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The observed matter-antimatter asymmetry in the universe is a serious challenge to our under-
standing of nature. Baryon/lepton number violation (BNV/LNV) decays have been searched for
in many experiments to understand this large-scale observed fact. We present the recent results
from the BESIII experiment, including a search for BNV through A — A oscillation in the decays
J/W — pK~A and J/yy — AA. We also present searches for LNV in D} — h*h%*e™ and
w/p — ntr~ete” decays, alongside probes into processes violating both baryon and lepton
numbers simultaneously, such as =20 Kte~ /K~ e*.
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1. Introduction

In the Standard Model (SM), the lepton number is conserved in interactions, and neutrinos
are massless. However, the observation of neutrino oscillations provides strong evidence that
neutrinos have non-zero mass. To explain this, theorists proposed the "see-saw" mechanism [1],
which attributes the small mass of the observed light neutrinos to the existence of a heavy Majorana
neutrino. The Majorana neutrino can be manifested through the LNV decays by a change in the
lepton number of the system by two units (AL = 2). Experimentally, AL = 2 processes can be
searched for in hadron decays [2, 3].

The observed matter-antimatter asymmetry in the universe remains a major unsolved problem
in physics. As originally pointed out by Sakharov, BNV is one of the three essential conditions
for generating this asymmetry [4], motivating extensive experimental searches. In the Grand
Unified Theories (GUT) and SM extensions, BNV processes are permitted if the baryon and lepton
numbers change by the same amount, satisfying A(B — L) = 0 [1]. Furthermore, other SM
extensions incorporating next-to-leading order BNV effects via dimension-seven operators allow
for A(B — L) = 2 processes [5].

The BESIII experiment operates in the 7-charm energy region, with a center-of-mass range
from 1.84 to 4.95 GeV [6-8]. With a data set comprising 10 billion J /i events and 20 fb~! y(3770)
data [9], BESIII provides a unique platform for searching for both BNV and LNV processes.

2. Search for BNV processes

2.1 A — A oscillations

A crucial test of BNV is the search for neutron-antineutron (n — 1) oscillation [10-12]. If such
oscillations exist, analogous processes like A — A may also expected. The experimental study of
A — A oscillation serves as an independent probe of BNV and can provide significant insights into
these processes. It has been proposed to search for this phenomenon at BESIII using A/A baryons
produced in J/y decays [13]. The time-dependent oscillation probability for a beam of free A
baryons to transition into a A is given by:

P(A, 1) = sin®(Smpz - 1) - e/, W

where 6m , ; is the mass difference (or oscillation parameter), ¢ is the observation time, and 74 is
the A lifetime. At BESIII, the experimentally measurable qauntity is the time-integrated oscillation

rate:
0o . 2 _ —t/TA
sin“(dmz - t) - e - dt
P = 0 o . @)
f et/ta . dt
0
From this, the oscillation parameter can be derived as:
P(A)
(6mpp)* = =5 3)
275
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2.2 Search for A — A oscillations via J/y — pK~A

The first search for A — A oscillation has been performed using the decay J /i — pK~A, based
on 1.31x10° J /i events [14]. Events from the direct decay J/yy — pK~A are designated as Right
Sign (RS) events, while those from J/yy — pK~A — pK~A are labeled as Wrong Sign (WS)
events. The A and A baryons are reconstructed via their decays to pz~ and prt, respectively. Since
the A baryon has a relatively long lifetime, it travels a measurable distance before decaying. A vertex
fit is therefore applied by constraining proton and pion tracks to originate from a common decay
point. Figure 1 (b) presents the invariant mass distribution M, .- for the RS sample. A fit to this
distribution yields a signal yield of Ng;s = 272122 + 528. In contrast, as shown in Figure 1 (a), no
events survive the WS selection within the signal region of 1.09 < M, .- < 1.14 GeV/c?, resulting
N°PSWS = 0. The detection efficiencies are determined to be egs = 28.6% and ews = 27.8% for
the RS and WS processes, respectively.

Assuming no CP violation in A decay within the process J/y — pK~A, the A — A oscillation
probability is given by
By — pK~A) _ Nys/ews

PO B KR T Nes @
An upper limit (UL) on P (A) is set at:
s90%
P(A) < Obs/e =4.4x%107°, (5)

where s%°% denotes the UL at the 90% confidence level (CL) on the signal events of the WS
decay, determined using a frequentist approach [22]. Consequently, the oscillation parameter is
constrained to dm 5 < 3.8 x 10718 GeV/c? at the 90% CL. This corresponds to a lower limit on the
oscillation time, Tosc = 1/0mpz, Of Tose > 1.7 X 1077 s at the 90% CL.

