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A solution obtained for the generalized Dirac equation in the field of a plane wave is used for the
first time to discuss the generation of neutrino pairs induced by the interaction of the neutron
anomalous magnetic moment with the field of a plane wave. Expressions exact in the field
strength are obtained for the probabilities in a wave of linear polarization and in a crossed field.
Estimates are made of the possibility of observing the effect against the background of the

competing process of beta decay.

A considerable number of studies have been devoted to
interaction processes in the field of a plane wave. The calcu-
lation technique proposed by Ritus and Nikishov' permits
taking into account in a relativistically invariant way the
charged interaction with the wave field and obtaining a re-
sult which depends on the invariant field and energy param-
eters. Interest in problems of this type has been stimulated
both by progress in laser technology and by the opening of
new reaction channels which are forbidden in the free case.
Among the latter, for example, are the electroweak pro-
cesses e~ —e” (v9),”* wvov(ete ), vortu~ and
e* -7 % 45 and others. In this connection there has pre-
viously been no consideration of reactions due to interaction
of anomalous magnetic moments of neutral particles with
the field of a plane wave. This may be due partly to the lack of
a relativistically invariant calculation scheme similar to that
of Ref. 1. In the present work the Ritus-Nikishov technique
is extended to interactions of this type with specific applica-
tion to calculating the probability of neutrino pair produc-
tion by a neutron in the field of a linearly polarized plane
wave.

1. The wave function of a neutral Fermi particle which
has an anomalous magnetic moment u satisfies the general-
ized Dirac equation (metric ( + ---))

(ié—m—%ucqu’”) P=0, (1

where F is the tensor of the external field. The potential of
the plane-wave field has the form

o=(kz),

Squaring the initial equation (1), we shall seek the solution
in the form

A=A(g), k*=(kA)=(kA")=0. (2)

p=e= 0 (g), 3)
where p?> = m? holds and the function ® (@) obeys the equa-
tion

’ u‘ oy I3 oAy ’
Q' =——— (kA pt+pkA’) ®.
2(kp) TP 4)
From this we obtain
M u(p) (5)
2(kp) (2p0) ™
The expression for ¢ determined by (3) and (5) is a solution

of the initial equation (1) if the condition (p — m)u =0is
satisfied, and where with normalization to a single particle

0= exp{ ('I};lfﬁ-ﬁltc;l)}
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per unit volume we have #u = 2m. Taking into account
further that the expression in curly brackets in (5) satisfies
the relation

{} 2n__ (_1) 'nZZn,

we eventually obtain

z=u(___A2)‘h,

EAp+pkA
_KApEpRA G a] (6)
2(kp) (—4%) (2po)

It is easy to verify that the current density is given by the

expression

(D=[cosz+

"I’Yulp=pu/po,

which means that effective renormalization of the mass, in
contrast to an interaction of the charged type,' does not oc-
cur in this case.

We note that the solutions of Eq. (1) previously ob-
tained have an extremely cumbersome and noninvariant
form, describing moreover particular cases of wave polariza-
tion.”

2. In the contact appoximation we shall write the effec-
tive Lagrangian L ,,,,5, induced by the contribution of neu-
tral currents in the form (the neutrino is massless)

G _
L(vva) = '2_.? [’lpnl—‘a.’lpn] [@VYG(1+Y5)¢V]7

7
Pa=Ya(CV+CA‘Y5)a ( )
and the values of the vector and axial vector coupling con-
stants C;,, and C, do not depend on the type of neutrino,
since

8zv,v, = gzv" vu=g2v(v .

We shall consider the process n—n(v¥) in the field of a
linearly polarized plane wave

A=aqa sin Q. (8)

The matrix element obtained with use of Egs. (3), (6), and
(7) contains integrals

1

— J. dz e=»=?'~9%{cos? z, sin’ z, sin z cos z},

(2m) )

11,2,3 =

where p and p' are the momenta of the initial and final neu-
trons and g is the combined momentum of the neutrinos.
Using an expansion in Fourier series, we obtain
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L-—Iz———EJ (2)8 (p—p'—g-+sk),

=2

____Zl(x)ﬁ(p —p'—q+sk),

s=1

(9a)

(9b)

where the sum in (9a) is taken over even values of s and that
in (9b) over odd values, and we retain only terms which
make a nonzero contribution to the probability. In Egs. (9)
we use the notation x = 2u ( — a?) '/ for the argument of the
Bessel functions, which is similar in meaning to the param-
eter e( — a®)>/m when the charged interaction with the
wave field is included.’

The total probability of the process per unit time after
integration over neutrino momentum is given by the expres-
sion

W=2W.,

where the partial contribution W, corresponds to capture of
s photons of the wave (when the radiation of neutrinos of all
types is taken into account, the result must in addition be
multiplied by 3):
G4 dp’ ) [ 1+ (—1)° reem
122n)'po 10y 200 2

_|_1 (—1)* I,{;u)]’

(10a)

W, = - (¢"¢"—q’g

2
Tw="/.Sp [ (p"+m)T.(p+m)T.], g=p+sk—p’,
- M'TM
(kp) (kp')a*’
7 M'T, r.M
(kp') (=a*)"™ ~ (kp) (—a*)"’

M=rkap+(pk)a—(pa)k, M =p'ak+(p'k)i—(p'a)k.

