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Motivation

» Standard Model (SM) describes the fundamental particles and their interactions
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* Discovery of Higgs boson completes the building block of the SM.
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Why do we need physics beyond the Standard Model?
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“* Can not explain % Facing some tensions
* Existence and mechanism of the dark matter « How can we search for new physics?
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Possible new physics approaches

Dark matter portals

Very rare decays

arXiv:1311.0029 (2013)
Symmetry P
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@ BNV & LNV processes 9 00| interaction
@ LFV processes a2 glid.d
g | | e ' a@ 8 We have to require another interaction?
\’Other Symmetry VlO]HthIy : ~ Standard Model ) Vector portal: | Pseudo-scalar
N2 dark photon portal: axion
(0 FCNC processes ) L ——
# Charmonium weak decays |
; o N % Neutrino portal: %Scalar portal: |
: e | \ Sterile neutrinos dark scalar particlei
\‘ Other rare dECElYS / Hidden Sector ) —

Very rare

BESIII provides an ideal avenue for exploring such new physics scenario
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BESIII Experiment

RPC: 8

ayers CGEM originally developed for KLOE

* better anode design

* improved analogue readout with (Torino)-
ASIC

Replace inner drift chamber detector
by CGEM

Major contribution by Italian group

6/15/2026

New physics searches at BESIII 5



BESIII Experiment
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Rich Physics with clean environment
Chin. Phys. C 44, 040001 (2020)

(e}

6/15/2026 New physics searches at BESIII

T e e e o S S S S S e S S S S


https://doi.org/10.1016/j.nima.2009.12.050

Search for dark matter portals
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1% e I : e Search for ALP via radiative decays
I I I J/ ¥ decay

Standard Model -  massless dark photon in D° - w/yy’
* Invisible K decays

* Search for dark baryonin 2= - y

Hidden Sector

arXiv:1311.0029 (2013)
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Status of dark matter searches
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Direct detection:
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GeV to TeV scale: strong constraint, not found any WIMP signal

Sub-GeV:
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insufficient nuclear recoil energy to be detected, less exploration
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Search for n — %+ invisible
Coupling of scalar dark matter (DM) S with a Dirac fermion DM y

LD —g,SXLXR — guSturur + h.c.
/ \

N
effective coupling up-type SM quark
D1mer;319nles = vacuum expectation value N N N
s coef lcwnt\csv DM-quark scattering
Gu

Phys. Rev. D 100, 095020 (2019)
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Current existing constraints

107 PandaX-4T

BR(M —n’) =1x10
mg = 300 MeV
1 11 III| 1

10—3? | Ll | |
107 1 210 102
m, [MeV/c"]

New physics searches at BESIII

U > & > U
Ju
°
U - - u
n— n’S

Phys. Rev. Lett. 123, 261802 (2019)
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Events / 3.00 MeV/2

Search for n — %+ invisible

Search is performed using 10 billion J /iy data
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Search for n — n°+ invisible
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Search for sub-GeV invisible particle in /P — X

Sub-GeV light DM candidates behave as invisible particles due to their weak coupling
with SM particles. arXiv:2207.00597 (2023)

- e . . invisible (X)
A search for an invisible particle, X, with a mass between 0 and 0.96 GeV/c? has been

Events / 20 MeV?/c*

performed in the process | /¥ — ¢ X using 8.8 billion events collected by the BESIII €~ o (i e’
experiment. ¢
K+ K~
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Search for an Axion-like particle

An Axion-like particle (ALP), a

is a pseudo-scalar particle

introduced by the spontaneous breaking of Peccei-Quinn symmetry to solve the strong CP problem of the QCD
Phys. Rev. Lett. 40, 223 (1978); Phys. Rev. Lett. 40, 279 (1978) Phys. Rev. Lett. 38, 1440 (1977); Phys. Rev. D 16, 1791 (1977)

Predicted by many models beyond the SM and proposed to be a cold DM candidate.

