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ABSTRACT

During the synthesis of a deuEeron nucleus from a neutron and a

proton, an elect,ron, positron pair and an antineutrino, neuLrino

pair are released. The elect,rostatic energy (order of MeV) of t.he

former pair is released as gamma radiat,ion and is equivalent to

t,he 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) wit,h a fractional mass

defect f , the MDPN(nu) due to neut.rinos/antineut.rinos alone is

equal to fk(n) lZ/ (z+N)), where t,he proporLionalit,y constant k(n)

= 0.7 micro aLomic mass unit,. Since f is of Ehe order of 0.01,

MDPN(nu) is in nano-atomic mass unit,s, which is the right order

of t.he mass of neut.rinos.

INTRODUCTION

The mass of the tiniest of particles, the "neutrinos", is

expected t.o be about 10-eth of that of a hydrogen atom! A precise

knowledge of t.his mass is sought by cosmologists and physicists

t1.-7) Lo answer many queries abouL our Universe.
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Painstaking experiments planned to answer the question lZ-

31., are jeopardized t$l by the over-riding difficulties and

uncertainties. In this context [8,9], this report brings for the

first time a different "possible" approach: estimates of the mass

defects per nucleon attributable to neuLrinos/antineutrinos,

calculated using Lhe largest mass defect per nucleon criterion

for nuclear st.abilit,y. Using t.he atomic mass data for the LO5

most stable nuclides, t.hree ranges of masses (a11 of which are

less than a few eV) have been found, "possibly" pertaining to the

three kinds []-,51, 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) antineuErinos (v) and (positrons, €*, and)

neutrinos (y) respectively 16,7 ,LO-L2l z

e-+v
e*+ v

n

v

Therefore, during

of N neutrons and

(spontaneous decay) ...(1)
...(2)

the synthesis

Z protons,

of a nucleus, X'*, by the fusion

...(3)Nn + Zp* ---> Xz* + (v + v)

t,he masses of neutrinos and antineutrinos can be expected to form

,iri.'ii,. :;i-.i iit;:..: ".,..
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a finite fraction of the mass defects (lD) or the binding energy

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

Outline of the nethod and resultE obtained:

The MD for a nuclide X(Z,N) of atomic mass A, characterized

by Z electrons, Z protons and N neutrons of resL masses me, 1q

and rq each resPectivelY, is:

MD=Az,n-[=fAr,t ...(4)

where Ar,, (>A) stands for t'he sum Z(m"+tq)+Nfl\', f= (1-r), where r

is Lhe ratio A/A',N. f is similar to the packing fract,ion [(Ar,'-

M) /M, where M = Z+N, is the mass numberl . The val-ues of t.he rest

masses are [L3]: rn"+rnn = 1-.007825032u and rq = 1.008664924u. One

atomic mass unit, (u) is exactly L/L2trh the at.omic mass of a '2C

isotope (standard), and it's energy equivalenL is 931 MeV.

In Table l- are given the atomic mass (A) data taken from

t13l for the most abundant stable (or the one with t,he longest

half-life) nuclide of every element from Z=3- to Z=L05. Nuclides

marked with an * occur in only one isotopic form. The neutron

number N in column 3 is the rest mass based number lL4), N > (A-

zr*") /m^ > N.-1, where m" stands for the sum rnp+me-

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

stability and is given bY

MDPN = MD/ (Z+N) = fAr,"/ (Z+N) = fnL," ... (s)



4

where mz,N stands for the mean mass per nucleon, Ar,*/ (Z+N). These

are given in colurnn 5, Table 1. Nuclides with large MDPN are

considered more stable than others. Note that Fe has the largest

T{DPN

Using the accepted. largest MDPN as the criterion of nuclear

stability, the eguation for t.he atomic mass of any nuclide,

[=ZtfU+N'nL ... (6)

where N > N'> N-1, was shown t14l to give t,he highesL MDPN.

