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The influence of a strong electromagnetic field on quantum effects of the weak type which are of
interest in astrophysical applications is considered. A model external electromagnetic field in the
formofaconstant crossed £ and B fields is considered. Expressions are obtained for the probabili-
ties of the processes and they are investigated numerically. The dependence of the probabilities on
the parameters characterizing the external field and the particle energies is considered.

The interaction between relativistic particles and
strong electromagnetic fields gives rise to a number of im-
portant physical effects which include, for example, the
emission of photons by electrons, pair production, etc.! Un-
der certain conditions, external electromagnetic fields can
appreciably influence even processes due to weak interac-
tions, as was noted earlier in a number of papers.’? The dis-
covery of strong fields in astrophysics renders urgent the
problem of investigating the effects of external electromag-
netic fields on the dynamics of quantum processes in astro-
physical applications too, since it is well known that a num-
ber of both electromagnetic®* and weak processes** play an
important role in astrophysics. Thus, for example, the pro-
cesses of neutrino emission can influence the evolution of
stars.” We note that near pulsars the magnetic fields reach
the order of 10'2-10* G (Ref. 6) and in accordance with
certain estimates’ in the internal regions of pulsars these
fields can even be of the order of 10'"-10'® G. Fields of such
strengths can influence quantum participate processes even
fairly heavy particles.

A number of papers have already noted the importance
in astrophysics of the processes of neutrino production in
reactions of the type

ptp—~>dtet+v.
and others,>® B-decays of nuclei,’ processes of the type’
Ce A X2 X Ve,

etc. Such reactions play an important role in the formation of
neutrino fluxes from stars.’

Reference 8 notes the significant role of processes of the
type

p—-ntet+v, (n
in view of the hypothesis about the origin of elements formed
in the central regions of stars. Processes of type (1) can also
occur through the interaction of high-energy protons with
strong electromagnetic fields, for example, the fields near
pulsars. As in (1), we can consider reactions of the type

p—~N"+et+v,, ()

where N *°is the spin-parity (3/2) * isobar.'’ It has recently
been reported’! that in the neighborhood of certain nuclei
the magnetic fields due to the motion of the nucleons in the
nucleus and their magnetic moments reach strengths on the
order of 10'°-10'7 G. The presence of such fields can affect
the dynamics of processes such as the capture of 4 ~ mesons,
B decay,'"'? and also the decays of hypernuclei.'?
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We therefore think that estimates of the influence of
external electromagnetic fields on weak processes in models
of fields that admit detailed investigation will be useful for
understanding the dynamics of similar effects in fields of a
more complicated type. We make such estimates for pro-
cesses (1) and (2). As a model of the external field conven-
ient to select the constant crossed field, " for which the wave
functions of the charged particles are well known.! if the
external field is modeled by the crossed field, estimates of its
influence on processes of type (1) can be made as in Refs. 1
and 14. We use the usual current-current scheme for the
Lagrangian of the weak interaction,’’ taking into account in
the expression for the weak hadronic current only the contri- -
bution of the form factors /| and g, and omitting the induced
form factors. For the charged particles we use the wave func-
tions given in Ref. 1.

After somewhat lengthy calculations for the probability
of processes (1) we obtain

‘ 'sz"cw du
Wp..newe(x)—mj (@)

j d}\;JzKp-»ne"ve (X)’ (3)

0 A

where
Kp—»ne‘ve (X) = (Uivlz'*‘ lgxlz) hy+2Re figd'h,
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hom (=142 | © () dy+20m) [ (u+1) 170 2),

z=(xu)"*[pn(ut1)+ru(ut+l)—ul.
In (3)-(5) the following notation is used:
c=1/p,, y=e[ (FuP,)*1"m?,
m, m,,and m’ are, respectively, the masses of the proton, the

neutron, and the electron, F,,, is the tensor of the electro-

magnetic field,’ p is the 4~momentum of the proton, and ¢
and @’ are the Airy function and its derivative,’

do=1%J, J=(A—\)/2\. (6)

AM=mptm?, u=m'*m?

tt=1d:i/3],

In the derivation of Egs. (3)—(5), invariant integration was
carried out with respect to the momenta of the neutral parti-
cles.?

We note that the probabilities of the processes (1) in the
external fields were considered previously by Zharkov'® for
the case of the S- and P-versions of the weak interaction and
under certain other simplifying assumptions. The use of the
realistic V-4 form of weak interaction significantly compli-
cates the structure of the probability of the processes (1), as
can be seen from expressions (3)-(5).

To analyze the processes (2), we use the same form of
the weak hadronic current as in Ref. 10, leaving only the
form factors F, and G, and omitting the induced form fac-
tors. After making the necessary calculations for the pobabi-
lity of the processes (2) we obtain expression (3) if we sub-
stitute

JzKp»uc’v*’z/aNp»Nf°c'v,

where
Npoyvers . (X)

=(|F.|*+| G| H+Re F\G Hyt (| Fu |~ |G A H,. (7)
The quantities H; in this case have the form

He= | mtmwbet G- -p0, | 0 Gy

" 1 1
_Z(Xu) "{2}\/(61'—}\4—111) —bg[ 2 +m+—1)'] + —2—-b2

Cy

u(ut+1)

1+p+A
X
u(ut+1)

0 (2),

}q)’ (2)+2 () >

Hy=[2(—t—p) 1t Obu—1) Ot —p)cal J 0 () dy

u?tut+1
| od -t L— 2T e
+4 () [wu L-3dtnio e
1 x+1+u] erth—tL
—— Cy et (I)’ _8 ‘/a.__—-—(I) ,
5 ) 1% @ 8w T ()

H,=(1——u—%)'rzj(D(y)dy—z(xu)"'
X T_z __1'_._ N_ -1 ’
[ L (-N-2) | 0 @),
(8)

The value of z in (8) is the same as in (5),
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b,=N—-3B-+4\'L+20\'Q,
¢c;=B—N,

by=34—20,"'L,
e,=N—2B+20,~' L+1A~'0,

T=A+Nh—IA, T=I[—3N+2),'4A+2)0"'B,  (9)
PR WY (513 [P

1 A +2\? A
B=?I[——x‘—+4(}”—2%—‘«\) ] =TA,
Q =-}%27"«(B7»—2A), 1 E%[ (A i) 2 =400 ] "

The notation used in (8) and (9) is the same as that used in
writing down Egs. (3)-(5).

