Overview of recent BESIII results
and prospects
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Magnet: 1 T Super conducting

BEPCII/BESIII: a t-c Factory
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high lumi, large
datasets, hermetic
detector with good
performance and
clean environment

A EFRE
First collision in 2008, physics run started in 2009
Operation c.m. energy: 2.0-4.95GeV
BEPCII reached peak lumi of 1x1033cm2s*@1.89GeV
in April 2016, this round data-taking: 1.1x1033cm™s™
2020: energy upgrade & top-up mode
Secured the running for another 5-10 years, with
small(but critical) energy increase and lumi upgrade

MDC EMC
Exps. Spatial dE/dx Energy
resolution resolution resolution
CLEO-c 110 pm 5% 2.2-24 %
BaBar 125 pm 7% 2.67 %
Belle 130 pm 5.6% 22 %
BESIII
<5% o
115 pm (Bhabha) 2.4%

2023/4/21 BIEERYHES & O I E T &

Dayong Wang




BGS]]I BESIII physics: t-c region features

2023/4/21

7 B | I N | | | l | AN | | | |
- J/Y ¥(25) §

6 | A Mark-T —
. Mark-I + LGW -

N ®  Mark-II -
R 2 - e PLUTO B
: O DASP -

4 % Crystal Ball =
- % BES % :
F NN e
- | j | | 4 i

[ J PR R — [ L '_ — ]
[— | | | | | | | :

:

O Rich of resonances, charmonia and charmed mesons.
O Threshold characteristics (pairs of T, D, D, charmed baryons...).

O Transition between perturbative and non-perturbative QCD.
O New hadrons: glueballs, hybrids, multi-quark states
O New Physics: large datasets, hermetic detector, good performance
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BESII

2009

2010
2011

2012

2013

2014

: 106M 1(2S)
225M 1/ 2015:
 0.98 fb11)(3770) (for D) 2016:
: 2.93 fb'1 1)(3770) (for DY), total) ;gi;j
0.48 fb'l @4.01 GeV 5019,
: 0.45B 1(2S) (total) '
1.30B J/v (total) 2020
: 1.09 fbl @4.23 GeV 021
0.83 fb'l @4.26 GeV 5021
0.54 fb™l @4.36 GeV 502.
10x0.05 fb1 XYZ scan@3.81-4.42 GeV '
: 1.03 fb'! @4.42 GeV
2023

0.11 fb! @4.47 GeV

Data samples collected by BESIII so far

0.11 fb'! @4.53 GeV

0.05 fb'l @4.575 GeV

0.57 fb'! @4.60 GeV (for A/)
0.80 fb1 R scan @3.85-4.59 GeV

R-scan 2-3 GeV+2.175 GeV

3.20 fb'! @4.178 GeV (for DY)
7%x0.50 fb'1XYZ scan@4.19-4.27 GeV
More J/1+tuning new RF cavity

10B J/1 (total)

8x0.50 fb-1 XYZ scan@4.13, 4.16, 4.29-4.44 GeV
3.8 fb! @ 4.61-4.7 GeV (XYZ&A})
2.0fb! @ 4.74-4.946 GeV

2.7B Y (2S) (total)

2x0.4 fb1@3.65, 3.682 GeV,

5.1 fb? 1(3770) (for D°H), total)

: ~8 fb L at 1(3770)

More than 40 fb! of data taken between 2 and 4.95 GeV
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liferate. ed!

2023/01/07 18:18:47

Luminosity 10,50 E32/cm~*2/s
e+ o=

fney  1.8935 1.8935
curent 885,64 843.00
Lifetime 1.61 1.94

[hr]

mamm  0-00 - 0.00

The collaboration size still growing: ~600
members from 85 institutions in 17
countries.

BGS]I[ BESIIl is in very good state after 15

80

BESIII Publication

We are approaching 500 paper milestones
9 publications in PRL/Nature/Nat. Phys
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BGS]]I The R value measurement

»Measurement of R values in 14 energy points of 2.23-3.67 GeV

» Precision is < 2.6%(<3.0GeV)/3% and twofold better than previous best measurement
» Crucial input parameters to calculate the running coupling constant

»Help to constrain the muon g-2

Milestone achievement from efforts

of many people in many years
PRL128, 062004 (2022)
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http://link.aps.org/doi/10.1103/PhysRevLett.128.062004

