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Bemroes X. M. E2-2008-198
P cuer ymcn HEWTPUHHBIX COOBITHI, KOTOpPbIE OYIYT PErHCTPUPOB ThCH

H Jjerektope «BopekcHHO» OT MOTOK COJHEYHBIX HEHTPUHO

c sHeprueit E, = 0,862 M»B

T[IpoBouTCA P CYeT 4MCd HeHTpPUHHBIX cobbITHii NUT koTophle GymyT pe-
TUCTPUPOB ThCd H JEeTEKTOpe «BOpPEeKCHHO» OT COJHEYHBIX HEUTPUHO C dHepruein
E,. = 0,862 MaB, renepupoB HHbIX B pe Kiuu 'Be+e~ — Li+ v, npu oTCyTCTBUM
OCHMIUIALIMN HEHTPUHO. DTO YUCIIO H XOmuTCs B nipeaet x N1 = 86,45-+-96,52 ciy-
y es/(cyr - 100 T) B 3 BUCUMOCTH OT IOTOK COJIHEYHBIX HEUTPUHO. OTHOLIEHUE
MeXJy YuciioM HedTpuHo NPT 3 perncTpupoB HHBIX H AeTekTope «BopexcuHo»,
M P CCUAT HHBIM YHCIOM p BHO NPT /Ntheor — (49 = (054, Dr pemuunn  Jjo-
CT TOYHO OJIM3K K TOH Xe BeJMYMHe, MOJydeHHOil B akcnepumente ' Ga—''Ge B
6/M3KOl BHEpreTHYecKoil 061 cTi. Benmuun NP /NHeOr onyyenn g B npenrno-
JI0XeHuH, 4to 013 ~ 0, U B OTCYTCTBHE OCUWLIALMI HedTpuHO, p BH =~ 0,67 u
3 METHO BBIIIE, YeM IPHUBEACHH 1 BEIUYMH . DTO O3H 4 eT, 4to 613 # 0, u Torn
JOJIXEeH IPUCYTCTBOB Tb BKJI J OT T-HEUTPUHO.

P 6ot Bbmmosnen BJI 6op Topuu puznku BhICOKUX aHepruid uM. B. H. Bekcnep
n A.M.b muun  OMAU.
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Beshtoev Kh. M. E2-2008-198
Computation of the Number of Neutrino Events Which Can Be Registered
in Borexino Detector from the Sun Neutrino Flux with Energy F, = 0.862 MeV

This paper gives an estimation of the number of neutrinos which can be registered
in Borexino detector from the Sun neutrinos generated in reaction "Be+e~ — "Li+v,
with energy E,, = 0.862 MeV in the absence of neutrino oscillations. This number is
supposed to be in the range N = 86.45+96.52 counts/(day - 100 t) in dependence
on primary neutrino fluxes. Then ratios between the number of neutrinos NP
registered in Borexino detector and counted numbers N'Wr are [Vexper /ytheor —
0.49 + 0.54. This value is close enough to the same value obtained in "'Ga-"*Ge
experiments in the close energy region. The value N¢*P"/N™eor obtained at the
supposition that 613 =~ 0 and in the absence of the resonance effect approximately
equals ~ (.67 and it is noticeably greater than the above value. Probably it means
that the supposition that 613 = 0 is not justified and there can be a definite deposit
of 7 neutrinos.

The investigation has been performed at the Veksler and Baldin Laboratory of
High Energy Physics, JINR.
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1. INTRODUCTION

In the present time the detector Borexino goes on operating [1,2]. One of
the major tasks of this detector is to measure a Sun neutrino flux with energy
E, = 0.862 MeV, appearing in the reaction “Be+ e~ — “Li+ v.. Measurements
of the neutrino flux at this energy are very important since in this energy region the
deposit of the resonance mechanism of neutrino oscillations is very small [3,4].
Then if it is supposed that the mixing angle is 613 ~ 0, only electron neutrino
vacuum oscillations can be observed in this case. Usually it is supposed that the
deficit of high-energy Sun neutrinos is caused by the resonance mechanism of
neutrino oscillations in the Sun matter.

