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Motivation

>

>

Excess of baryons over antibaryons in the Universe —

Baryon(B) Number(N) Violating processes may exit [PRD 22 1694 (1980)]
BN is conserved as a consequence in Stander Model (SM) —

New Physics

BNV are allowed in GUTs and SM extensions... A(B—L) =0
[PRD 101, 015017 (2020)]

Higher generation SUSY model predicts decay modes having BNV/LNV
decays for 7 leptons, D and B mesons [PRD 72, 095001 (2005)]
Several models of proton decay, e.g. in GUT, superstrings, and SUSY can

be augmented to provide predictions on possible decay mechanisms
[PRD 59, 091303 (1999)]

Furthermore, there is another BNV process possible under dimension
seven operators A(B — L) = 2

Thus, experimental searches for these BNV decays probe new physics
effects and test different models beyond the SM.

Few experimental results 1n
ete™ collisions!



Introductlon of BEPCII and BESIII

casfle =

..4,:

Beam energy: 1.0 -2.3GeV
Luminosity: 13> 1033c¢m2s?

Optimum energy: 1.89 GeV
/ Energy spread: 5.16 X 10
No. of bunches: 93

: Beumg Electron ﬁbsltron Colllder II(BEPCII)_-»

>

BEPCII:

"% N V.
BES"l detector ) ‘ 2004; Started upgrade BEPCII/BESIlI
G » 5 =2.0~4.9GeV

“ P4 > L =1x10% cm~%s~(April 2016)
2 W 2008: Test run
G N2 N 2009-now: T-charm physics runs

A double-ring colhder with high luminosity; Center-of-mass energy: 2.0 — 5.0 GeV

Muon Chamber(MUC) <+ 4100 750
Superconducting Magnet (1 Tesla) £
CsI (T1) electromagnetic calorimeter (EMC): ‘\\
f — 2.5% @1 GeV (barrel) ~ I, soemens
o
FE = 5% @1 GeV (end — caps) - o °
Time-of-Flight(TOF): — 8RE - = _ T
o; = 68 ps (barrel) _ ? ;3500 \”
= 60 ps (endcap upgraded in 2015) | m
Helium-based multilayer drift chamber (MDC):/ FAJI
0,4 = 130 um (single wire) BESIII:
0,/ Pe=0.5% @1 GeV | 4




AIB—L| =0
1. B/LNV processes of D° - pe™ and
DO — ﬁe+

PHYSICAL REVIEW D 105, 032006 (2022)



Introduction

 In theory, the semi-leptonic D° decay into pe* can proceed via the
following Feynman Diagram.
« The decays are mediated by heavy hypothetical gauge bosons called

X and Y. The X and Y bosons have electric charge %e and %e and

couple a quark to a lepton, hence they are sometimes called
“leptoquarks”. [PRD 25, 266 (1982)]

« CLEO [PRD 79, 097101] searched for the B and L violating decays
D° - pet and D° - pe~ and find no evidence. They obtained
branching upper limits of B(D® — pet)[D°? - pet] < 1.1 x 107°
and B(D® — pe™)[D° — pe~] < 1.0 x 107>, both at 90% C.L.
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Analysis strategy (Double-tag method)

T

Tag ) : :
f N Charge conjugated processes are implied
v
ot D° Tag Mode Sig Mode
ﬁ __ _
e DO - K+T[_ 0 —
p° § D° - Kt~ m® DO - 13‘1
\ Slgnal 50 N K+T[_1T_1T+ D - pe
pe

=

e Data:2.93 fb~! @ 3.770 GeV
* Double Tag analysis
* Absolute BFs

* Sig very clean and bkg 1s low
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Events/(0.25 MeV/c2) (x10%)

0 Il.84 1.86 188 0 1.84 1.86 1.88 0 1.84 1.86 1.88

. . Mg (GeV/c?) Mg (GeV/c?) M- (GeV/c?)
* Many sys. Uncertainties cancelled

Vs 3.770
Epeam = 2 T2 GeV, Mpc = \/Ebeam2 - ptot2 , AE = Epeam — Ep



Analysis details and branching fractions

- |[]D"—pe*

Exlusive MC

« Signal extraction: obtained by counting;
assuming that the bkg are evenly distributed.

e Use U,,; s to cut the mainly bkg: D - K~ etv,

e Use TROLKE®Z to get NUP

150

Events/(0.005GeV)