Therefore, the mass defect, MD = (N-N')nt and the MDPN

defined by Eq.5 is equal to tt4l,

MDPN = (N-N',)rq/ (Z+N) ... (7)

This equation implies thaL the formation of a nuclide of atomic

mass A from' the total mass Ar,, takes place at t,he expense of an

amoung of mass (N-N')m" during the fusion of the neutrons with

protons. This is also in accord wich t.he earlier view [tZ1 , that

during the fusion of neutrons and protons to form a nucleus, t.he

protons are restored at the expense of (the unstable) neutrons '

As neulrons break-up into protons, electrons and

anLineuLrinos (cf : Eq.1), t,he mass nL in Eq.1 splits into m" and

Arn". Thus,

MDpN = (N-N',)mr/(Z+N) + (N-N',)arn,/(Z+N) ...(8)

MDpN(1) MDPN(2)
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where AnL = nh-m' (- 0.00084u). The values of MDPN(2) are of the

order of 10-5u as can be seen f rom column 6, Table 1. As Arq/m" =

B.4xl-0-4, MDPN(2) << MDPN(1) .

The .MDPN resulting f rom t,he break-up'of a mass Atq from the

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

MDPN = f [mz,N -Arq,] + fAnU

vIDPN(1',) MDPN(2',)

... (e)

where each of the two terms on the right are nearly equal to Ehe

corresponding ones in Eq.8.

For nuclear sLabilty, Eq. (9) should conform with Eq. (B),

which is based on the highest MDPN criterion. Therefore, t.he

terms MDPN(I-,) and MDPN(2') gain and lose masses respectively and

become equal to MDPN(1) and MDPN(2) . Thus:

I{DPN = MDPN(1) + I"IDPN(2)

= MDPN (1' ) + { ttZl (Z+N) I (arq) ',/W}

+ MDpN(2')-{ttz1(z+N)l(arq)"/n"} ...(10)

The second term on t,he right wiuhin each of t,he { i brackets

is of the order of l-O-eu, since it is the product of the fraction

lfzl 1z+N)1, which is about !O-", and Lhe constant, k(n) = AnL'/nU =

6.995x10-7u. Note that, this term is in the expected range of the

mass of neutrinos/ant.ineutrinos ! On considering t.his as the mass

defect due to neutrinos/antineutrinos, MDPN(/),
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MDPN ( y ) = tfk (n) z/ (z+N) l ...(11)

the actual values for various nuclides are as shown in the last

column in Table 1. The +MDPN(v) and -ttlDpN(v) t'erms probably

indicate that. t.he antineuLrinos released by neuErons in term (2')

are absorbed by the proLons in term (L') , and therby the MDPN

conforms with the sum MDPN(1) +MDPN(2) of Eq. (8) .

Figure L Shows a plot of MDPN(v) vS the atomic number, Z.

The three regions probably indicate the three types of light

neuLrinos, the elecLron (light.est), muon and Ehe tau neutrinos

(or different proportions of the three kinds of neutrinos).

From Eq.L1, the total mass defect of the nuclide Xr,r due Eo

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

MD(/) = fk(n)z ...(12)

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

smoot.hly with z) . Note again the three regions.

On dividing Eq. (11) by Eq. (5), one finds that MDPN(v) (or

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

MDPN(y)/MDPN = lvlD(v)/IuID = (Z/Az,ik(n) ...(13)

independenL, of f . Therefore, t,his fraction can be calculat,ed for

d.ny value of Z and N. Fig. 3. shows the linear dependence of this

fraction on Zf A",*.
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Table l-: Atomii Mass (A) from (f3); and lvlDPN($),'Eq. O.

x

H
He
LT
Be*
B
C
N
o
F*
Ne
Na*
Mg
A1*
si
P*
s
c1
Ar
K
Ca
Sc*
Ti
V
Cr
Mn*
Fe
Co*
Ni
Cu
Zn
Ga
Ge
As*
Se
Br
Kr
Rb
Sr
Y*
Zt
Nb*
Mo
Tc
Ru
Rh*
Pd
Ag
cd
fn
Sn