The value of sin® 2615 obtained in work [5] from the reactor experiment
(neutrino vacuum oscillations) is

sin®(2612) ~ 0.83, (1)

then the fraction (part) of electron neutrinos P, is
1
P, =1- 5 sin?(26,2) ~ 0.615, 2)

and the remaining neutrinos are muon ones and a relative portion P,, of these
neutrinos is

1
p, = 5 sin?(26;2) ~ 0.385. (3)

If electron neutrinos are registered via the charged current, then P, (W) must
be equal to 0.615. But if neutrinos are registered via the charged and neutral
currents (as is the case in Borexino experiment), we must add the deposit of
neutral current from the electron and muon neutrinos, then P,_(Z") ~ 0.155 (see
the value obtained in SNO [6]) and

P,, (W, Z%) ~0.615 + 0.155 = 0.770. 4)

In Borexino detector, neutrinos are registered via the neutral and charged
currents. If the primary neutrino flux is NY electron neutrinos, then with no
neutrino oscillations this detector can register n neutrinos, which is a sum of
events registered via neutral current n° and charged current n™"" = 0.155 - n?
(value 0.155 is relative portion of neutrinos generated by neutral current), and
then

n = n° 4+ pr — (1 4 0.155)n°. (5)



If 615 =~ 0 and there are electron neutrino oscillations, then via the charged
current n°"@eed — n0P,  neutrinos can be registered and via the neutral current
nreual — 0. 155. n0 neutrinos (all electron and muon neutrinos interact via neutral
current) can be registered and the sum of neutrinos which can be registered in

Borexino detector is

nosc = ncharged 4 nneutral — (F)y(3 4 0155)7’LO (6)

%5¢ and n is

n®¢ (P, +0.155)
n  (1+0.155) 0.667. ™
This value is the value which can be obtained in Borexino detector if 13 ~ 0
and there are only oscillations of electron neutrinos.

In work [1] it was reported that Borexino detector must detect about 55 co-
unts/(day-100 t) of neutrino events in the absence of the resonance effect, then the
following work [2] reported that this detector must detect (75 %+ 4) counts/(day -
100 t) in the absence of neutrino oscillations.

The purpose of this work is an independent estimation of the number of neu-
trino events which can be registered in Borexino detector from the Sun neutrino
flux with energy F, = 0.862 MeV in the absence of neutrino oscillations.

From the experiments we know that the mixing angle of 023 ~ /4 (45°) [7, 8]
and 612 ~ 32° [5]. The author holds the point of view that since the above (other)
mixing angles are big, then there is no reason to suppose that the third angle of
mixing 6,3 can be very small (for analysis of situation with this supposition see
in work [9]).

The ratio between n

2. FLUX OF THE SUN NEUTRINOS FROM "Be + ¢~ — Li + v,
REACTION COMPUTED IN THE FRAMEWORK
OF THE STANDARD SUN MODEL

The discussion of the Standard Sun Model (SSM) was given by J. Bahcall
in [10]. The flux of the Sun neutrinos from the reaction "Be + e~ — "Li + 1,
obtained in [10] is
NPt = 0.47(1£0.15) - 10" ecm ™2 - s, ®)
Afterwards the neutrino flux from this reaction was recalculated [3,11] and the
resulting values of N}Jf"r were

Npeort = 0.455-10" em ™2 - 571, 9)
and
Neor2 = 0.508 - 10" em ™2 - 571 (10)

In our computations (estimations) we will use the above values for N}Jf‘”.



3. v, +e — v, + ¢ ELASTIC SCATTERING CROSS SECTION

The elastic scattering of electron neutrino on electron is realized via W
(charge current) and Z (neutral current) boson exchanges. In literature they
usually take differential cross section and elastic cross section obtained in [12]
(see also Ref.[13]). Then the expression for differential cross section takes the

following form:
2 2
1 5 T
Z 1— — ) —
(2 + g) + £ ( EVe )

and the expression for the elastic cross section is

1 21,
(2ve) e
where G - is Fermi constant, & = sin® Oy, t = (k1 —ko)? = (pa—p1)? (if electron
is at rest, then ¢t = 2m§ + 2meEes, s = (k1 +p1)2 (if electron is at rest, then
s=m?2+2m.E,,), T = (E2. —m,) is kinetic energy of the scattered electron.

The expression for cross sections taking into account radioactive corrections
is given in [14]. We will not use these corrections since the uncertainty in the

calculated flux of the Sun neutrinos considerably exceeds these corrections.
The expression for elastic cross section (12) after substitution of the value of

s has the following form:

G2m? E 1 S|
ve(W,Z) = £ (1422 - —¢2
rne(9,2) = ST (142 ) | (L) 4 ¢

2
1 1,
(5*5) 3

e
2
1 1.5
It is necessary to remark that this expression for the cross section is correct only

at high energies when E,, > m.. At low energies we must take the threshold
effect into account, and then E,, must be changed by

do,, W, Z)  2m.G%
dT N

2
O'VEE(VVa Z) = GFS

; (12)

