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* Introduction on BESIII experiment
» Datasets

« Highlights of recent searches on

» Diphoton decays of an axionlike particle in radiative J /4 decays [PRD 111 (2024)
L0O31101]

 Invisible decays of a dark photon using initial state radiation [PLB 839 (2023) 137785]

A muonphilic scalar X, or vector X; via J /3 — utu~ + invisible decays [PRD 109 (2024)
LO31102]

« A massless BSM particle in X+ — p + invisible decay [PLB 852 (2024) 138614]
» Week decays of /iy containing a D meson [PRD 111 (2024) 032020, JHEP 01(2024) 126]
- Radiative decay of J/i — yD? + c.c. [arXiv:2408.08826]

- Decays of DI — h(h')e*e™ [PRL 133 (2024) 121801]
. LNV decays of D} - hh'ete? [arXiv:2410.02421]

« Summary and outlook
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Electromagnetic CsI(Tl) Calorimeter (EMC)
or’E <2.5% @ 1 GeV (barrel)

or’E <5% @ 1 GeV (end-caps)
B E P C I I & B E S I I I Time-of-Flight (TOF) Main Drift Chamber (MDC)

ot= 90 ps (barrel) or¢ =130 pm (single wire)
ot= 120 ps (end-caps) opyp:=0.5% @1 GeV

Superconducting solenoid (1 Tesla)
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BESIII charmonium datasets
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 BESIII has collected the ¢

largest ]/ & )(3686) .
data samples on R

threshold ?
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New physics searches @ BESIII

{Charmonium weak decays\

¢ FCNC processes
A\ processes
® BNV & LNV processes

®FV processes

cher processes

/

Very rare
decays

@ Uniform blinding strategy and datasets

Common € Common statistic and standards
standards
& tools

# Sharing methods, tools and codes r

Exotic
/ # Dark photon \

Exotic ® Invisible signatures

FEEREEE # Light Higgs, 7/

# Exotic resonances
J - ook

* New Physics Searches at the BESIIl Experiment, S.J. Chen and S. Olsen,
Nation Science Review 8, nwab189 (2021), arXiv: 2102.13290

* New Physics Program of BES, D.Y. Wang, in “30 Years of BES Physics”
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Exotic searches:

® Axion-like particles

i - ya=yy)
® Invisible massive dark photon

+

® ISR process ete™ - yy'

¢ Muonphilic scalar X or vector X;
® 1/ > utu + invisible
® Other exotics with invisible signature

® 5+ 5 p +invisible



[PRD 111 (2024) L031101]

Axion-like particle in radiative J /1y decay

(11503 Jybrm, nopy MC | 0 Wy, vy MC
10 He Jy—yr ] ]—)({\I( Jy—yn . m—yy MC
?C —1 Jy—ya’z® MC J/w—mf MC
Jhy—y f( f(l‘ 50), f 1950)), f=yy MC 7""'~='"", Others from inclusive Jiy MC
E........; QED bac I\g nd € P—)f{ C mhined backgmuud

F——t— J/y data

» Data sample: 10 B / /i events

 Strategy: search for J /Y — ya, a - yy
with on-threshold /1y data

» Contribution from non-resonant ete™ - ya
IS calculated to be 4.4% and subtracted
(interference ignored) 1o i, e
* The BF is related to coupling constant g,,,,; %55 2 25 3
m,, (GeV/c?)
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[PRD 111 (2024) L031101]

Axion-like particle in radiative J/{ decay

Replacing previous BESIII

results using 1,0(3686) data

» Data sample: 10 B / /i events

 Strategy: search for J /Y — ya, a - yy
with on-threshold /1y data

» Contribution from non-resonant ete™ - ya
Is calculated to be 4.4% and subtracted
(interference ignored)

* The BF is related to coupling constant g,,,:

BESIII (p(3686))

B(J/y —ya) ’”.%f.,u ) (1 my )3

B(J/y = eTe™) 32na Sy mj,

Most stringent constraintsto | _ - -
date for 0.18 <m, < 2.85 GeV | ']  seamam

1073 102 107! 100 8 10?
m, (GeV/c?)
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[PLB 839 (2023) 137785]

Massive dark photon in ete™— yy’

- Data sample: 14.9 fb"! et e~ annihilation data at ;

