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Dark sector

There is nothing new to be discovered in
physics now.

Standard Model of Elementary Particles
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Dark sector

There is nothing new to be discovered in
physics now.

Standard Model of Elementary Particles
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Dark sector

There is nothing new to be discovered in
physics now.

Dark Energy 70%
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New results in tension
with White Paper (2020)

Physics BSM must exist!
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Dark sector

O A collection of particles that are not charged directly under the SM strong, weak, or electromagnetic forces.

~ May interact with SM particle through portal interactions, not through gravitational effect only.

Invisible decay of Kg

000 @ ZH,'; | arXiv: 2501.06426 accepted by THEP
up charm top 91uo 2 bodds ‘
:.mv,e umw..»‘ :’mcqw‘ : : ";;. , . + . o o
e r2 2 The main of 2" = pinvisible
o (e (i , Phys.Lett.B 852 (2024) 138614
e D .® O this talk
e + Muonphilic particle in J/y — u*u~X
. 0.0 .0 0| Phys.Rev.D 109 (2024) 3, L031102
Standard Madel - (Massless) Dark photon in D° — wy’,yy’
e . Phys.Rev.D 111 (2025) 1, LO11103
W = Dark sector particles Y (2025)
Portal — -
* New invisible particles

* New particle decay to SM particles

Hidden Sector g °
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BEPCI|

- BEPCII: Electron—positron colliders: accelerate the e, e Besm

v' Beijing Electron ~
Positron Collider II BEijing Spectrometer ll|

Double sto r E ‘ ,' *Can’t do B physics

= o _—t

O Double rings p—

0 Egyy = 1.84 ~ 4.95 GeV -

O Peak luminosity @Ecm=3.77 GeV
Lpeak = 1.1 X 103%cm=2 - s!

O 2009~today: BESIII physics runs;

END | & 12 KM
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BESIII detector

Merits of BSM search at BESIIL: ... ........ .
: L i Also mentioned by _
« High statistic of data ' Enrico Graziani Multilayer Drff B.€S ElectroMagnetic
S Chamber: L Calorimeter:
« (Clean background environment Ap/p=0.5% @ 1GeV CsI(T1) 2.5%(5.0%)
dE/dx: ~6% B@arlrél(\e/ndcap)
e

o Angular coverage is almost 47

o Data collected at the threshold

4

Time-Of-Flight system: MUOﬂ( Chamber:
0T=68(60)ps RPC 9(8) layers
barrel(endcap) v BEijing barrel(endcap)

Spectrometer lli

\Sensitive to invisible signal!
'\“ _

IT?,ESII_I h_as ;olTec?ed_lar_geaat_a S _I

Isamples in 7-c energy region! which | Ecy = 1.84 ~4.95GeV
' can benefit the search for the LDM in |
Lthe MeV-GeV range |
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Invisible decay of K




Invisible decay of K¢

SM decay

Kg—>w?

Decayv to DM

Y

Invisible \

Xiaoxuan Ding

Ordinary-mirror
particle oscillations

Input for CPT test

arXiv: 25601.06426 (Accepted by JHEP)

W

Phys.Rev.D 91 (2015) 1, 015004 s

FCNC && helicity suppression, BF < 107!° K¢ u/c/t

S

¢
2HDM model
BF~0(1079)

Natural Sci.Rev. 1 (2024) 5

Mirror matter model

KO KOI
s % BF~0(10-9)

arXiv: 2006.10746

Bell-Steinberger relation connects CPTYV to the
amplitudes of all decay channels of neutral kaons.
BUT currently assumes no invisible modes

Phys.Rev.D 91 (2015) 1, 015004
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Never been measured before!



Analysis strategy

K g source

e JIy — gng(tag)K 0 Kg(tag) — rtn~ from 10Billion J/y events

Signal side Kg — invisible
€+ J/l// -
> <
Tag side K ¢ Kg T
K~ \ T

Xiaoxuan Ding

LDMA2025

Why this channel?