Phys. Lett. B 753, 482 (2016)
ALP production at ee” colliders

" ALP-Strahlung process = Radiative decay process
Phys. Rev. D 52, 1755 (1995)

a

JHEP 06, 091 385 (2019)

m> 2\
BUW - ya) = L g2 |1- D | BU - ete)
32w my,
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Search for ALP via radiative J /1 decays at BESIII

Phys. Rev. D 110, 031101 (2024)

« 1019 J /1 events

* Extract signal from M., distribution J/P
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Dark photon

Simplest extension of the SM = An extra Abelian gauge group, U(1), = dark photon

=== =

1

1
Dark |
sector :
|

matter

ToED O vk

1
SM :
]
1

P T T

} ) }
Massive dark photon Massless dark photon

arises when the symmetry of the additional Abelian

gauge group is spontaneously broken Symmetry remains unbroken

A g :
’ Au A# AN
= Massive dark photon -
ge / = Coupling with SM fermion / ]
e € = Strong constraint & / -
EE ™
® ® N y

B. Batell, et al, PRD 79, 115008 (2009);
R. Essig, et al, PRD 80, 015003 (2009)

Massless dark photon

No direct coupling with SM fermion
Less constraint

Also, important role in dark sector

1 ~ _
'CNP _(C%QJGMPM;(H —|— CDq 'O’LwdkH + Cékl'()"uyekH —+ HC)F;W

) J Jk1] J
ANP f' -

A dimension-six operator has been proposed to provide a connection between SM fermions and the massless dark photon

= Naturally allow the FCNC coupling PRL 94, 151802 (2005) v

u

= Less background and higher sensitivity

(a) D" = wy'

(b) D" — yy
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Current status of massive dark photon searches

Visible ﬁnalﬂs)gates
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Search for a massless dark photon in D° —» w/yy’

= Search is based on 7.9 fb-! /(3770) data using a double tag (DT) technique

= The signals of the massless dark photon are extracted from a fit on the distribution of missing

mass squarce
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Invisible K9 decays

v' SM decays . YA

Y Very rare (BF < 10-19)
FCNC and Helicity suppression
Phys. Rev. D 91, 015004 (2015)

K% ufeft
d

~I

W

v Decay to DM particles

S H' X 5 ' e
K0 > < K H _____ ' Two Higgs doublet model (2HDM)
> 5 BF~0(1079)
d X d 3 Natural Sci. Rev. 1, 5 (2024)

v Ordinary matter particle oscillation

0 or Mirror matter model arXiv: 2006.10746
Ks - Ks BF~0(10~°)
v' Input for CP test Bell-Steinberger relation connects CPTV to the amplitudes of

all decay channels of neutral kaons.
BUT currently assumes no invisible modes
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Invisible K9 decays

> Search is based on 10 billion ] /3 events collected by the BESIII detector via J /1 — ¢KIK decay.

> ]/ = ¢KQK) is forbidden by C-parity conservation.

> K —invisible decay rate can be calculated as,

B(KY — invisible)

N, signal

%ﬂ' (ESigDal/Enon—ﬂ+‘n’_)

Backgrounds from four-pion
and non-phi backgrounds are
subtracted

JHEP 05, 092 (2025)

(1— B(Kg —7rr7))

k

60

~ 10 x10° T ‘l/ T
N
Q ¢ Data
S Signal shape
@ 8 —Totalfit —
E -- Kga anything
o Non-¢ ;
S |- ¢ Other backgrounds - _
—
x2ndf = 2.69
£
Qo 4 I
-
L
2 '
"':-T WOy AT, soannhacrrrrnalonnn
cb 0.5 1 1.5

No evidence of the signal
production for K —invisible
is found

B(K? —invisible) < 8.4 x 10~* at the 90% CL (First direct measurement).
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Dark baryon

) [ [ [ . . . . o« o . . . . .
% Coincidence issue: Similarity between DM and baryon densities: ~ Potential connection between their origins
Pom = 54Pparyon DM may have non-zero baryon number
=
% Neutron lifetime puzzle £
2 bottle
gaan: Tbeam = Tn
" ok | . Br(n — p + anything )
et
88”: .-:-:-:-:-:-:-:-:..-:-:-:-:-:-:-:-:-:- 5 %33%% B (n —_ dark) .-...-1%
875 :_.‘.‘.‘.".‘.‘.‘.Sglntage.‘nilelhod H 5879.4‘.:.‘;0.6‘.5
R R R TRy * Motivates the existence of dark baryon

» B-Mesogenesis mechanism: Can explain the symmetry between visible mater and antimatter and origin of DM.