Vs=4.13 ~4.60 GeV

« Search for single photon signals in 1.3 < E(y) < 1.8
GeV corresponding to 1.5 < m, <2.9 GeV with

high trigger efficiency

 Signal extraction via fit to E(y) spectrum:
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 Invisible signature
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Muonphilic scalar X, or vector X4

» An extra U(1) group is added as minimal extension to SM

* The outcome: new massive scalar (Xg) or vector (X;) boson that
only couples to 2nd or 3rd gen leptons with coupling strength g, . y

* May help to explain (g — 2), anomaly




[PRD 109 (2024) L031102]

Muonphilic X 1 via J/Y — u™u~ + invisible

« Data sampl

» Signal extraction via fit to Mfecoﬂ(pﬁu_) (low
mass) or M...;(u*u™) (high mass) for a series

e: 9B J/y events

of M(X( 1) values

* No sign of X 1 signals, constraints on coupling

!/
9or are set
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>* — p + invisible

[PLB 852 (2024) 138614]

F’SO:_ § Data
0 -
S t Towr
* s = dvv processes highly suppressed in SM 2 150 BT N 1]
* New invisible particles such as massless dark  : wogthﬁ :
photon or QCD axion could contribute to the N * o
s = d FCNC transition and enhance the decay :
BF : } j
 Using ~107 %X~ pairs from 10 B J /i data 2 o ptb byt bty
S 5T 07 03 04 05 05 07 05 0
« Fully reconstructing £~ — pn® at the tag side C Y e,
« First upper limit is set: | l‘ ‘T
+ B(Z* > p+invisible) <3.2x 107 _0F B E
* 90% CL exclusion limit of s — d axion-fermion S0 |
effective decay constant is set ------------====="77=7"""" g
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® Charmonium weak decay
®0- D~ u*v,+cec

¢/ ->DOh +cc,h=mpnand /1 > D h* +cc,h =mp

Sea rCh fOr ® ECNC related
rare decays:  */w-riiec

¢ DY > htete ,h =mp,and D} - h*hVete”



Weak decays of | /y

 BFs of J /i decays containing a D meson |-

Wt

expected to be up to O(10®) in the SM
* These BFs could be significantly enhanced

by some new physics models

- —2 =
,J. 10 E Semi-leptonic decay Haronic weak decay
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Weak decay of charmonium

1: Jiy—»De*v +c.c.
2: Jly—Dptv +c.c.
3: Jiy—D e*v +c.c.
4: Jhy— Ds'.E"Va»{- c.c.
5: JAy—D%*e +c.cC.
6:y(2S)->D%*e +c.c.
7: JlJy—Dr*+c.c.

8: Jiy—Dn%c.c.

9: J/iy—D"n+c.c.
10: Jiy—D%%+c.c.
11: J/iw—Dp*+c.C.
12: Jhy— D'Sn*+c.C.
13: J/y—D p*+c.c.
14: Jhy—D°K%+c.c.
15: J/y—D°K*%+c.c.

16:y(28)—>A T +c.c.
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Weak decays of | /y

« Data samples: 10 B J/y
* ForJ/y » D™ utv, +ce:

« Reconstructing D> K+ n~n~
 First upper limit @90% CL.:

B(J/vY - D pty,) <

5.6x 10~

for /3 — Dh + c.c.

- Reconstructing D’ K*te v, and D~ > Kge™ v

 First upper limits or world’s best

[PRD 111 (2024) 032020, JHEP 01(2024) 126]

Mode Nag No- B (90% CL)
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J/Ww - yD%+ c.c.

* FCNC ¢ — uy process, highly
suppressed in SM

 Could be significantly enhanced by NP

» Data samples: 10 B J /¢

« Reconstruct DY in 3 modes: K~ nt,
Kntn® and K ntntn™

* The first upper limit @ 90% CL.:

B(J/Y — vD +c.c.) < 9.1 x 107°

[arXiv:2408.08826]
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[PRL 133 (2024) 121801]
[arXiv:2410.02421]

Searches for DS — hh'ee decays

First searches for four-body D;’ decays to an electron pair
Using 7.33 fb' data @ 4.128-4.226 GeV
D;’ mainly from ete™ - D:iD with total number of N pEpT =(64.7 + 0.3) + 10°

« Single-tag method, the BF for a given channel is given by:
' ‘?\'r*-'.i :
B(DF — ht(hY)ete™) = g PRD 104, 012016 (2021)
2 ‘\D =5 € Binl.er 2'18;

2D optimization of requirements on M, vs. AM

e i

i )

ﬂ-’[rt‘(- — \/(Ecm T \/‘ﬁD‘I' ‘2 —f— ]ni_)h‘ ) _ ’f + ’ 2 8 20_8;

AM = M(D}~) — M(DY), ol

M,..(GeV/c?)

