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Searches for baryon and lepton number violations at BESIII
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Based on the data samples @B10.6 & 7.0) x 10° J/+ events at the center-of-mass energy,® = 3.097 GeV and 2.93 fb' at

Vs = 3.773 GeV, BESIII has searched for baryon number violation (BNV) and lepton number violation (LNV) procesggs, ik —, and

D decays, respectively. No signal events are observed, and the corresponding upper limits on the branching fraction are determined. Th
A-A oscillation is also investigated ifi/+ decays, and the upper limits on the oscillation rate and oscillation parameter are extracted.
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1. Introduction

The observed matter-antimatter asymmetry in the universe
composes a serious challenge to our understanding of nature
In order to explain this asymmetry, Sakharov has proposed
three conditions [1]: baryon number violation (BN\W),P 10
invariance violation, and thermodynamic equilibrium viola-
tion. But in the standard model (SM), the baryon number
is conserved as a consequence of $1&2) x SU(1) and
SU(3) gauge symmetries. So searches for BNV processes
will provide good opportunities to probe new physics beyond
the SM, and shed light on the evolution of the universe. In
addition, the neutrino oscillation observed by different ex-
periments [2—4] indicates that the neutrinos have a tiny mass.
And then it is very important to understand the nature of neu- { ﬂ | | H | |H” M | |
trinos: Dirac or Majorana neutrino. If the latter one, one L L w w L
can investigate the lepton number violation (LNV) processes 2.2 24 26 2.8 3
with exchanging a Majorana neutrino, such as three-body or M, -+ (GeV/ec?)
four-body decays of(, B, and D mesons, as well aslep-
ton [5-7].
At BESIII, the BNV and LNV analyses iff/¢, ©~ and ~ FIGURE 1. The distribution of M, x— .+ in J/¢ — AZ(—

D decays have been performed by utilizing the data samplegk 7" )e™ decay. The dots with error bars are from data, and the
of (1310.6 £ 7.0) x 106 J/1 events [8] at the center-of-mass blue filled histogram is from t_he sig_nal MC sir_nulation. The range
energy of\/s = 3.097 GeV, and 2.93 fb' at /s = 3.773 btitween the two red arrows in the inset plot is the signal range of
GeV [9], respectively. TheD decays have been performed A mass.
in the events of)(3770) — DD with the numbers of to-
tal DY D~ and D°D° pairs to be(8,296 = 31  64) x 10°  and its decay mechanism is modelled with the partial wave
and (10,597 + 28 & 98) x 10° [9]. Unless explicitly stated, analysis result [11] by considering the nonresonant three-
charge-conjugated channels are also implied in the text.  body decay, intermediate state&:, A(1600)*+, excited

A states, excited states, as well as their interferences. Fig-
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2. ure 1 shows the dlstr'lbutlon of the mvanapt masgﬁf o
J/¢ decays (M, k- ~+), and no signals are observed in the signal region
21. J/p — Afe™ of Al mass. The upper limit (UL) on the branching fraction

(BF) of J/1» — ATe™ at 90% confidence level (CL) is set
The J/¢» — Ate~ decay studied at BESIII [10] is the first to be6.9 x 108, based on the frequentist method [12] with
constraint of BNV from charmonium decays. In the analy-unbounded profile likelihood treatment of systematic uncer-
sis, theA is reconstructed by the combination@k —7*,  tainties.
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FIGURE 3. Fittting result of M,econ distribution in ST events of
FIGURE 2. The BESIII preliminary results of\/, - distribu- S/ — 2(1385)+'2*.dec.ay. The dOt,S with error bars are fr.om.
tions in WS.J/t — pK~A(— pr) decay , and RS/t — data,_ the blue solid line is the best fit, the g_ree_n dashed line is
pK~A(— prt) decay. The dots with error bars are from data, the the signal shape, and the red dotted-dashed_llne is t_he background
blue solid line is the best fit, and the magenta filled histogram is theShfape' The range between the two arrows is the signal region of

WS signal MC shape. X7 mass.
2.2. A-A oscillation N 3F ¥ spds rfi
4 -
BESIII reported the preliminary result of searching for the % 2.5 JI LI
A-A oscillation inJ /v — pK~A decay [13]. The right sign = E | |
(RS) isJ/v — pK~A(— pnT), and the wrong sign (WS) ™ . |I |
is J/1» — pK~A(— pr~). No signals are observed inthe & 1.5F |1
signal region of\ mass from the wrong sign mode, as shown & c ! |
in Fig. 2. The UL on the oscillation rate at 90% CL is setto | 3 1= e J |1 T 2
be4.4 x 107%, and the UL on oscillation parameter at 90% 05E | |
CL is estimated to b8.8 x 107> MeV. ~E . JJ . I .
1.1 1.15 1.2 1.25
3. E_ decayS reco”(GeV/C )
31 ¥ —pe e and XX r
& 3 E g szX |r"|
In X~ — pe~e” andXt X decays, the two down-typd or § ok o rl
s) quarks convert into two up-quarks [14, 15], which is very @ T | &
2 rol
similar to neutrinoless double beta decays. = o ||
At BESIll, the ¥~ is produced from.J/¢ — = - o
¥(1385)TX~ [16]. Firstly, the ©(1385)" candidates are *UE’ 150 J ]
fully reconstructed witt(1385)* — 7+ A(— pr*), which ©  iE o | ll &
is called as single tag (ST). And then, a fit to the recoil mass W - il |
of (1385)F (M,con) is performed, as shown in Fig. 3. The 0.5F J’ r' LL J'
number of observed ST eventsigr = 147743 + 56344, E . e ed L e
and the BF ofJ/y — X(1385)*X~ is measured to be 1.1 1.15 12 1.25
(3.21 £ 0.0744a¢.) X 1074 In the recoil side of the selected M ,(Gev/c2)
ST events, th&~ is studied withE~ — pe~e~ andLTX recoll
decays, which is called as double tag (DT). HEre — pr”  £iguze 4. The Myecon distributions in DT events off /1) —
and X means generic decays. Figure 4 showsMhe.oi Of  5(1385)* %~ decay with (a5~ — pe~e~ and ()£~ — S+ X.

