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ABSTRACT
During the synthesis of a deuteron nucleus from a neutron and a
proton, an electron, positron pair and an antineutrino, neutrino
pair are released. The electrostatic energy (order of MeV) of the
former pair is released as gamma radiation and is equivalent to
the mass defect. Based on the largest mass defect per nucleon
(MDPN) as the criterion of nuclear stability, it is estimated
that in general, for a nuclide X(Z,N) with a fractional mass
defect f, the MDPN(nu) due to neutrinos/antineutrinos alone is
equal to fk(n) [Z/(Z+N)], where the proportionality constant k(n)
= 0.7 micro atomic mass unit. Since f is of the order of 0.01,
MDPN (nu) is in nano-atomic mass units, which is the right order

of the mass of neutrinos.

INTRODUCTION
The mass of the tiniest of particles, the "neutrinos", is
expected to be about 107°th of that of a hydrogen atom! A precise
knowledge of this mass is sought by cosmologists and physicists

[1-7] to answer many queries about our Universe.



Painstaking experiments planned to answer the question [2-
3}, are jeopardized [8] by the over-riding difficulties and
uncertainties. In this context [8,9], this reportvbrings for the
first time a different "possible" approach: estimates of the mass
defects per nucleon attributable to neutrinos/antineutrinos,
calculated using the largest mass defect per nucleon criterion
for nuclear stability. Using the atomic mass data for the 105
most stable nuclides, three ranges of masses (all of which are
less than a few eV) have been found, "possibly" pertaining to the
three kinds [1,5], the electron (lightest), muon and tau

neutrinos.

Outline of the idea:

The conversion of a neutron (n) to a proton (p*) and the
converse process are known to be accompanied by the release of
(electrons, e, and) antineutrinos (v) and (positrons, e*, and)

neutrinos (v) respectively [6,7,10-12]:

n --->p"+ e + v (spontaneous decay) ... (1)

pt --->n + e + vy ... (2)

Therefore, during the synthesis of a nucleus, X*, by the fusion

of N neutrons and Z protons,
Nn + Zp* ---> X** + (v + v) : «sa (3)

the masses of neutrinos and antineutrinos can be expected to form




a finite fraction of the mass defects (MD) or the binding energy

(BE) (energy equivalent of MD) of the nuclides.

Outline of the method and results obtained:
The MD for a nuclide X(zZ,N) of atomic mass A, characterized

by Z electrons, Z protons and N neutrons of rest masses m,, m,

and m, each respéctively, is:
MD = A,y - A = fA, ... (4)

where A, , (>A) stands for the sum Z(m.+m,)+Nm,, f£= (1-r), where r.
is the ratio A/A,,. £ is similar to the packing fraction [(A; -
M) /M, where M = Z+N, is the mass number]. The values of the rest
masses are [13]: mg+m, = 1.007825032u and m, = 1.008664924u. One
atomic mass unit (u) is exactly 1/12th the atomic mass of a **C
isotope (standard), and it’s energy equivalent is 931 MeV.

In Table 1 are given the atomic mass (A) data taken from
[13] for the most abundant stable (or the one with the longest
half-1life) nuclide of every element from Z=1 to Z=105. Nuclides
marked with an * occur in only one isotopic form. The neutron
number N in column 3 is the rest mass based number [14], N = (A-
Zm,) /m, > N-1, where m; stands for the sum m,+m,.

The mass defect per nucleon, MDPN, is an index of nuclear

stability and is given by

MDPN = MD/ (Z+N) = f£A,./(Z+N) = fm, ...(5)



where m, , stands for the mean mass per nucleon, A, ,/(Z+N). These
are given in column 5, Table 1. Nuclides with large MDPN are
considered more stable than others. Note that Fe has the largest
MDPN.

Using the accepted largest MDPN as the criterion of nuclear

stability, the equation for the atomic mass of any nuclide,

A:Zmﬂ"'N’Inn "'(6)

where N = N’> N-1, was shown [14] to give the highest MDPN.

Therefore, the mass defect MD = (N-N’)m, and the MDPN

defined by Eqg.5 is equal to [14],
MDPN = (N-N’)m,/(Z+N) v (7)

This equation implies that the formation of a nuclide of atomic
mass A from the total mass A,, takes place at the expense of an
amount of mass (N-N’)m, during the fusion of the neutrons with
protons. This is also in accord with the earlier view [12], that
during the fusion of neutrons and protons to form a nucleus, the
protons are restored at the expense of (the unstable) neutrons.
As neutrons break-up into protons, electrons and

antineutrinos (cf: Eq.l1l), the mass m, in Eq.7 splits into m, and

Am,. Thus,

MDPN = (N-N’)m,/(Z2+N) + (N—N')Aﬂh/(Z+N) ...(8)

MDPN (1) MDPN (2)



where Am, = m,-my; (= 0.00084u). The values of MDPN (2) are of the
order of 10°°u as can be seen from column 6, Table 1. As Am,/m, =
8.4x10°%, MDPN(2) << MDPN(1).

The MDPN resulting from the break-up of a mass Am, from the

mean mass per nucleon, m,,, (cf: Eq.5), is given by,

MDPN = f[m,, -Am] + fAm, ...(9)

MDPN (1) MDPN (2')

where each of the two terms on the right are nearly equal to the
corresponding ones in Eq.8.

