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The kinetic theory of the oscillations of an electron

lasma in a constant magnetic field

is examined. An investigation is made of plasma oscillations of frequencies which are in-

tegral multiples of the gyromagnetic frequency. The indices of refraction are determined
for the ordinary, the extraordinary and the plasma waves which are propagated at an arbi-
trary angle 6 with respect to the magnetic field, It is shown that at frequencies which are
integral multiples of the gyromagnetic frequency the plasma wave is highly damped if

0 <m/2. If O =m/2 then the plasma waves corresponding to these frequencies cannot be

propagated at all. In this paper the width of the

plasma oscillations is dctermined.

gaps’’ in the frequency spectrum of the

HE study of electromagnetic processes in elec-
tronplasmain anexternal magnetic field is of in-
terest for a number of problems in radiophysics
and in astrophysics.

In the absence of external fields the oscillatory
properties of the plasma have been studied in the
papers of Vlasovl and Landau?. A characteristic
feature which distinguishes plasma from other
media from the point of view of the propagation of
electromagnetic waves is the possibility of the ex-
istence in the plasma of weakly damped longi-
tudinal electromagnetic waves (plasma oscillations).

The presence of a magnetic field leads to an an-
isotropy of the properties of the plasma and also
gives rise to a number of characteristic resonance
effects. The properties of an electron plasma situ-
ated in a magnetic field have been investigated on
the basis of the kinetic theory first of all by
Akhiezer and Pargamanik3, and later by Gross*
who showed the existence of bands of forbidden
frequencies, which are integral multiples of the
gyromagnetic frequency, when the plasma wave is
propagated in a direction perpendicular to the di-
rection of the magnetic field. Subsequently, the
properties of plasma in a magnetic field have been
studies in Refs. 5-7. In particular, Gershman®
investigated the influence of thermal motion on the
propagation of electromagnetic waves in the plasma.
The theory of the propagation of electromagnetic
waves in plasma is given in the hydrodynamic ap-
proxiniation in the monograph by Al’pert, Ginzburg
and Feinberg8.

The present article is devoted to the investiga-
tion of the oscillations of an electron plasma in a
magnetic field on the basis of kinetic theory.

[

1. THE DISPERSION EQUATION

We shall examine the free oscillations of a
plasma in a constant and uniform magnetic field
H. Small oscillations of such a plasma are de-
scribed by the linearized kinetic equation

of of e . Of e aof _

where f(r, v, t) is a small deviation of the elec-
tron distribution function from the Maxwellian func-
tion

0 =" (m[2zT)" e—mv?j2T

n, is the equilibrium electron density, e and m are
the charge and mass of the electron, 7 is the

plasma temperature, E is the self-consistent elec-
tric field, determined by the equation

AE — grad div E — ¢20%E /0f? = 4=c™2dj [ 0t, (2)

where j is the electron current density

j=e Svfdv. (3)

The properties of electromagnetic oscitlations
propagated in an unbounded electron plasma after a
sufficiently long interval of time after the intro-
duction of the initial disturbance are described by
the dispersion equation which relates the frequency
of the oscillations w to the propagation vector k. In
order to find the dispersion equation we shall
look for the solutions of Eqgs. (1) and (2) of the

forn;
f (l', v, l) — i’(V, k7 (o) ei(kr c~)t);

E(r,t) = E (k, ) eltkr—eb), (4)

SV
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Substituting (4) into (1) and (2) we shall obtain a
system of equations for the amplitudes f(v, k,w)

and £ (k, 0):

i(kv—w)f4e(Ev)fo—wydf /0% =0, (5

— 12E 4k (kE) & (0?/*) E — —if—:mgvfdv.(G)

Here f(; = afo/(?e, € =mv?/2, wy = ell/mc is the

gyromagnetic frequency of the electrons and 9 is
the polar angle in the velocity space (the Z axis
is directed along the magnetic field H, and the
angle ¢ is measured fromthe plane containing the
vectors H and k).
The integration of Eq. (5) yields
9

JV) ==l Eexp |- §<kv~m)d%}

9
el
0
where the constant of integration C is determined
from the condition of periodicity f( ¢ + 27)
=fCd):
om ¢
C= Svexp{ g (kv ——m)dw}
a3

0

- §(kv —o)dybdy-tc), @

X db/ [1 — exp { S (kv—m)d&}]

Substituting (7) into (6) we shall obtain a system of
equations which determines the electric field of
the plasma waves

3
2 {712 (xixk -_— Bih) (8)
=1

fen En=0  (i=123).