Analysis strategy

K g source

e JIy — gng(tag)K 0 Kg(tag) — ntn~ from 10Billion J/y events

Signal side Kg — invisible
‘]/T :" I-Q.) \. Long life, mostly fly through the detector
- e Rarely interact with the detector
K+ +
Tag side ¢ Kg "
K~ \ T

» e One of the dominant K 2 backgrounds, J/y — ¢K gK g
[Tag a clean K g samp1;> , ) . ,
is forbidden by C-parity conservation

« Butstill have J/y —» KYK"K{K}

Xiaoxuan Ding
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Analysis strategy

E ag a clean K§ sampla Signal feature
B g e
o Jly — ¢pK g(tag)K VK g(tag) — 777~ from 10Billion J/y events Signal e? . T . BaCkground
A "*aA
L T~ t K+
K7 — invisible ,
ot »J/l//< = i , =t K-
K + B! ;
: KO _ T SHS
Lo K- ¢ y N T Invisible Tt
in EMC '
| K+
e Jly — $KIK} is forbidden by C-parity conservation, P | :::itionaln—
I

lower background

o Butstill have J/yy —» KYK" KK}

Using the deposited energy in EMC(energy
calorimeter) to identify the invisible signal

Xiaoxuan Ding LDMA2025 PQ\” 13




Signal extraction

3
x10
~ 8
§ 7 + Data
Peaking background from % Signal.shape
non-¢ processes, o 6 — Tc:tal fit
+K—K9 \ ~~ = = K¢— anything
Jlwy - K"K"K{K, = 5 -
: » )
Shape from ¢ sideband | ..qc.; sl 55 o ckgrounes
>
3 x2/ndf = 2.32
.. . 2
Invisible Signal

peaks around zero

Other background

modeled with MC
simulation, such as

K g — 797
]Vinvisible =56+ 2013

5 (90% C.L)
E 0:"¢“”+‘tit””"‘i"’qn”#” ....... ,1.4.”’4””“““‘
-0 0.5 i 15
E,,.(GeV)
Accepted by JHEP First direct measurement of o o
during the LDMA2025 LKQ — invisible! the UL still lies above the NP prediction

Xiaoxuan Ding
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HB(KJ — invisible)< 8.4 x 10~
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. s . Phys.Lett.B 852 (2024) 138614
>t — p+invisible o

ROPP. 86, 016201 (2023)

Decay to SM FCNC && GIM suppression, BF < 107!

s — dvr Contributions from BSM can
enhance the BF (~ 10"4)

JHEP 04, 104 (2019).

» Massless dark photon y’ && QCD axion, a

Decay to
r'--'--'--'--'--'--'--'-,
BSM particle om o Uf, S om, < eV
gj\/w Phys. Rev. D 102, 015023 (2020).
S > (N > d F(E-i_ 3_) pa) -
3 2 _ \2 2
>t ow > u p Ms+ <1_ M;) (( Vl) - 0-i4‘
16m MZ"‘ |Fsd|2 |Fs¢_2_
U > U
[ e ]
1 Our measurement can set limits on I

. axion-fermion effective decay constants |

Xiaoxuan Ding LDMA2025




Analysis strategy

« 10B J/yevents, J/w — 22 (~10’Z+E  pairs), double tag method

Kinematic fit to constraint the
invisible axion mass to zero

[ ool <id ] visibl s . Using the deposited energy except for those from tag
Storalside | TERE <S> P =" side 7° in EMC to identify the invisible signal
6+ e
> J/y <€

Xiaoxuan Ding LDMA2025



Signal extraction

Background modeled with MC
, simulation, such as =+ — pz°
Invisible Signal '

|
peaks around zero !
|
| ¥ 300
250_-. | § Data o § Data
C ' [ signal 250 [ signal
2001 (a) E] Signal shape » (b) ----- Signal shape
N n opy N C T5p
é’ :; }' T =" pn® 2 200~ ,_{_'_{—L_ Ef:;r:"
g 150 +— T A(1232)"A(1232) S E ’_*_ {_ A(1232)"A(1232)
Z = + —-{ Others from Inc. MC } 150~ r Others from Inc. MC
£ ookt [T 2 FlFF {1
> > b— * -\ |
= 'EF‘T T4 = 100F i
N — ?’ Tt
50—+ Fd = s
5 ¢ ; an ity
- o, L S . N *T; .
O TN P I e ! | 1 Lo by 0’_' sal | EPEPIE il L LTI TT T PTARTTEm] Frer oy ot LR STIR Ao e v 1 P
4 ; * 4
s I itk A [
N FOPI LSRN S SIS WY - R WA O by
T B S S B SRR S FE oyt hp b bty by b
0T 02 03 04 05 06 07 08 09 1 001 02 03 04 05 06 07 08 09 1
E extra (GCV) E extra (GCV)

