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» Status of BEPC-II and BESIII

« R-Value measurement PR 128 062004 (2022)

* Results from radiative J/i decays
= New discovery of X(2600) inJ/¢ —» yrn*r™n' PR 129 042001 (2022)

= EM Dalitz decay J/¢ —» ete ™ n' PRL 129, 022002 (2022)

= Light Higgs boson A° search PRD 105, 012008 (2022)

* Observation of D? > w¢ PRI 128, 011803 (2022)

« Summary and outlook
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Beijing Electron Positron Collider 11

~

.ac.cn/

2004: started BEPCII/BESIII construction

v" Double rings

v' Beam energy: 1-2.45 GeV

v" Design luminosity: 1x10% cm2s! @
Y(3770), achieved in 2016

2009 — today: BESIII physics runs
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BESIII Experiment

BESIII experiment is a symmetric electron ~Super conducting magnet

positron collider running at tau-charmregion. .~ v~ 1 Tesla
' [Nucl. Instrum. Meth. A614, 345-399 (2010)]

Time of Flight (TOF)
~« 2 layer plastic scintillators
* o7 ~ 80 ps (barrel)
* o7~ 110 ps (endcap) (~65 ps
after upgradation with MRPC)

< \.\T - Particle id
|Il|l 2| Muon system

"' SN
* 9layers of RPC

« P>400MeV/c
 ORp=1l4-1.7cm

Electromégnetic calorimeter (EMC) (CsI(TI))

Multllayer drift chamber (MDC) _, 6240 crystals overall
He/C;H; (60/40) « o(E)/E = 2.5%
« 43 layers _ ) * o,,(E)= 05-0.7cm
: g/lpzr::grltrzg |Let?§:1u:m:igpoz r?]-5 %@ 1GeV il replace the inner part of the drift chamber by the
Xy ' three layers of CGEM detector during Jan-Jun., 2024
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BESIII Data-set

« 130 points between . | = o ds
- w ' ! ¢
2 and 4.6 GeV (715 - j 2ooppRbD
pb_l Up to 3 08 GeV 10 : ., 1 Naive quark model
' ‘ 7 1
for p, w, ¢ studies. ‘ ‘.* tamtetstasiaens
1 X
Inclusive:
) : |
- Light Hadron : Vo KEDR
Spectroscopy ’%" S /) L 3 _ S exclusive | * BE R Scan (130 :
 n/n’ decays Sl | Caxaoe BT :i = —
. = | T — T ————yr—p—
« Hyperon physics - T . 02 (2010) V1 1.5 2 25 3
g =y 'cu +°J | \,.  ey s
Charmonium transmons:% 3 s $(28) | o I 4o c |
* New physics I Mark-I + LGW__s I (202))/ OSfTT’ SN
_ 5 Mackll  Gi7x108) ¥ .,__/../ L/ T -,..nﬁ-x{,,_,
. Charm physics £ e (YN,
. 4 * BES % | . ull
ISR processes el i fim T ﬁ%ﬂ v |
D ! 1;*’ ,‘Lv; L '
« XYZ physics and 2 I iy M’&ﬂﬁ ) |
spectroscopy. 2 P o2n s " = u'
« Open charm 3 35 4 5 (s) [GeV] °
production
* Charmed baryons First data at higher CM energies is now available at (4.7 < Vs < 4.94 GeV
g g
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R-Value Measurement
PRL 128, 062004 (2022)

http://bes3.ihep.ac.cn/hi/202203/t20220301_301719.html
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R-Value Measurement

» R-Value is the ratio of leading-order production cross sections of hadrons and muon-pairs in
e*e” collisions

0’(e*e” — hadrons) _

e Thad
ad(ete = putp~) o,

dra B.(3 - Bu?) . Amj;

With o0, directly from QED: o), = ;T:) U 5 P) vith 8, = /1 - ,:l

» Important input to current tests of Standard Model

Running of the Fine Structure Constant Aaen

alm?) one of three essential observables for electroweak precision physics

Anomalous Magnetic Moment of the Muon

=

Povyscal Fevew Lot 128 143900 (N0%) Muon anomaly 1, = Ha - 2
all) el —— ' .
Aa=1-—5 = Diigron(s) + Aay3y(s) + Ag(s) N * Less than 0.5 ppm accuracy in experiment and theory
/ T _Source Contribution(10 1) R * Expr 116502 061(41) X 10 prywstom e 31 smn oy
Am.w,.fM, 314979 = .00 ( < ) * SM: 116591 810(43) x 107" peeysics Repens 387 00ty 2-18)
S ’ AR Aoty (M) s s i * Discrepancy between SM prediction and experiment
A M ] D7IRD + 00054 = Pl ) N
e a » . . s 1
Eure Py B0 [2000) 241 WG R BE B Hadronic contributions dominate uncertainty of
Hadronic Vacuum Pohnzauon contribution "'"‘“"’W (2019) 114025 (enm' o, 10"~ 1555000
(5) R(5) § Hadronic Vacuum Pofarization contribution: .
Aay 48} = Re/d (5 —s—iz) ’ 1 * Disparsion neagral S _ [‘.‘.’ﬁ)’ d%R(“)KM
N /‘\\ * R-Value as expermenta input L 3n T
R Value over wide energy range imporiant nput:  Aaf (M3 / 2\ 2m,
SO SN
S N * Tension with iatest Latice QCD calculatons
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R-Value determination

