF
the detector & lum 0.029 0.033
> Small risk: can continue running with better performance than BEPCI| ~ Fmttence [nmrad] 147 22
Coupling [%] 0.53 0.35
» Timescale: 2.5 years construction + 0.5 year installation Bucket Height 00069 0011
> Installation: July — December 2024 and the upgraded machine ready ~ %* ™ 1‘24 1.02
oz [em] 1.69 12
in Jan. 2025 RF Voltage [MV] 16 33

_____:-___-:'E*Eu
ond-Pis "

1x 108}

8x 10%

Upgrade BEPCII
(BEPCII-U)

BEPCII

<) Q\

3xLggpcn

é 6x10%+
o
l é 4x10%2} P\\.
— . ez o .
\\‘\%""‘ ~e - ‘"‘%l’: 2x10°r P
26 ~ o ©®
2.0 3.0 4.0 5.0 5.6
— == N "t A Ecm (GeV)
s 2024 FEBESIIFIIEHIS

AR



ol Project timeline of BEPCII-U

> Idea begins in 2018 : BEPCII operation meeting Hh B % B
» April, 2019 : The first formal report and discussion on RAEHEE (om) 275
Development Workshop of IHEP BRI 4 PEORBE S50 95 3 5 T
I 2R3 AL SO SO T-RHEBLR it
» September, 2019: The first communication with CAS VIR B T 5

» October, 2019: BEPCII-U plan as Science and Education
Infrastructure Project

HIEf R F AT
2] 2.80GeV, 3t &M@

» May, 2020 : The first review on accelerator

A\

July, 2020 : The second formal report and discussion on
Development Workshop of IHEP (including the cost)

September, 2020 : The accomplish of the project design report

(S B A TF)

April, 2021 : Review on design report
June, 2021 : The Design Report delivery to CAS
July , 2021 : The Design Report Approved by CAS

Project Cost: ~150M CNY

YV V VYV V

v' Phase I: Luminosity tripled to

» 2024 .7-12, Shut down for hardware dismantling and installation
it down Tor arew J 11x102em2s! @ 2.35GeV

» 2025-2028, Operation at 2.3~2.5GeV, prepare for energy upgrade
> 2028.6-9, Energy upgrade to 2.8GeV v’ Phase II: energy increase
» 2028.9~2030, Operation at 2.5~2.8GeV 2.47GeV=22.80GeV
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Future data taking with BEPCII-U

Table 7.1: - List of data samples collected by BESIII/BEPCII up to 2019, and the proposed Goal Integral luminosity > 6 bl

samples for the remainder of the physics program. The most right column shows the
number of required data taking days in current (T¢) or upgraded (Ty) machine. The

machine upgrrmdes inc.lude tICJp-Pp implementation and beam current increase. — f W ( 3770), 8.2 fb-l é 2 1 9 days
c/Tu

Energy Physics motivations | Current data | Expected final data |

1.8-2.0 GeV R values N/A 0.1 fb~T 60/50 o o -1
Nucleon cross-sections (fine scan) Remalnlng 3.8 fb ° lOWCI' pressure fOr
2.0-3.1 GeV R values Fine scan Complete scan 250 /480 days . .
Cross-sections (20 energy points) | (additional points) accelerator Operatl()n n 2023N2024
J/ peak | Light hadron & Glueball 32T 32T N/A S S S _
J/v decays (10 billion) (10 billion) ‘ I I I
1(3686) peak | Light hadron & Glueball 0.67 b1 4.5 th~T 150/90 days 1x103+BEPCI 1-U VS B
Charmonium decays (0.45 billion) : illj
¥ (3770) peak DY/D% decays 2.9 b1 C 200" . ays
3.8-4.6 GeV R values Fine scan ) ent N/A T, 8x10%t
XY Z/Open charm (105 energy points) ol
4.180 GeV D, decay 3.2 b T 6 fb~ 140/50 days S
XY Z/Open charm \ : 6 x 1032
XY Z/Open charm =
4.0 - 4.6 GeV Higher charmonia 16.0 fh~1 30 th—! =
cross-sections at different /s at different /s 2 4102}
4.6 - 4.9 GeV | Charmed baryon/XYZ 0.56 th=T 15 T 1490/600 days &
cross-sections at 4.6 GeV ¢ diﬁ"orent)ﬂ/ =
4.74 GeV YA, cross-section N/A Tom 100/40 days x 1032}
4.91 GeV Y.Y. cross-section N/A 1.0 T 120/50 days
4.95 GeV =, decays N/A 1.0 b1 130/50 days

2.0 2.5

3eam energy (GeV)
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BESIT  Potential physics with BEPCII-U

v' Detailed studies of the known Z ) states and search for "black swans" in the
higher energy region within a considerable amount of data sets.

v" Cover all the ground-state charmed baryons: production & decays, CPV search

2E = 4.69 — $.98 GeV i
Integrated Ifminosity 13.7 pb?
17 energy ints

=+ —*+Tl+ ~1}— b J‘Lﬁwa—%—

a5 50 55 6.0 6.5 7.0
)
e~ A2 el e~

Few data and potential physics for XYZ
and charmed baryons
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BESII

