W-boson 1s produced in the process (3) with a momentum along the motion of the
primary proton beam, the muons from its decay (2) will have a transverse-momen-
tum distribution

" R
_dgNﬂ(mw _ p2> 1/2dp , "

i.e., they will have predomlnantly p; = mw/2. The transverse motion of the par-

tons leads to the appearance of a small transverse momentum also for the W
boson (plw v v27/a), which leads to a smearing of the square-root infinity in (4).

The energy distributions of the muons from the W boson at fixed observation
angles © will then have narrow peaks near

E ~ my/2sin6. (5)

Opservation of such peaks against the background of the decreasing spectra of
the muons from the process (3) will make it possible not only to establish that
the W boson is produced, but also to measure lts mass on the basis of (5). This
conclusion and relation (5) are quite general and do not depend on the model,
since they are based on purely kinematic properties of the decay (2). The back-
ground from the decays m - u + v and XK - 1 + v is suppressed by the nuclear
screening and is separated in experiment from the processes [1]. The figure
shows the calculated d%0/dEdQ at muon production angles 6 = 7 and 11° (the
angle 9° corresponds to the location of the muon-duct axis in the experiment of
[1], the aperture of the muon duct i1s A6 = *2°), It is seem from the filgure
that the W boson can be observed in the experiment of [1] at a cross section
1073%7 em? if its mass is m, < 8 GeV.

The authors thank B.A. Dolgoshein for support in the work and for a dis-
cussion of the results.
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A vacancion mechanism of ion mobility in a solid
is proposed. Two cases of mobility are consldered,
diffusion and kinetic. The results are compared
with the available experimental data.
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The mobility of ions 1n solid helium was first measured by Shal'nikov and
co-workers [1]. Shikin [2, 3] proposed a vacancion mechanism of negative-ion
mobility. The negative ion (a bubble with a radius of several interatomic dis-—
tances, in which an electron is contalned) moves under the influence of an ap-
plied electric field, from the region of higher pressures into a low-pressure
reglon, as a result of the diffusion vacancy fluxes produced in the solid
helium. It was also indicated in [3] that no such mechanism can exist for posi-
tive-ion mobility, since the probability of a vacancy coming within an inter-
atomic distance of a positive ilon is negligibly small, in view of the high pres-
sure produced by polarigzation around the positive charge. It is known from ex-
periment, however [4], that the mobility decreases exponentially with decreas-
ing temperature and the argument of the exponential is close to that for the
vacancy concentration in solid helium (20 - 40°), All the numerical data that
follow pertain to helium-4. We propose here a vacancion mechanism for the mo-~
bility of positive ions in solid helium.

We consider first a positive ion in solid helium without an external field.
The energy of a vacancy situated at a distance r from a positive ion, reckoned
from the vacancy energy in the absence of the ion, is determined in the main by
the expression

v _la
P(")——z—r—:w:

where o is the specific polarizability of helium and w 1s the volume of the
vacancy (per atom). The vacancy concentration is therefore given by

1 ol
c(r) = €, exp |- 5 o
r

€, = exp {—

is the vacancy concentration at infinity.

(1)

where

(2)

- >
——

In formula (2), A is the energy needed for a vacancy to appear in solid
helium (see [5]). It is seen from (1) that the concentration up to distances
determined from the relation

aczw
_% ~ 1 (3)
RAT
i1s much less than c¢, and for r > R it 1s equal to the concentration c¢¢ at in-
finity. Substituting in (3) aw = we = 1.96 % 1072% em?, £ = 4.8 x 107'% cgs

esu of charge, and T v 1°, we obtain R v 10”7 cem. We note that R depends little
on the ftemperature. The positive lon in the helium is thus surrounded by a
sphere of radius R~ 1077 cm (v2.8 interatomic distances), inside of which the
vacancies do not penetrate. If we now turn on the field, then a force applied
to the center of the sphere appears and causes an additional redistribution of
the pressures in the helium and with 1t vacancy fluxes outside the sphere.