2.3 Search for A — A oscillations via J/y — AA

Using a sample of (1.0087 + 0.0044) x 10'° J/y decays, a search for A — A oscillation
is performed for the first time via the process J/y — AA + c.c. [16]. Events from the decay
J/¥ — AA are designated as Right Sign (RS) events, while those from J/yy — AA + c.c. are
labeled as Wrong Sign (WS) events. The detection efficiencies are determined to be 34.3% for
the RS channel and 34.4% for the WS channel. The signal yield for the RS channel is obtained
as 3123264 + 1767. Since no signal or background events are observed in the WS search, the UL
on the number of events, N{,{,]g, are determined to be 13.0 at the 90% CL. The A — A oscillation
probability is then calculated as

BUW = A +ee) Nys

_ =1.4%x107°, (6)
B[y — AA) NR% /ers

P(A) =

Consequently, the UL on the oscillation parameter is set to 6m 5z < 2.1 x 1078 GeV/c? at the 90%
CL, corresponding to a limit on the oscillation time o5 > 3.1 X 1077 s. This result establishes a
more stringent constraint on A — A oscillation than the previous measurement from J/y — pK~A
decays.
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Figure 1: Distribution of M, - for (a) WS events in the signal region and (insert) over the full span, where
the filled circle with error bar is from data, the pink filled histogram, normalized arbitrarily, stems from
simulated WS signal events, and the arrows in the inset figure show the edges of the signal region; (b) RS
events from data, where the filled circles with error bars are from data, the blue solid line represents the result
of the fit and the dashed line shows the background contribution.

3. Search for LNV processes

3.1 Study of D} — h*hlete~

A search for LNV decays DY — h~h’*e* has been performed using 7.33 fb~! of e*e”
collision data collected at center-of-mass energies from 4.128 t0 4.226 GeV [17]. Here, h™ represents
a K~ or n~, and h° represents a 7°, Kg or ¢. The analysis covers six decay channels: the Cabibbo-
favored D} — ¢n~e*e”, the singly Cabibbo-suppressed D} — ¢K e*e™, D} — Kgﬂ_e+€+, and
the doubly Cabibbo-suppressed D} — K?K‘e"e*, Dt — n~n%*e*, DY — K n%*e*. This
work constitutes the first search for four-body AL = 2 decays of D{ meson. In some models [2, 18—
20], the predicted branching fractions (BFs) for these processes can reach O(107°).

In this energy region, e*e™ annihilate into D*D7 pairs. A single-tag method is employed,
requiring the reconstruction of only one D} meson per event in the signal decay mode. The BF is
calculated by
Niig

B(DF - h™hletet) = ,
( * ) 2. NDzin - € * Binter

)

where Nyjg is the signal yield, Np:=p= is the total number of D;* D7 pairs, and € is the detection
efficiency, and Biyer represents the product of intermediate BFs. The signal is identified in the
invariant mass spectrum, as shown in Figure 2. Since no obvious signal is observed, the ULs on the
BFs of DY — h~h%*e* decays are set using a Bayesian method [21]. Based on a background-only



Search for Baryon/Lepton number violation processes at BESIII Xudong Yu

P D! - Kyree
g % g o
S 3 ¢
[} [} [}
s s s |
S S S L
= g 2 104
2 2 a
2 2 e [T I e
[ E [ [ L
> > >
w I w w o
[ Y 0 _
c L L = Il = L L L L C L L o L
1.9 1.95 2 1.9 1.95 2 1.9 1.95 2
M(prree) (Gev/c) M(gK eter) (GeVicd) M(KYre'er) (Gevic?)
20 60 50p
[ D! - KXee [ D! - mrlee [ DI - Krlee
S S G 4o
3 I 3 40- 2
= L = L = 304
S 100 8t 8 F
Tt g < b
g r £ 20 g +
g 5 g g oF
g L a L i 10p
ok ‘ \’l‘l o ‘ s o ‘ s

L. L .. L.
1.9 1.95 2 1.9 1.95 2 1.9 1.95 2
M(KXK e'et) (Gev/c?) M(rr iPerer) (GeV/c?) MK rere) (GeV/cd)

Figure 2: The fits to the invariant mass of corresponding final state of all data samples for each signal
channel. The blue solid, magenta dashed and blue dashed lines represent the total fit, signal and background
shapes, respectively. The downward magenta peaks denote negative signal yields.

hypothesis, expected ULs of the BFs are also determined. Both expected and observed ULs of the
BFs at the 90% CL are summarized in Table 1.