BESII
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arXiv:2211.11253, PRL in press
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B Inclusive ° and Ks production in e+ e- collision at 2.2324, 2.400, 2.800, 3.050, 3.400,3.671 GeV.
B broad z, coverage from 0.1 to 0.9, best precision

B provide brand new inputs in low-energy region to global fits of fragmentation function

B Studies of eta, charged K/pi is in progress
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DCD.I.I.[ Baryon-pair production and Baryon Form Factors

ATta® CB

ops(q) = [1Gu(@]* + |GE(CI)|2] £o) ' ' ' ' ' ' " o ppBESII
O B @ pE Babar .
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Near-threshold measurements  PRD104, L091104(2021) - $ S
P s ony PRz e | f yo
PLB814 (2021) 136059, ’ ) (2020) 4 - ) T
PLB831 (2022)136187 Above open-charm threshold measurements %[ J
PRD103, 012005(2021), I . , . . | , . ,
PLB&820,(2021)136557 e+e- > Q+Q- : No obvious threshold)-0 0.5 -
PRL 124, 042001 (2020) enhancement (limited data B=V 1-4Mg/s

PRD 99, 092002 (2019)

PRD 91, 112004 (2015)
Nat. Phy. 17, 1200 (2021)
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samples), EFF agree with theory 101014 enhancement is observed for nucleon/A /A,
Phys.Rev.D 107 (2023) , 052003 pairs, while not for X/= pairs




BESII

Separated E/M FFs of the neutron in time-like region e*e'— A /\-bar via Initial State Radiation

arXiv:2212.07071, PRL in press Phys. Rev. D 107, 072005 (2023)
40 [
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BESII

Aghs 4 _ o Aghe
Two-body ZZs Q:0; DD I Zp Q¢
Thresholds EsEs EcEt
Molecules 4qq | Hadron physics opportunities:
S B « Precision hadron spectroscopy —
Gluonic ddg,uug,ssg Ran -
oni¢ : : understand the established hadron
Excitation
e states
« Search for the unexpected hadron
i Light Me;OﬂS Charmonium states and spectroscopy study —
Trs 3 Wy ) .
Mesons > h K Iy, % v(28) | explore nature of exotic hadron states
LEAR. BESII| |
| | l | | | |
1 2 3 4 5 5
Mass [GeV/c?]
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BGS]]I Observation of isoscalar17* n, (2855)

Phys. Rev. Lett. 129, 192002 (2022), Phys. Rev. Lett. 130, 159901(2023)

. = !/
Partial wave analysis of J/y — ynn Phys. Rev. D 106, 072012 (2022), Phys. Rev. D 107, 079901(2023)
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X(pp) and X(1835)
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Understanding X states: PWA results
Observatlon of X(2600) inJ/y-oynmme
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Observed a possible new 07 state, f((2480) [ PRD105(2022)072002
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BESII

EM Dalitz decay studies

] , 6 x10° . o
X(1835) in J/Yy—ete n'rt ~ [ : Observation of double
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BESII
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PRL130, 081901 (2023)

B Evidence for a structure at m* 7~ mass threshold in the ¥ 7 mass spectrum
with significance 3.5, consistent with the cusp effect predicted by NREFT

M Scattering length combination a0-a2= 0.226 * 0.060 == 0.012 in good
agreement with theoretical calculation of 0.2644 = 0.0051
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BESII

Decay properties of hyperons

With world largest J /1Y sample , BESIIl is also a hyperon factory!
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BGS]]I Measurements and CP test with 5~
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Based on 1.3 B ] /Y events
(13% of total ] /Y events)
9-dimentional fit:

v" First measurement of polarization

v" First direct determination of all =
decay parameters

v" First extraction of weak phase
difference from bayron weak decays

v" Three CP tests

Nature 606, 64 (2022)

2> An dec
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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+3.4+0.8)x10 ?rad -
p=0Os -4.0+3.3+1.7)x10 “ra (10.2+3.9)x10%rad
AZ, (6+£13+6)x10™ -
ApZ, (-5+14+3)x10 *rad -
AL, (-4+£12+9)x10°3 (-6+12+7)x1073
(¢ 0.016+0.014£0.007rad

HyperCP(2004) ¢ErHyperCP =-0.042 +0.011 +0.011

the same precision for ¢ as HyperCP with three
orders of magnitude smaller data sample!
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BGS]]I Hyperon decay parameters and CP test

Relative phase between electronic and magnetic form factors: A®
* Decay asymmetry parameter: «
* New window to test CP violation of hyperons: A p=(c,+o_)/(oc,—0.)

