Search for invisible decays and
rare decays at BESIII

Jing-Shu Li &4

Sun Yat-sen University F 10 X%
On behalf of BESII| Collaboration

HIGH ENERGY PHYSICS BRANCH OF CPS

ljIshS53@mail2.sysu.edu.cn
2022-8-10



¢ BEPCII and BESIII

€ BESIII data samples

€ Search for invisible decays
@ Search for rare decays

@ Search for LFV

¢ Summary

Jing-Shu Li HIGH ENERGY PHYSICS BRANCH OF CPS




Jing-Shu Li

BEPCII and BESIII

Beijing Electron Positron Collider II

ot B
Beam energy: 1.0 — 2.45 GeV
Luminosity: 1x1033cm2s?

Optimum energy: 1.89 GeV
Energy spread: 5.16 X 10*
No. of bunches: 93

Charm Factory

BESIII Detector

MDC: op=0.5% @ 1GeV/c EMC: Csl (T1) 2.5% (5.0%)
dE/dx: 6% barrel (endcap) @ 1GeV

RPC: 9 Electro Magnetic ks
Iayers Calorimeter ayers
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ToF

SC
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TOF: 0T=68 (60) ps
barrel (endcap)

MUC: RPC 9 (8) layers
barrel (endcap)
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New Physics Searches at BESIII

@ Uniform blinding strategy and datasets

¥ Common statistic and standards

Common

@ Sharing methods, tools and codes
standards

Symmetry %, ol
QBNV & LNV processes
@ LFV processes Exotic
/0 Dark photon )

\ @ Other symmetry violation)

KQFCNC processes Y Veryrare Exotic @ Invisible signatures

decays
y searches

€ Charmonium weak decays @ Light Higgs, 7’

¥ Exotic resonances

\_ /

\0 Other rare decays D

Very rare

* New Physics Searches at the BESIII Experiment, S.J. Chen and S. Olsen,
Nation Science Review 8, nwab189 (2021), arXiv: 2102.13290
* New Physics Program of BES, D.Y. Wang, in  “30 Years of BES Physics”
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Search for invisible decays at BESIII

@ Search for ]/ - y + invisible via {'- tt] /P

invisible

v / \n_
® Search for a CP -odd light Higgs boson in J/{j— yA°

Pi =" D

e W
\ S vl
\ ’

- 14
@ Search for the invisible decay of A baryon invisible
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Search for J/y — vy + 1nvisible via y'— n'n]/y

@ A series of supersymmetric Standard Models,

including Next-to-Minimal Supersymmetric

Model, predict a CP-odd pseudoscalar Higgs

(A). The A° can decay to two neutralinos.

@ Using (448.1 + 2.9)x10° 1 (3686) events
produced via (3686) —» ntn "] /Y
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@ Calculate UL for g and 6,

®g. = cosO,/tanp, g, = cos@,tanp

®B(J /Y - y invisible) < 7.0x1077 @

# Obtain better sensitivity with tanf <

0.6 compared to the Belle’s result
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Search for a CP-odd light Higgs boson in J/{— yA°
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Search for the invisible decay of A baryon ’

@ Dark matter may be represented by baryon 4 Search signal on total energy in EMC

x«’-

matter with invisibles, and many theories # Main background: A - nr®

suggest a potential correlation between # By control sample, get precise n's

baryon symmetry and dark sector and noise’s Egyc and correct MC

@ Neutron lifetime difference in beam method imulation

z 0
& storage methods - B(n - p + X) = 99% ®B(A > invisible) < 7.4x10°5 @
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Search for rare decays at BESIII

@ Search for the charmonium weak decay J/{y— D-etv,

l+
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@ Search for the hyperon semileptonic decay 2= E

Oe=v

d
= s > > s =0 d s, b
— S > > S 0
% 0 0. — v/Z
® Search for the FCNC process DY - w°vv l
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Search for charmonium weak decay J/ y— Detv,

@ The inclusive branching fraction of J/{ @ Two main backgrounds: (1) n/K misidentified as e
weak decays to a single charmed meson was (2) Gamma conversion with e misidentified as ©/K

predicted to be at the order of 1078 or lower ®B(/ > D etv+c.c.) < 7.1x1078 @ 90% C.L.

in the Standard Model (SM) @ Compatible with the SM theoretical predictions, and puts a stringent

- - +o == : :

®//y->D"e’v, D" >K'n'm constraint on the parameter spaces for different new physics models

@ Use a fit on Uy to extract the signal. predicting BFs at the order of 107> N
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Search for hyperon semileptonic decay 2=— Z%e~v

@ Hyperon semi-leptonic decays provide OM%eCf“ — \/(ECM_E/_\n"‘)Z — |Pr+|?
y[A

important information on the interpla : : :
p play @ To extract the DT yield, the invariant mass squared of the lepton-

between weak interactions and hadronic _ 5 s S S .2
neutrino system, g = (Egcy — Es+ — Ex0)“—(Ppcm — P+ — P=0)
structures formed through strong

_ _ ®B(E - 2% "v,) < 259%x107* @ 90% C.L.
Interactions

@ Using (10.087 + 0.044)x10° J /3 events
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Search for the FCNC process D? —» n%vv

€ 1n SM, FCNC is strongly suppressed by GIM @ Discriminator: EMC energy not associated with signal and tag decays
mechanism and can happen only through loop OMZ. . = (Ep)?/c* —|Bol?/c*

diagram, leading to a very small BF ~10~°, @B(D° - OV¥) < 2.1x10~* @ 90% C.L.

theoretically

@ Provide a clean probe to search for New Physics in charm sector

# The suppression in charm decays is much stronger @ The first experimental results of search for ¢ —» uvv processes

than those in B and K system due to stronger diagram 400 ¢
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Search for charged lepton flavor violating decay

@ Search for CLFV decay J/y — et

@ Search for CLFV decay J/y — eu

I I

Diagram via leptoquarks Diagram via a Z’ in TC2 models
Phys. Lett. B 496, 89 (2000)
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Search for charged lepton flavor violating decay

@ New physics models predicting B(J /Y — eu) to 10716~107°, B(J/Y — e1) to 10710~1078

J/b — et

-
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®B( /Y - er)<7.5x1078 @ 90% C.L.
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@ The 1st submitted paper based on full 10 billion

J /1 data of BESIII
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J/Y —eu 0.1
0.08 %: Full data
®B( /Y » eu)<4.5x107° j 'g
20.06 ..}
0 =0
@ 90% C.L. B0k .?,;
@ Improves the previous 0.02 '.,. —
published limits by a factor s oo “!f 11 12
of more than 30 and
comparable with the : 2. g
theoretical predictions 0.8 —
@ The most precise result § 61 ;
0.4} =
of CLFV search in heavy 02| 1
quarkonium systems %S 3 4 € & 3 & 13 Ha0”
B(J/y —eu)

HIGH ENERGY PHYSICS BRANCH OF CPS




9 BESIII performed wide range study of new physics, with many first

searches or best limits

@ The latest searching results for invisible decays, rare decays, and CLFV

decays on / /1 are reported

@ BESIII has great potentials with unique (and increasing) datasets and

analysis techniques
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Thank you
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