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Test o f th e  electric charge conservation law w ith  
B orexino d etector
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A b s tr a c t . The new limit on the electron lifetime is obtained from d a ta  of the Borexino 
experiment. The expected signal from the e ^  yv decay mode is a 256 keV photon detected in 
liquid scintillator. Because of the extremely low radioactive background level in the Borexino 
detector it was possible to  improve the previous measurem ent by two orders of magnitude.

1. In tro d u ctio n
The electric charge conservation law is a fundam ental physical principle. There are no hints 
for violation of this law neither in theory w ithin the S tandard model nor in any experiment. 
Since the electric charge non-conservation (CNC) is adm itted  in exotic theories such as extra- 
dimensional theories [1], investigation of such processes is an evident way to  search for physics 
beyond the S tandard model.

The most frequently searched for CNC processes are decays of the electron into neutral 
particles. Two decay modes are usually accounted for experim entally:

where only effects due to  the electron disappearance would be observed. However, the 
impossibility of occurrence of such processes is presented in [2], where it is shown th a t such 
decays would be followed by a huge am ount of low-energy brem sstrahlung photons. For the 
process (1) it would mean the absence of 256 keV photon while the electron disappearance is 
more m odel-independent and the corresponding atom ic effects in the case (2) would rem ain the 
same. Thus one can see th a t observing the 256 keV photon from the electron decay would mean 
not only CNC but also going beyond the S tandard model.
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2. O verv iew  o f  ex p er im en ts
Study of the electron stability has long experim ental history. The list of the experiments in 
which the electron decay was being searched for is presented in table 1. There are also plans for

Table 1. Experim ental tests for the electron stability.

year m aterial limit for e ^  yv limit for e ^  vvv CL reference
1959 NaI 10iy 10i7 68% [3]
1965 NaI 4 x 1022 2 x 102i 68% [4]
1975 Ge — 5.3 x 102i 68% [5]
1979 NaI 3.5 x 1023 — 68% [6]
1983 Ge 3 x 1023 2 x 1022 68% [7]
1986 Ge 1.5 x 1025 — 68% [8]
1993 Ge 1.63 x 1025 — 68% [9]
1995 Ge 2.1 x 1025 2.6 x 1023 90% [10]
1996 Xe 2 x 1025 1.5 x 1023 68% [11]
1999 NaI — (1.5 -  2.4) x 1023 90% [12]
1999 NaI — 2.4 x 1024 90% [13]
2000 Xe 2 x 1026 — 90% [14]
2002 PX E 4.6 x 1026 — 90% [15]
2007 Ge 1.93 x 1026 — 90% [16]
2012 NaI — 1.2 x 1024 90% [17]

providing analogous studies a t present and future experiments [18, 19, 20].

2.1. N a l detectors
Experim ents based on NaI detectors were the first to  provide the limits on the electron stability 
[3, 4].The expected signal for the mode (2) is a photon w ith maximal energy of 33.2 keV em itted 
while filling the vacancy caused by the electron disappearance from the iodine K-shell. The 
decay to  a photon and a neutrino is investigated by searching for the 256 keV photon. Various 
coincidence techniques are also applied in such detectors. F irst was the search of simultaneous 
256 keV and 33.2 keV photons occurence [4]. Another approach based on the electron capture 
by a nucleus w ithout the consequent atom ic num ber change was considered recently in [17]. 
Simultaneous observation of the 33.2 keV photons and the nucleus deexcitation (417.9 keV) 
would mean the electron disappearance.

2.2. Ge detectors
The electron stability is widely studied using germ anium  detectors. The main advantage of 
such detectors is good energy resolution (about 1 keV). In addition, the background level in the 
region of interest is lower th an  th a t in NaI detectors. The expected signal is a photon of energy
11.1 keV for the mode (2) and a 256 keV photon for the mode (1), respectively.

2.3. Liquid scintillators
The strongest limits on the electron lifetime with respect to  the decay mode (1) during the last 
fifteen years have been obtained w ith liquid scintillation detectors. Their main advantages are 
large mass and a possibility of purification from radioactive contam inations. The first one was
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Fit result for the electron decay rate = 1.23 cpd/100 tons

F igure 1. Borexino spectrum  composition.

