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Introduction

The Standard Model: incredibly successful but not
complete!

= Extensions needed to solve current problems such
as missing description of Dark Matter

Portal interactions could connect SM with DM
= Vector portal: Dark Photon
= Axion portal: Axions and ALPs

Dark Sector searches need to be well-constrained

=  ete™ colliders provide a clean environment S
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The BESIII Experiment

" Located at the BEPCII accelerator in Beijing, China

ete™ accelerator

CMS energy: 2 — 5 GeV

T-charm factory

Luminosity: 1 X 10733cm™2s~ ! at Y (3770)

= Consists of several subdetectors
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BESIII Data Sets
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Recent Results

= Search for invisible Dark Photon decays in PLB 839 (2023) 137785
ete” - yy'

= Search for massless Dark Photon decays in | PRD 106 (2022) 072008
ete™ - ATAL

=  Search for A — invisible

= Search for ALPs in ]/l/) - ya PLB 839 (2023) 137698 —

= Search for CP-odd light Higgs in J /1) — yA° |PRD 105 (2022) 012008

= This talk

PRD 105 (2022) L0O71101
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Search for Invisible Dark Photon Decays

PLB 839 (2023) 137785

Motivation: New U(1), gauge boson y' coupling

weakly to SM photon through kinetic mixing
(PLB 166 (1986) 913778)

"  Coupling scaled by mixing parameter €

Search for the radiative annihilation process
ete™ - yirY', v = xx invisible

= Dataset: 14.9 fb~1 ete™ annihilation events at
c.m. energies from 4.13 — 4.60 GeV

= Search for single photon signals

=  Most prominent background: Di-gamma processes
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Search for Invisible Dark Photon Decays

PLB 839 (2023) 137785

Dark Photon search for 1.3 < E(y) < 1.8 GeV,

corresponds to 1.5 < m,r < 2.9 GeV 80
= Lower limit: reduced EMC trigger efficiency below i - ridof: 244143 —4- Data I\’§=4:4j: s;vv -
E(y) < 1.3 GeV & large background by di-gamma =T Nigi 281289 T M EOSEY
events 2 40l -
- . . 5 N } y
= Upper limit: saturation of EMC electronics 3 ooF TR §
= m,/ region is scanned in 50 MeV steps : I 3 . ]
= Simultaneous maximum likelihood fit to the photon = g . no bl b
energy spectra performed for all data sets T2 Y G i ¢
1.3 1.4 15 1.6 1.7 1.8
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Search for Invisible Dark Photon Decays

PLB 839 (2023) 137785

No signal found, maximum global significance is 2.2c

102
Upper limit at €990, ¢ = (1.6 — 5.7) X 1073 for e
1.5 < m, < 2.9 GeV i v / e
=  Consistent with BaBar (PRL 119 (2017) 131804) § ) ,/\V

10 &

- . i 1 E NA64
More competitive result with upcoming 20 ftb™" of -
Y (3770) data! ol
m,. (GeV)
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Search for Massless Dark Photon Decays

PRD 106 (2022) 072008

Motivation: FCNC are suppressed by SM, significant |
observation would point at New Physics ﬁ

=  FCNCin charm sector in SM: BR < 0(107?) ¢ > > u

=  MSSM and two-Higgs-doublet model predict 2-3 orders A u R u p

of magnitude larger branching ratios (PRD 15 (1977) 1958)
= Study FCNC effects with ¢ and u quarks with A7 — py' d > d
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Search for Massless Dark Photon Decays

2000 5—§K*1t’ ?ﬁKS
PRD 106 (2022) 072008 :zgg :
500 —

500 F

Search for massless Dark Photon inete™ —» ATAZ, AF - py’ o

= Study FCNC effects with c and u quarks L ‘°°

= Dataset: 4.5 fb~1 eTe™ annihilation events at c.m. energies from ; zgg s
4.6 —-4.7 GeV % 100 £

= Double Tag Method: Single tag A7 reconstructed with 10 hadronic - B
decay modes, yield: 105000 A, events 100 £

50 F

300 [

200

- 3 I
100 (5 F
T R 1 1 i

224 226 228 23 224 226 228 23
M (GeV/c?)
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Search for Massless Dark Photon Decays

T
PRD 106 (2022) 072008 % ook AP
‘\; C &3 other A!A, background 7
ﬁ 150 :_ E3 qq background __
. . q N Signal
Search for signal on the square of the recoil mass spectrum % ok :
2 5 F :
Mrec(ﬁp) = sof :
= Backgrounds: continuum hadron production e*e~™ = qg and from 09"02 04 06 08 1 12 14 16 15 2
eTe” — AfA; events M p GV
22— L B L L A I B
= No obvious signal observed 0fF A O

&3 other ALA, background _:
£3 qq background
Signal

Upper limit on B(At — py’) < 8.0 X 107> at 90% C.L.

