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Outline

 Introduction

* LNV Results at BESIII
>D% > K m~etet, Dt - Kdn~etet, Dt > K nletet (PRDY9, 112002)
»X” > pe~e”, X" - Xt X (including e"e™) (PRD103, 052011)
> >ntnte e viaJ/YP - ¢n (arXiv: 2308.05490)

* Prospects

e Summary
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Introduction

 Lepton number is conserved in the Standard Model.
* SM can’t explain the finite mass of neutrinos.

 The nature of neutrinos (Dirac or Majorana), is still an open guestion.

* If neutrinos are Majorana particles, they can be manifested through AL = 2 processes.
« AL =2 processes are widely viewed as the cleanest test of the Majorana neutrino.
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Introduction

« The asymmetry of matter and antimatter in the universe — possible BNV

« Many theories believe that if there is BNV, there will also be LNV.

* LNV is also introduced in many New Physics models.

> 41 quark generation
> SO(10) SUSY GUT
» Exotic Higgs
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DY) - hh'etet

AL =2 processes
 Decay diagrams proposed at BESIII [Chin.Phys. C39,013101(2015)]
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(a) D° - K—a~ 11t (CF)  (b) DT — KO7~1F1* (CF) (c) D° — K—#~1T1+ (DCS) (d) DT — K—#01+1+ (DCS)
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DoY) = hh'etet

e Data: 2.9 fb~! @3.773 GeV

« Single tag analysis _ o
 Fit the AE distribution in signal MC

samples.
* Two variables are used to
Identify the signal candidates:
Channel AE (MeV)
D’ —» K mete® [—33.0, 19.7]
D" — Kgm~ete® [—30.6, 19.3]
Mpc = \/Egea,m — |ppl?, DT — K- n’eTe" [—54.8, 24.4]

AE = ED — Ebeam;
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DY) - hh'etet

PRD99, 112002

« Scanning likelihood value for different

S 1l o ®) - number of signal events.
= 5_E—M ||\|\l h Ll « Likelihood curve convolved with a
z e TN Gaussian function.
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MC simulated shape convolved with a Gaussian

function + ARGUS function
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DoY) = hh'etet

* Neutiono mass related UL for D® - K~etv,,(m"e")
and Dt - Kdetv,, (m"e?)
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YT o> pe e, X - XTX

* Two down-type (d or s) quarks convert into two up-quarks
« Determined by local four-quark operators
« Underlying mechanism similar to that of OvSS nuclear decay

[PLB566,98; PRD76,116008; PRD87,036010]

—_—— —_— — —_— —_— —

- Based on MIT bag Model, predicted BF of £~ — pe~e™ can reach 10-%

2023/10/15

9/22



L~ o pe e ,x
 Data: about 1 billion J /y events @3.097 GeV

Nsig /Stag,sig
Ntag / ctag

* Double tag analysis Big

J/b - £(1385)*x"
tag side: %(1385)* - At

Search for signal by looking at the recoiling mass of
%(1385)"

Only reconstruct X+ for ¥~ -» 2t X

M econ = \/(EJ/W —Ejf - Eﬁ+)2 - (I—;J/w - ﬁj_\ - 5ﬂ+)2

 Blind analysis
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« Implemented by the package TROLKE

YT o> pe e, X - XTX

« UL@ 90% C.L.

B(X~ = pe~e”) < 6.7 x 1072,
B(Z~ - ZtX) < 1.2x 107,

|
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d—> ntmTe e viaJ/ Y - ¢Pn

arXiv: 2308.05490
« Extremely suppressed by several loops

* If any hint can be seen, definitely signal for new physics

U
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d—> ntmTe e viaJ/ Y - ¢Pn

» Data: about 10 billion J /3 events @3.097 GeV arXiv: 2308.05490

* Relative measurement to ¢ —» K+ K, lots of uncertainties

cancelled
_ I n—vy
- NRet [ Ennee §400;
B(¢p — nnee) = B(p — KK) x == = B(p — KK) X —oer S
Nkk Ny /ekk g |
KK é 200_
- I A
) ] o ] ] 045 050 40.J55L2 .60 0.65
» Signal identified with two variables: M+ ;+,-,- & M,,,, My (GeVie

* Blind analysis
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d—> ntmTe e viaJ/ Y - ¢Pn

L (a) 0—K'K
— 100 B Signal region
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arXiv: 2308.05490

NMC _ Nsignal

1 sideband
obs T g KtK-— 3 X Nqb

—KtK~—

NMC 471297

— obs _
FKK= MO T 1000000 47.1%
Nt — 1 N. — 822665 + 1149
K+ K- — {Vsignal — 5 X INgideband =

MC simulated shape convolved with a double Gaussian function

+

inverted ARGUS function multiplied by a 4™ order polynomial
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d—> ntmTe e viaJ/ Y - ¢Pn

arXiv: 2308.05490
0.651 .
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T*nte’e

* No signal was observed. UL @ 90% C.L. calculated with TROLKE

[ ] Bl¢p —nrrte e ) < 3.7 x 10~°
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Prospects

BESIII Collaboration, Future physics programme of BESIII,

Chin. Phys. C 44 (2020), 040001

« BESIII has a potential to search for LNV transitions such as D* —
[*1T"X~ and D — [T17 X, due to the clean environment and low charge
confusion rates.

« With the coming 20 fb~1 of y(3770) data, can perform more sensitive
searches for LNV processes of D mesons.

« could improve the best upper limitto 4.6 x 10~7 and 2.3 x 10~7 for D* -
n-etetand DT - K~ ete™.
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Prospects

Averages of b-hadron, c-hadron, and t-lepton properties as of 2021.

(HFLAV Collaboration). PhysRevD.107.052008
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* Many modes haven’t been searched for.

« Four-body LNV decays of D¢; LNV processes of charmed baryons.
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Prospects

* LNV processes of charmonium particles

such as J /Y

- of mesons such as w, /7', K3

Fig. 1: Possible Feynman diagrams of K* — m*r*e~e™ + c.c

BESIII BAM-00651

Figure 1: One possible Feynman diagram of J/yy — K*K*e"e™ + c.c..

BESIII Document 1091
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Summary

* In recent years, BESIII have searched for LNV processes.

Upper limits of many processes have been determined, providing stringent
restrictions on the parameters of the future theoretical development.

« With the coming 20 fb~! data samples, more and better results for
LNV process searching are expected.
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Chin.Phys. C39,013101
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PRD87,036010

The most general form of the low-energy effective Lagrangian that is
relevant for LNV semileptonic hyperon decays

Gk
Apg
+ (alys)@l’;d)] + c;(@al';s)(al’;s)}{d, (el e€)

+ dy (@l ) + ds(elpc + @l'ye)}. (1)

—Lpg = {c;@l';d)(@l;d) + c,[(al';d)(al;s)
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