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v’ Introduction
v’ BEPCIl & BESIII

\/Topics in this talk:

* Dark sector search
1. Search for invisible decays of dark photon
2. Search for a CP-odd light Higgs boson in J /i — yA°
3. Search for invisible decays of A baryon
4. Search for massless dark photon in AJg - py’

* Axion-like particles (ALPs) search
1. Search for an axion-like particle in radiative J/y decays

v Summary
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Introduction

v The SM still leaves many questions unanswered:
* The quest for dark matter
* Matter-antimatter asymmetry
* Several anomaly : astrophysical anomalies, (g —2),...

v’ Several BSM physics include new degrees of freedom that do not interact with the SM directly. Such
DOFs constitute the so-called "Dark Sector". The DM particles can couple to the SM via a portal.

v’ Axion-like particles (ALPs) arise from some spontaneously broken global symmetry, addressing the
strong CP or hierarchy problems

v' ete” collision experiments have the ability to probe dark matter particles and ALPs, benefiting from
a well-measured CM energy and a clean environment

Portal
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BEPCII & BESIII

* Double rings;

* Ecm=2.0-4.6 GeV (2.0-4.9 GeV
since 2019);

* Energyspread: AE =5 x
10~ *GeV;

* Design luminosity @Ecm= 3.77
GeV: ~1x 10°° em~4s~1
Reached in 2016;

* 2009~ today: BESIII physics runs;
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Data samples at BESII|
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\/Largest ete™ annihilation data sets in T — ¢ energy region
v’ World largest: 10-B J/W, 2.7-B l/)', coming 20 fb_1 l/)” data samples. Chin. Phys. C 44, 040001
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PLB 839, 137785 (2023)
Search for invisible decays of dark photon

v/ Motivation: The dark sectors may contain new light weakly-coupled particles, particles well below
the Weak-scale that interact only feebly with ordinary matter

v" A new forces mediated by new abelian U(1) gauge bosons ¥y’ ( dark photon ) that couple very
weakly to a SM photon through “Kinetic mixing” (&)

v’ We perform a search for a dark photon in the radiative annihilation process ete” - )/)/',
followed by an invisible decay of the y'
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PLB 839, 137785 (2023)

Search for invisible decays of dark photon N
ISR
A
v Data sample : 14.9 fb~! eTe™ annihilation data at /s = 4.13 — 4.60 GeV vy o
v’ Search for single photon signals, usually huge background from Digamma process 7 |

v’ Dark photon are search in 1.3 < E(y) < 1.8 GeV corresponding to 1.5 < myr< 2.9 GeV
* Low E(Y) region -> Low trigger efficiency & high bkg. level / High region ->saturation of the EMC electronics
* A simultaneous maximum likelihood fit to the photon energy spectra is performed to all data sets
* No obvious signal, the maximum global significance, is determined to be 2.20
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v’ Upper limits:

* We set an upper limit on coupling € at the 90% confidence level (C.L.) using

Search for invisible decays of dark photon

Bayesian method

PLB 839, 137785 (2023)

et

i

AQED

* The 90% C.L. upper limits of coupling € are (1.6 - 5.7)x1073, depending on m, between 1.5 and
2.9 GeV

* Qur exclusion limits are consistent with what already excluded by BaBar

* BESIII will produce more competitive results with the coming 17 fb~!data taken at 3.77 GeV
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PRD 105, 012008 (2022)

Search for a CP-odd light Higgs boson in J /i) — yA°

v’ Motivation: The next-to-minimal supersymmetric Standard Model (NMSSM), extend the Higgs sector to

include additional Higgs fields, containing a total of three CP-even, two CP-odd and two charged Higgs

bosons

v The mass of the lightest Higgs boson,

A®, may be smaller than twice the mass of the charmed quark,

thus making it accessible via J /i — yA°

v We perform the search for di-muon decays of a CP-odd light Higgs boson in radiative decays of J/y

B(V = rA°) _ GrmggzCocp
B(V - I*I7) V2ma
g, = cosf,/tan

g, = cosf, tan f

(1_
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v The signal of A°is determined in mass range of 0.212 <
series of unbinned extended maximum likelihood fits to

Events/(0.03 GeV/c?)
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PRD 105, 012008 (2022)

Search for a CP-odd light Higgs boson in J /i) — yA°

v/ Data sample: 9B |/{ events

Peaking backgrounds of J/Y — yf are fixed

The largest local significance value is 3.50 at M 4o

at the level of 1o

L_ —— J/y data -
E [ MCJy-pru(y), pn yf (1270), yf (1500), yf (1710) #

= (] QED Background e'e —ypty’
Combined Background

p  f1270) (1710
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PRD 105, 012008 (2022)
Search for a CP-odd light Higgs boson in J /i) — yA°

Upper limit:
v’ Set 90% CL upper limits on the branching fractions using a Bayesian method

v The ULs range in (1.2 - 778.0) x10™? for in mass range of 0.212 < myo< 3.0 GeV/c?

