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BESIII experiment
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OUTLINE

* Sub-GeV DM search in 7 —» ° + invisible
e Other new dark sector searches at BESIII
 CLFV, LNV, BNV rare decays

e Charmonium weak decays
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Dark matter (DM) search status
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0 GeV to TeV scale: strong constraint, not found any WIMP signal
O Sub-GeV: insufficient nuclear recoil energy to be detected, less exploration
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Sub-GeV DM search status

» The challenge of the sub-GeV DM detection

[ Non-relativistic velocities J EDZI [ Sub-GeV ] — [ Small recoil energy ] — [ Not exceed the detection threshold J

> Solutions of the sub-GeV DM detection: 1. boosted DM 2. low threshold detection
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boosted DM

* Hard work but sensitivity remains limited due to the reduced DM Flux or reduced detection probability

2026/3/15; BESIII operates in ~GeV region, can offer a unique opportunity to probe sub-GeV DM from the collider
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Search for n —» ¥ + invisible at BESIII
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[ DM-nucleon scattering ] [11 - %S - n%x¥ decay ] o S n —» S — ©°x¥ has the largest BF
, _ lo_f ~+ N~ under the equal coupling strength

* The two processes involve the same new physics 107, 0.2 0.4 0.6 0.8

* Sisadarkscalar boson, and y is the DM my,, (GeV/c)

O Search for sub-GeV dark particles with 7 — %S — 7%y at BESIII

* Dataset @ 3.097 GeV
(10087 + 44) x 10° J/y
* nsource:J/YP > KtK™n

* Charged kaons help to v ¢ @
1 inclusive decay tag (IDT)
tag n and DM N y y,
Search for on-shell S — y¥ in this talk " DM decay tag

2026/3/18 The off-shell § = yx search is ongoing 6
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Search for n —» ¥ + invisible at BESIII
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> The recoiling massof KT K~

> ~2 x 10° n events are tagged

* Not the world largest ) data set, .
but may be the cleanest 1 data

» The recoiling mass square of
K*K~n®
On-shell S —» yx

0 Advantages of DM study at BESIII
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» Signal yield and upper limit (UL)

S massfrom~0to400 MeV

* ULon B(n — n’S) @90% C.L.:
(1.8~5.5) x 107>

e Clean background, full reconstruction, high efficiency, absolute BF measurement...
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arXiv: 2601.10597

Discussion within the specific model
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* The coupling strength g,, not necessarily proportional to the Higgs Yukawa couplings
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10° b el e TN . .
0 50 100 150 200 250 300 350 400 0 ) " - o > The idea of this work was from the
MeV/ . . .
ms (MeV/c) m, (MeV/c?) dinner in Moriond 2024
> ULon g, @90% C.L.: (1.3~3.2) x 107>
* Better than the result of atmospheric-boosted DM from PandaX-4T > Ongoing and Future
« Off-shell Scaseinn - ¥y
» Constraint on 0,: model-dependent (scattering mediated by on-shell S) * Pseudo-scalarcaseinn » nin " yy
* Improved by approximately 5 orders of magnitude over previous DM- e \ector case in no/n > VXX
nucleon scattering experiments « ..
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OUTLINE

 Sub-GeV DM search inn — ©° + invisible
 Other new dark sector searches at BESIII
 CLFV, LNV, BNV rare decays

* Charmonium weak decays
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Phys.Rev.Lett. 135, 151804 (2025)

Search for J /Y — ¢ + invisible at BESIII

> Motivation similar to the previous n — ©® + invisible
 Using (8774.0 + 39.4) X 10° J /3 events to search for sub-GeV particles in / /1) = ¢ + invisible

25
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Moo () [GeVZ/c*] mx [GeV/c?]
* ULonB(J/Y — ¢pX) with my ranging from 0 to 0.96 GeV @90% C.L.
Reconstruct the invisible 4x107°~4 x107°
. _ . e UL on the inclusive invisible BF of - pX:7.0x 1078 @90% C.L.
signal by the K™K~ recoil I/ =9

 Taking X =71, ULon B(n — invisible): 2.4 x 10~>@90% C.L.,
improved by more than 4 times
Lacking the theoretical connection to the physical coupling (and DM XS)

2026/3/18 More theoretically complex in charm decay, still wait for a calculation... 10



Dark baryon

L/

(G | The baryon and dark matter * Potential connection between their origins
Coincidence energy densities are fairly similar ¢« DM may carry non-zero baryon number
problem Q/ Qpmu/2p =5.361+0.06

Baryon
EBQST

r Sl | CeAmmetiod ;8880 £208 bottle
Neutren . e 5 . B(n — dark)~1%
. Q sss|- A e Br(n — p + anything )
lifetime puzzle W ! Ly |,

- ‘ l [ %
s —“l S S i } R
orsF_ Slorage method : 570.4 0.6 8 : * Motivates the existence of dark baryon
199(; - 19195 - 20100 - 20105 - ‘20]1(; - A20115; A ‘2012¢e‘"
JPS Conf. Proc. 33, 011056 (2021)