A =4 A -7 A =y

s Hyperon dark decays

PRD 105, 115005 (2022)

085 100 1.05 1.10 5 120
my [GeV]
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Analysis strategy:

= J/¥ — E*E from 10 billion /1 events
= Double tag method: EY > Art, A->prnt, E- > +y
=y is the dark baryon with an invisible signature with masses of 1.07,

1.10, my, 1.13, 1.16 GeV/c?

= The invisible signal should have EMC energy deposit peaking at

VA {0)

= No evidence of significant signal events

Corresponding Wilson
coefficients CL and
CR . are more stringent
than the previous limits
from the LHC searches
for the colored
mediators

1
®* (Observed UL
1 — Cis = 0.84 TeV ™ - - = Expected UL
4 10 — CE = 0.19 TeV 2 I Expected UL +1c
\Ug‘ Expected UL +2G
S 2
o
5 10
®
-3
5 10
&
A 4
10~
- I i i L i I I I i i I I i I
10 ] |

1 102 104106 108 1.1 1.12 1.14 1.16 1.18 1.2
m, (GeV/c?)

90% C.L. ULon B(E~ - ™ + x) varies from (4.5 — 76) X 107°
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Search for rare and forbidden decays

Symmetry

@ LFV processes

KQBNV & LNV processes )

\0 Other symmetry vmlatlory

 ®FCNC processes

\OOther rare decays

@ Charmonium weak decays

N

J

Very rare

6/15/2026

Search for AA oscillation

J/Y = pe” +c.c

CLFV decay ¥(3686) = etu*
Weak decay J /i - D°K*%+c.c

Weak decay J /Y - D;e*v,+c.c

New physics searches at BESIII

PRD 111, 052014 (2025)

PRD 111, 112010 (2025)

SCPMA 69, 251012 (2026)

JHEP 05, 126 (2026)

arXiv:2511.15394 (2026)
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Why search for rare and forbidden decays

Baryon Number Violation (BNV) Lepton Number/Flavor Violation (LNV/CLFYV)

Why matter is dominant over anti-matter — BNV * Neutrinos have mass! — Lepton Number Violation (LNV)
(Sakharov condition) (Majorana nature) & Lepton Flavor Violation (LFV)
Predicted in many GUT models and other SM * If neutrinos are Majorana particles

extensions

= Lepton Number Violation, AL = 2

BESIII probes BNV via  CLFYV processes (eg., 4 — ey) are very rare

» Search for BNV decays
/A oscillation

- Y
om2\? W
— oscillating BR(/J, — (_)_PY) o ( 2”) < 10—54
J/Y = AA AA AB=2 process myy ~ % .

U Vv, Vi v, e
| A 2 A
Ao A _
o
o > ¢ Observation of CLFV decays
uds uds ) .
P(A > R) o (6myp)? = clear evidence of new physics

@ Rare and forbidden decays provide exceptionally sensitive
probes of physics beyond the Standard Model.
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Search for AA oscillation

Search for A — A oscillation is performed in baryon number violating decay J /i —
AA using 10 billion J /1 events.

Right sign (RS) events: J /i = AA +c.c.; Wrong sign (WS) events: J /i — AA +c.c.
No WS events are observed in decay J /Y — AA

The upper limit of oscillation ratio is set to:

B /P - AN +c.c.) - N&

- =14x%x107
BT p - AN) N3%/egs

P(A) =

The other oscillation parameters §m,z < 2.1 X 10718 GeV and 7,5, > 3.1 X 10775 are
set accordingly.

These results are more stricter than the previous BESIII result from J/ip—pKA decay (PRL
131, 082101 (2023)).

Charmonium decays of BESIII offer a unique, low-background probe for BNV in baryon-
pair decays, providing novel pathways in addition to proton decay and nn oscillations.

6/15/2026 New physics searches at BESII|
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Search for baryon and lepton number violating decay
J/W — pe” +c.c

Search performed using 2.7 billion 1 (3686) events collected by the BESIII detector, where J/i sample is selected by
tagging the pion-pair from ¥ (3686) — mm~J /i transition.

