BESIII New Physics Workshop 2021 Invisible Decays at BESIII

SESII

Search for invisible decays at BESIII

Yunxuan Song

Peking University

University of Chinese Academy of Sciences



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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Searches for invisible decays at BESII|I

> Search for# and 7 invisible decays in J/w — ¢nand J/yw — ¢n.
% Phys. Rev. D 87, 012009 (2013)

-> Search forinvisible decays of V(w, @) inJ/y — V#.
% Phys. Rev. D 98, 032001 (2018)

-> Search for J/yy — y + invisible.
< Phys. Rev. D 101, 112005 (2020)

- Searchfor A — invisiblein J/y = AA
% arXiv: 2110.06759
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Search for 77 and 77 invisible decays

-> ;7/;7' decay play special role in low energy scale QCD theory.

-> Invisible and radiative decays offer a window for NP beyond SM.

> 225M J/y sample, large branching fraction of J/y — qbn(’) and narrow
intermediate meson widths provide clean, large n/n’sample.

> Get the ratio of ) — invisible decay relative

- g to the 17(') — Y.
recoil directiolnl@ B’l"(’l’](’]’]l) . znmszble)
Br(n(n') = 7v)
J/Y A
-> Many uncertainties will be canceled.
tag direction
o —> K"K~



Search for 77 and 7 invisible decays

-> Reconstruct KYK™ to tag ¢ firstly, then search for signal.
-> No charged tracks besides those of the¢p > KTK ™.

= Ny ower are required to be zero inside a cone of 1.0 rad around the recoil direction
against the ¢ candidate.

> [cosb...; <0.7] toensure the n") decay particles are inside the fiducial volume of
the detector.
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Search for 77 and 7 invisible decays

- Reconstructn’ — yyand ¢ - KTK~.

180 F~ T -~ T "~ T " L B
160 F- u (a) =
o 140 -
% k&) - e
S % 120 - =
= = 400 b =
o - -
= Q‘ C
5 2
= 5
(0] >
L|>J w
10.1 . /1/. NP DR SR S N s a2
1 1.02 1.04 1.06 1.08 11 1 1.02 1.04 1.06 1.08 1.1
My (GeV/c?) My (GeV/c?)
10* 0 T T T T
[ b)  ;
10° 100 — 7
o NQ B
S > 80 — :‘: |
2 4 2 - $
o Q F
P 2
< 10 S
o g
@ @
1
10_1 IA““ e 0 . »,
035 04 045 05 055 06 065 0.7 0.75 0.75 08 085 0.9 0.9 1 105 11 1.15

m,, (GeV/c?)

m,, (GeV/c?)

Invisible Decays at BESIII

Br(n —invisible)/Br(n—yy)<2.58x10-4

l Br(n'—invisible)/Br(n'—yy)<2.39x10-2

4

Br(n'—invisible)<5.21x10-4@90%C.L.
Br(n —invisible)<1.01x10-4@90%C.L.
Improved PDG Values

PDG : Br(n'—invisible)<9x10-4@90%C.L
Br(n —invisible)<6x10-4@90%C.L.

Theory : Br(n'—yy) ~8.1x10-7
Br(n —xx)~7.4x10-3
B. McElrath, PRD 72, 103508 (2005)
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Search for w and ¢ invisible decays

- 1.3B J/ywsample, large branching fraction of J/y — ¢n and narrow
intermediate meson widths provide clean, large w/¢ sample.

-> Constrain the masses of the LDM particles and the coupling of a U boson to

the light quark.
-> Get the ratio of BF of the invisible decay to the
visible decay:
O — v ,1
recoil direction C . ..
@ B(V — invisible) ~ Ngyse - e
Pk B(V — visible)  NYishble . ginvisible
J/ ,511 ’

tag direction

n—n'na’oryy
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Search for w and ¢ invisible decays

- ReconstructJ/y — Vi, n - atn .

0

Invisible Decays at BESIII

> [cosO....;; <0.7] toensure the V(¢, w) decay particles are inside the
fiducial volume of the detector.

> Efma < 0.2 GeV, where Efma is the sum of energies of the extra photons.
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Search for w and ¢ invisible decays

- No obvious signal for w and ¢ invisible decays is observed.

-> The UL is estimated with Bayesian approach.

AB(w — 1nvisible) _s
o < 8.1 X 107 atthe 90% C.L.
B(w — ntr—aY)

%B(¢p — 1nvisible)
B(p - KTK™)
< PB(w — invisible) < 7.3 X 107 at the 90% C.L.
% PB(¢ — invisible) < 1.7 X 10™* at the 90% C.L.

