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3-Generations of experiments

BES—>BESII->BESIII |
“An old newspaper picture”
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The 379 generation — BESII|

BEijing Spectrometer (BESIII)
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Beijing Electron Positron Collider (BEPCII)

> First collision in 2008 & physics run in 20009.
> /s =1.84 — 4.946 GeV (tau-charm factory).

» Design Luminosity Lp=1x1033 cm-2s1@ 3.773 GeV
(2016 achieved; 2022-2024 achieved 1.1xLp).

» Continuous injection (top-up mode).

Among facilities of this kind, BEPCII currently has the
highest luminosity in the world.
—Luciano Maiani




A productive experiment

Total: 844 = 776 + 16 (accepted) + 52 (submitted)
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 Fast growing (~100 / year)

Discover 33 new hadrons
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33 new hadrons at BESIII

21 light particles
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http://english.ihep.cas.cn/bes/re/pu/NewParticles/
Zhiqging Liu & Ryan Mitchell, Science Bulletin 68 (2023) 2148-2150
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An upgraded machine commissioned

An upgraded machine BEPCII-U during 2023-2025

BEPCII-U vs. BEPCI|
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The new machine is ready to run !
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» Upgrade project approved by CAS in 2021.
> /s up to 5.6 GeV; optimized @ 3.773 — 4.7 GeV.

» Luminosity enhanced by a factor of 3 @ 4.7 GeV.
» CGEM inner draft chamber installed.



Our future — a crab-waist machine

Current BEPCII/U bunch

R e

I

BEPCII crab-waist bunch
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BEPCII-CW Lum1n0s1ty vs BEPCII-U & BEPCII

_— \ 189GV:1><1033\;

N |
[ 0.5GeV: 3x10%2 155GV45103

10°°F

,/ 1.89 GeV: 1x1034

| —— BEPCIL-U

| = BEPCILCW |]

&

N\ | —— BEPCII
1.55 GeV: 5x1033 | :
1.89 GeV: 111033 | [2.35 GeV: 1.1x10%

235 GeV: 3.5x10%2

Beam Energy (GeV)

* Luminosity may increase by x10 below 3.773 GeV.
* QOperation below e+e- CM energy 1 GeV is enabled.

dark sector search etc.



Search for dark sectors with our data



Data — On resonance & Scan

10 B J/y events:

_ 2.7 By(2S) events: charmonium
light hadron, hyperon

20 fb-1y(3770): D mesons
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Sources & methods

Meson decay

e N/’ > vy > yete

- WASA, PHENIX, NA48

- BABAR & Belle/Y(3S),B; KLOE/¢,n

- BESIIl /v, 1, 0’

17°
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Initial State Radiation et
e ete > YY > yete /utu- e+/p+
- BABAR, KLOE, BESIII e-/u-




Search for Axion in J/y radiative decay

PLB 838 (2023) 137698

w(2S) -t Jy, Jw — ya, a —yy

- D Jy—ynn®
*  Bigsample (2.7 Billion x 35%~0.9 Billion) ~10°E . ! J/?;iyno J,LGc
*  Relative clean background environment S f § /y ‘J’ﬁl’;’m pe i SV
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recoil

« Scan 0.165<m_<2.48 GeV/c?in a 3 MeV step
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Search for Axion

in J/y radiative decay
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B(J/w—ya)@95% C.L is obtained [assuming B(a —yy)=100%]

B(J/y = ete”) 3270
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Search for Axion in J/y radiative decay =

Jhy — v a, a—yy BES]]I PRD 110, L031101 (2024)
*  Huge sample (10 Billion events)

*  More complicated background (pure neutral

| | T I T T T
> Jy—sym, noyy MC 1 Wy, w'—yy MC
Jy—yn', n'-yy MC i J/w—)yn n-YY MC

final state...QED background dominant...) S m&ﬁ A, _ ‘KXIZZYJOKCMW e
*  Possible non-resonant axion production e 35%3?:"”"““‘“’ e EEmNmC e

ete——ya
*  Benefit from good beam resolution, 4.4% of
resonant contribution =2 negligible
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Data/MC  Events/(0.031 GeV/c?)

m, range m,, fit interval Polynomial
(GeV/c?) (GeV/c?) function order s
0.180-0.420 0.16, 0.46 Fourth E
0.421-0.490 0.39, 0.51 Fifth ]
0.610-0.880 0.59, 0.90 Fifth ’ 1
1.020-1.099 1.00, 1.20 Fifth 0.8 - - - - . -
1.100-2.770 =010, w, 110,00 Third 0 0.5 1 1(-35 . 2 2.5 3
2.772-2.850 270, 2.88 Fourth m,, (GeV/c?)