> Used 14 center-of-mass energy points: /s = [2.2324,3.6710] GeV

Analysis Stategy

( R scan data )

Reject Bhabhaand
Di-gamma events
Select good charged
and neutral tracks

Lpi 'H \ (megevem) 3prongevents| |24-prongevents'
LUARLW model, developed to simulate \ G,d,’;:;fsm) mf,,::;'fm,,
inclusive hadronic events, to estimate the |

hadronic detection efficiency. \{ e
Hadronic events

[arXiv:hep-ph/9910285]

» Experimentally, the R value is determined by

obs N
— INbk
R — had g

G Lmt Etrlgehad(l + )

|
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R-Value determination

> Used 14 center-of-mass energy points: /s = [2.2324,3.6710] GeV

3 i "
P T | ' 3 4 E: 141 ! '
) Ut W et < [LLOABET Y : i1 T
— T It | T T '
Ry * * + 4 i (TE + *
RESLIMEN RN AR TLTRE. LIRS A
2 o
e BESIII (this Letter) e BES + VY2 A Crystal'Ball
= KEDR * MARK-I ¢ PLUTO ---pQCD+J/y and '
1 1 1 I L 1 1 il I 1 1 1 1 l 1 1
2.5 3 35
Vs (GeV)
V5 (GeV) gt Mg A b)) L @) o (%) 148 R
22324 83227 2041 17.427 2.645 64.45 1195  2.286=0.008 +0,037
24000 9 627 2331 15.079 3415 67.29 1204 22600008002  Accuracy ~2.6% @ Vs < 3.1 GeV
2.8000 83 802 275 11.078 1753 7225 1219 2233 £0.008 £ 0,055
3.0500 2382 7719 9.337 14.89 7391 oy 229:00i2002  and ~3.0% @ Vs > 3.1 GeV
3.0600 282467 7683 9276 15.04 7388 1183 2255+ 0,004 £ 0054
30800 552435 15433 9.156 3.02 7398 L1232 22770003 £0.046
3.4000 220 843 7513 1.733 7481 1382 2330£0014 0058 . :
35000 62 670 1691 7.090 3633 75.32 131 2am-oon-oee  R-Value consistent with KEDR
3.5424 145 303 3872 6.921 8.693 75.58 1341 23190006 = 0,060
35538 92 996 2469 6.877 5.562 75.50 s 2o TEsUlt [Phys. Lett. B 788, 42 (2019)]
35611 64 650 U717 6.849 3847 75.50 1337 2338 <0010 £ 0066 ioti
3.6002 159 644 9817 6.701 9.502 7573 1328 2.339 £ 0.006 + 0.065 and QCD prediction [Phys. Lett. B
3.6500 78730 6168 6519 4760 76.00 1.308 2.352 £ 0,009 £ 0.067 714,62 (2() 12)]
36710 75253 6461 6.445 4628 76.11 1260 2405+ 0010 £ 0067
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Radiative J/i decays

= New discovery of X(2600) inJ/W > ym*a™n' PRI 120 042001 (2022)
http://bes3.ihep.ac.cn/hi/202207/t20220720 308453.html

= EM Dalitzdecay J/P —» ete ntn™n' PRL 129, 022002 (2022)

= Light Higgs boson A° search PRD 105, 012008 (2022)
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Hadron spectrum

Baryon Meson

Naive Quark Model:

conventional hadrons
contain two or three quarks

.. but QCD allows also different combinations of quarks and gluons: EXOTIC hadrons

Hadronic

Glueball Hybrid Tetraquark Molecule

A lot of exotic states observed experimentally, but their nature is still far from being
understood!!!
Hadron spectroscopy: establish the spectrum and study the exotic hadrons properties
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Radiative J/ip decays

® Charmonium radiative decays provide ideal laboratory for light glueballs and hybrids studies

e Mﬂﬁ ” LQCD
v' Gluon-rich process M’"‘" mm ” ) 5
v" Clean process P o‘_—
v' High statistics ; ; 10 B =—
Tl N (d) 3" w— 3 w—
mm mm‘” . 2V — e 33
| @ s \ i %,
® Glueballs can mix with ordinary qg states A (- .
Predicted large branching fractions for glueballs in Jy .
radiative decays .
0 0