Events / 25 MeV?/c*
(@)Y

4
= Theory prediction: B(Af - py') = 1.6 x 107> — 9.1 x 107° )
(PRD 102 (2020) 115029) i
0 0.025 0.05 0.075 0.1
M, i ) (GeVZich)

11 72023
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Search for Invisible A Decays

PRD 105 (2022) L0O71101

Motivation: Discrepancy in neutron lifetime
measurements could be explained through baryon x10°
matter with invisible final state (PRD 99 (2019) 035031) :

350 ~t+- Data
o - — Fit
= |mplications for baryon number violation S 300 [t e Signal
% 250 f_ — = Background
A A —_ + . o LO 2005_
Search for J /Y — AA, A - prt™, A = invisible N EEEE
n 150F
= Dataset: 10 B J /Y events g, .
C . N LL -
= Branching fraction B(A — invisible) = S 50
Ntag:(€sig/ €tag) : SRR, -
= Atagged by A —» prr™, yield: 4.1 M A events 1o 165 110 0 115 1200 1.2

RM(prt) [GeV/c]

= Dominant background: A = nn®
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—— Data

- - - Signal Shape

—— Corrected Background
Other Background

o

Search for Invisible A Decays

o

N W A~ O
o

o

PRD 105 (2022) LO71101

Events / 20.0 MeV

—_
o

Fit on deposited energy in the EMC

= |nvisible decay signal expected to peak close to O

—
o
1

= No obvious signal observed 45

2% | 7.40 x10° @ 90% C.L.

Upper limit on B(A = invisible) < 7.4 X 107> at 90% C.L.

First search for A — invisible!

Number of experiments
N
(&)

IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII b ¢

IlIlIlllllIlIlllllIIlllIIllllIIIIIIlIllIIllII

- - . .
B(A— invisible)x10™
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Search for Axion-Like Particles

PLB 839 (2023) 137698

Motivation: Pseudo-Goldstone bosons arising from
spontaneously broken global symmetry, could solve

the strong CP problem (PRL 115 (2015) 221801) ok . s

= ALPs predominantly decay to two photons ;: e v ot fomine

" Here: assume 100% decay to two photons 9 104?
Solie =

Search for (3686) » n*n /Y, J/Y s ya,a—yy 2 il :

= Dataset: 2.7 BY(3686) decays = 10° f_

= Utilise ¥(3686) decays to avoid pollution from non- 10:|E e )

0 05 1 15 2 25 3

resonant production and QED background M,, (GeVic?)

=  Exclude intervals around ©°, 1, n’ peaks
= Three yy combinations per event
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Search for Axion-Like Particles

Series of unbinned maximume-likelihood fits

1200
perfomed on M,,, with 674 mass hypotheses
& 1000
= Massrange: 0.165 < m, < 2.84 GeV S
]
" Fitintervals are mass-dependent O 800
o
= Local significance less than 2.6 ¢ for all mass g 600
points % 400
I=
)]
@ 200
No significant signal observed!
0

PLB 839 (2023) 137698

IIIIIIII

¢ Data
—— Fit
----- Non-peaking background

B signal

| IR N R 44‘!-1|||||| ||||||||

|III|III|III|||—!-|-|
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Search for Axion-Like Particles

PLB 839 (2023) 137698
Upper limiton B(J/Y = ya) = 8.3 x 1078 —
1.8 x 107® at 95% C.L. for 0.165 < m, < 2.84 AR
GeV 107 z
. Lg E
Constraints on g,,, are the most stringent to g 1035 / _
date for 0.165 < m, < 1.468 GeV = . <
= Exclude the parameter region of coupling R BESIII -
Jayy > 3 X 107* GeV~! for m, =~ 0.25 GeV, 1074 oo duns !
3x better than Belle Il result T Y
107 1072 107 1 10

m, (GeV/c?)
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Summary and Outlook

BESIII is performing many Dark Sector and ALP searches
=  e*te™ colliders provide clean environments

= Dark Sector searches faciliated by world’s largest data sets of / /1 and
Y (2S5) on resonances

= Searches for both visible & invisible decays ongoing:

= ete” - yy': first measurement at BESIII

= A - invisible: first search with baryons

= Af - py': first search for FCNC in the charmed sector

= J/Y - ya,a - yy: new most stringent limit on ayy

= J/Y - yAO: 6-7 times improvement over previous BESIII result

New large data sets will become available soon — stay tuned for new results!
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Search for CP-Odd Light Higgs

PRD 105 (2022) 012008

Motivation: Next-to-minimal supersymmetric Standard
Model — extension of Higgs sector (PRL 39 (1977) 1304)

—— J/y data o
[ MC Jy—pru(y), pn yf (1270), yf (1500), yf (1710)

[ QED Background e'e —yu*u
Combined Background

—
<

= 3 CP-even, 2 CP-odd and 2 charged Higgs bosons

—
<

= Lightest Higgs A° lighter than 2m;,41m D Lrore) 71O

£,(1500)
Search for CP-odd light Higgs via J /3 — yAY, A° - utu~
= Dataset: 9B /Y events

=  BESIll sensitive on effective Yukawa coupling

¢ = cos(0,) /tan(p)

= A%search for 0.212 < m4o < 3.0 GeV through unbinned 0 0.5 1 (165eV/c:2) 2 2.5 3
extended maximum likelihood fits to the reduced mass Mhed

Events/(0.03 GeV/c?)
3 3

2
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1045 =
Search for CP-Odd Light Higgs
g 107 g . E
PRD 105 (2022) 012008 | & > N
B [ Expected limit (68%) =
10k Expected limit (95%) .
No signal found, maximum global significance at 1o § :
0|5;1I5212I5113

myo (GeV/c?)
Upper limit on branching fraction at (1.2 — 778.0) X 1079 for SERAROARE RIS SRR LA AL I
0.212 < myo < 3.0 GeV [ BEs tanport) — s e (W
i 10" E
I §
Limits on the effective Yukawa coupling 5 | .
= 6-7times improvement to previous BESIII measurement 5 10?k E
X, F ;
= Better than BaBar in the low-mass region for tan(f) =1 i i
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