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01 Introduction

Linac: The injector, a 202M long
* electron position linear accelerator that
.~ can accelerate the electrons and
= positrons to 1.3 GeV.
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01 Introduction

* The existence of new physics is inevitable Seems 2 | re“ac b mknown a lot
v" Although SM is successful ;‘p g g 1 g,g Bt
v Yet SM can't explain many experimental results & . ‘ ‘ § D
8 L down JU strange I bottom 1 photon )
* Why low energy region a e e e |2
/ electron L % ? ) Wﬁnjég
Non-Collider Exp.: many, no observation 2 e e e e s
S -0 0|e|e®
v" High Energy Collider Exp.: many, no observation ~ \_gssiaite J|_nsdiin J_asuifioe | = 2220 JG 5
v Low Energy Collider Exp.: few, complementary Actual ly knows little (<5%)

* Our Advantages

radiation

v' High lum, large data, good detector, clean environment
v Complete kinematic constraint: MM?, U, M,ecoi » Mpe, DT method
v" Richness of various control samples

baryonic matter
(luminous + gas)

v" Common usage of miscellaneous tools

2026/3/28 FhHERFSERYIEIEL 5SLRESTHITS



01 Introduction

Based on vast data samples and the secondary
particle samples (1,1, w, ¢, K, A, etc.) at BESIII,
rare or forbidden processes are studied with high

Standard
Mode |

Standard
+

precision, thereby testing various BSM theories.

SM process: ‘‘dominant’

B

SM process: “highly suppressed”

SM process: “forbidden”

NP would be very small

— sensitive 1n rare/forbidden processes
2026/3/28 % HRET 5 ERYITER SIRHEATHIIS 5



01 Introduction
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02 Searching for BSM particles

BSM particles Searching

~~
l ! ! ! !

Axion-like particle (ALP) Light CP-odd Higgs boson Dark baryon X17 Dark photon
viaJ/YP - ya via J /P — yA° aJE" - my a) xg > e'e J/P
: PLB 872, 140099 (2026) PRD Accepted (2026) (visible)
a) With y(25) data ‘
PLB 838, 137698 (2023) l l
b) With J /1 data l
PRD 110, L031101 (2024) Visible (di-muon) decay invisible decay Massive Massless
PRD 105, 012008 (2022) PRD 101, 112005 (2020) a)ViaJ /¢y - Un() a) A7 - py'
PRD 93, 052005 (2016) PRD 99, 012013 (2019) PRD 106, 072008 (2022)
PRD 85, 092012 (2012) PRD 99, 012006 (2019) b) D° - w/yy'
lf)R\Df'IOZI’SOiiOOS (2020) PRD 111, L011103 (2025)
14 process + o e s
. c) X7 — p + invisible
e ol PLB 774,252 (2017) (visible)
Fully invisible decays PLB 839, 137785 (2023) (invisible) LB 852, 138614 (2024)

| ,, l l l l

Invisible decays of A baryon Invisible decays of Invisible decays of invisible muon philic Invisible Kg decays J/ = ¢ + invisible
PRD 105, L071102 (2022 !
) (2022) w /¢ mesons 17/M mesons scalar or vector meson JHEP 05, 092 (2025) PRL 135, 151804 (2025)

PRD 98, 032001 (2018) PRD 87,012009 (2013)  PRD 109, L031102 (2024)

2026/3/28 BHEBFSERYIEEL SXRKETITS 8



02 Searching for BSM particles: Dark Photon

v" Dark matter has not seen yet in particle physics experiments.

v One of the simplest models is “DM hidden sector” that allows the 9|9 9 @8
. . . ‘ ’ uwp charm op m
coupling between DM and SM particles via the so called “portals’ — e =
v" Can be accessible by high intensity e"e" collider experiments, such . 999 @
as BESIII experiment, if their masses are a few GeV — =L
v' Simplest extension of the SM = An extra Abelian gauge group, ®..9..9 'O
U(1), = dark photon , 2 ST, — = = =
SM ' Dark | O’ B R RN
matter | sector | 4 | fevimo_) | _neno_)|_neking | | W bosen
s darky ! Standard Model
Massive dark ppoton —772— T oT-==-
¢ Massless dark photon
arises when the symmetry of the additional
Abelian gauge group is spontaneously broken Symmetry remains unbroken
A Al
Au A:L = Massive dark photon p K
v" Coupling with SM fermion
ge v Strong constraint
e e " Massless dark photon e = (3’ :
v No direct coupling with SM Ee Hidden Sector
fermion & a
o o v" Less constraint i 9