Z N,rm

10
22
34
AE
=.J56
66
77
88
9 r-0

10 10
1_t- L2
T2 L2
L3 L4
L4 t4
r_5 t6
L6 16
I7 1-B

1-8 22
19 20
20 20
2L 24
22 26
23 28
24 28
25 30
26 30
27 32
28 30
29 34
30 34
31 38
32 42
33 42
34 45
35 44
36 48
37 48
38 50
39 s0
40 50
41- 52
42 56
43 55
44 58
45 58
46 60
47 50
48 65
49 65
s0 69

ATOMIC MASS
A (u)

1- .007 825
4.002603
7.OL6004
9 .01-2]-82

11.009306
12.000000
1_4 . 003 074
1_5.9949t5
18.998403
L9.992440
22.989770
23.985042
26.981534
27 .97 6926
30.97376]-
3L.97207]-
34.968853
39.952383
38.963707
39.962591"
44.955910
47.947947
50.943964
51-.9405]-2
54.93 8049
55.934942
s8.933200
57 .93s348
62.929601_
63.929]-46
68.92558r-
73.92r-L7B
7 4 .921-597
79.9L6522
78.918338
83.9L150B
84.9L1792
87 .905617
88.905849
89.904702
92 .90537 6
97.9"05407
97.9072t5

L0L. 904349
a02.905504
105 .903483
106.90s093
r_r_3.903359
]-r4.903879
Ll_9. 902L99

MDPN
(u)

0.000000
0.007594
0.006019
0.005938
0.o07437
0 .008245
0.00802s
0.008s53
0.00835r_
0 .008523
0.008708
0.008868
0 .008944
0.009069
0.009105
0.009L18
0.009lJ-47
0 .009227
0.009186
0 .009r_80
0 .009253
0 . 0093 64
0 . 0093 85
o .00942L
0 .0094r_0
0.009437
0 .0094r-3
0.009374
0.009396
0.009378
0 . 0093 66
0.009367
0.009341-
0.009351
0.009327
0.009358
0.009337
0 . 0093 75
0.0093ss
0.009351
0 . 0093 01
0 .009270
0.009243
0 .009240
0.0092r-5
0 .0092r.1-
0.009L83
0.000314
0.000375
0.00073L

MDPN (2 )
(micro-u)

0.00
6.32
5.01
5.78
6.1_9
6 .87
6 .68
7 .13
5.9s
7 .18
7 .25
7 .39
7 .45
7 .55
7 .58
7 .59
7 .62
7 .68
7 .65
7 .65
7 .7t
7 .80
7 .82
7 .85
7 .84
7.86
7 .84
7.81
7 .82
7.Bt
7. B0
7 .80
7.78
7.79
7 .77
7.79
7.78
7.8L
7.79
7.79
7 .75
7 .72
7.70
7.74
7 -57
7 .67
7 .65
a.26
0.3L
0.6r-

MDPN (*)
(nano-u)

0 .00
2 .63
L.79
2.L4
2.3s
2 .85
2.78
2.97
2.74
2.99
2 .89
3 .08
2.99
3.L5
3 .06
3.L6
3 .08
2.88
3.i-0
3.r_8
3 .00
2.98
2 -94
3.02
2 .97
3 .04
2.99
3.r-4
3 .00
3.05
2.92
2.BL
2 .85
2.76
2 .87
2.78
2.82
2 .81,
2.84
2.88
2.84
2.76
2.BL
2.77
2.79
2.77
2.80
0.09
0. r-1
0.21-
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sb s].
Te 52
r* 53
Xe 54
Cs* 55
Ba 56
La 5'7
Ce 58
Pr* 59
Nd 50
Pm 6l
Sm 62
Eu 63
Gd 64
Tb* 65
Dy 66
Ho* 67
Er 68
Ttn* 69
Yb 70
Lu 7L
Hf 72
Ta 73
w 74
Re 75
Os 76
Ir 77
PT 78
Au* 79
Hg B0
T1 81
Pb 82
Bi* 83
Po 84
Ar, 85
Rn 85
Fr 87
Ra BB
Ac 89
Th* 90
Pa 91
u92
Np 93
Pu 94
Am 95
Cm "96
Bk 97
cf 98
Es 99
Fm 100
Md l_01
No a02
Lr 103
Rf 194
Ha 105