-
o
o
o

I e ——————— ] & ]

4000 | CD ISR effective luminosity

- Belle IT @ 10.58 GeV |
S 3000 |- f
= 5
8 2000
E
3 ?
2025

Ecm (GeV)

Competition with Belle Il exists, and
the scan energy points between 4.0
and 5.6 GeV need to be optimized

Integrated Luminosity (pb™)

/ / /
' AR AL AR ' I l
I ,/ BESII

103 el byt S e =
; ..... ..-};?M'.--t‘.h--..4 ........... | I - SO _f
102 E_ ................... !-‘......... ...... : .............................. —E
5 g E
_l4fOI - I4!5I - ISfOI - I5.ISI - l6-TO

Vs(GeV
We need further scan data samples (GeY)

for Ecm=4.00-4.15, 4.43-4.59, 4.90-5.60 GeV,
and some other energy points around
charmed baryon threshold, such as
v 4.01 GeV: DsDs
v 4.6-4.7GeV: A, A,
v 495-497GeV: 5, &,

5.4-5.6 GeV: 1202
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BESII

Summary

* BESIII 1s successfully operating since 2008, and will continue

to run for 5—10 years
— collect large data samples in the energy range 2.0~5.6 GeV

* Cover a large scope of physics topics

Charmed mesons and baryons

XYZ states and light hadron spectroscopy

Form factors of the nucleon and hyperons

Low-Q? QCD studies: R value, multi-meson production, fragmentation
function, ...

v Rare decays and new physics search
v

* Kuture goals:
50M DO, 50M D+, 15M Ds, 2M Ac , high-lumi. fine scan between 3.8 GeV

and 5.6 GeV
=» BEPCII-U: 3x upgrade on luminosity and energy upgrade

* Future STCF would be an important next generation facility

D NANER NN
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BESIT

Thank you!

I |
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BESIT

A7 decay asymmetries

- KY 0.+ + .0 =0+
Predictions and measurements i A a j’ i - i - R Z!_K
CLEO(1990) [1] - -1.0707 . - -
ARGUS(1992) 2] - —0.96 + 0.42 - - -
Korner(1992), CCQM [3] —0.10 —0.70 0.70 0.71 0
Xu(1992), Pole [4] 0.51 —0.67 0.92 0.92 0
Cheng, Tseng(1992), Pole [5 -0.49 —0.96 0.83 0.83 -
Cheng, Tseng(1993), Pole [6 -0.49 -0.95 0.78 0.78 -
Zencaykowsk1(1994) Pole [7] ~0.90 ~0.86 ~0.76 ~0.76 0
Zencaykowski(1994), Pole [8] —0.66 -0.99 0.39 0.39 0
CLEO(1995) [9] - —0.947 0 56T 0 o6 - —0.45 £ 0.31 £ 0.06 -
Alakabha Datta(1995), CA [10] -0.91 -0.94 -0.47 -0.47 -
Tvanov(1998), CCQM [11] —0.97 —0.95 0.43 0.43 0
Sharma(1999), CA [12] —0.99 —0.99 —0.31 —0.31 0
FOCUS(2006) [13] - —0.78 £0.16 £ 0.19 - - -
BESIII(2018) [14] 0.18£0.43£0.14 —0.80 £ 0.1 £ 0.02 —0.73 £ 0.17 £0.07 —0.57 £ 0.10 £ 0.07
Geng(2019), SU(3) [15] ~0.89707% ~0.87£0.10 ~0.35 £ 0.27 ~0.35 4 0.27 0. 94+g o
Zou(2020), CA [16] —0.75 ~0.93 —0.76 —0.76 0.90
BELLE(2022) [17, 18] - —0.755 £ 0.005 £ 0.003  —0.463 £0.016 £ 0.008  —0.48 £ 0.02 £ 0.02
Zhong(2022), SU(3)* [19] —0.57+0.21 —0.75+ 0.01 —0.47 4 0.03 —0.47 4 0.03 0. 91+g o
Zhong(2022), SU(3)" [19] ~0.2940.24 —0.75 £ 0.01 ~0.47 40.03 ~0.47 40.03 0.99 4 0.01
Liu(2023), Pole [20] —0.81£0.05 —0.75 £ 0.01 —0.47 £ 0.01 —0.45 £0.04 0.95 £ 0.02
it LD —0.68 £ 0.01 —0.75 £ 0.01 —0.47 £ 0.01 —0.45 £ 0.04 i
BESIII(2023) [21] - - - - 0.01 £0.16
Geng(2023), SU(3) [22 —0.40 £ 0.49 —0.75 £ 0.01 —0.47£0.02 —0.47£0.02 —0.15£0.14
Zhong(2024), TDA [23 0.01£0.24 —0.76 £ 0.01 —0.48 £ 0.02 —0.48 £0.02 —0.16 £ 0.13
Zhong(2024), TRA 23] 0.03£0.24 —0.76 £ 0.01 —0.48£0.02 —0.48£0.02 —0.19£0.12
PDG (for now) [24] [70.20 £ 0.50 (only BESI) —0.84£0.09 —0.73 £ 0.18 (only BESII) —0.55 £ 0.11 -
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