SM DS SM DS



02 Searching for BSM particles: X17

v The X17 anomaly was reported in the distribution of opening angles between ®
ete™ pairs from the excited 8Be, 7Li, He and 12C nuclear transitions. SBe* e+<>
v" Theories proposed the nature of X17 as axial vector boson, QCD axion, or (( @ X J—

protophobic vector gauge boson etc. rog
v" In the protophobic vector gauge model, the X boson should have a
nonuniversal coupling to quarks and a coupling strength with electrons in the

)

a

range of (0.2 — 1.4) x 1073, SPRCTROMETER

v" Such a boson could also resolve the g-2 anomaly. °Be
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02 Searching for BSM particles: Dark Photon & X17

Analysis Strategy: -

v’ Based onthe (2712.4 + 14.3) x 10° 1)(3686) events.
v’ In the decay chain of (3686) — yx.; = y(X17] /) — y(eTe™] /i), where X17 decays into e"e™ and

Upper limits on €

N2 (3, m3, m3)
3572 (m, m3, )

J /4 is reconstructed with ee™ or u*u~. B(xes — 7V I/%)
B(XCJ — '.YJ/%[))

Ele (qz) |2

1071
UL on the strength . " o
of the charm L 10-4)1 «== FOr xc2 channel
10-2 quark couplingat % 5
17 MeV is o
determined to be E
. €| <1.2x 1072, T 10
| | where B(X17 - &
UL on the € varies withi ete™) = 100% >
%4 (2.5—-17.5)%x 1073 UL for B(x.; —» X17] /) - B(X17 - e*e™)

. -6 ; .
1071 10 0 50 100 150 200 250 300
my [GeV,'CZ) s S5 ERYIEIES SLRES Myx) ( MEVfﬂz}

10~4




02 Searching for BSM particles: Dark Baryon

v’ Coincidence issue [ppy ~ 5.4 Pparyon]

v Neutron lifetime puzzle [B(n —» dark)~1%]
v B-Mesogenesis mechanism

v Hyperon dark decays

||» DM may have non-zero baryon number

“ Dark

“‘Matter

Beam methg

ned

radiation

Neutron lifetime [s]

SR
G

T

baryonic matter
(luminous + gas)

]

[4)]
I

o

g \
%

875 S o.tage.‘r.ﬁlelhod..:
-

oooooooooooo
Tetsd

879.4 £0.6 5

1990 1995 2000

2005

2010 2015 ZOEQear

Can explain the symmetry between visible mater
and antimatter and origin of DM.

O
v" DM originates with SM
v' Matter anti-matter asymmetry b

@ ~ 20 MeV

Benefits

late time decay

v" No BNV, proton would be stable

Out of equilibrium

CP violating oscillations

l ]
000

d S
A A

B-mesons decay into \
Dark Matter and hadrons
e Dark Matter

—_— a/@ anti-Baryon
\ o Baryon

BR(B — ¢¢ + Baryon +j

2026/3/28

FhlERFSERYIEEL SXRKEHTS

= &

Baryogenesis

Yei=8.17 % 10~

Dark Matter
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02 Searching for BSM particles: Dark Baryon

