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associated difficulties are also inherent in the 
method here described. This hampers the compari­
son of the solution of (12) and of the expression 
derived therefrom for the scattering phases, etc., 
with the results obtained by the usual renormaliza­
tion method 1• 

I wish to express my profound gratitude to Acade­
mician I. E. Tamm and to his collaborators for 
their discussion of this note and for valuable sug­
gestions. 

1 Si!in, Tamm and Fainberg, J, Exptl. Theoret. Phys. 
(U.S.S.R.) 29, 6 (1955); Soviet Phys. JETP 2, 3 (1956). 

2 M. Neumann, Phys. Rev. 85, 129 (1952). 
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I T has recently been clearly established that the 
/3-interaction is a mixture of the scalar and 

tensor types. The scalar interaction constant has 
been determined by measuring f t for the /3-decay 
of 014 to N14 2. The nuclear matrix element of 
13+-decay of 014 can he obtained by an exact 
theoretical calculation since this is an 0 +-+ 0 + 
transition with identical nucleonic wave functions 
in the initial and final nuclei. 

The tensor interaction constant cannot he de­
termined directly from /3-decay since the matrix 
element for the tensor type cannot be calculated 

exactly. In this case the spin direction of the 
decaying nucleus is c.hanged, and since spin-orbit 
coupling and the relative orientation of nucleonic 
spins play an important. part in nuclear interactions 
the nucleonic wave functions of the initial and 
final nuclei will differ. I3ut since we must know 
the form of the initial and final nucleonic wave 
functions in order to calculate the matrix element 
of the nucleus, whereas the exact form of a nucle­
onic wave function in the nucleus is unknown, the 
matrix element for the tensor type ~f /3-interaction 
cannot be calculated exactly. 

The only nucleus for which the nucleonic wave 
functions are known well is the deuteron, which is 
not f3-active. However, it is possible to determine 
the tensor interaction constant directly and inde-

pendently of the scalar interaction constant by 
measuring the cross section for the absorption of 
an antineutrons by a deuteron: 

D + v--+ n + n + e+ (I) 
'"" ( v denotes a neutrino and v an antineutrino ). This 

process, as is indicated by an estimate given be­
low, has a cross section which is smaller by an 
order of magnitude than the p + !)'-+ n + e+ cross 
section; this process has apparently been observed 
by the annihilation radiation of the positrons. The 
cross section is of the order of magnitude 10-44 
cm2 . 

The present note deals with the determination 
of the antineutrino absorption cross section for 
deuterons. 

The following simple considerations show that 
the scalar interaction makes a small contribution 
to the cross section as compared with the tensor 
interaction. The neutrons emitted in process (I) 
will possess very small velocities since the 
larger part of the energy evolved in the interaction 
is borne off by the electron. We can therefore as­
sume that both neutrons are formed in an S-state. 
By the Pauli principle the spin part of the wave 
function for the final state of the neutrons must 
be antisymmetric, i.e., the neutrons spins must 
be antiparallel. The spin part of the deuteron 
wave function is symmetric--the nucleonic spins 
in the deuteron are parallel,. Consequently, the 
relative direction of the spins must be changed. 
This is possibly only by a tensor interaction type 
and is impo$sible by a scalar type. 

For the purpose of obtaining the differential 
cross section of process (I) the deuteron wave 
function was taken in the usual form; the wave 
function of the final state was made antisymmetrical 
in all variables of the neutrons. 

For the differential cross sections, summed over 
all polarizations of the final states and averaged 
over all polarizations of the initial states of the 
particles, the following expressions are obtained: 

2m< 2 ( 1 1 ) 
da.s = (2rt)5 Os x2 + p~ X2 + p~ (l) 

2 EeEv- PePv plEl dolpeEe doe dEe 

EeEv 1 - (£1P2/ P1£2) COS til. 2' 

da,. = 2rtx 02 { 2 
(2rt)s T (x2+Pi)2 (2) 

+ 2 + ( 1 -- _1_)2} 
(x2 + p~ )2 x2 + Pi x2 + p~ 

X 
EeEv + 1/s Pe Pv 

l;~Ev 

p1E1 do1peEe doe dEe 

1- (EIP2IP1E2) cos 61. 2 • 
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Here Pe• p11 , E e' E11 are the momentum and the total 

energy of the positron and antineutrino, respec­
tively; p 1 , p2• E1 , E 2 are the momenta and total 

energies of the emitted neutrons; e 1, 2 is the angle 
between p 1 and p 2;do 1 and do 2 are the element of 

solid angle of one of the emitted neutrons and of 
the positron, respectively; GT and G s are the di­
mensionless tensor and scalar interaction con­
stants, xis the reciprocal of the deuteron radius 
(units have been chosed to give -h: = c = m = 1 ). 
The following momentum and energy conse~ation 
laws are satisfied: 

An estimate of the ratio of the integral cross sec­

tions gives a /aT "' 10" 2 • Since (as has been 
indicated abo~e ) the energy evolved in the reac­
tion is borne off by the electron, it is possible to 
estimate the total cross section of the process 
without an exact integration of (1) and (2). For 
this estimate we can use certain average values 

of the :_nergies and momenta. Then E 1 "' E 2 "' E, 
where E is the average energy of a nucleon in 
the deuteron and 

2x 0~ ---
cr8:::::: 0, cr ~ cr ::::::- pE p3. 

T 3rr2 (p2 + x2)2 e 

By substituting in (5) the calculated values G 
"'4x10" 12 (see, forexample, Ref.2),E "'2 T 

(5) 

x 103 , p"' x"' 87, P., "' 1 to 2 (the energy of the 
antineutrino must then be E "" 4.2- 4.6 mev; the 
reaction threshold E = 4.03 mev· the average 

II ' 
energy of the antineutrinos emitted by a reactor* is 
2.5 mev) we obtain as an estimate of the total 
cross section 0.1 x 10"45 -1 x 10·45 cm 2 • 

In conclusion, the author wishes to thank I. S. 
Shapiro for suggesting the problem and for valuable 
comments. 

* For an estimate of the average energy of antineu­
trinos emitted by a nuclear reactor, see Refs. 3 and 4. 

1 
Maxson, Allen and Jentschke, Phys. Rev. 97 109 

(1955). ' 

(3) 
Ev.+ Ev. --- £ 1 -- E2 - Ee = 0. 

Here ED = W + M + M , where M and M are the 
P n p n 

mass of the proton and neutron, respectively, and 
W is the deuteron binding energy. 

In the cross section for process (I) we neglected 
the term resulting from the interference of the scalar 
and tensor interactions. As can be shown by a di­
rect calculation, this term is directly proportional 
to the velocity difference of the initial and final 
states of the nucleon which absorbs the neutrino 
and can therefore be neglected (an error"' 0.1% 
is thus introduced). 

From (1) and (2) it can be seen that 

(4) 
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E XPERIMENT AL data indicate that the elastic 
collisions between high energy IT-mesons ( 1.4 

bev and more) and nucleons are of a markedly di£­
fractive character, i.e, small angle scattering is 
prevalent 1"4 • In Ref. 3 an attempt was made to 
analyze the diffraction scattering theoretically. 
However, the authors assumed for the nucleonic 
model a sphere with sharp boundaries and certain 
transparency, an assumption which is usually made 
with respect to the nucleus. In the case of a 
nucleon, nevertheless, there is no cause to choose 
such a model. In the present note the diffraction 