ete™ - J/P - AA - pn (prt+ in?) ete” > P - T - ppn’n? ete” > /Y- §_§+ - AAm*n”
Nat. Phys. 15,631(2019)>PRL129,131801(2022) ]/1/) 0.1 - :
TR vees s s R 5 ™ 2 ELLITE U, G (P2
BES3 10 billion J/y(A/R) - V % 008 i < 01—
N ey ,  PRL125,052004(2020) o
precise Y o
BES3 1.3 billion J/y(A/A) — <!§>.H o‘oi i -0.2
= 72:: x*nbin =1.0 _0.35
,  FOG208  |[FDG22 —0.15 e 080604 02 0 02 04 06 08
0.62 0.64 0.66 0.68 0.7 0.72 0.74 0.76 108 08 08 02 ge,. TP O 08 0 cos®
o (A — pm)
_ 0 0 0 " _ 0 0 0 AD = (1.213 + 0.046 + 0.016)rad
A = (0.7521 + 0.0042 + 0.0066)rad AD[J/P] = 15.5° + 0.7° +0.5° AD[p'] =21.7° +4.0° + 0.8 1213+ +0.016)
Ap=(—0.251+0.46 £ 0.12)% Ap=(—0.4+3.7+1.0)% A=(0.60+1.34 + 0.56)%
ete” > ' - Q7Q" - AAKTK™ ete " > P » EET - AAnTn ete” = J/P » 27T - nntpn? +c.c
] PRL126, 092002(2021) | oak ' ' i _ 0.03
o ,_'ﬁ Cryry Elr /vy '; PRD106, L091101(2022) 0.02
= O. o2 | -
= r Er_s/ry rg/ry N -, 0.01 :
§_ A Slr, o /r B, /) Al o } n % L Nt P :
= i = o> L _ S -001F +Data 3
:g_ o2 - & 0.0 :gﬁase Space _;
= —04r . . . ] -0.03 FH 3
= o [ —1 —0.5 o 0.5 1 1"208 06 04 02 0 02 04 06 08 1
P O e i (:,oseE cos0,+
s O = . Ad = (0.667 + 0.111 + 0.058)rad AP = (=0.277 + 0.004 + 0.xxx)rad

-1
Spin of Q" is set toMeS/2 for the first time
2023/4/21 55 T R IE b B T3 2 Ap=(15+51+10)%  Dayong Wang Ap=(8.015.2 + x.x)% 19



Bég'm' Observation of Z_.(3985) and search for Z°_,

wTetra”-Octet>  Q@iVeN tetraquark state assumption, there

2.(3900)° exist SU(3) partner Z ., state with strangeness
Z.(3900)~ . Z.(3900)*
o C
7z 70 C_ cf?
C
e*e” - K*(D;D*° + Dy DY) ete” - KO(DID*™ + D:*D) ete” - K* (D" D)
BESIT PRL126(2021)102001 PRL129(2022)112003 LIHES 2 LSS (2"232)
40 E — 4681 GeV _+_ Data | >00 ;_ (4123.5 < O.’Zstat_ =5 4.7sys[)MeV/c
30} o Total fit ) C & aanl D,,(2536)° D, — Comb. BKG
[ — — — Z(3985) 150 C § L --- NR —¢- Total data
20| mrrimirim - D*(2600)’D*° 100F S — Total fit — 7z,
BB AN Y ety uadn  VF TR R EEEEEE non-Res - g =l 2.13' +
" ~——— b, 50F : b \4
N | comb.BKG O e imisniniaizroimenonen, 5 i r
4 405 41 415 IO 4 A0S A ATE AT 0 412-1"\\'11“{1;'1"1"']'4‘]1'6‘I~A_l_.L4 v
RM(K") (GeV/c?) ' . ' '
RM(K") (GeV/c?)
» I'=(13.881+4.9) MeV > I'=(7.723314.3) MeV

>—Open charm final stat > Opencharmfinalstate
2023/4/21 I%ﬁﬂ%at% YIS BT s T 4 Dayong Wang 20



BGS]]I Cross sections of e+ e-2>K K-bar J/'¥

arXiv:2211.08561, PRD accepted

0Born

- —!—Dz'-na ' ' ] - B ] "
8 — Fit curve: Total - = @ § Data ~— Fit result (a)
Fit : Y(4230 ] e Y(4230) -« == Y(4500) -
6 - it curve: Y( ) bl Y(4710)
C ‘ =
o af QLo 260
Q : (=" ]
S of 3
> 2f 2
ﬁ B -
l¥ 0 -Do
+
4 8'_
T I
‘o 6
+
9 C
Qb 4: -
21 T -
- = |25F ~
- 52 ) ™ o
of Sl
Xl
=
(=}
m
o)