v’ Upper limits on the effective Yukawa coupling gcxtanz,[?x\/B(AO — utu~) are computed.

v’ The results is better than the BABAR for Myo < 0.7 GeV/c? for tanB=1. The result is lower than

the prediction at the threshold 0.212GeV, and thus constrains the parameter space of the NP
models, including NMSSM
10T
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PRD 105, L071101(2022)
Search for invisible decays of the A baryon

v/ Motivation: Dark matter may be represented by baryon matter with invisibles, and many theories
suggest a potential correlation between baryon symmetry and dark sector
Phys. Rev. D 105, 7115005

\/Discrepancy of neutron lifetime in beam method and the goost-
storage methods (4.10) 7 SO W o b *,;°? _—
ELE e
T L - i : : pEsEs
beam n bottle 885 » ; . A
= > ~ 0 N
Tn Bnoptx) ™ =) | B(n > p+X) ~99% : ,} “1 ‘
580 _—»”ff*"”‘”"*““?”“”’”j”””f””"”i"Vl”'%*”"
. 0 _ : : 1
can be explained by 1% of the neutron decay into dark matter e Biragn ttiod 4704 £

1990 1995 2000 2005 2010 2015 2020
JPS Conf. Proc. 33, 011056 (2021)

Phys. Rev. D 99, 035031

v’ The first study of invisible baryon decays (A — invisible)
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PRD 105, L071101(2022)
Search for invisible decays of the A baryon

v’ Data sample: 10B J/{ events

v’ Analysis strategy:

 J/y = AA provide a clean environment for A invisible decay 64__> o
* Double Tag Method: /\
» Tag side: A is tagged by A — f)T[+, 4.1M A events invisible
> Signal side: A decays invisibly
N 40P
B(A — invisible) = g . ok Ew
Ntag ’ (8518/ gtag) N§ 300F B
g 250 Background
v’ The A invisible decay is not pursued, because the dominant %fzg:
background from A — nm is hard to estimate and simulate E’ 1001
53 s

1.00 1.05 1.10 1.15 1.20 1.25
RM(pr*) [GeV/c?]
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PRD 105, L071101(2022)
Search for invisible decays of the A baryon

\/Signal extraction : Search for signal on total energy in EMC Egpc (not charged tracks);

* Dominating background: A — n° -
70 : ﬁ Eroi . .‘"
Eemc = Egmc + Egmc + Egmvcy % . . L
Jlhy N
0
* Efyc: Based on the MC simulations K /- ‘

o ElNc+ EPOLSE: Based on control sample [ /1 — A(nm®)A(pr™H);

70
v' The corrected Egpc for A = nm® is derived by combining _ 60 . Dt
0 - O - -~ Signal Shape
EMc With a random value of the sum of Egyc+ Egme =50 b vaiietuie
S 40
oV}
5 30
v No obvious signals are observed §20
L

—
o

o
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PRD 105, L071101(2022)
Search for invisible decays of the A baryon

v’ Upper limit :

A modified frequentist approach is adopted to estimate the UL 45x103
L 4E 3

* B(A - invisible)< 7.4X107> at 90% C.L. B ast

* The UL is consistent with the prediction of 4.4x1077 %22:

arXiv:2006.10746 § 2F

* This result sheds light on the neutron lifetime measurement é 15;:

5 F
puzzle and helps to constrain dark sector models related to < 0-2;— . .

the baryon asymmetry B(A—s invisible)x10*
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PRD 106 072008 (2022)
Search for massless dark photon in AT — py’

v’ Motivation :

* The FCNC is suppressed in SM, any significant observation would be a hint for the new physics.

* Minimal supersymmetric SM and the two-Higgs-doublet model predict the BFs of the same FCNC
decays to be two to three orders of magnitude larger.

Yl
* we concentrate on FCNC effects arising from the dark photon with ¢ g ﬁ "
the ¢ and u quarks, where the missing energy due to the dark Al u R u p
photon is the feature of the signal processes p 4
>
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PRD 106 072008 (2022)
Search for massless dark photon in AT — py’

v’ Data sample : 4.5 fb~ 1 ete™ annihilation data at /s = 4.6 — 4.7 Gev

2000
1500 E

v’ Analysis strategy: o0 -
500 E

* The AfA; are pair produced in ete™ - ALA; oy

* Double Tag Method: jggé

» Single-tag : A7 reconstructed with ten hadronic decay modes & ZE

yields: 1052441384 § |

> Slgnal side: A-g - p)/' 10 hadronic decay modes é 100§

\l/ 2w

150 F

N obs — N bkg Double-tag 100

50 E

B(Af - py') =

]
| e 300 £
@ 200 F s
/\ 100 f {S -
@
0 @ o A 1Y

224 226 228 23 224 226 228 23
Mg (GeV/c?)
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PRD 106 072008 (2022)
Search for massless dark photon in A7 — py’