[(1D"=Ke'y,

1 J

l

0z TR :‘Lﬂ(c 02 0.4
Umiss = Emiss — |Pmiss| e
1-383— 1.883—
o 1.873— & 1.873—
< 186fF < 186
E -
185 185
1-345- 1.845—
010 005 000 005 010 010 005 000 005 010
AE™ (GeV) AE™ (GeV)
(a) (b)
B(D° - pet)[D? - pe”] <1.2x107° NUP
B(D° - pe™)[D? - pet] < 2.2 x107°, at 90% C.L. BUP — —__
0 : NST
UL for D" are improved one order. D
[1] W. A. Rolke, A. M. Lopez, and J. Conrad, Nucl. Instrum. Methods Phys. Res., Sect. A 551,493 (2005)
[2] J. Conrad and J. Lundberg, https://root.cern.ch/root/html/TRolke.html. 8



https://doi.org/10.1016/j.nima.2005.05.068
https://root.cern.ch/root/html/TRolke.html

AIB—L|=0
2. BILNV processinJ/yp - Afe™ + c.c

PHYSICAL REVIEW D 99, 072006 (2019)



Introduction

* Searching for the processes in quarkonium decay opens a new

avenue to study the BNV,
e Expect the first constraint [A(B — L) = 0] of BN violation

from charmonium decay.

{

Analysis strategy(Single-tag method)

e~ mt  Data: 1.3106x 10°@ 3.097 GeV
Signal e Kt « Baryons reconstructed from
Ac - A - pKnt
_e; ) « Using a kinematic fit (4C) to cut the
e mainly background: J/y » KK n¥n~
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Analysis details and branching fractions

» Signal extraction: obtained by counting ,, ol
in the distribution of M, +; :
« Using TROLKE toget S99 = 5.7

co

|
O N L O oo
—_—

224 226 228 23 2.32

Entries/(2 MeV /c
)

s =) < L L

2 2.2 . )
where N;, = 1.3106 X 10° [PRD.87.112007] Mpxc-r+ (GeV/c?)

and B(AY » pK~n™) = (6.35 £ 0.33)% [cPC 40. 100001 (2016)]

B(J/Y > Afe™) <69x%x 1078 at 90% C.L.
UL for J /1 1s measured for first time.
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https://doi.org/10.1103/PhysRevD.87.112007
https://doi.org/10.1088/1674-1137/40/10/100001

AlB—-L|=0,2
1. B/LNV processes of Dt - A(Z°)etand
AZO)e™

PHYSICAL REVIEW D 101, 031102 (2020)
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Introduction

« BFs of D - Bf, B=AZXp expected to be no more than
0(10%) [PRD 72, 095001 (2005)]

Feynman diagram under

operators with dimension six
(a, b)/seven (c, d).
1 'ff | ”’-5 (a), (b): A(B—L) =0

(), (d): A(B—1L) =2

Analysis strategy(Single-tag method)
o

Signal ACY), « Data:2.93 fb~! @ 3.770 GeV
P or * BF determined using single-tag method
D~ A%
e * Baryons reconstructed from
e A—-prn™, X" -5 yA
D* \ Signal * Using AE to suppress background

A(Z%) or ACZY) 13



Analysis details and branching fractions

Bj_ 1 ®)poae ; 1_5;_ (a) D*sRe* __ (b) D*—Ae _
4l : 1 '
I 1 T ]
N§ o[ [ . 1 ]
) i 05 | + ]
= ~= | Ef\hxi ]
Q 1 _ E’ : J et I — et ]
% AL © D' -E'er 1 (@D =r'e ] = 15b (©D'SEe 1 (d)p ozl
2 |+ ] : ]
I Ll T ]
2 H + \ T ]
' L+ 05 AN T ;
18 182 184 186 188 182 184 186 1. 0 \5K PR w\;_ —
M, (GeV/c?) Ny
« @UP _ nUL tot -
B™ = Nsig/(2 X Np+p- X e X By 5) Channels Upper limits
tot -
where N+,- = 8.3 M [CPC 42, 083001 (2018)] D¥ = Aet <1.1x%10-6
D* - Ae* < 6.5%1077
 Upper limit determination:
PP D* - 3%*  <17x10

NSig (00] -
J Nsamplestig/j NsampledNsig = 90% D* - F0p+ <13x107°
0 0

First searches of these channels. "



AIB —L| = 2
2. Search forA — A oscillation in ]/ —
pK~A

BESIII preliminary result
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Introduction

 The discoveries of neutrino oscillations have made N — N oscillation to be quite
plausible theoreticallylPRL9. 061801(2006)] jf small neutrino masses are to be understood
as a consequence of the seesaw mechanism, which indicates the existence of A(B —
L) = 2 interactions.

« The theoretical advantage for using A — A is it has a second generation quark, which
can give further searches with the result of proton decay which only have the first

generation quark.