0_— -

CPC 46, 111002(2022) | ?WH’IT{}T{_ [ B _

4.8 5

44 46
Vs (GeV)
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BESTI Recent XY results: X(3872)/X(3823)/Y

. X(3872) Main production channel: ete™ — ¥X(3872)

ete™ -wX(3872) - eon* "]/

X(3872) —» %y, and Ty, 1aF
oo T ag Phys. Rev. Lett. 130, 151904 (2023)
_’I:— O 10:— - - - Background
PRD105, 072009(2022) S g M
0 :
E SE ? A new production mode 7.50
u\u: 4;— ® §
E 32— oo o -
. 23— [l o JSES L
g i 38 3.82 3.84 3.86 3.88 3.9 3.92 3.94
e . + - D*O D*~ M Jhp) (GeV/cd)
3(.)%5 _r.g—g_éz 3.55 3.90 3.95 4.00 e e q n

Mass(n+n'xoo) [GeV/c2]

ete” -» mtm Y, (3823)

- —4- Data
- = Two-BW fit
=== One-BW fit

PRL129, 102003(2022)

o

0[n+n'w2(3823)—>n+n'yxc1] (pb)

R RSV ARES

1200

1000 I i Continuum
800 o
600 s

400

200

o¥ressed(g*e’ >D**D* ") (pb)

llllllllllllllllllll

0

ae®
.....

—+ XYZ data
—+ Scan data

m .

®
o
*
.

"
-
B

e®
-®
-
o®
L
-®
-
™
P e

PRL130, 121901 (2023)
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B-GS]]I D, Leptonic decays

Extract decay constant fj, incorporates the strong interaction effects (wave
function at the origin)

To validate Lattice QCD calculation of f ., and provide constrain of CKM- unitarity

I+

Decay rate Exp.
— X

CKM matrix element
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Comparisons of f,+ and fp+

IIIIIIIIII ||||| ||||| IIllIIIIIIIIIIIIIIIIIIIlIIIIIIIII
J=NAL/M|L PRD98,074512 249.9+0.4 5
FNAL/MILC PRD98,074512 212.7+0.6 s RBC/UKQCD JHEP1712,008 246.411 .3_'11.;1 .
RBC/UKQCD PRD92,034517 254.0+2.0+4.0 -
+2.1 ETM PRD91,054057 247.2+4.7 -
RBC/AUKGCD JHEP1712,000 208.7:2.8 - FNALMILC PRD90,074509 249.0:0.3"
FNAL/MILC PRDS85,114506 260.1:10.8 -
ETM PRD91,054507 207.4+3.8 e HPQCD PRD82,114504 248.0+2.5 x
CLEO PRD79,052002 1, Vv 252.8+11.245.5 =
FNAL/MILC PRD90,074509 212.6:0.4"'7 - CLEO PRD80,112004 1 v 258.0+13.315.2 it
CLEO PRD79,052001 t_v 278.3+17.6+4.4 —_—
HPQCD PRD86,054510 208.3+3.4 - BaBar PRD82,091103, 7., ...V  244.619.1:14.2 meilien
Belle JHEP1309,139, 7, . .., ..V 262.2+4.817.4 --
FNALMILC PRDS5,114506 218.9+11.3 — BESII PRD94,072008, pv, T v 241.0416.3+6. 6=t
CLEO PRD79,052001, pv 257.6+10.314.3 ==l
. BaBar PRD82,091103, pv 265.918.4+7.7 i
CLEO PRD78,052003, pv+tv 206.8:8.742.5 === Belle JHEP1309,139, 11v 249.816.615.0 ==
BESIII PRL122,071802, uv 252.9+3.7+3.6 -
BESIII PRD89,051104, pv 203.815.241.8 et BESIII PRD104,052009, uv 249.8+3.0+3.9 =
BESIII PRD104,052009, t_ v 249.7+6.0+4.2 ==
BESIII Expected (20fb™), v 203.8+2.0+1.5 == BESIII PRD104,032001, t,,v 251.6+5.9+4.9 ==
ESI PRL127,171801, 1, .V 251.12.4+3.0
T N RN N N R e N
120 140 180 200 220 -50 0 50 100 150 200 250
f5 (MeV) fo, (MeV)
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BESII