BF(Z* — p+invisible) < 3.2 x 10~ @ 90% CL.

cuan Ding

M3+
16w

LDMA2025

< Our result lies below the maximum BF allowed
for ¥ — p+invisible in certain scenarios, under
the hypothesis of massless y’
—3.8 x107°

< Competitive limit on the axial-vectorial part of
axion-fermion effective decay constant F él ;

— F4>28 x 10" GeV

L. memestlpT

~10F [\ = y

- E ~——

L =

(:?, = A

22107

10°
10° 10" 10" 10" 10" 10" 10" 10"

rzt - pa) = F! (GeV)
M (0 1)2+0342
ML B EL




Muon-philic particle




M uon-ph 1ic partiCIG Phys.Rev.D 109 (2024) 3, L031102

. U(l); _; model : a new massive vector boson X, or scalar boson X, only
U T

ﬁscalar = —qp XO T L
couple to the second or third generations of leptons (¢, v, 7, v,) with the H ’

L3 = gy X1 iV

coupling strength g{, g,

| » The main muon source at BESIII:I
| J/Y-optp |

explain (g —2),
anomaly

/
81 -
) g JHEP10(2020)207
c 5 H
! X
c I ]
ad Iy ®) "
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Three cases of muon-philic particles

“vanilla” L, — L, model

91 -
X
1
9 .
1
X1
D

Large mass of dark matter kind:
m, > mxl/2

different m,

.

o BX, - vi) =33 ~ 100 % with

“invisible” L, — L, model

Light dark matter kind 1, < my /2

< 8p>8r
© B, = yy) ~ 100%

“scalar” U(1) model

. X
dp ‘__""
X0 L5
..‘.~.. e
A
X(rrrmemnmnemnnnannnnnnas
long-lived

< Assume the X, is long lived or only
decay to invisible final states

' Search for Xy, X; via J/y — utp~X, | with X jis invisible s

Xiaoxuan Ding
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Recoil mass spectrum of J/y — utu=X,,

D les: OB J/ ® Low mass region, with m High mass region, with
O Data samples:  events M(X,,) = 120MeV/c? M(X,,) = 720MeV/c?
5 80 L
58 different XO 1 Mass Values, ranging N 60— Xo search + Dlata : X0 search N.: 46 + 15
’ . ~ C T T - X, T
from 1 to 1000 MeV/c?, in step of 10~2 < | et oF 4 pam
OMCV/02 8 [ Ny :17 £16 ---e'e— UTU -
g 401 --- Jly— hadrons L Signal }
S : } — - Signal or {’ }
-------------------------I Ezo_ F, -
" No evidence for J/y — p u=+X o2t ) + } H 2r
" ’ I b
Isignals I - |
l------------------------- — 80_ T T T
£ [ X;search ]l -+ Data L X, search 41514
O The maximum local significance <t A ks I i 01
g g; 60|~ % 4 Dpata
is 2.50 at M(X, ;) = 720 MeV/c? = I e signal +
’ g 40 [ 40 B { +
s | :
2 0 [
L?>j 20— 20 ~
e ] Lo el 1 ¥ L vew, L e
0.2 0.1 0 0.1 0.2 0.3 0.4 0.6 0.8 1
Meecoi( 1) (GeV?/c?) M,oeoi(10) (GEV/c?)
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Coupling constraint

“vanilla” L, — L, model

|
L |
ol BESIII |
10° a E
- |
artdy 1
1073 e ,.cf------"'-'—'—l ‘Ylf‘flﬁ‘ ﬂ'q‘ﬁ’" ' _':-
Ag2 22 —— Belle ll ]
e —— NAB4-e
10 -- CCFR — ~ Belle
--- Borexino —— — BaBar
CMS (95% C.L.)
105 1 L l'llll ' L L Lll 1 1 lllllll
1 10 10° 10°
M(X ) (MeV/c?)