2 n2 E

™ Me

=1.722-10"*E,_ (MeV) cm?. (13)

E, —




Then

E,.(MeV

ov.e(W,Z)=1.722- 10*44%

1 e
+ 2F,,

1 1, )
<5+5> + 567 | em?. (14)

The average value for £ [15] is 0.232 <+ 0.234. However, it is necessary to
remark that for the best fitting expression (12) to the experimental data measured
in [16,17] for v, + e~ — v, + e~ elastic cross section, this value must be
sin” Ay = 0.248. Therefore, in our computations (estimations) we will use this

2
1 1
value for £&. Then the value for expression (5 +§> + 552 is 0.581. At

E,, = 0.862 MeV, 0, (W, Z) = 0.665 - 10~%* cm? (now it is not necessary
to use radioactive corrections since we have made normalization for the cross
section measured in experiments [16, 17]).

In literature there is another expression for v, + e~ — v, + e~ elastic
scattering [18]. These expressions coincide at high energies E,_, but they differ
at low energies F,_. Probably, it is necessary to find out the reason of their
discrepancies.

4. CHARACTERISTICS OF LIQUID SCINTILLATOR
OF BOREXINO DETECTOR

Borexino detector uses trimethylbenzene CgH3(CHs)s (or CoHjs) and as
scintillator C;5H11NO (1.5 g/l) [1, 2] is used. The density of trimethylbenzene is
p=0.8761 g-cm~3 (in our calculations we will not take into account this small
addition related with the scintillator). The molecular weight of trimethylbenzene
is B =120.19 g-mol~!. Then number of C¢gH3(CH3)3 molecules njys in 1 cm3
is

nas = %NA — 4.389-10%!, (15)

where N4 is the Avogadro number.
One molecule of CgH3(CHgs)s includes 66 electrons, then the number of
electrons n, in 1 cm? of trimethylbenzene (i. e., electron density) is

ne = 2.897-10%% ecm 3, (16)
then 100 t (G = 10° g) of trimethylbenzene contains

N, = "< _ 3307 10% electrons. (17)
p




5. ESTIMATION OF THE NUMBER OF NEUTRINOS
WHICH CAN BE REGISTERED IN BOREXINO DETECTOR
FROM THE SUN NEUTRINOS WITH Ep, = 0.862 MeV

Using the previous computations, we estimate now the number of neutrinos
Np (event rates) which can be registered in the Borexino detector in 100 t of
trimethylbenzene during one day (¢ = 8.64 - 10% s).

N = N, -0, (W, Z,0.862 MeV) - t - NJ*'' = 86.45, (18)
and
N20er — N, - g, (W, Z,0.862 MeV) - t - N2 = 96.52. (19)

So, the above estimations have shown that the event rates on 100 t/day in Borexino
detector from the Sun neutrinos with E,, = 0.862 MeV can be as follows:

N'™heor — 86.45 + 96.52 counts/(day - 100 t). (20)
In [2] it was reported that the rate of events registered in this detector is
NP = 47 + T(stat.) £ 12(syst.) counts/(day - 100 t). (21)

Thus, the portion of neutrinos N®*P°" registered in this experiment relative to the
computations in the framework of SSM are

N exper
Niheor — 0.49 = 0.54. (22)
This value is close enough to the same value obtained in "'Ga-"'Ge experi-
ments [19,20] in the energy regions near to the above one.

The value for NP /N theor §py expression (22) is noticeably smaller than the
value 0.67 obtained in expression (7) if it is supposed that 613 =~ 0. Probably it
means that this supposition is not justified and there can be a definite deposit of
T neutrinos.

6. CONCLUSION

In this work the number of neutrinos which can be registered in Borexino
detector from the Sun neutrinos generated in reaction "Be + e~ — "Li + v, with
energy E, = 0.862 MeV has been calculated. This number is between

N™heor — 86.45 = 96.52 counts/(day - 100 1), (23)



in dependence on the primary neutrino fluxes. Then the ratios between neutrinos
NPT registered in this experiment and the calculated numbers N™°T are as

follows:
N exper

Ntheor

This value is close enough to the same value obtained in "'Ga-"'Ge exper-
iments [19,20] in the close energy regions. The value NPT /Ntheor ~ (.67
obtained in (7) at the supposition that 13 =~ 0 and the resonance effect is absent
is noticeably larger than the value in (24). Probably, it means that the supposition
that 613 =~ 0 is not justified and there can be a definite deposit of 7 neutrinos.

=0.49 = 0.54 (24)
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