7.33 fb~1 data from 4.128 GeV

D » ttv_, " - v,

4data [ IMC

g

7 other T 3\ other bkg

Latest updates of D.2t v

to 4.226 GeV

arXiv:2303.12600

& «
o =]
< o 2
o < =
o [2]
% 2
£ §5oo
S I
w
Q Q18
5 R
= =
[=} Q 0.5l
04 02
BDT score
! taatalMC 4 wgooo P +data [IMC 4
g other bkg 3 E) B

qqre other bkg

patwmc  Events /0.0225

600— J ' i ) T T - r r : I .
CO\l — — total
d 400~ — - signal .
"3 : - - - background :
Q 200 E
m B -
G__ v T : T : ' I : : ' : T _-
o o —2F . | 4 IT? ?+1’++ $+ ; l+$ :
-0.6 -0.4 2 0 0.2

BDT écore

Events / (100 MeV)

Di - v, T > uv, v,

arXiv:2303.12468

= Fit result

[T Signal
—$— BKGI
[ BKGII
8 - = BKGIII
1.5
Eqira y (GeV)
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BESII

form factor (FF)
¢ Measure |Vcx| x FF
¢ CKM-unitarity => | Vcx|, extract FF, test LQCD
¢ Input LQCD FF to test CKM-unitarity

Form factor

/ (LQCD)

At zero positron mass limit: CKM matrix element
c’s d)

Differential
rate (Exp.)
241’
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BGS]]I Comparisons of f27X(0) and f2°™(0)

Ill|||||||I|||||||||||||||||I IIIIIIIIIIIIIIIIllllllllllll
ETM  PRD96,054514 0.765+0.031 ETM  PRD96,054514 0.612:0.035
2010->2021 S4%
HPQCD PRD104,034505 0.7380+0.0044 o °
2.430.6% HPQCD PRD84,114505 0.666:0.02:0.021
Belle PRL97,061804, D°5K1'v  0.695:0.007:0.022 et
Belle  PRL97,061804, D°—nTv  0.624:0.02+0.003
BaBar PRD76,052005, D° >K'e'v  0.727+0.007+0.009
CLEO PRDS80,032005, D>Re'v  0.739:0.007+0.005 BaBar  PRD76,052005, D°~re’v  0.61:0.02:0.00
BESIl PRD92,112008, D' >K’e’v  0.748:0.007:0.012 CLEO PRDS0,032005 Dosxe’v  0.668£0.019:0.005
BESIl PRD96,012002, D »Kle'v  0.7246+0.0041:0.0115
BESIIl PRD96,012002, D*—n%*v 0.6216:0.0115:0.0035
BESII PRL122,011804, D’ 5K 'y 0.7327+0.0039+0.0030
BESII  PRD92,072012, D’re’v  0.6372:0.0080:0.0044 1.6%
BESIl PRD92,072012, D°>K'e’v  0.7368:0.0026+0.0036 0.7%
BESII Expected (20fb™), D°>K'e'v 0.7368:0.0009:0.0036 BESII  Expected (20f"), D'>w'e’y 0.6372:0.0031:0.0044
Loy o oo b v v Loy g 1o 8000 | SR B S S A S S S A SR A N B A A B AN A
02 03 04 05 06 07 038 01 02 03 04 05 06 0.7
D—-K D-n
f.7(0) f,7(0)
. . o D-K . . . . D-1T . .
Experimental precision of f77%(0) is Experimental precision of f17"(0) is still
comparable to the latest LQCD precision dominated by statistical uncertainties
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IIIIIIIIII

