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Why invisible decays

-> Understanding DM is one of the highly
topical subjects in both astronomy and
particle physics.

-> Many evidences for the existence of DM
are observe in astronomy. There is no
evidence in collider experiments.

—> DM, one of compelling reasons to NP.
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> Search forinvisible decays at colliders is
one way to search for DM.
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=> This talk focuses on recent search for
invisible decays at BESIII.
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BEPCII and BESIII

Hadron and Flavor Physics
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BEPCII:

*First collision in 2008, physics run in 2009
%% . *Energy region: 2.0 —4.95 GeV

*Designed luminosity: 1x1033 cm2s ! @ y(3770).

BESI |
! detector

MDC

 small cell & Gas, He/C;Hg
(60/40)
* Oy =120 um
* o/p=0.5% @ 1GeV/c
« dE/dx=6%
TOF
* o,=80 ps (Barrel)
60 ps(Endcap)

Non-vector charmonium(-like) states
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EMC:

* GCsI(T)

* AE/E=2.5% @1 GeV

e o0,~0.6cm

MUC

* 9layers RPC for barrel

* 8 layers RPC for endcap
Superconducting magnet (1T)
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Search for J/y — y + invisible

Phys. Rev. D 101, 112005 (2020)
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Introduction

-> Aseries of supersymmetric Standard Models, including Next-to-Minimal
Supersymmetric Model, predict a CP-odd pseudoscalar Higgs (AY). The A"

can be produced in quarkonium rediative decay:
BV — yAY) B Gquzgc?CQCD(l mAz)
* BV > yup) \/zyra my

# AY can decay to two neutralinos, g. = cos 8,/tan 3, g, = cos @,/tan j3.
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Strategy

> Usingy — a2~ J/wto get J/wsample.

\/

< Then"z~ provide excellent trigger.
% Large BR (34.68%)

- Reconstruct 77z~ to tag J/y firstly, then
search for signal.

N -€
sig  “Jhy
o B =

0‘0

NJ/z// " €ig

- Fit to the recoil mass of 7777, get

8.848 x 107J/yfrom 4.481 x 108y
data set.

Invisible Decays at BESIII

7
’

invisible ,/

v w7V

—
et e
7T+
-
. g<103
NQ?OOO——
S 0ok } 8.848x107 ] /¢

R IPPEFT LS NPT EPRNC LT 2 PPN Akt d
£06 3.073.08 3.09 3.1 3.113.123.13 3.14
M. (GeV/c?)

26 Oct. 2021 b6



Background Estimation

- Based on tagger J/y sample, search for J/yv — y + 1nvisible.

< Only #77~ and one good shower (signal shower) in detector.

% Signal shower and recoiled invisible must direct to the barrel region.
-> Huge background from J/yw — nn, J/yw — ynn, JIy — ngKg ......
-> Separate y from n, 7, Kg with shower shape. However, n, 7, K[E) induced

shower didn’t simulate well.
-> Control Sample

@ yiJhw— pn° 2’ - yy

“ nin:.Jhy— panin

% KIE) Jy — KnKB&J/l// — AP, Pp — K;’KB
-> Correct the shower energy and efficiency of n, 7, Kg momentum

dependently.
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UL Estimati
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Search signal on E(y) in J/y rest frame in [1.25, 1.65] GeV.

Un-binned fit to extract signal.

Signal: signal MC shape.

Two peak bkg: fixed Crystal Ball, determined by fits on exclusive MC sample.
Non-peak bkg: exponential function.

Scan m(invisible) from 0 ~ 1.2GeV/c?

N 20 280 200 2880 20 7

No significant signal found. Max significant is 1.15¢.



Results
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Search for A — 1nvisible

arXiv: 2110.06759
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Introduction 2110.06759
= 895|
ST - 7(n) measured by beam method and
Sasol . storage method are different.
2 I

885:_ et Tgeam — B(n :7; +X) > Tgottle - B(n N p + X) ~ 99%

I s - The discrepancy can be explained by

a7 Storage method :879.4 £0.6s o requiring 1% of the neutron decays

1990 1995 2000 2005 2010 2015  202g__ into dark matter.

JPS Conf.Proc. 33 (2021) 011056 ohys. Lot B 745 (2015), 79
. . .. yS. Lell. s
-> Some models predict baryon invisible decays Phys. Rev. Lett. 111, 222501 (2013)
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-> No experimental search for baryon invisible decays until now.
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= Using J/w — AA to get A sample.

Nsig

Niag - (Esig/€tag)

B(A — invisible) =

-> Perform semi-blind procedure.

-> Search for signal on total energy in EMC. /\
- Reconstruct pr™* invisible
<* Requiring TOF hit from charged tracks, to x10°
guarantee all showers are related to the 350 - B .
event. “©300F 0 [y 0 - Signa
> = Background

- Fit to the rec. mass of pr™, get
4.15 x 10° A.
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Background Estimation

> Based on tagged A sample, no extra charger tracks are required.
-> Search for signal on total energy in EMC(Ex;,0).
> Mainbkgis A = na’. £, = ELC + EL -+ ENORe
-> Geant4 don’t simulate nin EMC well. (Data Driven)
% With control sample J/y — A(nz’)A(pr™), get precise Epviet Egﬁsg

0
< L, getfrom MC simulation.

n
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0
T
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-> Data consistent with MC well. No obvious signal.

-> Use the modified frequentist method to calculate upper limits.
> AB(A — invisible) < 7.4 x 107> with 10B J/w data.

-> First search for baryon invisible decay.
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Summary

-> We review several searches about invisible decays.

-> : : provide

excellent opportunity to search for invisible decays at BESIII.

-> More huge data in BESIIl. Many ongoing invisible searches. More exciting
results in future.

Thank you!