0.05 0.1 0. 15 0 2 0.25
AM(GeV/c?) 17



[PRL 133 (2024) 121801]

Results on D= h(h®)p(ete™)
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* Unbinned maximum likelihood
fits to the M(Dy) distributions
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ke” 38001 951
/LY 121
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2 006

Decay Neie

Dy »ntp,0—e

DY = pto, 0 > eTe”

780 forDf » n¢p, ¢p - e*e‘{ J

440 for Df - p*p,dp > eTe” | ]

NB: Using Dy~ "¢, LHCb measured
Rgr = 1.022 & 0.012 (stat) & 0.048 (syst)

[JHEP 05 (2024) 293]
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[PRL 133 (2024) 121801] 1501 DF 3 wadete
fb L
> i +data
" . —I— / _l_ — %100_ %2/d.0.1: 25.8/36 -..background
Upper limits on Dg - hh'e"e™ : T
% S0 ﬁ%ﬁ%ﬁﬁf
» FCNC ¢ - ue*e™ process, highly T e
suppressed in SM 1o0f
= - y2/d.o.f: 36.2/35
» Exclusion of events with M(eTe )E 3
[0.96, 1.05] GeV for mode n* et e~ 2 Oy b
g [ 7 f !
° Decay Nsig e (%) B (x107°) or
DT = nmx%Te™ 7.4 < 7.0 % 40__ il
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DY— h hle™

* LNV (AL = 2) process could be

by a single Majorana neutrino
* First upper limits @ 90% CL.:

[arXiv:2410.02421]

. SN > E’+
mediate
Ve kT .
\\ m

107"
Decay channel e (%) Bur, (Bf;{ﬁ)e‘:ted) J 10°F
B 5 duetet 30+£0.1 6.9 (3.5) x 107 £ 107
D —s g —etet 1.84+0.1 9.9 (10.8) x 10~? 5 107g
D} - K%r—etet 64401 1.3 (24)x107° 5 0
D} - KZK—etet 40401 29(23)x107° =5 n
Df —» 7 nletet  64+£01 2.9 (2.7) x 107 Sl xy ((()}5\)06 ~07 0B
Df — K-netet  51£0.1 34 (3.9) x1077 Scanning over a range of sub-GeV.

neutrino mass -



Summary & outlook

« BESIII has accumulated world’s largest on-threshold J /4 and ¥ (3686)
data

« BESIII data has enabled a wide range of searches on exotic states such
as ALP, dark photon, etc., with many of the first or offering best limits

 Also BESIII has searched for a number of rare decays of / /1 and charm
hadrons for the first time

* Not covered today: searches for light Higgs, LFV and BNV processes, etc

* A lot of analyses are still in the pipeline, and BESIII has recently collected
20.3 fb™! of y(3770) data

« Stay tuned for more exciting result!
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Three cases of muonphilic particles

/

“vanilla” L, — Ly model “invisible” L, — L, model “scalar” U(1) model
Ghe o X
. 9D "
e
e
B ket X X
9o _.w~
XN
e S
X . SRRV
long-lived
X only'couples Wi_th SM particles X, couples with DM particle ¥ with coupling © Assume the X}, is long lived or only
o B(X; - vp) =33~ 100% 8y decay to invisible final states
© m,<myl2
< 8p~>8r
o BX, - yy)~ 100 %

Search for X, X; via Jly — u*u~X, ; with X, jis invisible




Invisible decays

Search for the invisible decays of V(=w , ¢ )
mesons in J/P = Vn decays

Phys.

Rev. D 98, 032001 (2018)

Search for J/Y = y + invisible via ' m+rt-
0

Phys.

Rev. D 101, 112005(2020)

Search for the invisible decay of A baryon

Phys.

Rev. D 105, L071101 (2022)

Search for A = P+ invisible

Phys.

Rev. D 106, 072008 (2022)

Search for invisible dark photon decays
using initial state radiation

Phys.