Here n = kc/w is the index of refraction for the
wave of frequency w, »; = k,/k and ¢, is the di-

electric permittivity tensor of the plasma in the
magnetic field which is determined by the expres-
sion (see Ref. 7),

©)
sin (oK) = By 1 "—j \oifsexp (iosin® + ip9)
b ]

X {X U €Xp (-— fosiny — iBY) db -+ Ck} dv,

0

where

« =~k [og, B=(ku,— 0)]oy.

The dielectric permittivity tensor introduced
above depends not only on the frequency w, but
also on the propagation vector k, i.e., the plasma
is a medium in which the dispersion depends both

on space and time®. In such media the value of
the vector of the electric displacement D(r, ¢) at
the point r and at the instant of time ¢ is determined

by the values of the field E(r’, ¢") over all space
and at all instants of time.
Taking into account the fact that

(o2
e—iesind — 2 Jn (OL) e—irub;
n=—oo

on
S eie sinv—inddl = 2zJ, (),

0

(10)

and also using the well known recurrence relations
for the Bessel functions ]n («), we shall write the

components of the tensor ¢;, in the following form:

Q2 4
in = o '1/2,‘_—(: (1D
S . -
X3 5 S te=2J3 (nt) dt) | S dy;
n=—wo 0 c "
. Q“4z(,
12 — (.02 V—T
o © , -y
x 3 %S te=t, ) 1, () dt (2= dy;
., .
n=—oo 0 c
- Q24z,
x 3 2 ersnoaar{ 2 ay,
N=—o0 1] c n
Q4z, 2 F s
== B\ ey ()t)dtS
n=—oo 0
o 024y,
=l
o ® , —y2
x 3 g tre—t], (nt) J, (}\t)dtgj’e_ydy;
Nn=-—0 e "

“—_y2

gte‘“ﬁ ()t)dt% e yydy;

n=—oo

€21 = — %195 G331 = S13; €32 = 23,
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where

. 2 ks

A= - —
3 coH’
‘/ (‘*"‘”“’H

Zn = 2 ks

Q— |/41rn0e-

s=V3T/m, a=VT/]4rn.e

(a is the Debye radius, Q is the Langmuir fre-
quency). Integration over y in (11) is carried out
along the contour C along the real axis going around
the singular pointy = z_ on the lower side?.

The system of equations (8) has a solution dif-
ferent from zero provided its determinant is equal
to zero. This dispersion equation, which connects
the frequency w and the propagation vector k of the
electromagnetic waves in the plasma, can be writ-
ten in the form

An*+4 Bn* + C =0, (12)
A = 25?0 4 e55c082 0 4 25, cos 0sin 0, (13)
B = 2 (215855 245%,3) cos O sin
— (epa%s3 + €s) OS2 0 - i3 — ey1200
— (e1182 + clo) sin20, C =|cp].

0 is the angle between the directions of H and k
(ny= sin 0, o =0, K= cos0).

In the general case, the dispersion equation (12)
is quite complicated, and therefore we shall re-
strict ourselves to the examination of the limiting
cases of a weak magnetic field (v, << Q) and

““low’’ temperatures (mH >> ks).

2 2¢ —uv(2r-:0+sm26)j:{[280—uv(2€0—{—s1n20)]2—4(ao—uvsin26)[s —eouv(14-¢4)1} 2
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2. WEAK MAGNETIC FIELD

In the case of a weak magnetic field (m <<Q)
it is convenient for the calculation of € to start
not with Kq. (11), but directly with Eq (9). In-
tegrating over ¢ in (9) by parts and noting that for

|z] =v(3/2)[(w/ks)| > 1and |Im z| << 1

%Sz—ydy“’—( +222+4z4+ >(14)

we obtain for the components of the dielectric per-
mittivity tensor the following expressions

ey = go — k2a20?% (cos? B 4 3sin26) — uv;  (15)
= —cy=—iVuv;
13 = &3, = — 2k%a®cos 0 sin 6v?;
gy = &9 — R2a%V? — Uv;
g3 = g9 — £%a%0? (3cos? b - sin2 0);
eg0 = — 853 = 0.

