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Search for the lepton flavor violating decay J /Y — eu

Jingshu Li, Tianzi Song (Sun Yat-sen University) on behalf of BESIII collaboration

Abstract: We present a search for the lepton flavor violating decay J /Y — eu using 8.998 x 10° J /1 events collected with the BESIII detector at the BEPCII
et e storage ring. No excess of signal above background is observed; we therefore set an upper limit on the branching fraction of B(J /¥ — eu) < 4.5 x 107°
at the 90% confidence level. Improving the previous best result by a factor of more than 30, this measurement places the most stringent limit to date on
lepton flavor violation in the heavy quarkonium sector.

Lepton flavor violating (LFV) decays are too small to be detectable in the Standard Model (SM). 011 i 017 %
However, for the LFV decays of charmonium J /Y, some new physics models can inspire the decay 0.08 [ L Signal MC 0.08 ° ot .. Full data
rate up to a detectable level. In experiment, the best upper limits on the branching fractions of = 0.06 (a) = 0.06 '* . (b)
J/Y — eu had been measured by BESIII Collaboration at 90% C. L. based on 225M J /Y, which is = . .
B(J/Y — eu) < 1.6 x 1077, In this work, we analyze about 9 billion J/y events, and the =10.04 - =0.041- oﬁ;g
upper limit on B(J/Y — eu) is expected to be improved by 1~2 orders of magnitude to the 0.02 - 0.02 |- '.._ -
level of 107°. ) b | NIRRT <. 3 B
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Fig 3. Scatter plots of |Y.p|/+/s versus E,;;/+/s for the signal MC sample (left) and the J /1 full data (right).
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Beijing Electron-Positron Collider (BEPCII) is a double-ring e*e™ collider operated in the t- . o . _ . N
charm energy region. The BESIII detector at the BEPCII is an approximately cylindrically symmetric _ The S'gnf"l region is defined with [¥p|/v/s < 0.02 and 0. ?5 < Eyis/V's < 1.04, where |¥p|
detector with 93% coverage of the solid angle around the e* e~ interaction point. is the ma.gnltude of the vector sgm of the momenta and Em-S. is the total recqnstructeo! energy .of
e and u in the event. As shown in the Fig 3.(a), most of the signal events fall into the signal region.
—— AT RPC : 8 By analyzing the full data, 29 candidate events are observed in the signal region for the J /Y —
layers e ayers
el decays.
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Barrel
ToF There are two types of background events that contaminate the signal region.
d : : . :
e The first kind of background results from J/y decaying into two charged particle tracks,
o = W —=——>= including J/Y — eYe™, utu~,n n~, KTK~, p"p~, etc. The dominant background contribution
‘» N hereby comes from e — u misidentification. The normalized background in the signal region
et v — - = = Nnorm lculated
o pkg1 IS calculated as,
¥ Main drift chamber (MDC): AP/P = 0.5% ¥ Muon chamber (MUC): g, 4 = 2 cm data
¥ Time-of-Flight system (TOF): o, = 60~68 ps ¥ Superconductor (SC): 1.0 Tesla norm __ N]/¢—MC i _ N]/‘/’
\_ X Electron Calorimeter (EMC): AE/E = 2.5% ) bkgl — “Ybkg1 f1, f1= N}V;lcl')
r Data Set N . N}{@;Mc : the number of / /1 background decays in the J /i inclusive and exclusive MC samples
Data Sample : . Nﬁawta : the total number of / /1 events in the data
9 billions J /i events taken during 2009 to 2019 at /s = 3.097 GeV . aMC . : . . . .
2 oo aalllstons @olleind & 5 = 5773 GOV, 5 = 2510 CaY, «F = 3080 EeY e sudy die e Ny + the total number of equivalent J /1 events in the J /1 inclusive and exclusive MC samples
