AlP
CONFERENCE
PROCEEDINGS 327

NUCLEI IN THE COSMOS I

THIRD INTERNATIONAL SYMPOSIUM
ON NUCLEAR ASTROPHYSICS

ASSERGI, ITALY JULY 1994

EDITORS: MAURIZIO BUSSO
OSSERVATORIO ASTRONOMICO DI TORINO
ROBERTO GALLINO
UNIVERSITA DI TORINO

CLAUDIA M. RAITERI
OSSERVATORIO ASTRONOMICO DI TORINO

P
PRESS

American Institute of Physics New York




Authorization to photocopy items for internal or personal use, beyond the free
copying permitted under the 1978 U.S. Copyright Law (see statement below),
is granted by the American Institute of Physics for users registered with the
Copyright Clearance Center (CCC) Transactional Reporting Service, pro-
vided that the base fee of $2.00 per copy is paid directly to CCC, 27 Congress
St., Salem, MA 01970. For those organizations that have been granted a
photocopy license by CCC, a separate system of payment has been arranged.
The fee code for users of the Transactional Reporting Service is: 0094-243X/
87 $2.00.

© 1995 American Institute of Physics.

Individual readers of this volume and nonprofit libraries, acting for them,
are permitted to make fair use of the material in it, such as copying an
article for use in teaching or research. Permission is granted to quote from
this volume in scientific work with the customary acknowledgment of the
source. To reprint a figure, table, or other excerpt requires the consent of
one of the original authors and notification to AIP. Republication or
systematic or multiple reproduction of any material in this volume is
permitted only under license from AlP. Address inquiries to Series EclltOr

AIP Conference Proceedings, AIP, 500 Sunnyside Boulevard, Woodbury,
NY 11797-2999.

L.C. Catalog Card No. 95-75492
ISBN 1-56396-436-8
DOE CONF-9407131

Printed in the United States of America.



B-B decay with majorana neutrino
as possible reason for the lack of
solar neutrinos

Cite as: AIP Conference Proceedings 327, 281 (1995); https://
doi.org/10.1063/1.47353
Published Online: 12 May 2008

V. |. Tretyak, and V. V. Kobychev

AN
\h

View Online Export Citation

v
o
=
g
@
0
0
0
|
o
@
0
c
0
P
Q
c
0
O
=
<

Lock-in Amplifiers

\ / Zurich
Z'\ Instruments

...... Al I iatch the Video | D

66666060
-8 A

Publishing

AIP Conference Proceedings 327, 281 (1995); https://doi.org/10.1063/1.47353 327, 281

© 1995 American Institute of Physics.



https://images.scitation.org/redirect.spark?MID=176720&plid=1085724&setID=379066&channelID=0&CID=358604&banID=519827789&PID=0&textadID=0&tc=1&type=tclick&mt=1&hc=92347d50636d2ad632cd76c01d5826932fe8a1a9&location=
https://doi.org/10.1063/1.47353
https://doi.org/10.1063/1.47353
https://doi.org/10.1063/1.47353
https://aip.scitation.org/author/Tretyak%2C+V+I
https://aip.scitation.org/author/Kobychev%2C+V+V
https://doi.org/10.1063/1.47353
https://aip.scitation.org/action/showCitFormats?type=show&doi=10.1063/1.47353

B-8 Decay with Majorana Neutrino as
Possible Reason for the Lack of Solar
Neutrinos

V.I. Tretyak, V.V. Kobychev

Institute for Nuclear Research of the Ukrainian National Academy of Sciences
Prospect Nauki 47, 252028 Kiev, Ukraine

Abstract. A new mechanism is considered which could contribute to the lack
of Solar neutrinos. If neutrino is a Majorana particle (V. = v.) and its mass
m, 70 or/and right-handed admixtures exist in the weak interactions, the 5~
B decay between the pairs of single 3 emitters without emission of neutrinos
is possible. The estimations of the effective neutrino mass which could twice
decrease the emission rate of Solar 3B and "Be neutrinos give however the value
of (m,) more than 10%-107 GeV which is in contradiction with experimental
limits (m,) < 1-4 €V founded in direct experiments devoted to search for
neutrinoless double beta decay of atomic nuclei.

Key words: Solar neutrinos. — Neutrino mass. — -3 decay.

The phehomenon of neutrinoless -0 decay between the pairs of single
B emitters was considered for the first time by A.F. Pacheco [1]. If neutrino
is a Majorana particle (U, = v,) and its mass m, #0 and/or right-handed
admixtures contribute to the weak interaction, the process is possible when
virtual antineutrino emitted in 8~ decay of one nucleus may be absorbed as
neutrino in another nucleus in neighbourhood provoking also its 3~ decay:

(A]_ ,Zl) - (A1 ,Z1+1)+e_ +§e

| (1)

V¢+(A2,Z2) — (Az ,Z2+1)+e_ .

The nonzero neutrino mass or right-handed admixtures are required
to flip the neutrino helicity and make possible the second reaction in (1).
Analogous equations can be written also for two 8% emitters or for one 8-
and one 8% nuclei (electron capture instead 8% decay is possible too). As
a result of the process (1), only electrons — no neutrinos - will be emitted
with energy E(e;)+E(e2)=Q(81)+Q(8:2), where Q(B) is energy released in
decay.