L L

L

SM fit PDG2020 0.97320:0.00011 -
DELPHI PLB439,209, W* 5 0.94:0.32:0.13  m——f—
PDG  PDG2020, DKl 0.939:0.038 o
CLEO PRD80,112004,D -1t v 1.001:0.052+0.020 -
CLEO PRD79,052001,D >t v 1.080+0.068+0.016 -
BaBar PRD82,091103,D -7, v  0.949:0.035:0.055 === PDG  PDG2020, D™ ry 0.214+0.003+0.009 ==t
Belle JHEP1309,139,D 51, . - v1.017+0.019:0.028 -
BESIII PRD94,072004, D -pv, T v 0.936:0.063:0.025 ==
CLEQO PRD79,052001, D —pv 1.000+0.040+0.016 - .
BaBar PRD82,091103, D] v 1.032:0.033:0.029 - CLEO  PRD78,052003, D" —uvsrv 0.21810.009+0.003 ===
Belle JHEP1309,139, D —uv 0.969:0.026:0.019 o
BESII PRL122,121801, D —n'ev 0.917:0.094:0.021 ===
BESII PRL122,121801, D —nev 1.031£0.012:0.080 ——— BESIl PRD89,051104,D°5uv  0.2150+0.0055+0.0020 ==
BESIIl PRL122,011804, D" >Kuv 0.967+0.004:0.007 e
BESII PRL122,071802, D] —pv 0.985:0.014:0.014 m
BESIII PRD104,052009, D —>pv 0.973+0.012:0.015 m -
BESII PRD104,052009, D>t v 0.972+0.023+0.016 - BESIIl Expected (20fb™), D*>puv  0.2150+0.0021:0.0017 =
BESIII PRD104,032001, D} >t v 0.980:0.023:0.019 ®
BESII PRL127,171801,D >t v 0.978+0.009:0,012 =

llllllllllllllllllll[lllllll | l|lll Illllllll |

- -1 -0.5 0 0o 1 0.05 0.1 0.15 0.2

| cs| | cd|
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BGS]]I Strong phases in hadronic D?/ D° decays

0 + = :
- _—
D> Ksm'n m- D - wrtmmte |
PRL124, 241802(2020) _ 7 1 (a) P
1:_ . 1:_ : 0 1:_ HH 200— I _+_ Data
i i i o -
2w PRD106, 092004(2022)
L - 3 w)
@ of @ of & of = .
5 : : 2 | ——
05F 05F 0.5F i — 1 —_{—|
1_ 1_ 1_ 5O . T D O —t
[ L L 1 1 1 1 O S : ! f I I
4 05 0 05 1 - L '__ Tag modes Fi™
€ Ci 0 | | (I bl |
1 2 3 4 5 6 CP eigenstates 0.721+0.019+0.007
0 s Constraint on Y measurement Bin number D — atr—n®  0.7534+0.028-+0.010
D - KS/LK K D — K2 nt7~ 0.75440.03140.009
PRD102, 052008(2020) D- K ntntn and K n*n® Combination  0.735£0.01540.005
e e R S e T ] sof T as0F
17_T0131 1 :__ votal —: 300:— \ 3003— BESIII
1 ] i 1 A72=2.30
0-5 u N 0.5 B - 250:_ T 250:_ E A§2=61 8 ‘
. - I & 200 & o) Il A%°=11.83 g
» 0f 7 w Of . ) % r ;
- ] " 1500 : %S 1500 CLEO.c
-0. -0.5[ ] —l : -
057 . : 100 S 100f —— Ax®=2.30
-1 — CLEO- * -1 CLEO- ] cof o S sz=6.18
| * BaBar Model ] [ * BaBar Model ] F f// F—AY =11.83
“1.5 e e e e L Al bl b b b b Lo bbb b Lo o bl
-5 -1 05 0 05 1 15 15 -1 -05 0 05 1 15 0 0.1 02 0.3 0.4 05 06 07 0.8 0.9 T 0 0.1 02 03 04 05 06 07 0.8 0.9 1
C; c R R
K3n Knn®

. .
2023:/54/'2“1"3"It U%'rﬁ@'%"%E?@%“Ege%"%‘e@"gjﬁ}%@;ﬁ%ﬁ ~  JHEPOS, 164(2021) %g}gﬁgrvavlanng ony measurement ¥ 6 o



BGS]]I Hadronic D7 decays: Amplitude analyses

Analysis Resonance

DY - K"K ntn nt | a;(1260)" JHEP07(2022)051

D} —» KIKom* ay(1710)°, f,(1710) PRD105(2022) L051103
D! - KOK*m® a,(1817)* PRL129, 182001 (2022)
D - Kt m~ f0(500), f,(980), f,(1370) JHEP08(2022)196

D} - ntrn’n® f0(980),f0(1370), f,(1270) JHEP01(2022)052

Charge conjugate channels are included.
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https://link.aps.org/doi/10.1103/PhysRevLett.129.182001

BESTI D - K°K*+n®

ete” - DEDF > yDID; 6.32 fb~! @ 4.178 - 4.226 GeV
PRL129, 182001 (2022)