BarBar, CMS, Belle : X; — pu*pu~
Bellell and BESIII: X| — vv
(Taking (X, — vv)) into
account)

Xiaoxuan Ding

“invisible” L, — L, model

. BESIII

Rn‘l T lllll"[ LAY
/
[
\
~

F (92) 20
- j‘— Belle Il
e —‘; NAB4-e
i \
5 11 1 1 1111111 1 1‘11 11[
v 10 10% “ 10°
M(X) (MeV/c?)
\

AN\

Better sensitivity in the
range 200-860 MeV/c? is
obtained

LDMA2025

“scalar” U(1) model

L BESII
10! 3
o
107 ?
E (92)+20
10—4 1111 1111111
1 10 107
M(X) (MeVic?)

/\

First constraint for the “scalar”
invisible X, case .

Belle II can also give the constraint

@23




Dark photon in D' — wy/, yy’

Mt




Massless Dark photon

O A minimal extension to SM, U(1)p, causing the associated spin-one boson, the dark photon

Dark photon

<: « Massive ¥/, if the symmetry is spontaneously broken

. . r
Kinetic mixing: %F’WF’“’ o Massless 7/, if the symmetry is unbroken . This work

€} mixing strength <~ Only couple to SM particles through operators of higher dimension
U@y SM photon
PRL 94, 151802 (2005)

1
Dimension-six  £NP = AT( kq]cr Vu, H + qu]a”"dkH + C lio®e.H + h.c.)E,,
NP

Operator Up type quarks Down type quarks Charged leptons Massless
coupling coupling coupling dark photon

Experimental search:
* H-ovyy

c u-oey

* AL - pY

*No signal observed

Slides from Zhijun Li @Hadron2025

Xiaoxuan Ding LDMA2025



Search for DO —> a)}/' and DO — }/}/’ Phys.Rev.D 111 (2025) 1, L011103

S M g .z(ms Data r“

« Double tag method: ~ 6 x 10° DO(DY) are tagged with — ! A f
7.9fb~data @3.77 GeV P l

: 2

¢

* The massless dark photon is invisible

184 1.85 1.86 1.87 188

7 c My (GeV/c?)
0 ! x10°
D" ( g T f
~
C > > u ii Z lS(IF +Dlla
\-/ Z L o
D ( ) w s
N ~ =+« Background
2 100
i < i Tag ‘g’ [ DK
=

(a) D° - wy ) FCNC of charm from NP (b) D" = yy yi______J

x10°

‘, + Data

~ == Total Fit

z

100 -+ Background

D'Kx'a'w

Events / (0.5 MeV/c?)

50—

My (GeV/e?)

Xiaoxuan Ding LDMA2025



Signal extraction

Signal peaks around

Z€T0 1
1
1
. x10° :
AS - —3— Dat ’
& 251 o -
> - —=— Total fit
8 5 - —— Signal
: [ mme Kﬂ background
§ ~ o Non-K{ background AR
< ISE Signal sh '
‘vé - gnai shape . 0.1 0.2
- Ns =15+ 8
S Ly
F-T-] r \
055 (a) | \
L 1
ks gt adtn it Dok st titbinats o

0
03 -02 -0.1 0 0.1 0.2 1 0.3 0.4
M?. 1(GeV¥ %)

mi

D" - wK} background

Signal extraction of D? — wy’

xuan Ding

LDMA2025

Signal peaks around

Z€1r0 I
1
1
3
~ 050 -
Q T —— Data E
N> 4 L —— Total fit 15 v 4
é 0. :_— Signal 10
-~ F e K? background s
g 0.3 [ v Non-K{ background
> C Signal shape 03 02 —01 0 01 02
@ B
§ 0.2 :— N,=-6+ 4 %
= C ,;‘/f
: WA
0 [ . "di " { " l T T VRSN RFTVET FYRTIE ST TN
—0.2 0 0.2 oM 0.6 0.8
1
v M. (GeV?/cd)

DY - z°K} background

Signal extraction of DY — yy’

@27




Coupling constraint

2mmpy,

2 2 233
B(D N Vy’) — TDfDV(mDB mV) (l(clz + |CS|2)
This work
B(D - yy') = L1, f3,m3(ICI2 + Cs[2)

2 2 233
Previous BESIl  B(A, - py') = TAcfAC”(m’;C mp) (IC|% + |C5|?)
work 2R

. C=A33(C% + C /B
«  Cs=A33(ch - ¥ v/

The constraint from D — wy’ goes into the dark matter
(DM) and vacuum stability (VS) allowed region for the first
time, improved by more than 1 order

Xiaoxuan Ding

LDMA2025

~ 108 &
' - —— Observed UL
[ e Expected UL

UL of |CP+|C,} @90%C.L. (GeV

]0—17

UL of BF @90%C.L.