Charged tracks with momentum less than 0.45 GeV/c are 8
assigned as pions. —+— Data

6 - Inclusive MC
Particle 1dentification (PID) of electrons and protons are Signal MC
based on dE/dx, TOF and EMC information

4

A good combination of mTm pe~ is selected by
performing a four-constrain (4C) kinematic fit.

N

1 I I | I I I | I I I [ L

Events / (2 MeV/c?)

No evidence of significant signal 1s observed

3.09 3. 095 3.1 3.105
pe- (GeVIc?)

90% CL upper limit on B(J /Y - pe™) < 3.1 x 1078
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Search for CLFV decay 1(3686) — etu™

Current experimental status of V — £¢' (V = J /Y, Y)
S. Navas et al. (Particle Data Group), Phys. Rev. D 110, 030001 (2024) and 2025 update

4%10-5

3x10°°®

3x10°6 3x10°6

2x107°

1077 4
See updated results of

Y (2S,3S) - eu at BaBar
from Yury talk in
BEACH-2026 conference.

1078 E

10~? E

90% CL Upper Limit on Branching Fraction

10710
o er - et W= ue N i et s 7 b N7 e 297 et 297 b N3 7 et 397 et N3 7 pe

No any experimental result for (3686) — et u™
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http://pdg.lbl.gov/2025/html/authors_2025.html
http://pdg.lbl.gov/2025/html/authors_2025.html
http://pdg.lbl.gov/2025/html/authors_2025.html
https://doi.org/10.1103/PhysRevD.110.030001
https://doi.org/10.1103/PhysRevD.110.030001
https://doi.org/10.1103/PhysRevD.110.030001
https://indico.cern.ch/event/1537617/contributions/7010241/attachments/3290121/5882587/BEACH26_BaBar_LFV.pdf

Search for CLFV decay 1(3686) — etu™

* Search is based 2.367 billion )(3686) events collected by the BESIII detector

« 2D histogram of }; p; //s versus X, E; //s

N, In data = 8 events (signal
region)

Expected background = 6.2 +

1.4 events

No significant signal events
are observed

O - 2 Ch e
Ty g .
oy

0.15F

Signal MC

e R
.E/ Vs

90% CL upper limit on B(y(3686) - e*u™) < 1.4 x 1078

6/15/2026
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0.2 —
0.15:—_ KRN Data
) KN
e 0.1f —
Al
0.05F. .
.....'i.'...u.'...'. LTS P Lou sy as oy
""" %8 09 1 1.1
1 YE/\s

(First experimental limit)

27



Branching Fraction

k f meson
Weak decays of J /1 meso arXiv:2603.22082 (2026)

Weak Decays of Charmonium: 90% CL Upper Limits vs. SM Predictions &
F
_:( L3
------ 10 Reference. . Iy NEW phySlCS w2
10-5 + EEE. 90%CL Upper.Limit
1 X SM Prediction
—6
10 : ‘)6;'6\
1077 4+ .-
1072 -
*.;\tb *QQ
P X
P P P

Decay Mode
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Charmonium weak decay J /3 — D°K*%+ c.c

Expected branching fraction of J/i — D°K*°
(1.54~10.27) X 107°  Chinese Phys. C 44 040001 (2020)

Search is based on 10 B J /i events

D° decaysto K*e v, and K*° decaysto K~ m*

The four-momentum of the undetected neutrino is inferred from the

missing momentum and missing energy

I
|F;t1:|i:-;:-:| — Iﬁ_zﬁ; , t=K 77, K7,e"

T
Eml:-a:-e — E{ZI'[]H — E Eh
[

We require |U_. | <0.023 GeV

miss|

Recoil mass of the K~ m* system is used to infer the DY signal.

No significant signal above the expected background.

90% CL upper limit on B(J/y - D°K*°) < 1.4 x 10~7, which is an order
of magnitude better than previous BESIII measurement.

is predicted to be

-
Umiss = Fmiss — |H1:i:-;:-:|f-'1

6/15/2026
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JHEP 05, 126 (2026)

E"U B
5§ )

W
Ji L

iz
A

==
=

] Data

Fit result, x%/ndf = 0.6
.......... Signal, N =-1.8 + 2.9
---------- Background, N = 60.8 + 8.4

oL

b
[T [ T T T[T T T]
e —

Events / (2.25 MeV/c?)
=1

0 =
P P
1.82 1.88 L9
MK (GeV/c?)
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https://link.aps.org/doi/10.1103/PhysRevD.89.071101
https://link.aps.org/doi/10.1103/PhysRevD.89.071101