Here ¢) = 1 - Q%/w? is the dielectric permittivity
of the plasma in the absence of a magnetic field,
v=0%w? u= (ofl/coz. Using (15) we write the
dispersion equation (12) in the form

s2

. 8 s?
C—zvn"—(s0 —uvusin?0 4 gc—zvso> nt (16)

+ [2'3 — uv (2e4 + sin? 6) + = 3 *2]n2
— eyt euv(l +¢) =0

Neglecting terms in (16) which are proportional
to S2/c? << 1, we find the indices of refraction for
the ordinary and the extraordinary waves

(17)

ny,e==

For the index of refraction of the plasma wave
n, we obtain the following expression in the case
€ <<1:

N3 = (g0 — u sin2 6) ¢/ s2. (18)
If ¢y = 1, then the third solution of (16) does not
satisfy the condition | z| >> 1, under which Eq. (16)

itself has been obtained.

2 (gp — uv sin? 0)

Expressions (17) and (18) hold if the terms in
(16) neglected in obtaining (17) and (18) are small
compared to the terms which have been retained.
For this to hold it is necessary that the following
inequalities should be satisfied

|eo — usin?0] = (s/c)=,

(s /-c)Vuz, (s/c¢)Vu]sinbl.
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In the opposite case, when 3. STRONG MAGNETIC FIELD (LOW TEMPERATURES)

(ep —usin®0) < (s /o) V u|sinb] We shall now investigate the dispersion equa-
tion in the case of low temperatures (A << 1). Far
we have from the resonance frequencies (lZn‘ >> 1) we
nt=u, (19) may use the asymptotic expression (14) for the

integrals along the contour C in (11). Expanding
the functions J_ (Az) and J;/(At) in series in

powers of A, we obtain the following expressions
for the components ¢

ni=Vulsinb|c/s (|sin0]=>>s/cV u).

In the case 6 = 0 and ¢, = 0 all three solutions of

(16) reduce to zero. ik*

en=1—0/(1 ——u)—kzazvz[ (1“‘)’5 cos? 0+ 3 (1 —u)™ (1 —4u)—lsin2e];

o= —i0 V(1 —u)—ik2a®0? YV u[(3 4 u) (I — u) 3 cos? b
46 (1 —u)™ (1 — 4u)Lsin2 0],
5,5 = — 2k%a%0? (1 — u)2sinf cos b;
299 =1—10/(1 —u)—Fk2a?v?[(l + 3u)(l — u) 3 cos*6
+ (1 4 8u) (I —u) (1 — 4u)*sin2 0],
eyy = ik20%0? )V 1 (3 — u) (1 — )2 sin O cos 6;
25 = | — v — £%a®02[3cos?0 + (1 — u)™tsin26), (20)

The terms in (20) which are proportional to
(ka)? take into account the thermal motion of the {—u— v+ uvcos20 (22)

electrons in the plasma which determines the Ao= 1—u !
spatial dispersion of the medium. .
Making use of (20) we evaluate the coefficients By = 2—v)u—2(1—v)®—wvucos?h ,
A4, B, C of Eq. (12) t—u
~ 1 —o)[(1 —v)2—
A=A, + A2 (21) C, = ( z)[l(_uv) u] ;
B= By + Bn*; C=C,+4 Cn?,
_ 4 3utu® . 3 . .
A, = {3cos 6+-————u)3 coszﬂsmzb—{—-———(l_u) (1_4u)sm46},
s 2(1 — .
B, = 7 ¥ {_(uiuuT@ cos?6isin2 6
1+ cos26 sinz 0 143 3sin2 6
+—1——[(1—u—v)k3cos26+ )—;—( v)( +u;l200326+1 m/m>]
2sin2 0 4+ 3u—v—uv . 2(1l—a) (1 4 2u — ) .
+(1_u)2[ e cos? 6 -4 sin% 6 p— ]JL’
. 52 2(1—v)[143u —v—uv I—u)(1 4 2u—170) 4.
Cl——gc‘?v{(1~u)z [ T—= cos? b + p— 251n26]
n (1—112 (360 20+sm e>} (23)

The coefficients 4, B |, C,, which are propor-

Thus the dispersion equation (12) takes on the

tional to s2/c?, represent corrections to the hydro-  forp,:

dynamic approximation 4 = AO, B = BO, C= CO.
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(24)
An® 4 (Ag 4 By) nt + (B, + C)n*+Cy=0.
The three roots of this equation ni, ng and n§ de-

termine, respectively, the indices of refraction of

the ordinary, the extraordinary and the plasma
waves.

