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BESIII experiment

@ Beijing electron-positron collider (BEPCII)
« Peak luminosity : 1.1 X 1033cm™2s™!
e CMS: 1.84-4.95 GeV, T-charm region
€ Good detector performance

e MDC % = 0.5% @1GeV/c
e EMC Barrel(Endcap) % = 2.5%(5.0%) @1GeV/c
» TOF Barrel(Endcap) or = 68(60)ps
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DM search status
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Direct detection:
DM-nucleus scattering
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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 3



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

* BESIIl operates in ~GeV region, can offer a unique opportunity to probe sub-GeV DM from the collider



Dark sector search in BESIII

o
€ Advantages for searching dark sector and rare decays \

* clean sample with low background SM decay +—— @ @ - ;I':rggel\tlgl‘::;'él;;;

: : N e
+ absolute branching fraction measurement, B = ~2T/€DT \ ) \
Nsr/€est Y et X=D°D*AxX%E0, ..
* Missing energy/mass for invisible particle Signal Tag (ST)
\ )
Y

. . Double Tag (DT)
€ New researches for dark sector in this talk:

& 1 > n? + invisible
@ J/Y > ¢ + invisible
¢ K? - invisible

€ 2~ > 1w + invisible

& D° - w + invisible, D° - y + invisible



arXiv: 2601.10597, PRL accepted, editor’s suggestion

Search for n —» ¥ + invisible at BESIII

 Dataset @ 3.097 GeV (10087 + 44) x 10°J/Y, J/PY - K*K™n; ~2 x 10° i events are tagged
* On-shell S = yx, S mass from ~0 to 400 MeV
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arXiv: 2601.10597, PRL accepted, editor’s suggestion

Search for n —» ¥ + invisible at BESIII

> Flavor-specific model: £L > —g,S¥, xg — 9,SU ug + h.c, g,= \/;j\‘;l)
* The coupling strength g,, not necessarily proportional to the Higgs Yukawa couplings
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» Thermal Relic DM benchmark: Freeze-out by yy — nm 0 50 100 150 200 250 300 350 400

* Excludedwheng, = 0.1 mg (MeV/c*)
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Search for n —» ¥ + invisible at BESIII

CgV
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* The coupling strength g,, not necessarily proportional to the Higgs Yukawa couplings

» Flavor-specificmodel: L 5 —g,S¥ xgr — 9,Sujug + h.c, g, =
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» Model-dependent constraint: 10738
e Scattering mediated by on-shell S
> Ongoing and Future 10
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Phys.Rev.Lett. 135, 151804 (2025)

Search for J /Y — ¢ + invisible at BESIII

e (8774.0 +39.4) x 10° J /4 events
« ULon B(J/y — ¢X) with my ranging from 0 to 0.96 GeV @90% C.L. : 4 X 107°~4 x 1078
* UL on the inclusive invisible BF of J /1p = ¢X: 7.0 x 10~8 @90% C.L.
* Taking X =1, ULon B(n — invisible): 2.4 X 10~°@90% C.L., improved by more than 4 times
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K ¢ Invisible decay

€ Why search for K -> invisible

W
S —— BF < 10—16
% SM decay K% w/e/t A FCNC && Helicity suppression
7 «— Phys.Rev.D 91 (2015) 1, 015004
o T ) v
S i X S oo ¢ 2HDM mode6l
/b@ Decay to DM K > ----------- < K > ----------- < BF~0(107°)
5. SN ) d X d R Natural Sci.Rev. 1 (2024) 5

% Ordinary-
» mirror particle Mirror matter model

KQ - K :
oscillations S S BF~0(10—6) arXiv: 2006.10746

= s /

% Input for Bell-Steinberger relation connects CPTV to the amplitudes of
~  CPT test all decay channels of neutral kaons.

BUT currently assumes no invisible modes Phys.Rev.D 91 (2015) 1, 015004
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JHEP 05 (2025) 092

Search for K¢ — invisible at BESIII

o J/Y - pKIK from 1010 3/

o J/Y - ¢KIKY is forbidden with C Parity conservation, lower background still have J /1) - K*K~KJK)
Nsig = 56 + 201 UL: B(K} - invisible) < 8.4 X 10™* @90% C.L.

