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Test o f th e  electron  stab ility  w ith  th e  B orexino  
detector
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A b s tr a c t . D espite th e  fact th a t  th e  electric charge conservation  law  is confirm ed by m any 
experim ents, search  for its possible v io lation  rem ains a  way of searching for physics beyond 
th e  S tan d ard  M odel. E x perim en ta l searches for th e  electric charge non-conservation  m ainly  
consider e lec tron  decays in to  n eu tra l partic les. T he  B orexino experim en t is an  excellent tool 
for th e  e lec tron  decay search  due to  th e  h ighest rad io p u rity  am ong all th e  existing  experim ents, 
large d e tec to r m ass, and good sensitiv ity  a t low energies. T he  process considered in  th is  stu d y  
is a  decay in to  a p h o to n  and  a  neu trino , for w hich a new  lower lim it on  th e  e lec tron  lifetim e is 
ob ta ined . T h is  is th e  b es t e lec tron  lifetim e lim it up  to  d a te , exceeding th e  previous one ob ta ined  
a t th e  B orexino p ro to ty p e  a t tw o orders of m agnitude.

1. In tro d u ctio n
Electron stability tests are the most common way of searching for possible electric charge 
conservation violation. Since the electric charge non-conservation (CNC) is incompatible with 
the Standard model [1], search for CNC processes is a way to discover new physics, or to validate 
the Standard model in case of their absence.

Processes usually considered in the electron stability tests are decays of electron to neutral 
particles: decay to 3 neutrinos (disappearance mode), and decay to a neutrino and a photon. 
Such tests were performed many times at various experiments (for recent review see [2]). Among 
these experiments Borexino has unique properties to improve the electron lifetime limit for the 
decay mode e ^  y v .

Borexino is a liquid scintillation neutrino detector located in Laboratori Nazionali del Gran 
Sasso, Italy [3]. Its active medium consists of 278 tons of pseudocumene (1,2,4-trimethylbenzene) 
with admixture of PPO  (2,5-diphenyloxazole) at a concentration of 1.5 g/l. The energy 
threshold of Borexino is low enough to provide sensitivity to the electron decay mode e ^  y v 
which is indicated by a monoenergetic photon of energy equal to half of the electron mass 
(256 keV). Radioactive background level in this region is 0.15 day_1ton_1keV_1, which is the 
lowest one among all the existing experiments. This fact along with large statistics and well- 
studied background sources provides excellent sensitivity to the electron decay. The expected
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improvement of the electron lifetime limit is at two orders at magnitude with respect to the 
previous best limit which is obtained at the prototype of Borexino [4].

2. A n a lysis  approach
The 408 days livetime data set used in the analysis is acquired during the second phase of 
Borexino. The second phase started after an extensive purification campaign which has led to 
decrease of the event rates of several background components. The spectrum in the region of 
interest includes solar neutrinos (pp, 7Be, pep, CNO), synthetic pile-up, and decays of radioactive 
elements (14C, 210Bi, 210Po, 85Kr and others). More thorough description of the spectrum 
composition can be found in [5].

The approach is to perform the spectral fit of the data with the fitting function modified 
by including the signal from the electron decay. The 256 keV photon emitted in the decay 
mode e ^  y v  is simulated using GEANT4, its rate is fixed at various values and added to the 
fitting function. Likelihood profile obtained from the corresponding set of spectral fits shows 
compatibility of the electron decay rate with zero within one standard deviation. The upper limit 
on the decay rate is 1.23 counts/day per 100 tons at 90% confidence level, which corresponds to 
the lifetime limit of t  % 7.2 x 1028 years.

There are also several sources of systematic errors, namely, the uncertainty of the scintillator 
light yield determination, fiducial mass uncertainty, and the choice of an observable for energy 
reconstruction. These uncertainties lead to the additional smearing of the likelihood profile, 
which gives finally Te^ lv  % 6.6 x 1028 years at 90% CL. Nowadays this result is the best electron 
lifetime limit for the considered decay mode. More detailed analysis description can be also 
found in [2], [6].

3. T h eo retica l im p lica tion s
There is no any non-contradictory theory able to describe the electric charge conservation 
violation. However, there is an approach proposed by Bahcall [7] for estimating the magnitude 
of violation using the experimental limits. According to this approach, the CNC Lagrangian has 
a usual form and includes a small factor serving as a measure of charge non-conservation. For 
instance, the Lagrangian for the process considered in this study takes form

Taking the best photon mass limit of 1 x 10“ 18 eV one can get eevY < 3.3 x 10“ 101 (90% CL),
which is an almost five orders of magnitude stronger limit than the one obtained previously by
DAMA collaboration [8].
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L e V1 =  2 eee v l 'Ipe Yv i 1 -  Y5)^va 1  +  h. c., (1)

where ee v i  is the small CNC parameter. As was shown in [8], the transition probability for this 
decay is

a  m e c2 (  m A  2
\ evi -  ^  32^  h ^ m ^  • (2)