Analysis strategy

200
=+l-!— *11° :_ I Daa
v J/Y - EYE™ from 19 b11110_n Ji /1/)_ events :23_ (a) -
v Double tag method: E* - An*, A—»pnt, 2" >~ +y T ok | St shape
120E= o Other background
v' x is the dark baryon with an invisible signature with masses of 1.07, = 100F- o Jﬂp?_l
£ sof T
1.10, my, 1.13, 1.13 GeV/c? : wf M .
40 [ =
v" The invisible signal should have EMC energy deposit peaking at zero 20k - M
D_ L i L 1 L 2 L 1 L M n 1 a i i L " L i L
v No evidence of significant signal events 13
1 2 oofp-iphrebebe bt b by
® Observed UL Corresponding %o 0.2 04 06 0.8 T 1.2
L T CesmoBaTeV” _ - Expected UL Wilson coefficients pre
d 10 — CR  =0.19 TeV I Expected UL +1o . R
2 Expected UL +2G Ciss anq C,ss are . 85—
& 10 more stringent than i L
g 10 the previous limits 5 0'75 cR‘
iy from the LHC £ 06
Ao searches for the o 05F
colored mediators & 04F
T R AN AN PR EPPUPIN SR EPEFEFIN AP BRI SRR | P Sz -
1 1.02 1.04 1.06 1.08 1.1 1.12 1.14 1.16 1.18 1.2 ® 03
m, (GeV/c) 5 0. 2;_
UL on B(E™ » ™ + ) varies from (4.5 — 76) X 107> (90% CL o
2026/3/28 HBETSERYEIBG 5 TR AT oF =2 ' ' ' !

07 GeVict 1.10 GeV/¢# my 1.13 GeV/e 1.16 GeV/e2 LHC
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03 Investigation of rare decays

Investigation of Rare Decays

~ =

l

FCNC

Decay Mode Publication

D - ¢pnt,p o ete”
Di > ¢p*,p > eTe”
Df - mtmlete” PRL133, 121801 (2024)
D¢ —» K*tnlete™
D& -» Kdntete™
D° - vy PRD105, L071102 (2022)
Y(3686) > Afpete~ PRD97, 091102 (2018)
Dt > ntnlete~
Dt > K*nlete~
D* > Kdntete™
D* > KJK*ete™
DO o et e PRD97, 072015 (2018)
D° > K*K ete~
D° - Klete~
D° - %/n/wete”

DO S yy PRD91, 112015 (2015)

!

J /b - D°K*° arXiv:2511.16083
JJ¥ - Dyetv, arXiv:2510.25100
J/W - Dutu JHEPO4, 61 (2025)

J/¥ - Dsp*

r . JHEP12, 77 (2025)

J/Y - Dsm
J/b - D7 utv, JHEPO1, 126 (2024)

]/ = yD° PRD110, 112012 (2024)

J /i = D°r°, D%, DO p°
J/Y > D~nt,D7p*
P(3686) - AFZ
J/Y - D etv,
J/¥ - D%*e~
Y (3686) > D%te~
J/Y - Ds"eTv,
J/p = Dsp*

]/lp N BOI?*O

PRD110, 032020 (2024)

CPC47, 013002 (2023)
JHEPO6, 157 (2021)

PRD96, 111101 (2017)

PRD90, 112014 (2014)

PRD89, 071101 (2014)

Others
a) Q™ - X% nK-
JHEPO3, 141 (2024)
b) J/ - LI
PRD109, 052006 (2024)
)20 > X etv,
PRD107, 012002 (2023)
d) 2~ - 2%,
PRD104, 072007 (2021)
e) lp, - e+e_nC
PRD106, 112002 (2022)
)J/p—>eTe ¢
PRD99, 052010 (2019)
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03 Investigation of rare decays: Charmonium Weak Decays

Charmonium weak decays are allowed in
SM, but highly suppressed to 1010 by
strong and EM decays.

The inclusive J/ weak decay is predicted
to be at the order of 10-8 or below in SM
[Z. Phys. C 62271 (1994)]_

Some new physics models can enhance
the BF of J/1 weak decay to 10>.
Searching for the J /Y weak decays can
provide an experimental test of the SM.
Searching for NP: top-color model, the
minimal supersymmetric, and the two-
Higgs doublet model.

2026/3/28

Fhlm

Top-color model
[Phys. Letter. B 16 (1982)]

» OvpBp decay Mediated by the photino A, is negligible for

reasonable photino masses
» Predict the existence of a light mass (~100 keV) scalar boson very
weakly coupled to matter.

