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BESIII experiment

+Beijing electron-positron collider (BEPCII)
= Peak luminosity : 1.1x1033 cm™2s1
n CMS: 1.84 - 4.95 GeV, t-charm region

+Good detector performance
s Main Drift Chamber (MDC) o, /P=0.5%@1GeV/c
s EMC Barrel(Endcap) a5 /E =2.5%(5.0%)@1GeV/c
s TOF Barrel(Endcap) o1=68(60)ps
= MUC Pcut—off =0.4GeV

e¢lLarge and clean sample

= 10 billion J /1, 2.7 billion 1(2S) events |
 hyperon A, 29t 50~ ~107 rR°|

o light mesonn, ', ¢, w, K2 ~107
= 20.3fb~1 ¢ (3770) events
« D meson pair ~107
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Double tag analysis at BESIII

¢ Advantages for searching dark sector and rare decays
Npr/€pt

= absolute branching fraction measurement, B =
Nsr/€st

m systematic uncertainty cancellation

= clean sample , low background

m partial reconstruction, recoil system dark sector search
m Missing mass, missing deposited energy (invisible particle)

Target channel
SM decay +—— @ @ (e.g. NP decay)
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Sub-GeV DM search status

CRDM-nucleon og; [cm?]

¢ The challenge of the sub-GeV DM detection
= small recoil energy
= below the detection threshold

¢ Solutions of the sub-GeV DM detection:
1. boosted DM 2. low threshold detection
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‘BEII'SC:” operates in ~GeV region, offers a unique opportunity to probe sub-GeV DM from the
collider



Some new searches for dark sector at BESIII

¢FCNC ¢ — uy’ process: D° - wy’ and D° - yy

on - ¥ + invisible, /Y - ¢ + invisible (n - invisible)

¢ K. invisible decay

eDark baryon: £~ - n~ + invisible

¢Light vector boson X / dark photon y" in y.; = J/Yy X(¥), X(y") » eTe™
¢Axion like particle: J /Y - ya,,



Phys.Rev.D 111 (2025) 1, L011103

Search for D? - wy’ and D® — yy’ at BESIII

¢ FCNC process ¢ = uy’
7.9 fb 14 (3770) data used, 20.3 fb~! prepared
¢ First search for massless dark photon in D meson decay

¢ The constraint from D® — wy’ goes into the DM and vacuum stability

allowed region for the first time, improved by more than 1 order
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Search for n = 7% + invisible at BESIII

e Data set (10087 + 44)x10° J/y, nfromJ/yp - KTK™n
on - S - 7%y has the largest BF under the equal coupling strength

* ~2x%10° clean tagged n events from the recoiling mass of K* K~
¢On-shell S — yi, mg: ~0 to 400 MeV, UL on B(n » n°S) @90% C.L.: (1.8~5.5)x107>
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arXiv: 2601.10597
Search forn —» m

O 4+ invisible at BESIII

¢ Flavor-specific model: £> —g,SX1xr

eULong,org; @90%C.L.: (1.3~3.2)x107>

¢ Result better than
atmospheric-boosted DM from PandaX-4T

# Constraints only for g, from K* - n* + invisible

¢ Naturalness bound from EFT
= setting Ayp = 10 TeV

16m* mgv
"Ju="p ARp
= 11 > 795 can probe the allowed space
¢ Thermal relic DM benchmark:
» freeze-out mechanism, yy - S - nnm

= excluded when g, = 0.1

— g, Suup + h.c.,
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arXiv: 2601.10597

Search for n = 7% + invisible at BESIII

# Constraint on DM-nucleon cross section (a,,)

+ Improved by ~ 5 orders of magnitude over previous DM-nucleon scattering experiments
s mg = 300 MeV /c?, on-shell S

= Model-dependent constraint g
‘9“: 10730 LZ,CRDM é
: o -
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Phys.Rev.Lett. 135, 151804 (2025)

Search for /Y — ¢ + invisible

o Dataset:(8774.0 + 39.4)x10° J /i events

emy: <0.96 GeV, UL on B(J/Y — pX) @90% C.L.: 4x1077~4x10~8
= UL on the inclusive invisible BF of J /3 —» ¢X: 7.0x1078 @90% C.L.

