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The cross section for the reaction v+ d— v+ p+n for S and P states of the np pair is
calculated. The weak interaction Hamiltonian with a neutral neutrino current was used.

THE problem of the possible existence of a neu-
tral neutrino current in the Hamiltonian of the
universal weak interaction and of the interaction
of the neutrino with nucleons has been considered
in a number of papers.D‘s] Experimentally, this
process can be studied with a copious neutrino (or
anti-neutrino) beam in the high energy region,
using the accelerator method,m or in the low
energy region, using nuclear reactions with low
thresholds. In the latter case one may apply the
experimental method of Reines and Cowan 1 or
the method proposed recently by Mikaélyan and
Spivalk.fgj| The high energy studies are mainly
concerned with the muonic neutrino, whereas the
electronic neutrino is used at low energies.
Therefore, the investigation of the interaction of
neutrinos with nuclei at low energies is of an in-
terest independent of the accelerator experiments.
From this point of view, it is useful to have a
theoretical estimate of the cross section for the
disintegration of the deuteron in the inelastic
scattering of a neutrino at low energies. The
Hamiltonian for this process has the form

H=2""G [?N’]’pL 1+ M’s)(Aj + B%Z) ¥yl

X (D1 (1 + 15) D5
A =1(M + M), B ="1/3(M— M),

where GAy and G\, are the weak interaction con-
stants for the coupling of the neutrino to the pro-
ton and neutron, respectively.

In the region of low energies (up to 15 Mev) of
the incident neutrinos one can neglect the recoil
energy and make use of the usual approximations
of allowed and forbidden transitions as in 8 decay,
which follow from a series expansion of the ex-
ponential in the matrix element. Then the total
energy set free in the reaction is given by the
relation

Eo =E\)’—Ed=Ev+q2/M=Ev+Ek,

where E s is the energy of the incoming, E, the
energy of the outgoing neutrino, Eqy is the deu-

teron binding energy, Ex and q are the energy
and momentum of the relative motion of the np
pair, and M is the nucleon mass. In the approxi-
mation of an allowed transition the final state of
the np system will be !S,, and the differential
cross section for the process v +d—n+p+ v
is, in the effective range approximation, given by
the formula

do = (7\,1 - 7\,2)2d0'1,
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where the masses and the energies are given in
units of the electron mass mg, and the lengths
and effective ranges in units of the Compton wave-
length of the electron A,; Gy is the dimension-
less weak interaction constant (Gy = 0.3 x 10711,
It is natural to assume that A = Go/Gy has the
same value as in 8 decay. The curves for the
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FIG. 1. Differential cross section do,/dEy as a func-
tion of E for different values of E, (Ex and E, in units of
me ): curve 1: E, = 25, 2: 20, 3: 15, 4: 10, 5: 5.
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Table I. Dependence of the cross
section ¢4 on the total reaction

energy E,

Ey/m, c‘;gz " | Eo/meg G'C::Z | Eofmyg c::::z ’
1 0.089 11 43.3| 21 189
2 0.607] 12 53.0| 22 209
3 1,78 | 13 63.7| 23 230
4 3.711 | 14 75.5| 24 254
5 6.49 | 15 | 88.6]| 25 278
6 [10.2 16 | 102 26 302
7 114.8 17 118 27 329
8 20,5 18 | 134 28 356
9 271 19 1151 29 384

10 134.7 20 170 30 | 414

differential cross section doy/dEg for E,= 5, 10,
15, 20, and 25 mg, as calculated with these as-
sumptions, are shown in Fig. 1. The total cross
section o4 (E;) is given in Table I. For energies
E, > 1 the cross section ¢y can be related to the
cross_section og for the process v +d — 2n

+ e+l by the formula

0y =~ 1/2 (7\.1 —_ 7»2)20'3.

In the approximation under consideration the
cross section has its largest value for Ay = -2, (]
and vanishes for Ay = A,. In the latter case one
must consider the forbidden transition 38; — P,
the cross section for which contains the factor
Ay + Ay. Then, neglecting the interaction in the
final state, we obtain

do = (M + A2)2do2,
2 1 VEd  (Eo— Ex)2Ey":

doy = Gy*\2— Kk 2—— —
2 M1 —'VEdMTT (Ed-{-Eh)z

<[ (E0+Ed)2+(Eo—Ek)2+§— (Bo + Ea) (Eo — By) | dE.

The curves for the differential cross section
doy/dEg for E, = 15, 20, and 25 me are shown in
Fig. 2. The values of the total cross section
09 (Ej) are given in Table II. For E; = 25 the
cross section o, amounts to 2% of ¢;. For a
given constant G the cross sections oy and o,
give the upper and lower limits for the possible
cross sections for the inelastic scattering of neu-
trinos on the deuteron.
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FIG. 2. The same for do,/dE.

Table II. Dependence of the cross
section o4 on the total reaction

energy E,
0,104, y-104, 0,104,
Eoime cm? Edme cm?® Edme cm?
1 7-10-5| 11 4,10 | 21 91.1
2 |1,1.10°3| 12 7.02 | 22 112
3 |0.011 13 {10.2 23 137
4 | 0,0421 14 |14.3 24 | 167
5 | 0,119 15 |19.6 25 | 200
6 | 0,279 16 |26.4 26 | 238
7 0,574 17 |34.8 27 | 283
8 1,07 18 [45.2 28 | 333
9 [1.85 19 |57.8 29 | 389
10 | 3,02 20 |73.0 30 | 453

3V. N. Bajer and I. B. Khriplovich, JETP 39,
1374 (1960), Soviet Phys. JETP 12, 959 (1961).

4 Gershtein, Nguyen Van Hieu, and Eramzhyan,
JETP 43, 1554 (1962), Soviet Phys. JETP 16, 1097
(1963).

5B. M. Pontecorvo, preprint JINR, E-980
(1962).

6 Proceedings of the Sienna Conference, October
1963.

UC. L. Cowan, Jr. and F. Reines, Phys. Rev.
107, 1609 (1957).

'L. A Mikaelyan and P. E. Spivak, report at
the Dubna Conference, January 1964.

9A. V. Govorkov, JETP 30, 974 (1956), Soviet
Phys. JETP 3, 812 (1956), J. Weneser, Phys.

Rev. 105, 1335 (1957).

Translated by R. Lipperheide
264