Charmonium weak decay J /Y —» D;e v, + c.c

In SM, the inclusive branching fraction for semi-leptonic J/i decays is ~ arXiv:2511.15394 (2026)
expected to be of order O(107%) ¢ - c

I/ Ds
Cabibbo-favoured J/i —» D;e*v, expects to have significantly larger ‘ > . > °
branching fraction than other weak J /i decays Phys. Rev. D 110, 030001 (2024) v
< et
Search 1s performed 10 billion J /3 events collected by the BESIII detector
Ve

Reconstructed hadronic Dy decay modes: D; — K%K~ D; - K*K 7, D; - K*K 7 «° and D; — KJK - 7ntm™

= Data {8): D;—KK, Kimn z [ Data (b): O,—K Kn
. . . . . . R E‘;’E?;I..l'a Erp — - E‘%ﬁi‘m
No significant signal yield observed in fits to the Umiss spectrums N L B
Nsignal ) E_ - :
.. 0 5 10 15 20 25 30 e / Ik
Set 90% CL wupper limit on SgYWp——— T E H
n S - Nominal curve F
5 D- . 1 —— Smeared curve _1E ' 2 : ——
B(]/ w DS € Ve) ’ : i - AR 8 Y . : T
0.8 i = 0.1 005 05 0.1 ‘ EX S S [ 0.
- = Umiss (GeV) Umiss (GeV)
0.6 f % ! : _v. - EEE’E;“,_!LM [ e A % 12 * E'E:;“““ (d): D~ KK m e, Kie
B(J/y — Dietr.) < 9.9 x 1077 Wi 3oL i e ;
0.2 [ ’
0 : : . . : . . . . : : : : - : l . . - § : = = = * i N
0 5 10 15 20 T b o B T b bbb g s

B(J/y—De'v,) (x107) i
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Summary

BESIII occupies a unique position in the tau-charm energy region and has accumulated the world's largest charmonium
data samples.

BESIII has recently explored the possibility of dark matter portals as well as several BNV, LNV, FCNC and weak decays
of charm and charmonium mesons.

No significant signal observed in any channel (all results null)
Most of the results are the most stringent to date; several represent first searches.

Future J /1 data of super tau-charm factory may prove or disprove the SM prediction of the weak decays of charmonum
mesons.

More results are expected to come in the near future, especially with recently collected 20 fb-! of y(3770) data.
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Light Higgs boson A’ search

® A light Higgs boson is predicted by many extensions of Standard Model, such as Next-to-Minimal Supersymmetric Standard Model
(NMSSM).

5 tanf=10, u=150 GeV, M,,,=100,200,300 GeV

I L T | I I T T | I 1 I 1 I I I I

» NMSSM contains a total of three CP-even, two CP-odd and two charged
Higgs bosons.

- 0
o -
> The lighter state of the A? is defined as: "o BFU/ 170 YA )

1077
A — sinf, A -
[PRD 76, 051105 (2007)]

L»Non—singlet Singlet

', K
5 — —
[ ':" :
1078 E
» Coupling of fermions and the CP-odd Higgs A° 5L -
f_ M 050 _ I I ]
Lint A d(lj/s)d’ d d) S, b} e, ,uJ T L . 4

- ¢
1] sty co I A, 1 =1, €, 1,V ¥y Y, 107 arXiv:0712.00163
L L | [ | | ] L | [
5 1
-0.5 0.0 0.5

Vv .
tan ,B —_u Ratio of the VEYS of the up and E. Fullana et. al, a non-singlet fraction (COSB,‘)
v down-types of Higgs doublets Phys. Lett. B 653, 67 (2007)
d

Jhy—yA°

» Can be detectable via radiative decays of J/y and Y'(1S) Non singlet fraction Cos0,,

[Phys. Rev. Lett. 39, 1304 (1977)]
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Light Higgs boson A’ search in radiative J/ip decay
Expected B(J /i - yA°)~107° —10~7 [PRD 76, 051105 (2007)]

» Use 9 billion J/y events collected by BESIII experiment to
perform this study.