R TU/Y = ¥Gy+) /T = 3.809) X 107 | T

Phys. Rev. D73 (2006) 014516

[33?23}’ I(J/h = yGyes ) /Ty = 1.1(2)(1) X 1072 |

® Radiative J/iy decays can also be utilized to search for a
CP-odd light Higgs boson (A

Phys. Rev. Lett. 39, 1304 (1977)
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Past observations of X(1835), X(2120), X(2370) in J/y —» yr ™ n’

The J /Y —» yn*n~n' has already lead to discovery of three states

PRL 95 (2005) 262001 PRL 106 (2011) 072002 PRL 117 (2016) 042002
(\7‘120 - e o S
§ BES Collaboration _ 1o BESIH +osls '
g § < I Background i
s 80 (5 -, PPthreshold
] g SN L
= = !
Z 40 : ; 5
> R
- 0 0 R T . 1.4. 16 1.8 2 22 24 26 28 3
14 20 26 14 16 18 20 22 24 26 28 Minxx] (GeVic?)
Mz n") (GeV/c?) M(m* ' )(GeVic?)
- . 225 x 106 J/3h " 1.3 x 10°
58 X 10 70
I
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Past observations of X(1835), X(2120), X(2370) in J/y —» yr ™ n’

PRL 129, 042001

The J /Y —» yn*n~n' has already lead to discovery of three states

10-09-2022
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New discovery of X(2600) in J/¢y - yr*tn™n'’

> Confirmation of X(1835) ey —evww ' % a—— ‘
’ D 20f (@ i = 2 b
X(2120) and X(2370) % 20 (a) [ Background . % ol (b) B Background i
S 1sf - e
> New structure X(ZGOO) 8 10k X(ljff’)x(mo) XC3T0) y gy + g sl X(1j35) x(2120)x(2370) X(2600) , |
o B £ VAV S Y
» Correlation with M+ -~ ¢ % 3
1-5 GeV o 0 e 11} 0 / e ”
15 2 25 3 15 2 2.5 3
Mn'n'r] (GeV/c?) MMn'n'n] (GeV/c?)
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New discovery of X(2600) inJ/¢y -» yr*nn'’

» Confirmation of X(1835), X(2120) and X(2370) Nyt
> New structure X(2600) % ok
§1zoo§
1000
» Correlation with M+~ = 1.5 GeV 2 soof

» Complicated pattern in M+~

Events /
vo B8 8 |

interference between f,(1500) and X(1540) %3 ‘ii"';;iw(égw :2)7 5 3 z?"';i.‘(é:w;f; 28

Resonance Mass (MeV/c?) Width (MeV) gg () ‘g oot (@ E
© 3000F E 1400 L

fo(1500) 14925 + 36724 07£9%  Zamor A\ ] S j
X(1540) 1540.2 + 7.07363 Ly N So: < § Swpl ;
X(2600) 26183 + 2.07163 195+51% B 0 e W, .,
22 1f3 1:4 1?5 1:6 1'7 1?8 . 19 ‘1’.2 1:3 1:4 1:5 1?6 1?7 1.8 1.9

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

More studies (including JP¢ determination) is necessary to fully understand the nature of
X(2600).
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Same structures in EM Dalitz decay J/y —» ete ™ n'

« same structures in EM Dalitz decay J /i —» ete ™ n'ntn~

Events/(22.5 MeV/c?)

S— o % Data T
:n sy’ mode _“ff ﬂ:ﬁ;’mm
2001~ ’:ﬁis‘%l =
- e X(2600)
- + Nen-r)’ background .
150 - wwme Jy—en'nr2'y' background b
& + Other unknown background |
100}
sof
01.4 16 18 2.0 22 24 26 28

nm\

(GeV/c?)

Events/(30.0 MeV/c?)

—
E
™

T g T T T

F '..
LY S

14

L n'—x"71 mode

! % Duta !
wemwn X(1835pX(1870)
o 1,(1510)

e X(2120) -
X(2370)

e X(2600)

soece Noweny' background A

=== Jip—eazn"n)' background

18 z.o 22 24 26 28
(GeV/cd)

L6

nnn

dr(j/y - e*e”X(1835)
dq*T'(J /Y — yX(1835))
K

= |F(q*)I* - [QED(¢*)]

| Wil ; ¥ 1 v !

anl . 1
F(g*) = Tq2/A2
A=175+0.29 £ 0.05 GeV/(:2

I

w3
&,
1F
002 ok 06 08 10 12

M. (GeV/cY)

additional input to model calculations regarding nature of these states
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Light Higgs boson A° search in radiative J/i decay

Expected B(J/¢ - yA°)~107° — 1077
[PRD 76, 051105 (2007)]

Ok

o

> No evidence of A° production is found and
set 90% confidence level upper limits on
product BFs .