Scan m(yy) in 1-2 MeV step to search for an axion signal 14



Search for Axion in J/y radiative decay

PRD 110, L031101 (2024)
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Search for dark photon in J/lwy—=2>y'n’

> N(J/\IJ)=1 3 Billion PRD 99, 012013 (2019)
» Br(Jly>yn’) ~ 5103 BGS]]I 3"

» Yield ~6.5 Million

» Update with 10 Billion ongoing
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Search for dark photon in J/w—->vy'n

» N(J/y)=1.3 Billion

» Br(Jly—=>yn) ~ 1*10-3 BGS]]I
» Yield ~1.3 Million

» Update to 10 Billion ongoing

» Jhy—2>ete-n
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Events / 0.010 GeV/c?

data/MC

Dark photon via ISR e*e /utu-

https://physics.aps.org/articles/v7/115

e L b b b b b B by
16 18 20 22 24 26 28 3.0 3.2 34

2
m,. - [GeV/cT]

Untagged photon method
ISR p+u— events dominate

» BaBar measurement [PRL113, 201801 (2014)]

» Coupling strength exclusion limit @ 90% C.L.

» € <[1073,1074]

» Comparable to BABAR in same mass region
102
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1 1 1 IlIII
1072 10"

10*

2

_ @« 2 2y [ 2 2
I'y= W(my/ +2ml ) my/ = 4ml

v
Lot =Tee + F[L/.L -(1+ R(\/E)) ’

. 10
m,. [GeV/c?]

18



Dark photon via ISR e*e /utu-

103 -

—.— BABAR 2014
—— BESIIl 2017
—— KLOE 2018
2.0 2.5 3.0 3.5 . 5 3 1 i ) —— LHCb 2019
Mass [GeV] m(A") [GeV/c?] — CMS 2023
—— This work

1074 1

1.0 1153 2.0 2.5 3.0 3.5

« A full update of dark photon search in di-lepton mass miA) 1GeV]
spectra using ISR with 20 fb-! data @ 3.773 GeV 102
« Semi-blinded analysis and cross-checks:
« BESIII 2017 analysis of 2.9 fb~?!
* s+ b likelihood vs. CL; methods
*m=0.8—3.66GeV NAGE

* No globally significant dark photon signal E”“
€ exclusion limits improve upon previous BESIII,
BABAR, and LHCDb limits Shes This work

= complements CMS limits for
m = 2.54 — 3.64 GeV

KLOE 2015

E141

102 10t 100 100 19

m(A’) [GeV]




Dark photon invisible decay

Consider now: 2M(x) < M(Y’), dark Photon decays
dominantly into Light Dark Matter (LDM) ay>>ae?!

Strategy: Missing mass (energy) measurement

Mpniss” = (PP + P4, - P2)?

miss

20



Invisible decay

For single photon signals, usually complicated background & active trigger needed |

One photon penetrate the calorimeter in the BABAR detector

w 1 0—2 | 7] I T T LI IE
1 0_3 BaBar (2017) L
107 =
B PRL 119, 131804 (2017) 1
-5

107 =
The PEP-II/BaBar B-Factory B 7]
= 107 & =
Time\s\ta\mp: 7R-4f7TH:493423/a9¢f4703:R = 3
Date Ta\;:e\\q: \Sat Dec 22 21 :45:5/8.707985000 2007 PST — -
HER: 8.600 GeV, LER: 3.113 GeV. B 7]

10_7 1 1 11 1 111 I 1 1 11 1 111 I 1 1 L1 1 111 I

-3 _ _
10 1072 107! 1

» e*e- - yy events are dominant & complicated backgrounds m, [GeV]

» 53 fb-1, BaBar achieve exclusion limit ¢ < [10-4, 10-9]



BESIII invisible dark photon decay

* Event start time not precise BES]]I

* Induce e*e~ = yy background —
Preamplifier A |A
:uBi;s;Efpis l | §| T4V/2Gev
= S KB % % T T o
; -~ reamplifier | L h
2018.33 MeV L e ' Pt ’ |B 7 Post 1ifi Q-module
T=7*50 ns = ° "f= i ost amplifier
- 2067.47 MeV
T=_#4%30 ns pr;amplifier
= « EMC electronics saturate for >2 GeV photon

« Can not explore low mass region (=>high energy v)
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Events/0.010