10 e
- | Expected UL +2¢

]0—15 =

10~l6

Expected UL +1c

[
— I
DM+VS allowed region
I
(@  ——
]
r -------- -

107 g
107

107

—
| I—
|
Ac—py' D'—my' D’—yy'




More recent results on LDM search...

—————

ALPs-photon Coupling

O ALP inJ/y — ya,a — yy

v Using 2.7B yw(3686) data PLB 838 137698 (2023) 1072
v Using 10B J/y data PRD.110.L 031101 (2024) .

3

. . O 103
Most stringent constraints to date >
for0.18 <m,<2.85GeV/ic? Tf========p &

BESIII (J/y)
10-4

Beam dump

103 102 1071 10° 101
m, (GeV/c?)

102
BESII

O Search for massive dark photon with e™e™ = vy’ W R

~ -
PLB 839 (2023) 137785 AT BaBar
0tE 1.5 < m, <|2.9GeV
NA64 4
10°° =
C rou vl Lol Lol L
107 1072 107 1 10

. - N
Xiaoxuan Dmg LDMA20Z m, (GeV) ﬁﬁ/&’ 29



https://doi.org/10.1016/j.physletb.2023.137698

Summary

il

= New results of K g (X7) invisible decay, muonphilic particle, dark m- SN il
photon, ALP at BESIII 5

= No evidence and more stringent constraint on NP ﬂ ‘% “
~ +Invisible

= BESIII has collected 10'°J/y, 2.7 x 10y, 20 tb~ly(3770) and more

Muon-philic 80w
(4 b% H_ \\\
= More & better results are coming soon : >< :
Iy N
(a) 81 -
4 >%
Y
— X
Thanks 30%! Iy . -

massless-y’

v c
/’\‘\N\N D’ (
) ! @

D' ( ) w

(a) D° - wy () D° > yy

Xiaoxuan Ding LDMA2025



Thanks for Your attention!
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Back UP



Data samples at BESIII

a3 /¢

vor P |k ‘ - BESIII has collected the largest data samples of J/y and yw(3686)

10 T on the threshold in the world!
%10 6 b'x“l\.,‘ I:% T 1
w0l gﬁﬁ\\x\w”; . 4 « >20fb”" data above 4.0 GeV in total
7L ~ PEP/ \, 3 _
=0 RA LEP ™. w(3770) 20 fb~"! w(4160) 3.2 b~
" e T e e \ w(4040) 0.5 b~ / w(4415) 1.1 fb~!
- | ' | R
L BES I *06 '09 .
6 | A Mark-I —
B Mark-1 + LGW 7
5 - B Mark-II L n
- ® PLUTO vl :
R - » Crystal Ball :\‘ﬁl\ X lflo ]
0 4 [ * BES II ’99 01 ]
Jly 1.0 x 10" —r 7] o xEDR s
3| | | I TR L T At . A S =
w(3686) 2.7 x 10° : e v e _Il E
5 l | l l | l ] l | l l |

Xiaoxuan Ding LDMA2025



Massless dark photon

G DR@N

2025

Symmetry broken spontaneously

L=e],A" + cc] A" + €] A"

Massive
dark photon

At — A" + €A™

Ul

Dark photon

Kinetic mixing: %F’uv

* Dark photon couples to the SM matter

2025/3/28

SM

Ee

DS

SM
matter

€: mixing strength

[7/61
‘()y

QQED

SM photon

Adark

Massless
dark photon

Symmetry remains unbroken

PRL 94, 151802 (2005)

A = A 4 €A
L=c¢e],At +'e]' A" + €] ,AH

* SM photon couples to the dark sector particles

_______

1 |
: Dark :
! sector !
1 |

A portal to connect the SM
matter and the dark sector

SM

Massless dark photon
has no interaction with
the SM matter in the
dimension-4 operator

arXiv:2005.01515

15
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2025

The interaction of y’

L=ce],A" + e'e]' A" + €']' ;A" (no interaction between y’ and SM matter)
PRL 94, 151802 (2005)