1 e

10°

g\

=)

=

S 10°

(TR — Observed limits

@ - Expected average limit

Expected limit (68%)

10 Expected limit (95%)

PRR ISP T ST S T S Y ST U NN

PR PR T T 1 PO ST S S S
0.5 1 1.5 2 2.5 3
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» Use 9 billion J/y events collected by BESIII experiment to
perform this study.

B(V - 2 }'Ao) o GpmgggCQCD mio
BVl \2ra

In  Next-to-Minimal  Supersymmetric  Model
(NMSSM), g. = cosf,/tanf for Charm quark

and g, = cosf,tanf for bottom quark.
Annu. Rev. Nucl. Part. Sci. 70, 197 (2020)

SR
- BaBar -~ BESIII (tanB=0.4)
- BESIII (tanB=0.5) BESIII (tanB=0.60)
L BESIII (tanB=0.75) —— BESIII (tanf=1)
PRD 87, 059903(R) (2013)

Ll 1%

%‘; 10" E
= B 5
S " y
= . |
§ 100 L E
Sk 9}“:9:\:‘--""';‘! e ‘ :

[ ' Better than BaBar measurement

- in low-mass region 7

10.3....l....I....I....I....I....
05 1 1.5 2 25 3

m,. (GeV/c?)
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Observation of D? — w¢ with 2.93 fb! of
BESIII ¥(3773) - DD (D = D°, D*) data

I-IIII|IIII|IIIII IIIIIIII Illll'ol_lolllllllllllll-

[ Eme*e—D'D, yJ/\y/w(3686) non-D'D MC
B - lete—qq M(())_0
<200 ~1y(3770)»D’D MC]
° B : Combined MC
%, + + -+ data
G <h ‘ -
g [pFlrdtneninem f y
7\0’100_— R ?} =
8 N,
= N -
W - a
.
..,.mg?:re""‘gz‘”,_. _M., et
1.84 1.86 1.88 PRL 128, 011803 (2022)
Mgo (GeV/cz)
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Observation of D° - wg

> Long-distance contributionsto D° — D°
mixing arise in D° — VV decays.

> Used 2.93 fb! of y(3770) data.

> Single-tag method with ¢ - K*K~ and
w - ntn

» Signal: 1.859 < MBC < 1.871 GeV/c

> Sideband: (1.84,1.855) U (1.873, 1.890)
GeV/c?

g

> First Observation:

NST

B = sig — (6.48 4 0.96 + 0.40) x 104
2'ND0D0-6'Bsub ( )

Entries/(2 MeV/c?)

Entries/(0.6 MeV/c?)

with 6.3¢ significance

PrY

07 075 08 085 1 .02 104
M..... (GeVic’) M, (GeV/c)

Consistent with factorization model predictions in [PRD 81, 114020 (2010); PRD 43, 843 (1991)],

inconsistent with those based on SU(3) symmetry [PRD 43, 843 (1991); CPC 42, 063101 (2018); PRD
56, 7207 (1997)]

d65
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Polarization in D° > w¢

— Fit :

20001

-------- Longitudinal hypothesis 31500:'

I

1 dar 3 (1 '

- =={—(1 — f,)sin%0 cos?6 -

I'dcos® 2{2( f1) L } 500:
0- Al A

0

« f, <0.24 at95% CL

* w and ¢ found to be transversely polarized

e Contradicts model based predictions

— Factorization model: f;~0.5
[Phys. Rev. D 59, 114013 (1999)]

— Lorentz invariant-based symmetry model: f; ~0.33
[JHEP 03, 042 (2014)]
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Summary and outlook

> BESIII is an experiment of tau-charm factory.

» This talk mainly covers the results of light QCD, light hadron spectroscopy, New physics and charm

physics.
o Improved the precision of R measurement PRL 128, 062004 (2022)
o First observation of X(2600) PRL 129, 042001 (2022)

o Set stringent upper limits on light CP-odd Higgs boson search P 105 012008 (2022)

o First polarization measurement in D® - w¢ PRL 128, 011803 (2022)
. X107\ pgrade BEPCII
» Many analyses in progress! —_ (BEPCII-U)
s Bx1 .
'_5, i BEPCIHI
2 6x10¥
» Further upgrade in energy (5.6 GeV) and :
luminosity (BEPCII-U, 3x) planned for the g
next year 2x 108}
o
20 10 40 50 56
/ Ecem (GeV)
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Thanks!
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Back-up slide
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R-Value Measurement

Hadronization procedure in electron-positron annihilation:

EW Pert. QCD Hadwon Detecion

Main features of the LuarLw model:
» A self-consistent inclusive generator developed based on JETSET.

» Initial-state radiation (ISR) process is implemented from 2m, to /5.
» Kinematic quantities of initial hadrons are sampled by the Lund area law.

» Phenomenological parameters are tuned based on comparisons between data and MC.
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