Minimal supersymmetric
[PRD 15, 1958 (1977)]

Two-Higgs doublet model
[PRD 60, 014011 (1999)]

w’{: i
v < w’{
(a) (b) (el
z }w, z }w’ :
[ b
(o (b) (c"
. o > Effective Shy*(g*, Z)
:,f:“"' ““;< vertices generated by Ly,
w-) @) » Lyew: Four-quark operators
.. H“E;»q: with two scalar currents:

(f)

(e)
Produce strangeness-nonconserving (charm-nonconserving)
Fermi interactions of order aGg

585 EWYIEER SXRKEMHITS 16



03 Investigation of rare decays: Charmonium Weak Decays

v' Based on the 10 billion J /i events taken at 3.097 GeV.

v" Semi-leptonic decay J/y — Ds e*tv, for the first time, and improved constraint on J /1 = DYK*?,

c < c
] Ds
Cc > B S
W+
e+

ol
A
ol

2026/3/28

‘ Events / (10.00 MeV/c?)

Events / 2.50MeV

30 L Data

- Fit result

- — . — Background

L Signal

 nezernem Signal MC (B=10")

(e): All Ds modes

Umiss (GeV)

;‘ (a)

8

w
<
—

[\

(=]
T ——
o
=

[
(=)
T

**J i

AL

¢+ Data
-~ Inclusive MC
— Signal MC

ﬂ ity

0 X 11 I R YIRAN R B, ARSI N TR P B
07 075 08 085 09 095 1 1.05 1.1

M. (GeV/c?)

UL at 90% confidence level
B(J/Y - D°K*%) < 1.4 x 1077
B(J/Y -» D;e*v,) <1.0x 1077

[

Events / (2.25 MeV/c?)

Or ¢+ Data
L Fit result, ¥%ndf = 0.6
8 I R Signal, N=-18 =29
I Background, N=608 + 8.4
| | L 1 L | |

1.86

1.88 | ' |
M (GeV/c?)
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04 Precision test of conservation laws

Test of Conservation Laws

~ =

Cv
a)J/Y - vv.vd
BNV LNV PRD90, 092002(2014)
Decay Wode
v A—Roscin]/Y » AKX  PRD111, 052014 (2025) B- 5 3te—e-
cLFV A—Roscin] /¢ —»pK~A  PRL131, 121801 (2023) J/b = K*K*e~e” _
Decay Mode J/Y - pe” +c.c. PRD111, 112010 (2025) nontntee" PRD112, 112021 (2025)
20 5 Kte™ +rte—o-
W(3686) - ep 20 kot PRD108, 012006 (2023) w-omimte e CPC49, 103002 (2025)
=" hne tnte CPC49, 043001 (2025
SCPMAG6, 221011 (2023) e $omimierer 2l
]/ltb_)e.u D™ - ne /D — ne D;—>¢)7T_€+€+
PRD87, 112007 (2013) o P PRD106, 112009 (2022)
- ne* /D™ - ne DR erer
J/Y - et(t - vy PRD103, 112007 (2021) DO — Fet
o P PRD105, 032006 (2022 DS —~ Kin~ete*
D® - pe- > (2022) . s JHEPO1, 109 (2025)
D} - KoK~ e
+ +
D™ - Ae Df - nn~etet
0
D* - 3% PRD101, 031102(R) D} - 0K -e*et
+ L Ret 2020
L _)_/;e ( ) YT o pee” PRD103, 052011 (2021)
Dt - x0e*

D° > K metet
Dt > Kdn~ete™ PRD99, 112002 (2019)
2026/3/28 FhiEEFESERYIEER SELREKETITE pt o k-nletet 20

J/Y - Ate™ +c.c. PRD99, 072006 (2019)



04 Precision test of conservation laws: Changed Lepton Flavor Violation

Predictions at 1015 |U":NU6N|2 = 8x1013 GHye = 10_4X«9uu

v" Neutrino flavor violation is observed

N " e .
(7)) H H: ‘ > e
8- il L e
0o g t t
-
q - q q q
Supersymmetry Heavy Neutrinos Extended higgs models
v
&
- . . . 5
Q M e u d e
7 e *'
5] L 2.2
S
c q q d e q q
8 Compositeness Leptoquarks New Heavy Bosons /

Anomalous Couplings

v’ In the Standard Model (SM) of particle physics, the LFV process is "= =300 [juurarevser Mo = 30000/

forbidden. However, flavor non-conserving mixing among 2

: : : _— 3a Am?Z,
generations has been observed in neutrino oscillations. BR(p —ey) = 327 Z Uy Uei M_ﬁlrl

i=2,3
v" The smallness of neutrino masses leads to a very large suppression

of the predicted branching fractions. So, any significant sign of a
CLFV signal could indicate physics beyond the SM.