We draw attention to the fact that the probabilities of
processes in which spin 3/2 particles take part are deter-
mined not only by ®'(z) and integrals of ®(y), as for the
processes with the participation of particles of lower spin,’
but also by quantities containing the Airy function ®(z) asa
factor. Here one sees the probabilities of the quantum pro-
cesses in the external electromagnetic field depend on the
spin characteristics of the particles which participate in
them.

It can be seen from expressions (3)~(5) and (7)-(9)
that the probabilities of the processes (1) and (2) have a
fairly complicated structure. Using the properties of the
functions ¢ nad ®' we can investigate the asymptotic behav-
ior of the probabilities (3) of the processes (1) and (2) for
small and large y. Thus, for y <1, the probabilities (3) are
exponentially small.'® In the opposite case y> | the probabi-
lities exhibit a characteristic y* In y dependence on this pa-
rameter.' However, this limiting case is not of interest since
in this region of variation of y the probabilities of the pro-
cesses (1) and (2) will also be determined, to a considerable
extent, by the behavior of the form factors of the weak ha-
dron current.'® The analysis of the probabilities (3) for val-
ues of y of order unity is therefore of greater interest.!* In
just this region of variation of y the nonlinear dependence of
the probabilities of the quantum processes on the parameters
characterizing the field and particle energies is the most sig-
nificant.’

Using the tables of Ref. 17 for the Airy functions and
their derivatives, we carried out a numerical analysis of the
probabilities of the processes (1) and (2) which are deter-
mined by expressions (3)—(9).

We note, first of all, that expressions (3)-(5), together
with the effects (1), also describe decays of the type
2* A +e* + voccurring with relatively low energy re-
lease in the external field. The influence of the external field
on these processes is of interest '® because the effect of the
field on the particle decays with low energy release increases,
as noted in Ref. 2. In this case, as shown in Ref. 2, y§ -2
becomes the effective parameter determining the effect of
the field on the decay, where § = (1 —u — 4,)/24,.

Numerical investigation showed that the probabilities
of the decays 2* —A 4+ e* 4 v increase significantly in
comparison with their values in the absence of a field for
values of y as small as 10~ to 10™>. Such values of y are
associated with electromagnetic fields of order 10'® to 10"’
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FIG. 1. The probabilities of the processes p—n+ 1% +v and
p—N*° + 1% + vasfunctions of y for the crosssed field. Curve 1 is calcu-
lated for p—n+e* +v, with fi/g, =0.8 (Ref. 15), and 2, for
p—n+p* +v,. The curves with primes relate to the similar processes
p—N*+1* + vwith F,/G, =0.22."°

G, which, as has already been indicated, exist near nuclei.
Owing to this, this effect can be significant for different weak
processes occurring in heavy nuclei, for example, the cap-
ture of u ~ mesons, decays of hypernuclei, etc.

Figure 1 gives the results of the calculations of the pro-
babilities W, of processes (1) and (2) as a function of y for
the crossed field normalized as n, = W;/W?. For reaction

(D
Wpo-»ne’v e=G2 l gl l zmac/znsv

for (2), W“L Nog+, 18 Obtained by the substitution g,—G,.

Processes (1) and (2) with muon production were also con-
sidered in order to estimate the dependence on the charged-
particle mass. For processes (1) and (2) with electron pro-
duction a very rapid increase of the probabilities is observed
as y increases. This is due to the significant (for small x)
contribution of the region of small & and large A to the inte-
grals (3) which determine probabilities (1) and (2), as can
be seen from the expression for z in'(5). Because of this, the
probabilities for the muonic processes (1) and (2) for these
values of y are significantly lower.

Thus, the dynamics of the reactions (1) and (2) in the
external fields is characterized by a strong dependence of the
probabilities of these processes on the mass of the resulting
charged particles. At the same time, their behavior in differ-
ent ranges of y for the reactions (1) and (2) is significantly
different. We note that a kinematic factor also plays an im-
portant role here. Thus, as the estimates show, to observe the
effect of the external electromagnetic fields on hyperon de-
cay processes of the type

Y—N+n,

where Y denotes the decaying hyperon and N the nucleon,
and on the inverse processes

(10)
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N—->Y+a, (11)

fields one or two orders of magnitude larger than for pro-
cesses of type (1) for the same initial particle energies are
necessary. We note that these estimates can be of interest
both for astrophysical applications®> and, for the study of
the possible manifestation of a similar effect'® in the decays
of heavy hypernuclei.

When ultrarelativistic particles interact with strong
electromagnetic fields the following processes, due to the
weak neutral currents, are also possible:

nEf—>n*tv+y, p-ptvty, po>-N*t+Hv+v.

The presence of very strong electromagnetic fields near the
pulsars can therefore cause, as a result of their interaction
with such particles, specific astrophysical mechanisms in
which weak neutral currents manifest themselves.

This examination of the effect of external electromag-
netic fields on the dynamics of weak processes is therefore of
interest for the analysis of a fairly wide range of problems,
important from the point of view of astrophysical applica-
tions*~>*® and also in investigating the dynamics of quan-
tum effects in strong electromagnetic fields.'
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