Neglecting the terms in (24) proportional to
s2/c?, we obtain the indices of refraction of the
ordinary and the extraordinary waves in the hydro-
dynamic approximation8

Mia=n% = (— By =V BE—44,C,) | 24,. (25)

Taking into account the thermal motion of the elec-
trons we obtain

n?.z = (1 4+ E:t:)nzj:: (26)

£y = — (Alnlli + Blni: -+ Cl)/(2"40n2i -+ By),
| €4 I < 1.

Since under the usual conditions 5%/¢? << 1, the
thermal corrections to n% o are very small.

If the absolute value of 4,= (0? - (of_)
x(w?~ wz)/w2(w2—wl2{) is small compared to

unity, i.e., if w? is close to w? or to 2

+ 9
0 =1/, (Q + w2, 27

+ |/ (QF + @22 —402%2 cos?0),

then from (25) we obtain approximately,

nt=—Cy/B, ny=— B,/A,. (28)

Since Bo(m)'> 0 for w? = w?, then n% >+ 00 as

2 . .
w?- a)i( or @_) from the direction w?< a)fL (or

w2 <wi) and ng s—coas @2 - wi (or mi) from the

direction w? > wi( or 02> w?). However, for
very small values of 4 the expression (28) for
ng no longer holds, since it was obtained under the
condition

P/ <L 4, (0) | 1. (29)
The condition (29) means that the terms which were
discarded in (24) in order to obtain (28) are small
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compared to the terms which were retained.

For the index of refraction of the plasma wave

we obtain by the condition (29)
ny=-—A,/4,. (30)

Expression (30) coincides with the expression for

ng, which was obtained by Gershman.® If

|4, | 21,then the third solution of the cubic equa-

tion (24) for n? does not satisfy the condition

sn/ ¢ << 1, which must hold if the expressions

(20) for ¢;, are to be valid.

Let us now find the solution of (24) for IAOI << 1.
The index of refraction for the ordinary wave is de-
termined as before by (29). We obtain the indices
of refraction for the extraordinary and the plasma
waves by assuming that for |4 | <«<'1 n% 4> L

Retaining the largest terms in (24) we obtain
(31)
/T 4sAB,
ni, =4, (—— 1 il// 1— _S_AI_BQ) /2A182/02.

2 A2
c2AZ

In the limiting case | 4| >> s/c (31) leads to
(28) and (30). For |4,] << s/c we obtain* from
(31)

nt=(c/s)V — B,/ A,. (32)

The second solution given by (31) will be negative
in this case.

4. THE CASE OF RESONANCE

Let us now examine the case of resonance
® =~ wy. Assuming that in the integrals occurring
in the expressions for € in (10)

ML 2=V o —oy)/ ks < 1

and consequently that

S eV du~ _ ;
=~ —ix,
C

we obtain, neglecting terms proportional to (ka)2

or to zy,

* For 0=nr/2, (32) gives Gershman’s result®.
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=z :1-“1}" [ I:j_ﬂ:" ‘ > (33)
€1 22 4+1V 8 (ns/c)cos®’
.U
Sl = T g =
. - v )
V 8 (ns/c)cos0’ s =1--0;
€93 = 33 = g3 = &3, = ()

We now substitute these expressions into the
dispersion Eq. (12) under the assumption that n is
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small, and retain terms proportional to ¢/s >> 1. We
then obtain

(34)
n e =n% =sin20[1 4 1/,sin20 — o+

+V (1T + Y,sin? 6 — v)> —sin? 6 (1 — v) (2 —0)].