1 _ _ _
Lyp = T(C}’kq_ja‘“’ukH + Cﬁ{q_jal'“’dkH + le;(ljaﬂ"ekH + h.c.)E,

NP ....................................................
Up type quarks Down type quarks Charged leptons Massless
coupling coupling coupling dark photon

Dimension-six operator

Experimental search:

L « H-vyy * No signal observed
c u-ey } * The sensitiv.ity still Iie.outside
> q(1)i « At sy the theoretically predicted

allowed region

17
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Decay width of J /Y - u*u™ X

J. High Energy Phys. 10 (2020) 207

Probing new physics scenarios of muon g — 2 via J/{ decay at BESII

2 f_[ —8 ( 2 2
Mo P =€ . —4m*(4 E*>(m% -2Exm
 ixa] (3 8o m,) 3mi(my -2 E_(-2 E- — 2 Ex + m,)? 4 E2 (mi xm)

+E_ (—8 Ej:, my+4 Ex (mi +2 mi) -4 mi m,) - E)z( (mf( -6 mi) -2 Ex my (mi + mi) 4+ mi 3)
+4 E‘(2 Ey m5 + my my(my — 2 Ex) + m‘;()
+4 E_(2 Ei m% -2 Ei my (mi + 1;13) + Ey (m} +3 mi mj) mX my (mX + 1713))

—16E;(m +m,( 4E§m§+2E§(3m§m,+m§)—2Ex(m‘;(+2m§m§)+m§m,(mx m,))),

where E_, the energy of 4~ and E¥, the energy of X, are measured in the rest frame of J/y.

2 2 2 fJ )2 -16 ( 4 2 3 2
My, " =|ze” g1 — 16 EZ m; +32E> my(Ex—m
x| (3 &1 my 3'"3(’711—2E_)2(—2 E_ -2 Ex+my)? ! 1Ex 7)
+2mf;(4 E? ()71](’”_] -2Ex)+ mi) (2 Ey mj— Ex (mx +3 m,) +my (mx + mJ))

+2 E}( (m;( +3 m_) 2 Ex my (’"x + 2 m5 )+ my (mX +mJ))
+4 E2 (mi (6 E2 —14Exmy;+7 m}) +mj\, my(3my—2Ex)+m )
)

+4 E_ (2 E;( m% 2 Ex my (’"x +4 m,) + Ex (’"x +35 ’"x mJ +9 m,) —ny (’"x +3 ’"x mj +3 mJ)
2 2 2 2 2\2 . 2 2
+8 E ’";41 +my (—4 E; m;+2 Ey (3 mi my+35 1713) -2 Eyx (m;( +2 m;) +my (m; +3mym; +2 m'}) ),

where E_, the energy of = and Ey, the energy of X, are measured in the rest frame of J/y.

F##Xo I f

El"(l X

min

Ema\ I ‘% #XO I |

min

64r3m;

————dE_dEy,

36



Kg — invisible: Strategy

Signal sample
> Jly — ¢K(tag)KQ, Ko(tag) » ntz~, K — invisible

Nsignal = 2 X NJ/¢—>¢KgKg. X B(¢ — K+K_) X B(ng — 7T+7T_)
Normalization sample

> Jly - K (tag)KQ, Ko(tag) —» ztn™, K — non — ztn~

X (1 — B(Kgf — 7T+7T—)) X Enorm.

Nsi na _
B(KY% — invisible) = gnal (1-B(K% = ntr™)).

Nyorm. (esignal/ 8norm.)

(3.1)

(3.2)
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K{ — invisible: Strategy

Normalization sample

e JIy — qng(tag)KO, Kg(tag) — atx™,K{ — non — 7z~

Nuorm. = 2% Ny g9 X Bl — KTK™) x B(Kg — ntn”)

x (1 -B(K2 — 7t77)) X €norm., 50 x10°
— ——Data
{S 40 |— — Fitresult
~ —  ---- Signal
E ~ - Background
30 —
=) -
= - Tz
: 20 . 046 048 05 052 054
72] -
Fit to M(z" ™) to extract the 5 F
yields for normalization sample R10 =
o E
5
Z o ﬂ;i sttt aas gty T H; ghepdittig gt

0.46 0.48 05 032 0.54
M(mt*r)(GeV/c?)
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Search for an axion-like particle in radiative J/y decays