DT events, where no signals survived in the signal region ofrhe dots with error bars are from data, and the blue dashed lines
¥~ mass. The UL on the BF &~ — pe~e™ is estimated  are from the signal MC simulations. The range between the two
to be6.7 x 1075, whileis1.2 x 1074 for ¥~ — ¥+ X. red arrows is the signal range Bf- mass.
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FIGURE 5. Fitting results of Mg distributions for (a)Dt — 42 olit et Loue tp Dyefeesl sl T

Ae™, (b) DT — Ae™, (¢) DT — 32%7T and (d)DT — £%t. o + ‘\“:' _

The dots with error bars are from data, the blue sold lines are the Lﬁ [ ]

best fits, the red dashed lines are the background components de: A=

scribed with an ARGUS function, and the blue hatched histograms N (C) ]

are the normalized MC-simulated backgrounds. 10$ N

4. D decays 51HHM| il Tl

| TR

4.1. D* — A(X°)e* and A(X°)e* decays of | PR lew?

With a higher generation supersymmetry model, the pre- [ VIS I VUSRI AR S BN R

dicted BF of DT — A4t (¢ = e, 1) decay is no more than 184 18 18 187 188 1.89

the level oftl0~2? [17]. At BESIII, a blind analysis technique 5
is adopted to search fap+ — A(X%)et andA(X0)et de- Mgc (GeVic?)

cays [18] withx® — vA, A — pm~. In an event, the best
D* candidate is selected with the smalle&tF| for a spe-  FIGURE 6. Fitting results of Mgc distributions for (a)D° —
cific signal mode, wherd E is calculated with the formula K~ 7 ee®, (b)) DT — Kgnete, andD* — K n’ete’.
The dots with error bars are from data, the blue solid lines are
AE = Ep+ — Epeam- 1) the best fits, the green dashed lines are the background described
Here Ep is the energy of the reconstructédt candidate, With an ARGUS function, and the red dashed lines are the MC-
and Epean is the beam energy. And then, a maximum like- simulation convolved with a Gaussian function.

lihood fit to the beam-constraint mas¥/{¢) is performed, ) ) ) )
where can occur by exchanging a Majorana neutrino. With the same

Mgc = \/E2,,.. — |Pp+|?, @ analysis method as Ref. [18], unbinned maximum likelihood
e its to Mpc are performed, as shown in Fig. 6. No sig-

W'Erh pD+.be|ng tI:]e ':c.hr'ee-momlentum o;: the recqnstructe als are observed. Considering the systematic uncertainties,
DT candidate. The fitting results are shown in Fig. 5. Nothe ULs of BFs ofD° — K- etet, K etet, and

significant signals are observed with the current statistics. K-m%+et at 90% CL are set to b8 x 10-9, 3.3 x 106,
The ULs on signal events at 90% CL is set by scanningand&5 x 10-6, respectively.

the normalized likelihood valug\) with a given number of ’
signal events in the\ig¢ fit. Here, the scanned curve

is convolved with a Gaussian function, of which the cor-
responding width is incorporating the systematic uncertain
ties. The ULs on the BFs ab+ — Aet, Aet, X0*, and
Y0t at 90% CL are then set to el x 1076, 6.5 x 1077,

1.7 x 1075, and1.3 x 10~9, respectively.

And then we investigated the heavy Majorana neutrino
(Vm) in D° — K~etv, and D* — K%etv,, decays,
wherev,, decays tor~e*. Thewv,, with a mass range of
[0.25, 1.0] GeVé? is studied with the model independent
method [6]. Since no signals were observed the profile likeli-
hood [12] method incorporating the systematic uncertainty is
adopted, and the ULs on BFs at 90% CL as a function of the
42. D — Kretet decays mass of,,, are obtained to be at the level 6§~" ~ 107°.

The mixing matrix elemerit/,,, |> between the positron and
We also searched for the LN — K—7n~etet, DT —  the Majorana neutrino is also estimated as a function of the
Kln=eTet, and DT — K- nl*e™ decays [19], which mass ofv,,.
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Summary

The BNV and LNV processes have been searched/i,

>~ and D decays at BESIII. For now, BESIII has collected

about ten billions//v> events, which is the largegl/+«) sam-

—_

ot

7. P. A. Zylaet al. (Particle Data Group)}Rrog. Theor. Exp. Phys.

10.

ple directly frome™ e~ annihilation in the current world, and
will help us to obtain better precision. In the future, BESIII
will collect 20 fo~! at \/s = 3.773 GeV [20], and better
constraints on BNV and LNV processes can be expected.
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