In the next approximation we find

35
Mia = (1 + Ay)nd, 3>
. "8 scosH

Bp =1 3n cn v (36)

[1—(*/4sin0+4-cos20)v]n’, —[(1— v)(1—/sv)(1-+cos20)4-(1—1/50)sin20]n%, +(1—v) (1—/50)

< 2sin? 0n® + 2v —2 —sin® 0 ’

Thus, the electromagnetic waves are damped when

® ~ wy- The order of magnitude of the damping -

coefficient is equal to s/c, i.e., it is appreciably
larger than the usual thermal corrections to the
indices of refraction of the ordinary and the extra-
ordinary waves which are proportional to s2/c2.

As the angle 6 is decreased n, = n_ increases
(ni > 2(1-0)6°2]; however, for small values of
0 one cannot use expression (34) for n%, since it

was obtained under the condition

B> oY=l (s /o)™,

which means that the terms in the dispersion equa-
tion which are proportional to ¢/s are the largest
ones.

5. LONGITUDINAL PLASMA OSCILLATIONS

Let us now consider in greater detail the prob-
lem of the longitudinal plasma oscillations. Asis
well known?, in the presence of a magnetic field
the electromagnetic waves in a plasma cannot be
separated into strictly longitudinal and transverse
ones. However, in the liniting case n >> 1 we can
distinguish a longitudinal plasma wave, the dis-
persion equation for which may be written approxi-
mately in the form: 4 (w, k) = 0.

Substituting (9) into (13) we reduce this equation
to the form*:

* We note that (37) may be obtained directly by start-
ing with the kinetic equation and with the equation
divE =4rme ffdv.

% = kxvz/(’)H:

9

2,2 : 0" C fo ixsingti C . .
kua +1 __t(;_s_,;__em sin 9+ iL9 \e—tz sin q;——zwdq)
H 0 .

0
o1
4+ (1 — e2riB)72 S plw sin aH-inadq,} do =0,

[

where

o =0—I,

[3 = (kzvz - (")I) /"‘)H»
w’ is the complex frequency [ we have replaced w
by @”in (9)]. In the future we shall take the propa-
gation vector k to be real. Equation (37) then de-
termines the frequency w and the damping y as
functions of k.

Making use of relation (10), and carrying out the
integration over the anglesin (37), and then over

«, we finally obtain 0

Batl—er B LW (S dy=0,
Y C

n=—oo

— (38)
w=Fk; s¢ /3w, 2Zn= V3/y- (@ — nop) [ Rz,

where / () is the modified Bessel function.
n
For k=0 (p=0) the dispersion equation (38)

has the same form as in the absence of magnetic
fieldS, i.e., the magnetic field has no effect on
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plasma oscillations being propagated parallel to
it.

In the case of “‘low’’ temperatures of the plasma,
when p << 1 by expanding the functions [ (1)
and e~# in powers of p and by using the asymptotic
expansion of the integral

(39)

Bl (e )
C

— iV, (12> 1, | Imz|< 1),
we obtain

1 3
R2a? — (—5;‘2’— + .476‘ --f— . ..) (40)

o3 e o)1

3 2
227 | 220

2 _ 2 22
+ e e -2)+...]=0.

If we neglect the thermal motion of the electrons
then (40) reduces to the dispersion equation of the
hydrodynamic approximation

from which we obtain the characteristic frequency
of plasma oscillations in the hydrodynamic approxi-
mation3;

W=t =1, (Q2 4 o) (41)

41 V(€2 + 2,)? — 4Q%w2 cos® 0.

Taking into account that ka << 1, we look for the
solution of the dispersion equation (40) in the
form

(012,2:(1 +si)°)2i’ lsil<<1' (42)

oFor the corrections €4 to the characteristic fre-
quencies @, ,, we obtain the expression

A.G.SITENKO AND K. N. STEPANOYV

k2s? U,

ol M+vu, (I—u,)?sin?6

<

(43)

+ =

g 1
(Z—ui—l—gui)coszOsin?O

(1—-lli)3

X {cos‘1 6 -

sint 0 1
+ (M—u) (T—duy) |’

vy =06k, Uy = o}/l

Thus, in the case of low plasma temperatures
(wgy >> ks, ““strong’’ magnetic field), there ex-
ist two characteristic frequencies of plasma os-
cillation, which are determined by Eqgs. (41)-(43).
We obtain the damping which corresponds to these
frequencies by taking into account in Eq. (40)
terms which are exponentially small:

(44)

2

R 1
T1,2= V 8 Q (ka)®cos B [1‘*‘92‘—02” sin20 / (m?t — )2

X{exp {— o »/2Q2k2a2 cos?6}

20202
20)%]

Xsin? 6 [exp {— (wr,z — wy)? [ 2Q2k%a% cos? 6}

4 exp{— (o5 + wg)? [ 2Q%2a2 cos? 6}] 4. . .}.
Expression (42) was obtained under the condi-
tion |z, | > 1(]e, | <<1). If 60, then w,
=@, 0y (for Q <a)H), and W, = W_> 0y (for
Q> wy ). In this case the inequality |z, | > 1is

not fulfilled, and the expressions (42) no longer
hold. From the condition | z,| >> 1 (or from the
condition |e4| << 1), we find thatthe applicability
of the Eq. (42) for , with wy > Q and for w, with

w, < is restricted by the condition

051/ 2V 2ka |02 — | [ Qupr. D)

A unique solution & =  exists, as may be seen
from the exact dispersion equation (38) for 6 = 0
and ka << 1.

It W, < Q, then for certain w, and (I there

exists an angle 0 = 6 , for which the frequency
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@, deterniined by (41), turns out to be an in-
tegral multiple of w,,:

o, =~moy (mM=2,3, ...). (46)

However, the dispersion equation (40) was itself
obtained under the assumption |z, | >> 1. There-
fore, one cannot use expression (42) at angles
close to 6_, if (46) holds for these angles. In
order to obtain a dispersion equation which is
valid for 6 = 6_, one should retain the mth in-
tegral in (38), and one should use for the other
integrals the asymptotic expansion (39), as was
done earlier:

kzaz__z_ig___ [322 (%_—[-%)——I] (47)
(8] e

If 6, is not close to /2, then assuming that

—y2
. e .
znl< 1, g dy =— i,
c m
we find 0’ = mwy =1y, where
(48)
. Vrm® sin®™
bm = gmAt3m—lyyt cos3 9 (1 + m* (m2—1)"% tg>0)
ks \ 2m—a
X (— \ ks
@)
(m=2,3,...).

Thus the waves with frequencies which are in-
tegral multiples of w, are strongly damped for 6
not close to #7/2. The damping coefficient y_ is
proportional to (ks/wH )2m=4 and decreases as m
increases. For m = 2 the damping exceeds in order
of magnitude by a factor (ka)-1 the usual thermal
corrections to the frequency.

If 0, = w/2, then assuming that

e ¥ V=
gz”rydyNE;’ |2m|>1,
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we obtain

O = Moy +€mn, tn (49)

= (m*— 1) (2mH3m—Im)) =k (ks [ oy )m—2ks.

Thus, for 6 = 7/2 and for a given magnetic field,
longitudinal waves with frequencies inthe range
moy —¢ < <mwoy +e¢ cannot be propagated in

the plasma. The width of the ““gap’ 2¢_ decreases
as m increases. Gross* has pointed out the ex-
istence of such ‘“gaps’’ and has computedthe value
of ¢_.

Finally, if wy =, Egs. (42) are not applicable
for small 6, since in such a case the condition
| z;| > 1is not fulfilled. In this case the exact
dispersion equation (38) takes on the form

_ o 620 S e o (50)
©* 2VZkaQVm ) B—Y dy =0
Assuming that | z; | << 1 we find that

1=V 5]2(6ka)Q; 62V ka,

i.e., for wy = Q the plasma wave of frequency
o =Q = oy is strongly damped.