* Amplitude analysis, N, = 1050 with a signal purity of (94.7 + 0.7)%

* Observed : isovector partner of f((1710)?
M = (1.817 £ 0.008,, + 0.020 GeV/c? - »
( = stat. = syst. ) eV/c & | KK (892 > 100 *
— _— B *
[ =(0.097 £ 0.022,, + 0.015,,, )GeV > | (a) K'K'(892)" > 100 *
« The measured ratio for a,(980)" : 2100—_ —-K'K (1410)0 7.60 *
S +
Bla,(980)* — K°K*] &, ¢ s a,(980)'n’ 6.70
B[a,(980)* —» ] = (13- 7 X 3.64tar. T 4. Zsyst.)% E 50—— — a,(1817)'n’ > 100
= B 5
A key experimental input for the calculation of the coupling °'>) - g ‘ i ; IL
constants of the ay(980), and helps to determine its quark H SRR sssore =& '
i 1 1 2 1.4 1.6 1.8
composition
K,, < (GeV/e?)
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https://link.aps.org/doi/10.1103/PhysRevLett.129.182001

BGS]]I Recent results on A leptonic decays

Determination of form factors of A - Ae*v, Observation of A} - pK—e*v
ook PRL 129, 231803 (2022 PRD106,112010(2022)
—_ 1'14 /// // % — total fit o 10l M A Aas20e, | data
3 O —ee A +V,_, i — total fit . o ° Bl _m:a”i:(- "
% 4 // S 200} 2:_) i:+no ;°>) 15 [ A pKe'y, 8 26 § 3 86 :::K.':;:B
g 1'12 ----- e Ty Sy “ Q -- - other bkgs °© ,it:p:i:: 5 e
=S S "}_ .._.:._. é ; 10+ ---o:herpbkgs E
= e, : O 100 £ z
L / Ly L U
I RO | | : _
02 0.1 02 0.2 -0.1 0 01 02 - 14 15 16 17 18
Up, GeV) U s (GeV) T e Mo (GEVIE)
B(Af - Aetv,) = (3.56 + 0.11 + 0.07)% - _
3|-+:DATA: A!— A ( - 1?) ( - - ) O B(A-g _)pK e+V)_ N N 3
e v e, Y (0.88 + 0.17 £ 0.07) x 10
= %06 Z .;""‘iif:: B(A‘(':’ - A(1405)e+v)=.
i (1.694+0.76 £0.16) x 102
0 05 1 + PN
7 (GeV2Ich B(A: —» A(1520)e*v)=
1 (0.99 4 0.5140.10) x 10~3
o 08 > l \ )
‘:\? %‘; ,ij;,.,;;l « Second leptonic decay of A¥ is observed!
Ol * Good channel to study A excited states, such as A(1405), A(1520)
0 05 1 04 05 1

First direct comparisons on differential decay rates and form factors with LQCD
2023/4/21 TR R R T 24 Dayong Wang 32


https://link.aps.org/doi/10.1103/PhysRevLett.129.231803

BESII

Observation of AL - nn™

Recent results on A, hadronic decays
Determination of the BF for A¥ - X*K¢ and 20K

PRL128 (2022) 142001
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Many CS modes are explored.
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PRD 106, 1.111101 (2022)

- (s =4.600 ~4.699 GeV [ 9 (s =4.600 ~4.699 GeV
) Al-3'K? R A3
~ ] S ~ ol o
E 102 first measure “ne;m? compamable with B factofies
g Q 20} _ PRD106, 052003 (2022)
210 £ ﬁ { } 3
o ?10._}{. H _
1 SE ) L N WA I
226 228 23 232 234 226 228 23 2
M. (GeV/c?) sc (GeVie )
Arxiv:2304.09405
. "oue " RBF (This work)  RBF (Belle) BF (This work) BF (PDG)
STKYK- 8.384+0.93+0.41 7.6+0.7+09 0.377+£0.042+0.018 +0.021 0.35 £ 0.04
A QR = 4.4440.524+0.23 47+1.1+08 0.200+0.023 +0.010 £ 0.011  0.21 £+ 0.06
StKYr— 0 <24 - <0.11 -
vte 92418406 85+1.2+1.2 0.414+0.080 £ 0.029 +0.023  0.39 + 0.06
S*TKYK " (non-¢) 4.38 +£0.79 +0.19 - 0.197 + 0.036 =+ 0.008 + 0.011 -
Af > natn® AL > notnmt Af 5 nK ntnt
L :!;:::Im (b) E () 4= Data
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CPC47, 023001(2023)

33


https://link.aps.org/doi/10.1103/PhysRevD.106.L111101

Events / (1MeV/c?)