DAM A/LXe experim ent [11, 14]. This detector contains 6.5 kg (~  2 litres) of liquid xenon. This 
apparatus has ra ther low energy threshold and is sensitive to  both  electron decay modes.

The second one is the prototype of the Borexino detector, CTF-II [21]. Its main goal 
was to  test the purification techniques developed for Borexino. During the tests various 
scintillators were used. CTF-II was filled with 4 tons of PX E (phenylxylylethane) which has less 
ionization quenching in comparison w ith PC  (pseudocumene) used in Borexino. Large mass and 
extremely low background level made it possible to  obtain a stronger limit of 4.6 x 1026 years 
(90% confidence level) on the electron lifetime in shorter exposure time. This result remained 
the best until the same study was performed in Borexino.

3. T h e  B orex in o  d e tec to r
Borexino is a large volume scintillation detector located deep underground in the Laboratori 
Nazionali del Gran Sasso [22]. Its active media contains 278 tons of organic liquid scintillator, 
namely, pseudocumene (1,2,4-trimethylbenzene) with adm ixture of P P O  (2,5-diphenyloxazole) 
a t a concentration of 1.5 g /l. Borexino has extremely low background level in the region of 
interest, namely 0.15 day-1 to n -1 keV- 1 . The energy threshold is above 50 keV so Borexino is 
not sensitive to  the disappearance mode. By comparing sensitivity of C T F and Borexino the 
expected electron lifetime limit is estim ated, which exceeds the previous one at two orders of 
m agnitude.
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4. T h e  e lec tro n  decay  search  
Ą.I. Analysis approach
The d a ta  set used in the analysis were acquired from January  2012 to  May 2013 (Borexino 
Phase 2). This d a ta  set was obtained after the purification cam paign [23] which reduced in 
particular the contam ination of 85K r and 210Bi which give a significant contribution in the 
low-energy region.

The same 408 days d a ta  set is successfully used in the m easurem ent of solar pp-neutrino flux 
[24]. In this analysis the same energy range (150-600 keV) and param eters used in the fitting 
procedure are considered. The only difference is the addition of the 256 keV photon line in the 
fitting function. The sample of spectral fit is shown on Fig. 4.1. One can see th a t the sought-for 
peak (marked by arrow) is shifted to  the lower energies due to  ionization quenching.

4.2. Constraint on the pp-neutrino event rate
The 256 keV photon occurrence is strongly correlated w ith pp-neutrino event rate. Therefore 
treating  the pp-neutrino ra te  as a free param eter in the fit leads to  non-physical values at 
the limit. Indeed, the 256 keV photon event rate  corresponding to  the 90% confidence 
level (~  12 cpd/100 tons) corresponds to  zero pp-neutrino ra te  which is not consistent with 
observations by radiochemical experiments [25]. As far as the la tte r ones are not sensitive to  the 
electron decay it is reasonable to  use their results to  constrain the pp-neutrino event rate. This 
constraint gives the limit on the event rate  of 1.23 cpd/100 tons. The lifetime limit is expressed 
as t  % eNgT/Siim, where Ne is the to ta l num ber of electrons in the detector, e is the fraction of 
electrons survived after the fiducial volume cut, T  is the exposure tim e, and Slim is the event 
rate  limit. It gives the electron lifetime of t  % 7.2 x 1028 years.

4.3. System atic errors study and final results
The main sources of the system atic errors in this study are the following. The most im portant is 
the precision of the scintillator light yield m easurem ent (~  1%). It strongly influences the peak 
position and therefore affects the sensitivity. Another source of system atic errors is the fiducial 
mass m easurem ent precision, which gives negligible effect. Choice of the energy estim ator can 
also affect the result. In the present study two variables are used as energy estim ators, namely, 
num ber of PM Ts hit in the tim e intervals of 230 ns and 400 ns. After having accounted for all 
these effects the lifetime limit has become weaker and the final result for the electron lifetime
limit is Te^ lv  % 6.6 x 1028 years a t the 90% confidence level. This study is described in more
details in [26].
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