« Since there Is no vertex detector at the BESIII, we can only measure the time
Integrated result
J.7 sin?(0myz - t) - et/ - dt

P(A) = fOOO e—t/TA ) dt

where P(A) is the time integrated oscillation rate of A — A,
7p = (2.632 4+ 0.020) x 10710 (s) is the life time of A baryon.

_— A
- Therefore, the oscillation parameter can be deduced as: (dm3)° = PA)

2. (1A/h)?
16




Analysis details and branching fractions

« Oscillation event (charge conjugation implied) Dataset:
J/¥ - pK~A oscillating | pK~ A 1.3106% 10°] /1 events
@ 3.097 GeV

* Time integrated oscillation rate

B B(ej/(;./' — 'pK_A) B N&?‘SG/EWS

o ) _ .
P = BU S P R) T NgJens

» Most of the systematic uncertainties cancelled.

Right Sign Channel Wrong Sign Channel
(Opposite Charge) (Same Charge)
J/Y = pK~A - pK~(pr™) J/Y = pK~A - pK~(pm™) 17



Analysis details and branching fractions

1

§ i » Upper limit is obtained by TROLKE
% « Upper limit on oscillation rate
ol I (90% C.L.)
40000; B — K_A
30000} P(A) = (]/l/J i __) <44 %x10°°
~ BU/Y - pK™A)

200001

10000F

» Oscillation parameter (90% CL)

'P.i ; 1105 141 11156 112 1125 113 1. :
M, [GeV/c?]

The M, distribution of:

WS events in the signal region and full

span, where the dot with error bar is from

data, the pink filled histogram which is

normalized arbitrarily is from simulated

WS signal events BESIII Preliminary

RS events from data, where the dots with

error bars are from data and the blue line

represents the fitting result

Smpx < 3.8 x 10715 MeV

18



summary

> With 2.93 fb~! @ 3.770 GeV and 1.3106x 10°] /Y events @ 3.097
GeV data samples, BESIII have studied the baryon and lepton number
violation D°, D% and J /3 decays , no obvious signals are found.

» Results with a higher precision for

v B(D° - pet) < 1.2 x107°
v B(D? > pe™) <22 %1076 In the near future, BESIII will

collect 20 fb~! @ 3.770 GeV

» First measurement for
data sample.

v B(D* = Ae*) < 1.1 x 107°

v B(D* - Ae*) < 6.5%x 1077 More to look forward to!
v B(D* - 5%*) < 1.7 x 10~°

vB(DT - Xt )< 13x107°

VB(U/Y - Afe™) < 6.9 x 1078

Y _ BU/Y-pK~A) 6
P() = 3 o < 44 X 10

19



Thanks for your attention!

Email: wangtj@ihep.ac.cn
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Analysis strategy (Single tag method)

- +
_ e : +  Data: 1.3106x 10°@ 3.097 GeV
Signal K+
A} * Baryons reconstructed from
et P At > pKnt
— -— * Using a kinematic fit (4C) to cut the

mainly background: |/} - K*K " n*m~

Yac < 200

Xacpk—nte < X4C,K+K_K+K_(n"’n"’n‘,n*’n‘K‘K"‘,n"‘n_ﬁp and K*YK~pp)

No. decay chain final states iTopo nEvt nTot
0 J— K aalrtK+ J/p - Ktatnln— K- |7 4 4
1 J/p = KsK*fy, Ks —» 7n%7%, K* 57~ Kt, fy > a at J/Yp = Ktataln0r—a— |1 1 5
2 J/—=a%0 p0 = g nt J/p = wta0n— 2 1 6
3 J = Ky KT, K37 = K 7% K — 7t K, J/p = 7T a0n0707070 K~ |3 1 7
Kg = 770 K*~ - K70
4 J/p — vf1(1510), f1(1510) - K K*, K* - 7~ K™+ Ji - ~yK+TKpn~ 4 1 8
5 /b — 6fo(1710), ¢ — K-K+, fo(1710) — K- K+ I K+KK-K- |5 1 9
6 J/— K KT, K*~ -1 K| J/b = K¥Kpn'n~ 6 1 10
7 Jlp = K*yK*, K* 5 K nt, K* 57 K+ J/p = yKTanta K~ 0 1 11 29