< 3.4% 10™*atthe 90% C.L.
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Search for J/y — y + invisible

Invisible Decays at BESIII

-> 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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Phys. Rev. Lett 122 no.1 011801(2019)
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Search for J/y — y + invisible

-> Using 1//' — ntrn~J/yto get J/ywsample. /’

invisible /

< Then"z~ provide excellent trigger. !
% Large BR (34.68%) Y’ W
= Reconstruct 777~ to tag J/y firstly, then — =———p -

+
search for signal. € / €
+
Nsig "y n

D ‘% — 3
’ NJ/z// " €ig
- Fit to the recoil mass of #77~, get ~ Ao
8.848 x 107J/yfrom 4.481 x 10%y Egggg: | 8.848x107 ] /i
data set. :

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?)



Search for J/y — y + invisible

- 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. % e ﬂ .
=> Control Sample g jzw :
* y Iy p'n’,n’ — yy § Zgi‘- _)* w ){H
“ nin:.Jhy— panin 10— Lﬂfk__ﬂ_&ﬁ
& KIE) : JIy — K?Z'KS&J/W — and, p — KgKB P25 13135 1.4 145 15 1.;?*(1(.366\1/.)65

-> Correct the shower energy and efficiency of n, 7, KB momentum
dependently.



Search for J/y — y + invisible

N —
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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¢.



Search for J/y — y + invisible

Invisible Decays at BESIII

x107°
-> Use the modified frequentist method to calculate upper limits. g 25F — omseeatns
X f o Expected it < fo
> ~6.2 better than CLEO-c. S 2r Expocted s 22
@ B
-> Calculate UL for fand 6,. - o
2,2
BV — yA") B GququQCD(l Wlﬁz) 5
& — o 0.5
* BV~ yup) \V2ra my
# AYcan decay to two neutralinos, g. = cos 6, /tan 3, g, = cos @, /tanp. ©® 02 04 06 08 1 12,
Minvisibie(GEV/CY)
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© "~ f  —— BESIl (tanp=0.6) l ® [ Combine with Belle's results, |
10151 /] T F /
°E<EO 5 E P i ~ // % 0 2 __ /
= 0_1;_/,,// P ] = i /
e  —— ——— 2 o — 7 T~ /
:51‘0055— %O.‘IS;F/// ~
— PR R B B SR ST B = PRI PRI IR BRI EEPEEE B R
N O 02 04 06 0.8 1 1.2 O 02 04 06 038 1 1.2
m,«(GeV/c?) m,o(GeV/c?)



Search for A — invisible

%895_— ...................................................................................................................................................................................
Sl - 7(n) measured by beam method and
= T Beam method : 888.0 +2.0 s .
§ 90| - ' ' | ' storage method are different.
2 I
885 BNt a4 = Bn _)Tr; nyke =’ | )| B(n - p +X) =~ 99%
I s - The discrepancy can be explained by
a7s|_  Sloragemethod : 879.4 +0.6s requiring 1% of the neutron decays
PR AP ENRPETEE ARV AT SPETETE R .
1990 1995 2000 2005 2010 2015  202g__ into dark matter.
JPS Conf.Proc. 33 (2021) 011056
_ L Phys. Lett. B 745 (2015), 79
-> Some models predict baryon invisible decays Phys. Rev. Lett. 111, 222501 (2013)
*"'Y N X

-> No experimental search for baryon invisible decays until now.

BESIII New Physics Workshop @ Hengyang Oct.2018
New Physics in Charm Physics Fu-Sheng Yu



https://indico.ihep.ac.cn/event/8593/contribution/8/material/slides/0.pdf
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Neuton Lifetime

OTwo types of measurements .

n = p + anything o PO
1. bottle method counting neutron numbers <l T
bottl
= N,(0)e~t/m""® | gbottle = 8796 4+ 0.6 s
A —
2. beam method counting proton numbers
1 _ 1@dNp  Br(nop+anything) dNy 40 discrepancy
theam — N Var | Nn dt
A 4
deecon e | theam —="888.0 + 2.0 s
’/ :LiF, | —f—"(gt(;c(t)gr
deposit .
oo - UNERIN—..
B GOV ceneds  Gowd Phys. Lett. B 745 (2015), 79

Phys. Rev. Lett. 111, 222501 (2013).
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Search for A — invisible
= 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.

120  1.25

‘P.OO 1.05

1.10 1.15,
RM(prct) [GeV/cT]



Search for A — invisible

> Based on tagged A sample, no extra charger tracks are required.

-> Search for signal on total energy in EMC(Ex;,0).

noise

> Mainbkgis A = na’. £, = EELC + Epict+ Eprie.

=> Geant4 don’t simulate nn in EMC well. (Data Driven)
% With control sample J/y — A(nz’)A(pr™), get precise Epviet Egﬁsg
o EELC get from MC simulation.

EEM C
n "

P noise |
EEM C
A A
Jly
20
n EEM C
T 0
T =YY

isolation angle



Search for A — invisible

—> 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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-> 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!