background) The normalized number in the signal region is estimated to be N1 = 24.8 + 1.5.
Monte Carlo Sample :
* 9 b”“ﬂrsl/‘%f‘c'uswe Mlc events (to StUd\('the bSCkirOU”dS lfrom]/l/; decays) The other type is continuum background from e*e™ annihilations into pairs of charged
* 0.3 million J/Y — eu exclusive MC events (to study the signal process - L= 1 — e : - :
articles, suchase™e™ — e™e , . This type of background can be estimated usin
 Several kinds of exclusive events including J /Y - eTe ", utu",ntn~,K*K~,pp,andete”™ - eTe (y),utu (y) P ’ P (Y) ‘u w ) yP , & , &
\ / control samples of the eTe™ collision data at surrounding energy points, such as +/s =
Event Selection 3.773 GeV,3.510 GeV, 3.080 GeV. By assuming a 1/s energy-dependence of the cross sections,
/ | | . | | \ i ) Nnorm,k .
Each J /Y candidate is reconstructed with two back-to-back good charged tracks, which will be e merTalized) MLUaToer O @RI BEE SFIEVReS & the]/;:/} peak, Npg, ™, can be obtained by
further identified as electron and muon. The selection criteria are optimized according to the Nrormk _ ak o fk fk _ X Sk
g : : bkg?2 cont 2’ 2 L
signal MC and inclusive MC. kK S|y
Electron identification : e NE . :the number of background events that have survived in the signal region at the energy with index k
* Not associated in the MUC S B o e lritas s o eneries sl s dhe K
e —15< )(fiE/dx < 1.5 (Xgg/ax is defined as the difference between measured and expected dE/dx under the electron fr =J/W . © Iteprate u 1 (?Sl 165 atene gleSnoilm atthe J/y pea
Hmatlhasts nenme e 19y he @18 reselifer] \The normalized number is estimated to be Np;05" = 12.0 + 3.7. /
e E/p > 0.96 (E is the deposite energy in the EMC and p is the modulus of the momentum from the MDC)
Muon identification : - Systematic Uncertainty )
* 01<E<0.3GeVY, xge/qx <—16
. Ehehpenec;c.rjtitontdeith of:he tralcktin the Mtl}J]C >t:0 crln N Source Relative uncertainty (%)
daCh Canhdidate traCck must penetrate more than ree layers in tne , ANA Xpuc Tracking and PID 13
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0 ey | We observe 29 candidate events in the signal
0 02 04 ]%}g 08 1 12 ; - 1 Nsiﬁlgal S region, while 36.8 + 4.0 background events are
Fig. 1. Distribution of)(flE/dx and E /p from MC simulations. I expected. Hence, no excess is observed and an
% upper limit on the branching fraction B(J /Y — eu)
200004 Helectron ) i Helectron is estimated with the profile likelihood method. The
= ’ 77 muon 10* 7/l muon — : .
215000 % Npion s | pion upper limit on the branching fraction is found to be
- 7 [Ikaon = 10 ; Clkaon B(J/Y - eu) < 4.5 % 10~°
210000 | £ 102 . . Gy
= % § 10 / “‘m.mqu | : at the 90% C. L. by integrating the likelihood curve
2 5000 / ﬂ 7. = 10 ///;7/ AN NN J»nrh t_uwl J["'ir“ | 1.10° in the physical region of B > 0.
inﬁ 1R /// 1 7 /NN SN "”-qﬂ 0 2 4 6 8 10 12 14 Improving the previous best result by a factor of
{ '."' L‘[‘ My TR “fﬁuw’[//ym%/-; //h////. // } ,' .’E’ Ié?: B(J/l//ﬁeﬂ) .
OOLM—'LWO i e 0 50 100 150 200 more than 30, this measurement places the most
Depth (cm) i ) Xlzlec ) Fig 4. Normalized likelihood distribution as a stringent limit to date on lepton flavor violation in
\ Fig. 2. Distribution of the MUC depth (left) and )(,%,UC (right) of different particle samples from MC simulations. / \_ function of the assumed B(/ /3 — ep). the heavy quarkonium sector. )
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