In the case of a weak magnetic field (a)H << Q)
Eq. (37) can be brought to the form

1 e_yz (52)
ko — L Sy |
@ V= z—ydy
(o
©?, sin? f23 —y? —
. H ye - . f3 o
a2V §(z_y)4dy—..._o, 2=y 2 kst

by means of integration by parts.
Solving this equation by successive approxima-
tions (|z| >> 1), we find the frequency w and the

damping y of the plasma oscillations in a weak
magnetic field

o= Q + k252 /2Q + of sin0/2Q,

=V S+

(53)

2 Qin2
% sin? 6

0% a)‘Q2) R CO

Expressions (53) and (54) agree with the results
obtained by Gordeev. For w, =0 we obtain from
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this Vlasov’s formulafor the frequency 1 and Landau’s
formula for the damping*

1=V /8Q (ka)3e— "k a’e=k,

In conclusion we express our sincere thanks to
Prof. A. I. Akhiezer for his attention, for his as-
sistance, and for the detailed discussion of the re-
sults of this work.

* We note that in the expression for y obtained by

Laudau? the factor e 3/2 is missing.
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Investigation of the Be®(dn)B 10 Nuclear Reaction

V. I. MAMASAKHLISOV
Physical Institute, Academy of Sciences, Georgian SSR
(Submitted to JETP editor August 23, 1955)
J. Exptl, Theoret. Phys. (U.S.S.R.) 31, 652-656 ( October, 1956 )

An investigation is carried out onthe reaction between the nucleus of beryllium and a
deuteron in which the latter is captured by the nucleus and the unpaired neutron is ejected.
The effective cross section of the process and the angular distribution of the freed neutrons

were found. The comparison of the angular distribution with experimental data results in a
satisfactory agreement for small angles up to 70°.

1 THE model of the Be® nucleus,according to
»which the unpaired neutron moves in the field
of the nuclear remainder Be®, was applied by many
investigators to the problem of the electron and
photoelectric disintegration of this nucleus!-3. The
success of this model is determined first by the
weak binding of the unpaired neutron in the Be?
nucleus, considerably smaller than the mean bind-
ing energy per particle , and second, by the rela-
tively long life of the Be® nuclear remainder rela-
tive to the decay into two u-particles. The current
research is dedicated to the investigation of the
Be®(dn)B0 reaction on the basis of this modell.

It is customarily assumed that the (dn) reaction
can proceed by the formation of a compound nucleus

and stripping of a proton by a nucleus from a deu-
teron passing nearby. Calculations on the basis
of the compound nucleus model are often not feasi-
ble in actual cases because the line widths of the
corresponding processes are unknown; therefore,
most of the theoretical investigations of the (dn)
reaction are made from the point of view of the
stripping process. The corresponding angular dis-
tributions of neutrons are then determined on the
basis of Butler’s theory*. When there is no agree-
ment between this theory and experiment it is
pointed out that in such cases the reaction does
not proceed by stripping, but by the formation of
a compound nucleus, which then undergoes various
cascade transitions.
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Page Column Line Reads Should Read
Volume 4
. ® mrepet, wripe,
38 Eq. (3 T, )
1 or o
196 Date of submittal May 7, 1956 May 7, 1955
377 1 Caption for Fig. 1 8s5 = n— 219 835 = —21°7>.
377 2 Caption for Fig. 2 ay = 6.3° 7 ag = —0.3%9
516 1 Eq. (29) s s/c
516 2 Egs. (31) and (32) Replace A;s2/¢? by A,
497 Date of submittal July 26, 1956 July 26, 1955
ow, (t, P) Q
L A L 2wt oL
900 1 Eq. (7) it e 0P* ’;—;

(This causes a corresponding change in the
numerical coefficients in the expressions that
result from the calculation of the effects of
the plasma particles on each other).

804 2 Eq. (1) cexp {—(T —V")} . exp {—(T — V)1
Volume 5
59 1 Eq. (6) Ui (10F,/0x) +. .. (VOF,/0x) + ...
where E; is the pro- where the bar indi-
jection of the electric cates averaging over
field E on the direc- the angle 0 and E; is
tion 1 the projection of the
electric field E along
the direction 1
91 2 Eq. (26) A =0.84(1422/4) A =0.84/(1+22/A)
253 First line of summary T1204, 206 T1208, 205
318 1 Figure caption . e?mc2=2.8.10-23 cm, |...e2/mc? = 2.8-.10-1% cm,
398 Figure caption .+ to a cubic relation.

1339

A series of points etc.

...to a cubic relation,
and in the region 10
~20°K to a quadratic
relation. A series of
points ®, coinciding
with points O, have
been omitted in the
region above 10°K.