O Data samples: 2.7B y(3686) events

o Strategy; Search for J/y — ya,a — yy with J/y sample obtained from /(3686) | : f;/ : N
— rntn Jly v(25) @WAA@W

» (3686) decay: avoid the pollution from non-resonant production e¥e™ — yyy S RN ﬂ

U R OREL, TP L T . :
. a A LA L L L LA BB LB R
B(’/ll} = e+e ) 32”“ vy m]/lp . C (b) { %%{;
& 1000
o Decay widthofa — yy: 1, = G 800t -
6472’- § 600:— ¢ Data _:
» Taking g, ~ 107 GeV~!, m, ~ GeV, the lifetime of ALP = - Non paskng ko
is short in the detector g — :
= Assume BF(a — y7)~100% g .
0._ L | _4

- . . 205 2.4 215 2.2 225 2.3 235 2
o Three yy combinations per event, extract signal from A/, distribution = = = = = = = p M, (GeVic?)

----------------- I
The maximum local S|gn|f|cance 1

e 674 mass hypotheses ||s 2.60 at m, = 2208 MeV/c? 1


https://doi.org/10.1016/j.physletb.2023.137698

Search for an axion-like particle in radiative J/y decays

O No significant ALP signal 1s observed

B(]/d} e ]/Cl) - ]/lﬁﬁ ( )3
B(J/Y - ete) 321taga"

l/¢
e” » e, -
- ~
&° B
. BF @ 95% CL ALPs-photon Coupling
o A
- —— Observed UL Search range 1072 & z
of = Expected UL | 0165 <m,<2.84 GeV/c; - -
(__I) B Expected UL t1o T i . B ]
= ’ 5: Expected UL +2¢ i ‘T> L _
o - ] -3 |
- : O 107 F \/ =
® . = - | =
2 1 - m% - BABAR W ]
T 4 1T ) I BESIII ]
m __ |
0'5: W . 107 = E
O_ |||||||||||||| [ v v o v 1 0 o v 0 & ¢ 4 @ ¢ | - Lol Lol Lol ||:
0 0.5 1 1.5 2 2.5 3 1073 10~ 10~ 1 10
m, (GeV/c?) m, (GeV/c?)



Search for an axion-like particle in radiative J/y decays

O Data samples: 10B J/y events ~  NgweST RESULT!

I

O Strategy: Search for J/y — ya,a — yy with J/y data on threshold

« Non-resonant process e e~ — ya is indistinguishable from J/yw — ya

o The ratio, ¢ /o,, 1s calculated to be 4.4%

non—res

« The contribution from eTe™ — ya is subtracted from the signal yields

... 1s negligible).

(interference between ¢ res

non—res?

v The 95% CL. upper limits of B(J/yw — ya) is set based on 10B data

Most stringent constraints to 108 J/v
date for 0.18 <m,<2.85 GeV -

arXiv:2404.04640

Accepted by Phys. Rev. D (Letter)

E result

Previous

--------- BESIII (y(3686) data)
New I'CSlllt — Observed limits (J/y data)]

--------- Expected average limit |
[ Expected limit (+10)
| | ! Expeclted limit (1120)

0.5 1 15 2 2.5
m, (GeV/c?)

ALPs-photon Couplipg

1072

1073

Gayy (Gev)~!

1074

BESIII (p(3686))

BESIII (J/y)

Beam dump

10-3

10-2 10-1 10° 10!
m, (GeV/c?)


https://arxiv.org/abs/2404.04640

’:.': * we - - :‘
P z= s\\\\
.7~ Beamenergy: 1.0 -2.3GeV N
y/ Luminosity: 1X1033cm2s? '
”l Optimum energy: 1.89 GeV
,’ Energy spread: 5.16 X10*
¢ No. of bunches: 93 \
.O.i Sma /*"’1;9
o -‘“\--- _,.—’ . -
! = i s
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Invisible decay of K¢

Phys.Rev.D 91 (2015) 1, 015004

SM decay FCNC && helicity suppression, BF < 107

0 -
_>
KS vy Kg — UD
v U
— — K
Initial state: S=0
| | Final state: S=*1 W
Invisible Decav to DM
0 -

l X s o0
H H . 2HDM model
)7 K% e < -6
S S R BF~0(107°)
d X d t o

Natural Sci.Rev. 1 (2024) 5
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