(10b)

The calculations show that

(odd)
=(¢"q"—¢g"") T

=2(Cv*+C.%) {2 (pq) (p'q)+a*(pp") +3¢°m?
2m*(kq) , , ’
(kn;) (k(;’) [(kq) (pp")—(kp") (pq)— (kp) (p'q) ]

(even)
(quqv_nguV) Fuv

—2mt(kp) (k') = H2(C-C.){ ~2000) () +* (o0')

2,2 I7l2 2 2 2 2 ’y2
—3m?*q +W[—2nﬁ(kq) —q*(kp)*—q*(kp")
+2(kp’) (p’q) (kq)+2(kp) (pq) (kq) 1+

+(kp) (kp') = [4m+g*~2(p0 ) ~2(p—p) g1 }

where we use the notation
a=(ap/kp—ap’[kp)

and have omitted the interference term proportional to C,
C,, which does not contribute to the integrated probability.
As in Ref. 1, we introduce the invariant variables

y=2(kp)/m*, u=(kq)/(kp’), A=g¢'/m*

and the azimuthal angle ¢, of the vector p’ in the system
(k1!p) so that, for example,
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(2)e ={72;[<1+u> ()P eosqu}

a
h=u(u.—u) (1+u)-!, u,=sy
In the new notation the partial probability is written in the

form
_ ¢ dqao{ Kuu. ]
Wo=wod 2 (1+ 7 f vt
(u,— 2u)’ ( uu,
+CAZ[4(A,—A)coszqao+-T+_—u—+x 8+ )—Az]},

(11)

3. The fairly elementary though awkward integration in
(11) yields the result

we=G*m*/48 (21)°n,.

W.=wod,} (Cy*Fy +C,F,"), (12)
where
o Ul 107 1 ( 1 )
= sz — L W T T 4_ ba — T U,
B=fg % %5 6
u,b,’
+ = 5(u,+2)In b, (12a)
12
5 19 15 53
,(1‘)"—'_' 13_ 52_—_ n_"-+b( ‘Z+ 8 )
Fal=qguiui—qgi—y wtTu t

us? 5 4)
_pz u, A —) —(u,F .
b.(3 + 7 u 3 (u,+2)In b

(12b)
b, = (1 +u,) ™", and the functions F**, as one would ex-
pect, are positive definite in the range 0—oo of values of u,.

In the nonrelativistic case u; €1 to within terms of or-
der U we obtain

Fy" =u,/84,

which means that the contribution of the axial vector struc-
ture constant dominates and the leading power of y is the
same as in the charged interaction with a wave field.*

In a wave of low intensity x € 1 the main contribution in
the sum over s in (10a) is from small values of s in accor-
dance with the expansion®

"‘z(x)=(%)h[ (s?)z —2s!(sx-zir1)! +]

which with inclusion of (12) permits us to write out easily
the contribution to Win any order in x It is easy to see that
the term linear in the wave energy density (proportional to
x?) does not depend on the polarization state of the wave,
which is just like the situation in the charged interaction.'
Passage to the limit of a constant crossed field, x — o,
y—0, y = xy = const is simpler to achieve if we repeat the
calculations with a potential 4 = ap (for definiteness we
shall assume that k, > 0). As can easily be seen, the integrals

of the form (9) will now be equal to (x = 2|u|( — a?)'?)
Ii——I ='/.8(pt+zk—p'—q),
I,= T sign(p) 8 (p+azk—p'—q).

(13a)

(13b)

This means that the total probability of the process
n—n(vv) in a constant crossed field W, is obtained from
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(10a) and (12) by removing the sum over s and making the
substitutions J?—} and 4, —¥. In particular, for y <1 we
have

2

=7
L A e - S | U

and for y>1

Wo="swoy*(Cy*+5C42). (14b)

4. Present-day lasers can focus to an intensity of about
10'® W/cm?,° which corresponds to a maximum wave field
strength of about 107 to 10® gauss. Taking also the limiting
value (w/m,) ~ 1075, we obtain x ~ 1073, and the value of
y~10~%(p,/m) will depend on the neutron energy. In this
case it is possible to discuss just the contribution of the har-
monic s = 1 to the probability, and with the additional con-
dition y €1 it is necessary to consider only the contribution
of the axial vector part (13b). Although information on the
value of the constant C, in the Lagrangian (7) is not avail-
able to us, it is quite natural to assume C, ~ 1. Then, using
the standard expression for the probability of beta decay of a
free neutron, transformed to an arbitrary system, we easily
find that the probability of the process n—n(v¥) is equal to
the usual probability for extreme relativistic energy values,
Po ~105"m (but with y € 1), which as yet are not accessible
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experimentally. We note that when the influence of the field
on both processes is taken into account, it is possible in prin-
ciple to separate them on the basis of the difference in the
decay products. Therefore the hopes for detection of the pro-
cess under discussion most likely rest on further increase of
the power and frequency of laser radiation.
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