1. Explain matter anti-matter asymmetry
CP asymmetry

B-Mesogenesis
mechanism W in B = baryon + dark baryon

Naturally, dark baryon interacts with all SM quark flavor

— Search for dark baryon in hyperon decay at BESIII
2026/3/18 11

2. The origin of the dark matter



Phys. Lett. B 872 (2026) 140099

Search for =~ —» ™ + invisible at BESIII
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’ S 05F Effective coupling
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* Deposited energy in EMCused g os3f . Heavy
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0.1F
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Phys.Rev.D 113 (2026) 3, 032009

Search for y.; — J/¥ X, X —> e"e™ at BESIII

» Search for a light vector boson X: L D Y- eqrer Xy, 1¢ > Data set: 2.7 X 107 ¥ (2S5)
* If there is no dark sector lighter than X, canonly X — ff * Xy from(2S) - yx.
N | ' | i —— For o channel 107"
g - —=~._For X1 channel
f{? 600 [} Ngo=27+40 L R D s & ltoricz c:annel
= i 9 - s 10 w
2 2%/d.0f=89.2/58 - c £ 102
< 4001 ) o _ . . 2 £
s \\  Extracting X signal in M + - E £
o P . g 107} g 1o
L% 200_ — § 8 10
0 _I:,,-.--E S G 1. B - i y | | | | | .
0 0.05 0.1 1075 50 100 150 200 250 300 10 10-2 103
Me*e' (GEV/CE) myx) (MeV/c?) my (GeV/c?)
> ULonB(x —~J/YP X) xB(X - eTe™) @90% C.L.: 2 X 10-6~107* for X mass ranging from 5 to 300 MeV
> Coupling strength with charm quark @90% C.L.: (2.5~17.5) x 1073 (in unit of eq,)
» In dark photon model, X shares a universal € for different fermion
e This work has no advantage in dark photon model,
but provides unique probe on coupling with charm in some un-universal coupling models
2026/3/18
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OUTLINE

 Sub-GeV DM search inn — ©° + invisible
e Other new dark sector searches at BESIII
* CLFV, LNV, BNV rare decays

* Charmonium weak decays
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» In 2023, the search for J /Y — eu has been reported by BESIII:
B <4.5x107°

* Physics still exist... Sci.China Phys.Mech.Astron. 66 (2023) 2, 221011
1]
[===]
— A >
THREE-BODY » In the (extended) SM

14

» allowed by the neutrino oscillation
* Highly suppressed by the tiny
mass of neutrino
2

AmZ; -~
> Ui ! €10
o W ™
1=2,3

» Many new physics allows the CLFV
* RPV SUSY

 Z model

* Lepton-quark

3a
BR(u - ey) = e

NOTE: three-body is a scientific fiction written by Cixin Liu,
In 2023, it was adapted for television New CLFV result from BESIII: search for ¥(2S) — eu

2026/3/18 1 5



arXiv: 2507.10331

Search for Y (2S) — eu at BESIII

> Data set: 02 e (a) 02 N (b)
(2367.0 + 11.1) x 10° 1(2S) events 0.15F - Signal MC 0150 et Data
LA Ly,
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2026/3/18
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Lepton/baryon(L/B) number(N) violation(V)

[ Open question: Dirac or Majorana? ] Seesaw mechanism s Dirac
* Neutrino oscillations = neutrinos have small mass I

* See-saw: small mass of observed light neutrino arises

e v Maj
from heavy Majorana neutrino -m "‘1 = aJoran:; e
« Neutrinos are Dirac or Majorana is still an open question L Q"u\-"ﬂ”",v&* | %ﬁy
« Majorana neutrino can be revealed through LNV decay | Antimatter ;" @ ™, g
by AL = 2
[ Frontier issue: matter-antimatter asymmetry J -
* One of the Sakharov conditions: violation of baryon number conservation °

&

* |Inthe SM, baryon number is always conserved.

 BNVis allowed in grand unified theories (GUT) and SM extensions with -
AR

* Some dimension seven operators also allow A(B — L) = 2

2026/3/18 1 7



Phys.Rev.D 111, 112010 (2025); arXiv: 2507.06872; Phys.Rev.D 112, 112021 (2025); Chin. Phys. C 49, 103002 (2025)

Some new results of BNV/LNYV at BESIII
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OUTLINE

 Sub-GeV DM search inn — ©° + invisible
e Other new dark sector searches at BESIII
 CLFV, LNV, BNV rare decays

 Charmonium weak decays

2026/3/18 lizhj37@mail2.sysu.edu.cn
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Charmonium weak decay

» Charmonium weak decays are allowed in SM, but with small BF squeezed by the strong and EM decays

 The inclusive J/{ weak decay branching fraction is predicted to be at the order of 108 or below in SM
Z. Phys. C 62 271 (1994)

 Some new physics models can enhance the BF of ] /1) weak decay to 10~>, e.g. Top-color model, two-

H PLB 345, 483 (1995) PRD 15, 1958 (1977)
H Iggs dOUbIet mOdeI PLB 119, 136 (1982) PRD, 60, 014011 (1999)

. 102 - .
J*+0 d 3 ¢ ) 10 Semi-leptonic decay m Hadronic weak decay 1: Jy—De've+c.c. 10: Jy—D"n%+c.c.
S - . n
- O 43 i

D. s L D —— . + C. . 0,
I ) R . . s O\O 10 P Fone ™ or 2: Jy—D'u*v +c.c 11: Jiy—D’n+c.c.
c u w+ 8 10 E x ¥ 3: Jiy—D e'v +c.c. 12: Jhy—D%%+c.c.