The neutrinoless 3-(3 decay between the pairs of single 8 emitters is
analogous to the neutrinoless double beta (38) decay of atomic nuclei (see
[2]). In both of them d-quarks are transformed to u-quarks (as regards (1)).
However in 883 decay the quarks are located in one or different nucleons
of the same nucleus (A-isobar or two-nucleon mechanism) whereas in -3
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decay - in different nuclei. In fact, the (A;,Z;) and (A2,Z;) nuclei of (1)
can be located not in the same sample but in different objects bringing into
being the interaction of a given nucleus with the whole Universe (or, for the
case of nonzero m,, with its part limited by Yukava radius). Theoretically
it could cause the unavoidable electron background in superlow-background
experiments devoted to search fo rare and forbidden processes (such as 0vG(3
decay).

As in process (1) only electrons are emitted, it is interesting to consider
this phenomenon in connection with the puzzle of the lack of Solar neutrinos
which have to be emitted, in particular, in 87 decay of ®B:

8B — ®Be+et +vr.. (2)

In accordance with [3], the observed in experiments flux of neutrinos
generated in process (2) is at least two times less than its theoretical value.

Probability of neutrinoless 3-8 decay between two nuclei I' ~ (m,)?/D?,
where (m,) is an effective value of neutrino mass, D - distance between
the nuclei [1]. In the sample with Ng nuclei the full rate of 8- processes
is proportional to the number of pairs A ~N,,;, - (m,)?/R?, where R — an
effective radius of the sample. Since N, ~N,23 ~R8, s0 A ~N73/ 3(m,,)2 and
in a big sample the process of - decay could be non-negligible.

To estimate the value of (m,) which is needed for decreasing two times
the neutrino emission rate, we use the formula (4) in [1] for T' modificated
for the case of two different nuclei (A, Z;), (Aj,-Z;) anchored on the distance
D,‘j:

p, = 2 _ mUn2m,)” HiHfy 1 (3)
¥ D% 16m5 (ft)i(ft); D%’

where m is the mass of electron, H;=2maZ;/(1-exp(-27aZ;)) — Coulomb

correction factor, Z;=F(Z;¥1) - atomic number of daughter nucleus created

in ﬂi decay, f,'j=t,'j(t?j+10t?j+40t?j+60tij+30)/30, tij=(Qi+Qj)/m, Q; -

maximal energy of neutrino available in decay of (A;, Z;), a=1/137.036.
Full rate of -8 decay in homogenous globe with radius R is:

9
Az’j = ZR;ENpair’Yij, (4)

where N,,;,=N;N; for i#j and N;(N;-1)/2 for i=j, N; — the number of nuclei
(A;, Z;) in the globe. Supposing that the Sun is approximately homogenous
in the deepest layers where fusion occurs, we have the formula for the rate
of 8- decay within the Sun:

ro=210 (B (E) sty loedr 0
ij = 9 1eV R@ pair XiXjJij ’
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where x;=H;/(ft); depends on properties of the nucleus (A;, Z;) only, whereas
f;; depends on properties of both the nuclei. The formula (5) allows to
calculate the rates of neutrinoless 8- process between the pairs of existing
within the Sun active nuclei. This quantities are presented in the Table. The
values of Q; and (ft); were taken from [5], R=0.1 Ry was restricted [3], and
N; was calculated using the data [3] about the rates of (A, Z;) decay:

Ni = (dN,/dt)Tl/z/]n2 = Q(Vi)Tl/z/lnz,

where Q(1;) — theoretical value of flux of i-th neutrinos [3]. The values
of A;;/{(m,)? for ®N (Q;=1190 keV), *0 (1723 and 2754 keV) and ''F
(1739 ke V) were calculated also and were found to be equal to 104-10° s~1.eV~2
for B—B decay with "Be and less than 1.0 s~1.eV~2 — with ®B.

We can see from the Table, that the maximal contribution in decreas-
ing the boron neutrinos’ flux is determined by 3-8 decay between ®B and
"Be: A=60{m,(eV))? 1/sec. For the decreasing two times the theoreti-
cal rate of the ®B neutrino emission we need therefore to take the value of
(m,)=1.2-10" GeV. For decreasing two times the flux in neutrino monoline
of 862 keV from "Be K-capture (theoretical rate 1.3-10%” 1/sec) we have to
take the value of (m,)=2.6-10* GeV.

Required values of neutrino mass are in manifest contradiction with
experimental limits on (m,) from direct experiments to search for neutri-
noless double beta decay of ®Ge [6], 116Cd [7], ***Xe [8], and '°Nd [9]:
(m,)<1..4 €V.

So, the neutrinoless 9—8 decay within the Sun could not give a consid-
erable contribution to the lack of Solar neutrinos. Nevertheless it could play
more important role in more compact and dense astronomical objects (such
as pre-Supernova core) and in stellar nucleosynthesis.

Nuc- Q;, lgft N; "Be Be B 5B
leus keV 384 862 331 14018
"Be 384 35 8.810® | 25.10° 1.5-10° - 21
"Be 862 3.3 8.8.10® | 1.5.10° 6.7.10° 1.1 39
|
|

°B 331 2.9 1.8.10* - 1.1 - -
B 14018 5.7 1.8.10% 21 39 - -

Table 1: A;;/(m,)?, s~1-eV~2, Values less than 1.0 are not showed.
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