Mixing angle (sin8 ,o)

= sin?8 40

B(T(1S) — vA")B(A® — hadrons) _ Grm; (1- m%o
B(Y(1S) — ¢+¢7) V271

» No evidence of A? production is found and set 90% confidence

. 10 g
level upper limits on product BFs . 1k
O A - e B T B A S L e .~ 10_21'
[ J ] 10_; i
3| | , _ %< 10”
10°E l | TS E ® 10°°
- - — [ o e S i ui g R A SERATHBERAFHEES | 5 "0 e S
S ~ ) Ldp ! ' . c 10—7
o r M\ . D 108 ENaszkorar 4 T
= |1 i 10]
S 102 = 1070 I (e
L = — Observed limits = 10ME 0y T e,
@ N ----- Expected average limit ] 10712 | sniaeia
i Expected limit (68%) i 10713 PRL 128, 081804 (2022)
10 Expected limit (95%) _ 1014 Byl ] TR
= 3 107" 1 10
- . m,. (GeV)
PRI [N SN TR TN T AN TN TN TR T NN TR TN SN SO Y TN SO TR SN AT TN SO SN N ~
0.5 1 1.5 2 2.5 3 Our result in the low-mass region is better than recent BELLE
myo (GeV/c?) measurement
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https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.128.081804
https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.128.081804

Search for FCNC charmonium decay J /1 — yD°

PRD 110, 112012 (2024)
e The FCNC decay J /i — yD" is expected to have branching fraction of the
order of 10™13 within the SM. J. Phys. G: Nucl. Part. Phys. 36, 105002 (2009) Y

* Search has been performed using 10 billion J /3 events

. : _ Jhy D’
* No evidence of signal production in a large data sample.
% 30F %, 60 + %
2 0 2
¥ L v 40
> > i il 1] >
- 20 240 T TTU 11 T o
=TT s
= B = =
S T S f = 20
= 10 M 20 - &5
- - (0) _
0 PR T N T W T N SN S ST NN . R W N A T NN R N 0 PRI ER T TR SA T N T SR T A . WS S S N S N N S N U PRTRR R T IR T S N S SR TR NP . W ST N T T RO IN RT SR 1
1.7 175 1.8 185 19 195 2 1.7 175 18 185 19 195 2 1.7 175 1.8 185 19 195 2
My, GeV/¢& M, GeV/¢ My ... GeV/¢

Set 90% CL upper limit on B(J/[/J: :> ’)/‘DD) <01x10"8

6/15/2026 New physics searches at BESIII 36



Search for LNV decays of D > h™h'e*e?

A single tag (ST) method is used for these searches.

The branching fraction of D& - h*h%e*e™ can be calculated

as,

Np

Events / (12 MeV/c?)

Events / {12 MeV/c?)

30

sl
o

iy
=]

B(Df — h™hPete™) =
( ) 2 - ND;iD;F "€ Binter

20p

T \
19 1.95 2
Mlorerer) (GeVie?)

151

10F

[ b 'H‘l
1.9 1.95 2
M(K‘;K" ee?) (CeVic?)
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Events / (12 MeV/c?)

Events / (12 MeV/c?)

(%)
(=]

]
|D|||

o
|o|||

N, sig

60

||G||

1 1 i 1
1.9 1.95 2

M(pK ere?) (GeV/?)

[ Df > malee

. . .
19 1.95 2
M(r-r"ere”) (GeVic)

Events / (12 MeV/c?)

Events / {12 MeV/c?)

™
=]
T

=
(=]
T

«+pF = (64.72 £ 0.28) X 10° is the total number of D** DF

P Df = Kirete

501

| L |
1.9 1.85 2

MK ete?) (GeVied)

F D 5 Kalee

1 L Il
1.9 1.95 3
MK nlee”) (GeVIE)
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JHEP 01, 109 (2025)

D @ D} ¢ D K"
T = ﬁﬁ—% g
EN
Wtk e Wt

L w 11‘1 LS

——— S '_4—
Yy
A
T— et et T‘_ e
- “
W o

—
< E < ? K

(a) DF — ¢gn—ete’ (CF) (b) DF — K~ etet (SCS) (¢) Df = K2n—etet (SCS)

¢ - d - i
D i we a0
e ) 5 N r a "
e d ]
W‘L"L 1"‘& &
S . W+ ) Wy
. -
Vi
e ¢t
= ‘ A —
w LLLL\_m i e, @ W il
' - - -
< e w<\ - “ﬂ<"\ K-
s &

d

(d) DT — K&K~ etet (DCS)  (e) Df — n-wleTet (W-exc.) (f) DF — K~ n%Tet (W-exc.)