Lett. B 839, 137785 (2023)

Search for a muonphilic scalar X0 or vector
X1 via J/U = mu+mu- + invisible decays

Phys.

Rev. D 109, L031102 (2024)

Search for BSM particles via Sigma+ to p
invisible

Phys.

Lett. B 852 (2024) 138614
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Visible decays

Search for a light CP-odd Higgs boson in Phys. Rev. D 93, 052005 (2016)
radiative decays of J/

Dark photon search in the mass range Phys. Lett. B 774, 252 (2017)
between 1.5 and 3.4 GeV/c2

Study of the Dalitz decay J/J — e+e-n and | Phys. Rev. D 99, 012006 (2019)
probing the dark photon

Probe dark photon via J/Y = n'e+e- Phys. Rev. D 99, 012013 (2019)

Search for light Higgs A° in radiative decays | Phys. Rev. D 105, 012008 (2022)
of J/W

Search for axion-like particles via J/i = ay | Phys. Lett. B 838, 137698 (2023)

Search for an Axion-like particle with J/{ Phys. Rev. D 110, L031101 (2024)
data

25



BESII

Charmonium weak decays

Search for the rare decays J/ — Ds-p+ Phys. Rev. D 89, 071101(2014)
and J/U = DOK*0

Search for the weak decays J/ = Ds(*)- Phys. Rev. D 90, 112014(2014)
e+ve+c.c

Search for the rare decay J/y—> D-e+ve JHEP157(2021)

Search for the Rare Decay Y(2s) - Ac+ Chinese Phys. C47 013002 (2023)
anti-2-

Search for the semi-muonic charmonium | JHEP 01 126 (2024)
decay J/U = D+p-vu

Search for J/psi weak decays containing D | Phys. Rev. D 110, 032020 (2024)
meson
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FCNC processes

Search for the rare decays J/ - DOe+e- + | Phys. Rev. D 96, 111101(2017)
c.c. and Y(3686) - DOe+e- + c.c.

Search for the rare decays D - h(h('))e+e- | Phys. Rev. D 97, 072015(2018)

Search for the rare decays of Y(3686) - Phys. Rev. D 97, 091102(2018)
Ac+pe+e-

Search for the FCNC process DO— PiOvv Phys. Rev. D 105, L071102 (2022)
Searching for D¢+ = h(h')e+e- arxiv:2404.05973
Search for J/y = yD arxiv:2408.08826
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Charged lepton flavour violation

Search for the lepton flavor violation
process J/Y - eu

Phys. Rev. D87, 112007(2013)

Baryon number violation

Search for J/ > Ac+e- + c.c.

Phys.

Rev. D 99, 072006(2019)

Search for the charged lepton flavor
violating decay J/{ - et

Phys. Rev. D 103, 112007 (2021)

Search for D+ > A/Ze+ and D+ > A/Ze+

Phys.

Rev. D 101, 031102(2020)

Search for J/U = ep

Sci. China-Phys. Mech. Astron.
66, 221011 (2023)

Search for BNV and LNV decay DO - pe

Phys.

Rev. D 105, 032006 (2022)

Search for D+ - ne+ and D- = ne-

Phys.

Rev. D 106, 112009 (2022)

L.epton number violation

Search for AA oscillation via J/Y > pK-A

Phys.

Rev. Lett. 131, 121801 (2023)

Search for BNV and LNV decays of =0 -
K+e-/K-e+

Phys.

Rev. D 108, 012006 (2023)

Search for DO - K-rt-e+e+ and D+ —
Krne+e+

Phys. Rev. D 99, 112002(2019)

Other rare decays

Search for 2- - pe-e-

Phys. Rev. D 103, 052011(2021)

Search for J/Y = de+e- via P'> r++H/P

Phys.

Rev. D 99, 052010(2019)

Search for LNV process phi—>PiPie-e- via
J/W—>etaphi

arXiv:2308.05490

Study of EM Dalitz Decay Y (3686) - e+e-
nc

Phys.

Rev. D 106, 112002 (2022)

Search for hyperon AS=AQ violating decay
=0 - Zev

Phys.

Rev. D 107, 012002 (2023)

Measurement of J/{ = 4 leptons via Y'—>
T/ P

Phys.

Rev. D 109 (2024) 052006

Search for AS=2 nonleptonic hyperon
decays Q-—>20Pi-, nK-

JHEP 05 141 (2024)
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