C

B(w(3686)— A*; anti-27) < 1.4X107°.

Eao

W &
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M
I

Chin. Phys. C 47, 013002 (2022)

Nygna = 0.7 +32.9

15— kag =2744+19.0
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Search for rare decays

Events/(5.0 MeV/c?)

Events / 2 MeV

BIEERYHES & O I E T &

AS! = AQ decay E° - X ety,
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BGS]]I BSM particle searches
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BESII

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 b1 N/A

J/1 decays (10 billion) (10 billion)

¥(3686) peak | Light hadron & Glueball 0.67 fh~! 4.5 fh~1 150/90 days
Charmonium decays (0.45 billion) (3.0 billion)

(3770 DY/DZ decays 2.9 fh ! 200 -1 7] 610/360 days

XY Z /Open charm

me scan
(105 energy points)

) 1‘equlremont

4.180 GeV

D, decay
XY Z/Open charm

3.2 fh-1

6 fh1

140/50 days

4.0 - 4.6 GeV

XY Z /Open charm
Higher charmonia
cross-sections

16.0 fb~1
at different /s

30 fh~!
at different /s

770/310 days

4.6 - 4.9 GeV

Charmed baryon/XY Z

cross-sections

0.56 b~ 1!
at 4.6 GeV

15 fh~!
at different /s

1490/600 days

4.74 GeV

Y FA- cross-section

c

N/A

1.0 b1

100/40 days

4.91 GeV

Y., cross-section

N/A

1.0 b1

120/50 days

4.95 GeV

=. decays

N/A

1.0 fh~1

130/50 days

Future Physics Programme of
BESIII (white book)

Chin. Phys. C 44, 040001 (2020)
arXiv:1912.05983

ongoing, finish in 2024

2023/4/21
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BESTH The upgrade of BEPCII

v An upgrade of BEPCII (BEPCII-U) has been approved in July 2021: Mi’mfm
the optimized energy is 2.35 GeV with luminosity 3 times higher than 8 [cm] = e
current BEPCII and extend the maximum energy to 5.6 GeV Bunch Current [mA] 7.1 75

Bunch Num 56 120
» Add another cavity per beam to improve the RF power SR Power [kW] 110 250
> Change optics slightly, increase number of bunches $yum 0.029 0.033
> Challenges: high beam intensities, backgrounds and aging effect in Emitence Inmeadii Sar =
Coupling [%] 0.53 0.35
the detector ;
Bucket Height 0.0069 0.011
> Small risk: can continue running with better performance than BEPCII 050 [cm] 154 1.07
» Timescale: 2.5 years construction + 0.5 year installation o, [cm] 1.69 122
> Installation: July — December 2024 and the upgraded machine ready RF Voltage [MV] 1.6 33
in Jan. 2025
10T o erade BEPCII ;
R (BEPCII-U) Vi
Ty 8102 ',/. ° \‘Q
Ig_ BEPCII ,"l *% BEPCII
2 6x10%} “ - ..¢\0' =
2 S e e e ¥
r . n;; 4x10%2} 4 .J \\\.\.\!.
\\%3?:—» —— Ty “:'.'”L.?&fgﬁ ) 2x 10%} v ”® -® =
= -z (% B )
2.0 3.0 4.0 5.0 5.6

Ecm (GeV)
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BESII

v Detailed studies of the known Z,y states and search for more exotic states in the

Physics opportunities with BEPCII-U

higher energy region within a considerable amount of data sets.

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

||

AASS, 2.0

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

nnnnnnnnnnn

|||||||||||

5.0 L H 6.0 6.5

2023/4/21

b~ A~~~

Few data and potential physics for XYZ
and charmed baryons

7.0

TR R R T 24 Dayong Wang
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BGS]]I Summary

BESIII is operating with good performance of the machine and the detector

= collect large data samples in the energy range 2.0~5.6 GeV

BESIII has performed wide range of physics studies
¢ Light hadron spectroscopy and decays
¢ Charmonia transitions and XYZ
¢ Rvalue and QCD studies
¢ Charmed meson and charmed baryon
¢ Rare decays and new physics search

BESIII has great potential with unique datasets and analysis techniques. Operation
for another 5-10 years foreseen
e BEPCII-U: 3x upgrade on luminosity, with energy to 5.6GeV

* ---More to come: RN TERFFINBHAT K 1E
BESHISEHE T RBHIS VF il
RE5QCDSEWBIFT il /4
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