For nuclear stabilty, Eqg.(9) should conform with Eq. (8),
which is based on the highest MDPN criterion. Therefore, the
terms MDPN(1’) and MDPN(2’) gain and lose masses respectively and
become equal to MDPN(1l) and MDPN(2). Thus:

MDPN MDPN (1) + MDPN(2)

MDPN (1’) +{ [£Z/ (Z+N)] (Am,)2/m_}

MDPN (27) -{ [£Z/ (Z+N) ] (Am,) ?/m_} ...(10)

+

The second term on the right within each of the { } brackets
is of the order of 10°u, since it is the product of the fraction
[fZ/(Z+N)], which is about 107?, and the constant, k(n) = Am?2/m, =
6.995x107u. Note that this term is in the expected range of the
mass of neutrinos/antineutrinos! On considering ;his as the mass

defect due to neutrinos/antineutrinos, MDPN(v),



MDPN(v) = [fk(n)Z/(Z+N)] ...(11)

the actual values for various nuclides are as shown in the last
column in Table 1. The +MDPN(v) and -MDPN(v) terms probably
indicate that the antineutrinos released by neutrons in term (2')
are absorbed by Fhe protons in term (1’), and therby the MDPN
conforms with the sum MDPN (1) +MDPN(2) of Eq. (8).

Figure 1 shows a plot of MDPN(v) vs the atomic number, Z.
The three regions probably indicate the three types of light
neutrinos, the electron (lightest), muon and the tau neutrinos
(or different proportions of the three kinds of neutrinos).

From Eq.11, the total mass defect of the nuclide X, , due to

neutrinos, MD(v) [= (Z+N)MDPN(v)] is found to be,

MD(7) = fk(n)Z ... (12)

Figure 2 shows that MD(v) varies smoothly with Z (since fZ varies

smoothly with Z). Note again the three regions.
On dividing Eq. (11) by Eg. (5), one finds that MDPN(v) (or

MD(v)) forms a well-defined fraction of MDPN (or MD),

MDPN (v) /MDPN = MD(v) /MD = (Z/A, ) k(n) a2 (d3)

independent of f£. Therefore, this fraction can be calculated for
any value of 2 and N. Fig. 3 shows the linear dependence of this

fraction on Z/A, .
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Table 1: Atomic Mass (A) from (13); and MDPN(V), Eg. 6.

X Z N, xrm ATOMIC MASS MDPN - MDPN (2) MDPN (V)

A (u) (u) (micro-u) (nano-u)
H 1 0 1.007825 0.000000 0.00 0.00
He 2 2 4.002603 0.007594 6.32 2.63
Ld 3 4 7.016004 0.006019 5.01 1.79
Be~* 4 .5 9.012182 0.006938 5.78 2.14
B 5 6 11.009306 0.007437 6.19 2.35
C 6 6 12.000000 0.008245 6.87 2.86
N 7 7 14.003074 0.008025 6.68 2.78
(0] 8 8 15.994915 0.008563 7.13 2.97
F* 9 10 18.998403 0.008351 6.95 2.74
Ne 10 10 19.992440 0.008623 7.18 2.99
Nax* 11 12 22.989770 0.008708 7.25 2.89
Mg 12 12 23.985042 0.008868 7.39 3.08
Al* 13 14 26.981534 0.008944 7.45 2.99
Si 14 14 27.976926 0.009069 7.55 3.15
P* 15 16 30.973761 0.009105 7.58 3.06
S 16 16 31.972071 0.009118 7.59 3.16
Cl 17 18 34.968853 0.009147 7.62 3.08
Ar 18 22 39.962383 0.009227 7.68 2.88
K 19 20 38.963707 0.009186 7.65 3.10
Ca 20 20 39.962591 0.009180 7.65 3.18
Sc* 21 24 44 .,955910 0.009253 7.71 3.00
Ti 22 26 47.947947 0.009364 7.80 2.98
v 23 28 50.943964 0.009385 7.82 2.94
Cr 24 28 51.940512 0.009421 7.85 3.02
Mn* 25 30 54 .938049 0.009410 7.84 2.97
Fe 26 30 55.934942 0.009437 7.86 3.04
Co~* 27 32 58.933200 0.009413 7.84 2.99
Ni 28 30 57.935348 0.009374 7.81 3.14
Cu 29 34 62.929601 0.009396 7.82 3.00
Zn 30 34 63.929146 0.009378 7.81 3.05
Ga 31 38 68.925581 0.009366 7.80 2.92
Ge 32 42 73.921178 0.009367 7.80 2.81
Ags* 33 42 74.921597 0.009341 7.78 2.85
Se 34 46 79.916522 0.009351 7.79 2.76
Br 35 44 78.918338 0.009327 7.77 2.87
Kr 36 48 83.911508 0.009358 7.79 2.78
Rb 37 48 84.911792 0.009337 7.78 2.82
Sr 38 50 87.905617 0.009375 7.81 2.81
Y* 39 50 88.905849 0.009355 7.79 2.84
2r 40 50 89.904702 0.009351 7.79 2.88
Nb* 41 52 92.906376 0.009301 7.75 2.84
Mo 42 56 97.905407 0.009270 7.72 2.76
Tc 43 55 97.907215 0.009243 7.70 2.81
Ru 44 58 101.904349 0.009240 7.70 2.77
Rh* 45 58 102.905504 0.009215 7.67 2.79
Pd 46 60 105.903483 0.009211 7.67 2.77
Ag 47 60 106.905093 0.009183 7.65 2.80
Ccd 48 65 113.903359 0.000314 0.26 0.09
In 49 65 114.903879 0.000375 0.31 0.11
Sn 50 69 119.902199 0.000731 0.61 0.21
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Legends for Figures:

Figure 1:

The mass defects per nucleon due to neutrinos / antineutrinos,

MDPN(v) (cf: Eq.11l) vs the atomic number Z.

Figure 2:
The total mass defect of the nuclide due to neutrinos /

antineutrinos, MD(v) [= (Z+N)MDPN(v), cf: Eg.12] vs the atomic

number, 2.

Figure 3:
The linear dependence of the fraction of mass defect, MD(v) /MD,

due to neutrinos on the ratio z/A,, (cf: Eq.13).
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