Set 90% CL upper limits for null signal yields

Decay channel e (%) Bur, (BGY cctedy
Df — ¢pn—etet 30+£0.1 6.9 (3.5) x 107
D — oK~ etet 1.84+0.1 9.9 (10.8) x 107°
Df — Kn—etet 64401 1.3 (24) x107°
Df - KJK etet  40+01 29 (23)x107°
D} — a=mletet 6.4+0.1 2.9 (2.7) x107°
Df - K nl%tet 51401 3.4 (39)x107°
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Search for LNV decays of D > h™h'e*e?

JHEP 01, 109 (2025)
Also search for Majorana neutrinos in the decay of D& — ¢getv,,(-» 7 e™),

No evidence of Majorana signal 1s observed. Set 90% CL upper limits on branching fraction as a function of Majorana
neutrino mass

107"
1072

1073

UL of BF at 90% C.L.
S

I IIIII|'|] I IIIIIII| I IIIIIII| I IIII|'|T| I IIIII|T| I IIIII|T,

L [ B B T
03 04 05 06 07 08
m, (GeV/c)

—3
<
-
CL
Mo
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Search for LNV decays w/¢p/n »> m m e e

« Clean samples of w/¢ /n via selected via J /Y — Vn (V = w, ¢p) decays, where V or n are allowed to decay mtm~"e " e”

 The reference decay channels of [/ - Vn, w » ntn~n® (¢ > KTK™), n - yy are also studied to avoid some sources of
the systematic uncertainties, including branching fraction of J /Y — Vn.

* No evidence of LNV decays are observed.

n-ontn e e” ¢ontn e e” w-oatn e e”
0.65r : 0.70

SO | :I:r}gﬁjsiuemc _ 0.6 .o . - 0.555—*
E 2 0.55 X g e
éz 0.5 C - " L . 03

1 1z 14 16 s~ 1 15 2 25 Mhs II'M"'ITS(;V;,C;‘%"”E-'5

M._._...(GeV/c?) rwee(GEV/CY)
M,., (GeV/®) ree

* Set 90% CL upper limits on branching fractions of corresponding NLV decays;

B(n — ntate e™) < 4.6 x 10~ B(¢p — nrrte"e™) < 3.7 x 107° Blw—=nrre e”) <28 x107°

Phys. Rev. D 112, 112021 (2025) Chin. Phys. C 49, 043001 (2025) Chin. Phys. C 49, 103002 (2025)
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Search for LNV decay E— X ee"

Till now only LNV decay of E=—ppu-u 1s available

e B(E —pup)<3.7 X 10~* by a hydrogen bubble chamber experiment at BNL

e B(E —ppp)<4.0 x 108 by HyperCP experiment at Fermilab

The search for 2=—X*e'e is performed with |AS| = |AL| = 2 using J /Y — Z"E~ decays

where S represents the strangeness number and L the lepton number

Analysis is based on 10 billion J /1 data.

=+ is reconstructed via the =% — Azn™ decay channel with A — pr~

>*is reconstructed with X*—pmn°

%
>
=
No evidence of significant signal o
yield is observed in the invariant %
mass spectrum of pT[O system =
5

Calculate 90% CL upper limit
on BE —Xtee)<2.0 x 107°

6/15/2026

PRD 46, 892 (1992)
PRL 94, 181801 (2005)

with a double tag (DT) technique,

The recoiling mass of =T

—— Data

— Fit result
Signal
Background ]

1 soboqsopogeq-t

il

><I1(|13| _

N, 140

2 120 |-

p= :

v 100

e L T :L -

- —— Unblind data — Fit result 7 - 80

100 [~ l -~ EoAT --+ Other background | g 60 -

i I »=« Signal MC shape (Assumed BF=107) g _

80 T - 7] M 40 F

60 |- - 20 |-
40 |- .
20 .
TR P T T ey MRS e & T L YT G

1.1 1.12 1.14 1.16 1.18 1.2 1.22

M, (GeV/c)
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126 1.28 1.3 132 134 136 1.38