Following [3], we can consider two cases: diffusion mobility of the wvacan-
cies and the case of delocalized vacancies (vacancions), which apparently takes
place in solid helium. In the former case 1t 1s necessary to solve the statlon-
ary diffusion problem outside our sphere (see [2, 6])
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Ac =0, (4a)

o

n®

eR) = - —l-c, (4b)

Here ¢ stands for the deviation of the concentration from the equilibrium value,
and pn 1s the pressure on the surface of a sphere of radius R. We obtain this

>
pressure by solving the problem of a §-force (see [7]) e€ applied to the center

of the sphere. The vector of the displacement of the medium under the action of
the §-force is

14 o (3 -40)E +n(nd)
u(r)y= 4 .

8rE(l1-0) r

Here E and ¢ are the Young's modulus and the Poisson coefficient of the solld

helium; & = ¥/r. Knowing u(?), we obtain the stress tensor oy, and

2-0) e(&n) (5)
4r(l-0) R?

Pp = Oj 0y

We note that the boundary condition (4b) holds only when the requirement pnm/T

<< 1 is satisfied. This means that on the surface of a sphere of radius R, the
vacancy energy due to the deformation resulting from the external force e€ is
. small in comparison with the temperature, whereas the energy due to the polari-
zation around the positive ion Vp(R) is of the order of the temperature. This

enables us to regard the motion of a positive ion in solid helium as motion of
a vacanclon-free sphere with an ion at the center. It 1s easy to verify that
the requirement p wl << 1 is satisfied up to fields € ~ 10° V/em., In the esti-

mate we have assumed that w ~ 3.5 x 10723 em®, T ~ 1°, o v 1/3, and R~ 1077 cm.

We thus solve Eq. (4a) with the boundary condition (4b) (see [2, 6]) and
then calculate the normal velocity of a wunit area on the surface of the
sphere, using the formula

de
Vn - W r=R ? (6)

where D is the coefficient of vacancy diffusion, which iIn the case of quantum
diffusion can be estimated at D v a?/t ~ a%’e/A, where a 1s the interatomic dis-
tance, T the lifetime of the vacaney on one site, and e is the wldth of the
vacancion band. We obtain for the ion velocity

2
Ve 2 -¢ alewel c,

cos ® B 27( 1 -¢) FR> T (7

vy =

po=v/&.

Here 6 1s the angle between % and € , and u is the mobility.

In the second case tHe normal velocity per unit area on the surface of the
sphere 1s proportional to the deviation of the vacancion concentration on the
sphere surface from the equilibrium value given by (4b), and the average Max-
welllan vacanclon velocity V2T/M (M is the wvacancion effective mass). The exact
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solution of such a problem (see [3]) leads to the expression

v 2 -¢ eéwc
n o

cos 47(1-0) R2y2aMT

Recalling co, we obtain from (2)

o= g (T)e= BT
(8)

2 -0 € w

Bo(T) = ——
27 (1-0) Rz\/zﬂMT

The argument A of the exponential is the gap for vacancy production and varies
according to [5] approximately from 20 to 35° when the specific volume of the
helium varies from 21 to 18 cm®/mol, which agrees quite well with the change of
the argument of the exponential for the mobility (see [4]). To estimate the pre-
exponential factor, we calculate M by means of the formula M ~ (#i%2/2a2%)(e/z)”},
where € 1is the width of the vacancion band (e ~ 2 - 3°, see [5]), a 1s the inter-
atomlc distance (a v~ 3.6 A), and Z is the number of nearest neighbors. We ob-
tain M n 2MHe N 10728 g, Substituting the remaining numerical data given above

for the pre-exponential factor at T ~ 1° and upe v 3 (cgs esu), which is smaller
by approximately two orders of magnitude than the value obtained from the ex-
perimental data [4]. The cause of such a discrepancy may be that the quantity
actually measured in the experiment 1s not the mobility but the current, whose
temperature depencence should agree qualitatively with the temperature depen-
dence of the mobility, but no exact correspondence can be established between
the current and the mobility, owing to the space-charge effect. Thus, the re-
lation (8) agrees qualitatively with experiment [4]. An estimate of the pre-
exponentlal factor by means of (7) leads to approximately the same values as

(8).

The author thanks V.L. Pokrovskil for useful discussions.
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In a preceding paper [1] we have obtalned the spectrum of the magnetic
surface levels (MSL) in a normal cylinder. We have shown that in a weak
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