s Taking X = 1, UL on B(n — invisible): 2.4x10~°>@90% C.L., improved by more than 4 times
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K ¢ invisible decay

¢Probe to new physics and dark matter

W

#SM decay, FCNC && Helicity suppression, BF < 10~16 s Z
K% u/c/t l
d v

W
#Decay to DM, 2HDM model, BF~0(1079) Phys.Rev.D 91 (2015) 1, 015004
i H X > g0
/¢ ) S— 26 R S—
C ) ‘ .  Natural Sci.Rev. 1 (2024) 5
d X d R0

+Ordinary-mirror particle oscillations, Ko -» K" , BF~0(107°)
arXiv: 2006.10746

10



JHEP 05 (2025) 092

Search for K§ invisible decay at BESIII

o] /P — GKIK? from (10087 + 44)x10° J/

o]/ - pK2K? is forbidden with C Parity conservation, lower background, still have J /i - K*K~K2K}?
+ Using the deposited energy in EMC to identify the invisible signal

®Ng;y =56 201 UL @ 90% C.L.: B(Kg — invisible) < 8.4x107*

+ UL still lies above the NP prediction _ gx10’
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Dark baryo

n

+Dark baryon might interact with all SM quark flavor - search for dark baryon in hyperon

decay

Coincidence
problem

Neutron lifetime
puzzle

B-Mesogenesis
mechanism

The baryon and dark matter
energy densities are fairly

similar
Qpm/2p = 5.36 + 0.06

+ Potential connection between their origins

+ DM may carry non-zero baryon number
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" Br(n — p + anything)

bottle
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B(n — dark)~1%

+ Motivates the existence of dark baryon
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CP asymmetry
in B — baryon + dark baryon

+ Explain matter anti-matter asymmetry

+ The origin of the dark matter
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Phys.Lett.B 872 (2026) 140099

Search for =2~ — m~ + invisible at BESIII

oJ/Pp - ETE- from10° J/p, ET > SM,E- > my

¢ Dark baryon y with mass hypothesis of 1.07, 1.10, m,, 1.13,1.16 GeV >« --2-F <
lored

# Deposited energy in EMC used to identify the invisible signal Heavy co

: : : . boson mediator
+ More stringent constrain on the Wilson coefficients C; s, C5s s than LHC searches d

-
>

for colored mediators

Recast result from LHC direct search
for heavy colored boson
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Phys.Rev.D 113 (2026) 3, 032009

Search for y.; —» J/Y X, X — eVe™ at BESIII

& X (17): light vector boson hinted from anomalous excesses in the distributions of opening angles
between ete~ pairs from 8Be, “He, and 2C nuclear transitions

+BESIII Data set: 2.7x10° y(25), search for dark photon y’ / light vector boson X (X - ff)
¢y’ (X) mass 5~ 300MeV, UL on B(xy — J/P X)xB(X - e*e”) @90% C.L.: 2x107¢~10"*
¢ Coupling strength of X(17) with charm quark |e.| < 1.2x1072 @90% C.L.

+ Coupling strength of y’ with SM photon @90% C.L.: (2.5~17.5)x1073

+ Provides unique probe on coupling with charm in some un-universal coupling models
= In dark photon model, X shares a universal ¢, for different fermion
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Phys.Rev.D 110 (2024) 3, L031101

Search for axion-like particle in /Y — ya,,, at BESIII

¢ Dataset: 1010 J /3 events, search for axion like particle
+ Main background from pseudoscalar, maximum signal significance: < 3o
e UL on the BF of BJ /¥ - ya)xB(a - yy): (3.6~53.1)x10783 @ 90% C.L.

+ New stringent constraints on ALP-photon coupling for 0.18 < m, < 2.85 GeV
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Summary

+New searches for sub-GeV dark sector at BESIII
s FCNC process ¢ - uy’
a7 - ¥ + invisible, ] /1 = ¢ + invisible (n — invisible)
s K — invisible
m dark baryon: = — ™ + invisible
= dark photon y’ / light vector boson X searchin y,; = J/Y X, X - eTe”
m ALP searchin J/Y - ya,,

+Benefit from clean sample and tag techniques, unique stringent constraints
+BESIII has collected 101° J/p , 2.7x10° ¢', 20.3 fb~! data @ 3.773 GeV and more...
+More & better results are coming soon

Thanks for your attention!
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