11 A
M, (GeV/e)
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Search for LNV decay J/Y - K"K e e +c.c

First experimental search using 10 billion J /i events o u“_ : X s
LN TS M, |
. . -J“;EN WLy | Jap I| WUT:‘E; | II
Only one events are survived after applying all the SO ‘ " Ve ana Moo ‘ P
. . . | ] i - & \J - el = -
selection criteria | | v | =y ;
||I | 1:,:' N“”I:" p | | w"f'lf m—-“[,] B _l, | K- | ||
[ __,.l e

90% CL upper limiton B(J/Y - K*K*e~e™) is set to be

—9
less than 2.1 X 10 Majorana mass dependent upper limits

i J/Y - 2vy - (K e™)(KTe™)
el Jhy — K'K'e'e'+c.c.
i PHSP MC =
FE -
% [ ()
0 o4l— §
(] (a3 ]
= 2
% - =
£ @
T | c
Ll al 31[]-9
:] -
_h_._._-Pfr 1 ‘ ‘ I I I 1 1 1 1 1 1 1 1 1 1 1 1 I 1 1 il I 1 1 i
3.08 3.1 115 0.4 0.6 0.8 1 1.4 1.6
My (GEVICE) M, (GeVic?)
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Charmonium weak decays J/Y - D;p*+c.c.and J/Y » D™+ c.c.
JHEP 12, 077 (2025)

« BFs of exclusive decays J /Y = D; p* and J /1 — Dy are predicted to be
(12.6—51.1) x 1071%and (2.0 — 7.5) x 10710

EPJC 55, 607 (2008) PRD 78, 074012 (2008)

e Search is based 10 billion J /Y events collected by the BESIII detector

* No evidence of significant signal is observed in Mp_ distributions

* 90% CL upper limits on
branching fractions

B(J/v — D7p") < 8.0x 1077
B(J/y — Dint) <4.1x 1077

6/15/2026

=2 o

Events / (4 MeV/c?)
=4

AHEP 2013, 706543 (2013)

- —& Real data N g=-0.3 + 2.1

— [Inclusive MC " +
[ []Signal MC Negg= 20-2 £ 5.0
- = Fit result
AR Background
1.9 1.95 2 2.05
M, (GeV/d)

New physics searches at BESIII

/Y [

C { C ,
S
V\Lf‘% | p()
u
% | -eRealdata N= 3.5 £ 2.6
> 8~ [Jinclusive MC _
§ [ [ ]Signal MC Noig= 14.5 £ 4.2
s | =—Fitresult
&i 6 [~ « Background
g [
Saf
=L
L
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Search for FCNC charmonium decay J /¥ — Dutu=+ c.c.

JHEP 06, 061 (2025)
In SM, flavor-changing neutral current (FCNC) processes are highly suppressed -

at tree level due to GIM mechanism and can proceed via loop diagram  Phys. Rev. D 2, 1285 (1970)

e

The FCNC decay J /Y — D%¢* £~ is expected to have branching fraction of the

order of 10™*3 within the SM. J. Phys. G 36 (2009) 105002 ‘ !
ulrfr{' Ww- DY
. . e -4 C
Search for FCNC decay J /1 — D°u* u~is based on 10 billion J /3 events
;j 60 4 Data ~—— Total fit :;f = v
No evidence of significant signal event is found in the simultaneous R s Mode I: K 'x
fit to the invariant mass spectrums of Du*u~ system : 37 J
Neig - " 210 ; H
. 1,20_....1:0,...2:}....3?... 0 s e 70 w* il
90% CL upper limit on J 3 e : B R O
/Y - Dutu” is set to 08 [  comvolved curve
be less than 1.1 x 1077 06 - g=F o
B é 20 f Mode II: DK 'n*n® = 16 Mode Ill: D°—K' ' rn*
0.4 — § p
“'............. [P PR i H_I #
0 0.5 1 1.5 2 25 Sk ]
B(J/y—D"prpr) (x107) of J gt Ili“xm

306 308 31 a2 34 306 308 ad a2 34
M., (GeVic) My, (GeV/e)
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