Additionally, the Majorana neutrino is searched for in the decay of D} — ¢e*v,,(— n7e")
with various mass m,, assumptions, ranging from 0.20 to 0.80 GeV/c? in intervals of 0.05 GeV/c?.
For each assumed mass m,, , candidate events are selected by requiring the invariant mass M -+ of
any 7~ e* combination to be within the range of [m,,, — 50, m,,, +40], where o is the resolution of
the M -+ distribution obtained by MC simulation. Using a profile likelihood method [22], the ULs
on the BFs at the 90% CL are determined as a function of m,, , ranging from around 10> — 1072,
as shown in Figure 3.

Decay channel BUL(BS%)CCted)
D — ¢n-etet  6.9(3.5)x 107>
Df — ¢K~etet  9.9(10.8) x 1073
D} — Kin~etet  1.3(2.4)x107°

D} — K}K e*et  2.9(23)x 107
D — naltet  2.9(2.7) x 1073
D — K nle*et  3.4(3.9) x 1073

Table 1: The observed and expected ULs of the BFs at the 90% CL (By, and Ba)femd) of DY — h™hle*e*

decays.

3.2 Study of w — ntnte e

LNV decay w — n*nte~e™ is searched for via J/¢y — nw using a data sample of (1.0087 +
0.0044) x 10'° J/yr events [23]. The measurement is performed relative to the normalization
channel w — 7*7n~ 7. As shown in Figure 4, no candidates are found within the signal region.
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Figure 3: The ULs of the BFs at the 90% CL as a function of m,,, for the DY — ¢e*v,,(— n~e™) decay.
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Figure 4: The 2D distribution of M,,, versus M+ z+.- .- of the candidate events from the J /i data, where the
red box shows the signal region. The left plot is for w — n*x*e~ e, and the right plotis for ¢ — atn*e e™.

Using Feldman-Cousins intervals [22, 24], the UL on the BF at the 90% CL is set to be B(w —
atntee”) < 2.8 x 106,

3.3 Studyof § > 7" e e”

LNV decay ¢ — n*nte e is searched for via J /iy — n¢ using a data sample of (1.0087 +
0.0044) x 1019 /w events [25]. The measurement is performed relative to the normalization channel
¢ — K*K~. As shown in Figure 4, no candidates are found within the signal region. Using a
frequentist method, the UL on the BF at the 90% CL is set to be B(¢ — n*nte”e™) < 3.7x 107°,
This work establishes the first constraint on LNV in ¢ meson decays, thereby improving the
experimental knowledge of neutrinoless double beta decay mechanisms in hadrons composed of
second-generation quarks.
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Figure 5: Distributions of Mg, versus My o of the accepted candidates for (a) 20 — K~e* and (b)
2% — K*e~ in data, respectively. The red box indicates the signal region.

4. Search for BNV&LNY processes

4.1 Study of 20 — K¥e*

The first search for the simultaneous violation of baryon and lepton numbers in Z° decays has
been conducted, analyzing 20 — K~ e* with A(B— L) = 0and E° — K*e™ with |[A(B—-L)| =2
using (1.0087 + 0.0044) x 10'° J/y events [26]. The E°Z° hyperon pairs are produced in J /i
decays without any additional fragmentation particles. Double tag method is implemented, wherein
one Z° hyperon is fully reconstructed through the decay mode Z2° — A(— pn*)n°(— yy), and the
accompanying Z° is reconstructed in the signal decay. As shown in Figure 5, one event is observed
in the signal region of Z° — K~e*, while no event is observed in the signal region of 2 — K*e™.
Using a frequentist method of profile likelihood [22], the ULs on the BFs at the 90% CL are set to
be B(EY - K~e*) <3.6x 107 and B(E® — K*e™) < 1.9 x 107, among the best constraints on
the BNV interactions from hyperon decays.

5. Summary

We present new results from the BESIII experiment on searches for BNV and LNV processes.
This includes the first study of A — A oscillations in J/iy — pK~A, the most stringent constraints
on A — A oscillation parameters from J /i — AA, the first investigation of four-body LNV decays
Dt — h™h%*e*, searches for light flavor meson w/¢ LNV decaysintor*nte~e™,and 2° — K¥e*
decays. These results provide significant insights into the matter-antimatter asymmetry of the
universe and probe for new physics beyond Standard Model.
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