59 t20.903822
77 L29.906223
73 L26.904468
77 l-3r-.9041-55
77 1"32.90544'7
81 L37.905243
B1 138.906349
81 139.905435
81 L40.907648
B1_ L4L.9077L9
83 r44.9L2745
89 L5L.9L9729
B9 L52.92t227
93 L57.924L0t
93 1-58.925343
97 163.92971-2
97 L64.93031-9
97 l_65 . 93 02 90
99 l-68.9342tl.

r_03 t73.938858
103 L74.940768
l-07 t79.946549
L07 1-80.947996
l_09 L83.950932
111 1_86.955750
Ll-5 L9L.96L479
L15 L92.962923
115 L94.964774
1"1_7 196.96655t
r21 20L.970625
1,23 204 .97 44t2
L25 207.976636
L25 208.980384
L24 208.9824l.5
t24 209 .987131-
135 222.0]-7569
135 223.019731
1_37 225.025402
t37 227.027747
t4L 232 .03 8050
L39 23t.0358?8
L45 238.050784
t43 237.048L66
L49 244.064197
a47 243.O6L372
150 247.070346
t49 247.A70298
L52 25t.O79579
l_5L 252 .08297t
L55 257.095096
155 258.098427
155 259.10L045
155 260.1-0557L
L55 26L.108912
155 262. r-14370

a.000776
0 . 00L3 01-
0 .001133
0.001417
0.001456
0.001714
0.001750
0.001801
0.00r-828
0.00r-870
0.001-971
0.a02229
o .002256
0 .00243x
0 .002453
a .002621
0.002649
0 . 002 681
0.002759
0.002898
0.002915
0.003039
0.003058
0.003129
0.003r_88
a.003297
0.00331-3
0 .0033s4
0.00339s
0.003502
0.003555
0.003614
0 . 003 616
0.003503
0.003600
0.003734
0.003742
0 . 003 779
0.003787
0 . 003 844
0.003829
0.003905
0.003893
0.003961
0.003949
0.003986
0.003983
0 .00401-7
0.000000
0 .0001-19
0.000137
0 .0001s5
0 .000168
0 .000LB5
0 .000r-94

0.65
1, 0B
a.94
L.18
L.2L
a .43
L .46
1.50
L-52
r-.55
t .64
1.86
].. BB
2 .03
2.05
2.1-8
2 .2L
2.23
2.30
2 .4L
2 .43
2.53
2.55
2 .61_
2 .65
2.75
2.75
2.79
2.83
2.92
2.95
3 .0r-
3.0r_
3.00
3.00
3 .11
3.12
3 .15
3.r-5
3.20
3.r-9
3.25
3.24
3.30
3.29
3.32
3.32
3.35
0 .00
0.10
0 .1_r-
0.r-3
0.r-4
0 .15
0 .16

0.23
0.36
0.33
0 .4L
0 .42
0 .49
0.50
o .52
0 .53
0 .55
0.58
0.63
0 .6s
0.69
0.70
0.74
0 .75
0.77
0.79
0.81
0.83
0 .85
0.86
0 .88
0.89
0.9r-
o .92
o.94
0. 9s
0 .97
0.98
0.99
1 .00
1.0r_
t.02
1. 01
L.02
1 .03
r_. 03
a.04
r- .05
r-. 05
1.05
r-.05
1.08
r-.08
l-.09
r-. 09
0.00
0 .03
0.04
0 .04
0 .05
0.05
0 .0s

* Nuclides which occur in only one isotopic for-m
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Legeads for Flgrures s

Figure 1:

The mass ,defect,s Per nucleon due

IvIDPN ( v ) (cf : Eq. 11) vs the atomic

Eo neut.rinos

number Z.

/ antineutrinos,

Figure 2:

The toEal mass defect

ant,ineutrinos, MD.(/)

number, Z.

of the nuclide

[= (z+N)tvDPN(y),

due Lo neutrinos /
cf: Eq.12l vs Ehe atomic

Figure 3:

The linear dependence of

due Eo neuErinos on the

the fraction of

ratio Z/Ar," (cf :

mass def ect,, lllD (v) /tvD,

Eq.13).
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