Analysis strategy (Single-tag method)

e
- . X 3 X 03
Signal AT, 60-_‘.".. 202_‘..... . —
or 2 | %
p- AC" Z a0 12 |
et S | 3°F
D+ NS LN
Signal 1.1 111 112 113 116 118 12 122
M, (GeV/c?) M., (GeV/c?)
et A(Z°) or AZ?) My~ € (1.110,1.121) GeV/c?
M, € (1.173,1.200) GeV/c?
e Data:2.93 fb~1 @ 3770 GeV (a) (R S—
| 20 5050, 4 ]
« Baryons reconstructed from 40 O
I S15¢
A-pr, 20 -5 yA S S
. o §oof £l
* BF determined using single-tag g | G of
method: A
-0.1  -0.05 0 0.05 0.1 -0.1  -0.05 0 0.05 0.1
¢ BUP = NUL/(2 X NI X & X Byy) s con s con
- Epeam = 2= = 2772 GeV, AE = Epoqm — E
* Using AE to suppress background beam — 5" T T, » 8% = Zbeam " =D

23




Introduction

« The discoveries of neutrino oscillations have made N — N oscillation to be quite plausible
theoretically[PRL-96. 061801(2006)] jf small neutrino masses are to be understood as a consequence
of the seesaw mechanism, which indicates the existence of A(B — L) = 2 interactions.

 Since 1980[PRL44.1316] ' there have been many experiments searching for BNV through n —
n oscillationtPPS201°1 with upper limit results, while few results from other baryons.

« 2007, K.-B. Luk pointed out that A — A oscillation may also exist.

« 2010, X.-W. Kang and H.-B. LilPRDP81051901] gjyve a prospect of searching for A — A oscillation
at the BESIII experiment.

- 2017, the LHCb experiment present a constraint on £) — Z} oscillation.

« The theoretical advantage for using A — A is it has a second generation quark, which can give
further searches with the result of proton decay which only have the first generation quark.

« Asix-fermion operator, which could arise in models with leptoquarks or R-parity violating
supersymmetric extensions of the SM, could allow BNV while being consistent with the

experimental limit on the proton lifetimelPLB721. 82(2013)]
24



Introduction

e Starting with a beam of free A, the probability of generating a A after time # can

be described by
P(A,t) = sin?(dmy 5 - t)

where dm, 3 1s the oscillation parameter and ¢ is the decay time.

* Since there is no vertex detector at the BESIII, we can only measure the time
integrated result

pay sy e
B fooo e~t/Ta . dt |

where P(A) is the time integrated oscillation rate of A = A, T4 = (2.632 +
0.020) x 10710 (s) is the life time of A baryon.

» Therefore, the oscillation parameter can be deduced as

2 PA)
(5mAA) o 2. (TA/h)Q




Analysis details and branching fractions

1

* Upper limit is obtained by utilizing a
frequentist methodNMASS1, 4932005)] yyith

unbounded profile likelihood treatment of

Evgnts/0.4 MeV

\III|\H]|II]\‘iIII|I]II 1T T 1 ‘ 1T T T |

1 105 11 145 12 125 13

systematic uncertainties, inputing the

number of signal/background event which

40000 is assumed to have a Poisson distribution,

30000 the efficiency (€y,5) which 1s assumed to

20000 follow a Gaussian distribution, and the

10000

systematic uncertainty which is considered

'P. . 11105 111 11156 112 1.125 113 1. 14

M, [GeV/c] as the standard deviation of the efficiency.

The M, distribution of:

WS events in the signal region and full
span, where the dot with error bar is from
data, the pink filled histogram which is
normalized arbitrarily is from simulated
WS signal events

RS events from data, where the dots with
error bars are from data and the blue line
represents the fitting result

Upper limit on oscillation rate (90% CL)

B(J/Y - pK™A)
B(J /Y = pK~A)

Oscillation parameter (90% CL)

P(A) = < 4.4%x107°

Smpz < 3.8 X 1071> MeV
BESIII Preliminary 26



Conclusions

e Based on 1.31 x 10° J /i events collected at BESIII experiment, the A — A
oscillation process is investigated for the first time, which 1s an alternative
way to search for BNV process with AB = 2 in addition to neutron
oscillation experiments.

* No evidence of the baryon oscillation is observed. The upper limit of the
oscillation rate is set to be P(A) < 4.4 x 107% at 90% CL.

* Based on this constraint, the oscillation parameter is calculated to be
dmyz < 3.8 X 1071> MeV at 90% CL corresponding to an oscillation time
lower limit of 1.7 X 10~7 s. Our result is comparable with the predicted one
in Kang and Li’s prospect with only about one-tenth data sample.

* Searching BNV from experiment plays key role to reveal the nature of
revolution of the universe. In the future, at the next generation super 7-charm
factory, the expected constraint on §m,z can be greatly improved to 1017
MeV level or even better.

* Although the upper limit of the oscillation time 1s much larger than the
lifetime of A, in some special condition such as a potential well in some kind
of hypernucleilPhys- Lett. 1,58 (1962)] "the A might exist for much longer time to
present an opportunity to obtain better constraint.