Pull

BESIII invisible dark photon decay

In total Lum=14.9 fb-1 from E.,,=4.13 — 4.60 GeV
: : ‘ ‘ . 80

80 BRI A A A o e .
B x?/d.o.t: 48.8/47 —¢— Data Vs=4.226 GeV | L x2/d.o.f: 24.4/43 —$— Data Vs=4.416 GeV
60— N,,: 17.7 £ 60 — - signal m(y')=2.6 GeV —]| o 60— Nyg: 261489 — - signal m(y')=2.6 GeV —|
40 [ % 40_ _]
1.1 fb" 5 I 1.09 fb-1 1
20 ool _:
AN SRS RIR IR ILNN T Y = =
_2 II | *I I‘ II*I I;lli,‘, IYII‘IIQ | $I .‘.1"' II II Ill ‘I | OIO‘I .I E n:_ -g %
1.3 1.4 1.5 1.6 1.7 1.8 B e - -
E(y) (GeV) 1.3 1.4 1|.55m (Ge\1/).6 1.7 1.8
mE, T ) oe
By = 27 or? 2 =)
Y Dl ﬂsa 21 —%) ((1 + ﬁ)@ - 2C050C) COSbc
« BESIII search for an invisible decay dark photon
» High energy data with E_,>4 GeV is used first
« Scan the high mass region m(y’) in [1.5, 2.9] GeV

Upgrade with 17 fb-' E_,=3.773 GeV data is already

ongoing...
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Summary

»BESIII is an active running & promising e*e~ machine operated
iIn China.

» Fruitful achievements in hadron physics, as well as for dark
sectors search & NP.

» Conduct axion searches & dark photon searches via various
approaches, producing cutting-edge results.

» Future upgrade will have significant impact on the low energy
frontier.

Thanks for your attention !




Dark photon branching ratio
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KL

From Xiaoling Kang

Dark forces at KLOE

Decay of the ¢ meson into a U boson + pseudoscalar n

— ¢ > UnU—->e*e ,n > mmm Phys. Lett. B706 (2012) 251
Phys. Lett. B720 (2013) 111

Associated Uy production:
— ete” > Uy withU - utu~  Phys. Lett. B736 (2014) 459
— ete” > UywithU - ete™  Phys. Lett. B750 (2015) 633
— ete” > UywithU -» wtm™  Phys. Lett. B757 (2016) 356
— Combined analysis u*p~ and wn~  Phys. Lett. B 784 (2018) 336

Higgsstrahlung process, in the m(4")<m(U) scenario, with an invisible
Higgs:
— ete™ > Uh',with h' - invisible and U — u*tu~ Phys. Lett. B 747 (2015) 365

Leptophobic B boson search (ongoing)

16



o/h > invisible

Phys. Rev. D 98, 032001 (201
> N(J/y)=1.3 Billion BEST ys. Rev. D 98, (2018)

> Br(J/y>nw/Mmo) ~ 17.4/7.5*104

> Yield ~ 1 — 5 Million -

> Will update to 10 Billion Br(o—invisible) <
7.3x1075

_ Dr/d\%in\/icihla\ pes
e VSRR

&J . 8T Prufors, §-63nything mc I Jy—>en, o—anything MC
S 10° E O H | Signal MC (@—invisible) 7 Side-band data
8 % 6 [[__1 signal MC (¢9—sinvisible)
© , G [
S | S
~ (2}
%)
= 10E £

- c
Lﬁ |

n B 0.4 0.6 0.8 1 1.2
MTC*TC'TI',O (GeV/C ) Myeco" (GeV/C2)
Reconstruct n=>mtnn® decay * Search for a signal in recoll side

* Maybe converted to dark photon coupling--
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ATLAS search

Events / 2 GeV

TJHEP 06 (2018) 166 Eur. Phys. J. C 79 (2019) 481
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BESIII — A Hyperon/light meson factory

Events (Million)
=

10 f

J/ v samples

6..

10000

Mark III DM2

BES

BESII BESIII

> Br(Jly>y’) ~ 55103, 1’ yield ~50 Million

> Br(Jly=>yn) ~ 1*10-3, n yield ~10 Million

> Br(Jlw>AA) ~ 1.9¥10-3; A yield ~20 Million

> Br(Jly=>I5-/2050) ~ 1.2*10-3; A yield ~12 Million

> Br(Jhy>E-E+/2020) ~ 1*10-3; A yield ~10 Million

Polarization / NP Search (CP violation, EDM) / Decay dynamics

29
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