10 hadronic decay modes

v The signal is searched on the the square of the recoil mass spectrum M rec(Azp) \1/
Cc
v’ Background components: Double-tag
* From continuum hadron production e e~ — qq et * e
* From ete™ - ALA7 process o
v" The upper limit is B(Af = py’) < 8.0x107> at 90% confidence level \\
Theory prediction: 1.6x107°>- 9.1x107° PRD 102, 115029 (2020) -
250-_"l"'l"'I"'I"'l"‘l"'I"'I"'l"'_— 12_' L L L L L L 2_'"'I""I""I""I'"'I'"'I""I""I""I"":
E 4 Data (@) E :_ 4 Data (b) _: 1.8 ;— :
) & Al —pK] E + 10F &8 AL > pK? ] 16 F =
N% 3 ¥ other A¢A. background . “; 8 5_ =8 other AYA, background_: 14 E 3
2 150 Pt 12 = fesgot | 12F
§ - g ] Q6 Signal 3 § 1;_ _;
£ 100 E a8 b 4 = 82‘ E
> L - 5] b6F ]
S sofF c < 04f -
03 Y 02F 3,
= e [PUPRRY LU (PR (UM ORI CAPE, (NP LA 4x10°
0 02040608 1 12 14 16 18 2 0.025 0.05 0.075 0.1 00 0.010:02 0.03 0.04 0.05 0.06 0.07 0.08 0.09 0.1
M, . (GeVIct) M2 o (GeVict) B(A*— py)
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PLB 838 137698 (2023)
Search for an axion-like particle in radiative J/y decays

v’ Axion-like particles (ALPs)

* Pseudo-Goldstone bosons arising from some spontaneously broken global symmetry addressing
the strong CP or hierarchy problems. Also proposed as cold DM candidates

* The ALP-photon coupling gy, is mostly discussed — ALP decays J /v

to two photons

* Independent mass and coupling bounded by experiments — M ;~ 0(GeV)
mainly from electron-positron colliders

* We search for ALPs decaying into two photons in J/y radiative decays via J/Y — ya,a = yy
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PLB 838 137698 (2023)
Search for an axion-like particle in radiative J/y decays

v’ Data sample : 2.7B 1)(3686) events

v’ Search for |/ = ya,a = yy with ¥ (3686) —» ntn~]/y decays

®* @ has negligible decay width and lifetime

 1P(3686) decay -> preclude the pollution from non-resonant production and avoid QED background
* Blind analysis strategy

* Three yy combinations per event, exclude intervals around %, n, n’ peaks

3 ¢ Data Jhp—yn’r®
. —~10°¢ Edp—y® S dhp—ym,
v ¥ RS = Jhp—yn Jp—=yyy
m d > B I ZZ T Others from Inc. MC
: " : : ., I
s S 10°g ¢ jﬁ
To) E B /
Y(25) J /Y = e |
c S c N Y ; E e
7t N a c L
N 7
- € 102k 3
L =
" 10 E. i [ | | l |
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PLB 838 137698 (2023)

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

v’ Signal extraction

* A series of unbinned maximum-likelihood fits are performed to the M(yy) to determine the in the
mass range of 0.165 = m, = 2.84 GeV/c*

* Totally, 674 mass hypotheses are probed

* Fit intervals (35 ~ 900) are mass-dependent

* The local significance are less than 2.60 for all mass point
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PLB 838 137698 (2023)

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

v’ Upper limits
95% confidence level upper limits on B(J/1Y — ya) are determined a one-sided frequentist profile-

likelihood method
The observed limits range from 8.3 x 107 8to 1.8 x 10~

%in 0.165 <

< 2.84 GeV/c?

The exclusion limits on the ALP-photon coupling are the most stringent to date

-6
2550
- —— Observed UL 10—2 — 1
o, oF Expected UL 7 - » 7
(@) : I Expected UL =10 _ ugJ -
S Expected UL =20 "> a ]

o) 1.5 . © -

o G 10°E | 2/
— § [  BABAR |53
3 T S =5
L ] BESIII 1
- 0.5 _ o4k \
. Z F nnonnl Lo I ]

00 3 107 107 107 1 10

(GeV/c ) m, (GeV/c?)
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Summary

v’ The recent result about dark sector and Axion-like particle search at BESIIl are presented:

* Dark sector search
> ete™ = ¥y’ :90% UL on coupling & are (1.6 - 5.7)x1073for m, in 1.5 and 2.9 GeV
> J/Y — yA®: ULs on BFs are (1.2 - 778.0) X107 for in mass range of 0.212 < M 40< 3.0 GeV/C?

> /A - invisible: ULs on BF B(A = invisible)< 7.4x107°
> At - py': uLs on BF B(AT - py') < 8.0x107>

* ALPs search
> J/1¥ = ya,a = yy: ULs on BFs are 8.3 x 10730 1.8 x 107%in 0.165 < m, < 2.84 GeV/c?

v’ More data will be available, more sensitive results is ongoing and coming soon

The future is bright!
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