* First direct measurement of K3 — invisible; the UL still lies above the NP prediction

J/Y - K*K-KYK? peaking
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Dark baryon

(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/ Qpu/2p, =5.36+0.06
Baryon
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) ForEE e e T = . B(n - dark)~19
e Ton 2 " | o " Br(n— p+ anything) ( )~1%
lifetime puzzle W oI Ly |
g ¢l 18
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ook Slorage method : 570.4 0.6 8 * Motivates the existence of dark baryon
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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

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

Search for =~ —» ™ + invisible at BESIII

Dark baryon
. ]/1/) — ~+E‘ from 1010 J /4

. Deposited energy i > ----- <
. Dep05|ted energy in EMC used to identify the invisible signal Heavy colored

* Dark baryon y with mass hypothesis of 1.07, 1.10, m 4, 1.13, boson mediator
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Phys.Rev.D 111 (2025) 1, L01110

Search for D® - wy’ and D° - yy’ at BESIII

3
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—_ Z<103 A

T

> - —=— Total fit 40

(@] E Signal 0

=z 2 I K? b 20

— C . background

] i Non-K{ back a'

S 150 on-K background i, i

‘é‘ B Signal shape 03 202 So1 o Tod 02

= F N, =15+ 8 A

g 1 g

= N \

05— () \ K, bke
0 s o ok mL.M —_ .%q-n
-03 -02 -01 0.1 0.2 0.3 04
2 2
M: .. (GeV/ch)

Signal extraction of D° - wy’

e First search for massless dark photon in D meson decay

* The constraint from D — wy’ goes into the dark matter
(DM) and vacuum stability (VS) allowed region for the first
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Signal extraction of D? - yy’

time, improved by more than 1 order
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Summary

» New results of sub-GeV dark sector at BESIII
« 71 - %+ invisible, J /i - ¢ + invisible
« K - invisible, n — invisible
e E7 - m +invisible
« D% > wy'and DY > yy’

* Unique stringent constraints on the sub-GeV DM

> BESIII has collected 101° J/y,2.7 x 10° ¢, 20fb™ 1 @

3.77 GeV data (DD) and more...
» More & better results are coming soon

15



Backup
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Massless dark photon

_______

Minimal extension of the SM = An extra Abelian gauge group, U(1), = dark photon o 14 ¢ v ' bark

matter o ! sector |

Ay, AL Ay, Al Q Fommees

» Massive dark photon » Massless dark photon
= ,| ¢ Coupling with SM fermion , * No direct coupling with SM fermion
‘ 8- Strong constraint ‘ ge! ‘ * Less constraint
: o e Also important role in dark sector

SM DS SM DS

Searchlng for the massless case can only be in the higher dimension operator:

PRL 94, 151802 (2005)
Lyp = AT( kq]a Vu, H + qujam’dkH + C L "V e H + h.c. )
NP

» Naturally allow the FCNC coupling c —— )— u i
* Less background and higher sensitivity D2 (

New searches at BESIII: through cuy’ coupling in D° - wy' and D° - vy’ 17



Phys.Rev.D 113 (2026) 3, 032009

Search for y,; - J/P X, X — e"e™ at BESIII

» Search for a light vector boson X: L D ¥ ¢ eqrer X 1y, s > Data set: 2.7 x 10° 9 (2S5)
* If there is no dark sector lighter than X, canonly X — ff * Xy from(2S) - yx.
B | ' | _ —— For o channel 107
% = - —=~._For X1 channel
L 600 ++ N, =27 +40 — w oo e For xc2 channel
> Tt o — o 107 v
g le{d.o.f=89.2!58 : g g 102
S 400 Ju| 2
N . . . b =
= \ . Extracting X signal in M + - E =
£ ) g 107 8 10-
] o
§ 200 ) & =
L fm i
00 L ma Praen 0 05 _ 0 1 Loe | | | | | ,
: : 0 50 100 150 200 250 300 10 10-2 1o-1
Me+e- (GerCE) myl(x) (MEV)"CZ)

my (GeV/c?)

> ULonB(x —~J/YP X) xB(X - eTe™) @90% C.L.: 2 X 1076~107* 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
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