+ = - -
J /U v Do ¢’ : 107 - x x 4: Jiy—D_"e've+c.c.  13: Jy—D'p*+c.c.

-

c < 7 Vv, E 6 ¥ ¥ - ¥ 5: Jiy—D%*e +c.c. 14: Jhy—D _n*+c.c.

< =) 10 ] x x _
g ¥ . - ¥ ¥ 6:y(2S)—D%"*e+c.c. 15: Jy—D p*+c.c.

+ 1077 x T oxgx
c ¢ ¢ c W : ¥ =¥ 7: Jy—Durw+c.c.  16: Jy—DK%+c.c.
[ ) ) y -8 I-I-I-I-I-I---I-I-I-I-I-I-I-I-I-I
I/ l c . . S = Ds Ui 10 : Inclusive BF within SM ! 8: Jl\p—)yD°+c.c. 17: Jhp—)DoK‘u+C.C.
7 7 c d ] -
a 10_9 S Y =) S A 9: Jiy—Dn*+c.c. 18: qJ(ZS)ﬁA:E +C.C.
W+ ) . 1234567 89101112131415161718
u ¢ ¢ Weak decay of charmonium
Hadroni leptoni » Current experiment status of the charmonium weak decay
aaronic or semi-ieptonic
2026/3/18
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JHEP12(2025)077; arXiv: 2510.25100; arXiv: 2511.16083; arXiv:2603.01777

New charmonium weak decay results at BESIII

J/W - Dge*v, | J/p > Dgp* | J/p - Dgm* | J/p - DK |$p(2S) - Dyp* |Pp(2S) » Dy’
Experimental result (BF @90% C.L.)

D tag D; — hads D; - ¢ev D; — ¢ev D° - Kev D; — ¢ev D; - ¢ev
(accounting BF) (13%) (2.4%) (2.4%) (3.5%) (2.4%) (2.4%)
Previousresult | <1.3x107° | <13x10™° | <13x10™* | <25x107° — —

New result <1.0x1077 | <80%x1077 | <4.1x1077 | <1.9%x1077 | <7.0x107® | <1.4x107°
Theoretical BF in the SM (x 10719)
CLFQ(2024) 10211982 29.5%22 3.6419:8¢ - 12.2132 1.2345:82

QCDSR 1.8%02 12.6139 2.0134 1.5415:48 — —

BSW 10.4195:32 51.1*%72¢ 7.4119:13 7.61115 — —

BSM 3.67%332 26.2%37 4751587 4.75%05-88 - -

CLFQ(2008) 5.3 — 5.8 2825 2.5%53 [ sM BF of the Cabibbo-favor decays: 10-°~10~19 b

LQCD 1.9+ 0.08 — — Current experimental sensitivity: 10 6~10~"7

ccam 33 B B \Fulture: Larger data?lNew tag method? y

aYalaVallio WL We)

ZUZU07 O] IO
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Summary

» New results of sub-GeV dark sector and rare decays
* Unique stringent constraints on the sub-GeV DM
* First or improved UL on rare processes of CLFV,

BNV, LNV, and charmonium weak decays

> BESIII has collected 101° J/4, 2.7 x 10° ¢,
20 fb~! @ 3.77 GeV data (DD) and more...

» More & better results are coming soon

2026/3/18 22



Visible matter 4%

Standard model and Puzzles

SM explains most facts butnotall ~—-w -~ © - ©
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Potentials to find new physics

This talk: New dark sector and rare
decay results at BESIII
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arXiv:2603.03199

Search for £ —» A + invisible at BESIII

> SM decay: s — dvv, FCNC && GIM suppression; BF < 10711 > ]/l[) — E0F0 from 1010 j /3 events
£0 > SM,E% > Aa/y’

» Decay to BSM particles (with FCNC coupling)
* Deposited energy in EMC used to extract

inwvisible N j
7 the invisible signal
e > B(£% > Aa/y') <2.3x10™* @90% C.L.
~10°
=0 { 8 > s A > 7z \
S | =
u > u i 0 ; K-K(ex)l L —pa
QCD axion a Massless dark photon ¥’ 107 o} K orna 5. Kafinis work)
; ) Coupling constraint on QCD axion
- 1 —
Log=0uafy"( o7 + ;,’—A fj Lyp = = C ;o diHF
/ A 2.
Phys.Rev.D] 94 (2016) 11, 115013 10°
m, < 1 eV motivated b _ Coecoad ol ool vl il il il ol
a 1 y Allowed BF: 1.2 X 10 4 10° 107 10° 10° 10 10" 10 10° 10™
m, X F_a with Fa > PeV Phys.Rev.D 102 (2020) 1, 015023 FY.(GeV)
Competitive constraint on
the axial coupling temp F‘;‘d 24
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