2026/3/28 FhHERFSERYIEIEL 5SLRESTHITS 21



04 Precision test of conservation laws: Changed Lepton Flavor Violation

New Physics
v Many New Physics models enhance CLFV effects up to a detectable level
* Series model based on SUSY
* Two higgs doublet model with extra Yukawa couplings
* Technicolor models with lepton flavor changing coupling vertices
v New Physics models predicts charmonium CLFV

02

* SUSY-based GUTs

* SUSY with various new bosons (scalars, vectors) 0.15

* top-color assisted technicolor (TC2) model —E :

 MSSM with gauged baryon and lepton number E: 0.1_
Analysis Strategy = :

p 0.05.

v Based on (2367.0 + 11.1) x 10° 1 (3686) events. :
v’ Search for ¥(3686) — etu™ for the first time. %

v UL for B(1(3686) —» etu™) < 1.4 x 1078 at 90% CL.

2026/3/28 FhlERT5ERYIBIEL SRS THTIS
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04 Precision test of conservation laws: Lepton Number Violation

v' Experimentally, neutrino oscillations strongly indicate neutrinos have mass M

v" Theoretically, “see-saw” mechanism can explain the neutrino mass - l\\
* The small mass of the observed neutrino arises from heavy Majorana neutﬁy
* Whether neutrino is Dirac or Majorana particle is an open question \\\

v' Majorana neutrino can be manifested through the LNV decays by AL =2
* Most promising way: neutrinoless double beta (0vff) decay

L=— %W:ZH;FW“PLH—h.C. CPC39,013101 (2015)

* Vi Mixing matrix between the charged lepton I nuetrino v; and heavy ‘ '

Ma] orana neutrino
|1/eN|2 <3 X 10_3, |V|.1N|2 <3X10_3, |VtN|2<6X1O_3

v" Search for AL = 2 process in hadron decays

2026/3/28 EEEETSERERL S Eamis (ONUMALSr




04 Precision test of conservation laws: Lepton Number Violation

Analysis Stragety:

v’ Based on (10087 + 44) x 10° J /1 events taken at 3.097 GeV.
v LNV processes [/ > KTKTe"e™ and E- -» XTe e are searched for the first time.
v Double Tag method isused in 2~ - Xte" e~ viaJ/yp » ETE".
v ULs of B/ » K*KTe7e™) < 2.1 x107°

¢ K+
N
—»—c
>
-
v
=- _ it
e g - ~N
Vo P =
2026/3/28

and B(E~ = Zte e™) <2.0x 107°.

p—
o
o

Events / (3.0 MeV/c?)
o0
S

J[ | '—'-—'Uﬁbima&at'a' -

PN
S &
T | T T 1 | T

o
-
T

-- Signal
- Other background

f-

pe=

—Fitresult

-+ Signal PDF shape (Assumed BF=10 3)

= —=An _

112 114 116 118

L | L Il L - L L L L | L L L

oo (GeV/ c?)

FhlERFSERYIEEL SXRKEHTS
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05 Summary Besm

e Rare/forbidden decays provide a unique lab to look for NP.

e Rare charm/charmonium decays is a unique window on NP, which are

complementary to those of strange and beauty hadrons.
* Present limits are still above SM predictions, no NP effects have been found yet.

* Better limits and new results are expected from BESIII, Belle I, LHCb, and Super

Tau-Charm Factories.

* More constraints on dark sectors, conservation laws, rare decays, are ongoing.

2026/3/28 FhlERT5ERYIBIEL SRS THTIS 27



THIS 1S WHERE YOU B S M
LOST YOUR WALLET?

\ ¢

NO, T LOST IT IN THE PARK.

2026/3/28

vl

BUT THIS IS WHERE THE LIGHT IS. "*;‘
&)
- Jj

FhlERFSERYIEEL SXRKEHTS

searches

v
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