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The scattering of slow neutrons in a Fermi liquid is investigated theoretically. The cross
sections for direct scattering and scattering involving the excitation of zero and ordinary

sound are determined.

].. The purpose of the present paper is the theo-
retical investigation of the scattering of slow neu-
trons in a Fermi liquid. It is known that, for suf-
ficiently low temperatures, specific sound waves
—the so-called zero sound (Landau,'J Klimonto-

vich and Silin m)—may propagate in such a system.

We shall show that these waves can be excited by
irradiating the Fermi liquid with slow neutrons
whose velocity exceeds the velocity of the zero
sound.

The investigation of the scattering of slow neu-
trons in liquid He3, which is a Fermi liquid, can
therefore serve, in principle, to verify the exist-
ence of the zero sound.

Besides the scattering with excitation of the
zero sound (and ordinary sound), direct scattering
of the neutrons by the nuclei of the Fermi liquid
is also possible. In these scattering processes the
energy transfer and the scattering angle are not
correlated, whereas in scattering processes con-
nected with the excitation of collective degrees of
freedom and having the character of Cerenkov
radiation, the scattering angle is a unique function
of the energy transfer.

2, The Hamiltonian for the interaction of a
slow neutron with the nuclei of the Fermi liquid is
given by a sum of Fermi pseudopotentials:

%= —2205 (@ 4+bsK) 8 (r — 1), (1)
where r, rij, and 8, Kj are the radius vectors
and the spins of the neutron and the i-th nucleus,
m’ is the reduced mass of the neutron-nucleus
system, and a and b are the coherent and inco-
herent scattering lengths for the scattering of a
neutron from a free nucleus of the Fermi liquid
(the quantities a and b are complex owing to the
absorption of the neutrons by the nuclei). The ef-
fect of the Fermi liquid comes most clearly into

play for small neutron momentum transfers Apy,.
We shall therefore assume in the following that

| Apn| «< py, where p, is the limiting momentum
of the Fermi liquid. Under these conditions we
can replace the summation over i in (1) by an in-
tegration over p(rj, aj, t)drj, where p is the
density of nuclei with spin projection «; at the
point rj of the Fermi liquid:

Y = —2nw2/m’) (@ + bsK(r)) o (r, 2, ). (2)

The deviation of the density of the Fermi liquid
from its equilibrium value p, is clearly equal to
6p = ) 6npdTp, where dmp = (27h)=3dp (p is the
momentum of a quasiparticle of the Fermi liquid)
and 6ny, is the deviation of the quasiparticle dis-
tribution function from its equilibrium value

4= [on (252) 0]

(ep is the energy of the quasiparticle, ¢ is the
chemical potential). 6np satisfies, according to
Landau, the equation

;9 de, 9 .
\or + —api w) ony (r, 1)
on® .
—a—;Spk'Xf%énPr(r, f)dty = I {(dny). (3)

Here I is the collision integral, and f =1f(p, p’)
+ K- K'q(p, p’) is a quantity which characterizes
the interaction of the quasiparticles. At absolute
zero 6np = (v+K-p)éd (sp — ¢), where v and p
are certain functions of n = p/p and r, t. The
monochromatic oscillations &np (~ el(q- r-wt))
satisfy the equations

(n; — cos 0) vy (n) = cos 6 SF (5() vy (n') do’/4m,

(n; — cos 0) g, (n) = cos 6 RG (%) pg: (n') do’/4m, (4)
where 6 is the angle between n and q, ¥ is the
angle between p and p’, do’ is the angular part
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of the volume element of p’, nj = 8i/vy 1§ = 8{/Vyp
si = wi/q, 8j = wj/q are the propagation velocities
of the oscillations of the quantities v and u (the
index i denotes the kind of oscillation), v, is the
Fermi velocity, and the quantities F and G, which
are proportional to f(p, p’) and g(p, p’), deter-
mine the change of the energy of the quasiparticle,
which is related to the change of the distribution
function by

de, = S (Pv' +1 Gu'K) do'/4n,
r, f).

For sufficiently low temperatures, when there
is very little absorption of zero sound, the scatter-
ing of the neutron and the excitation of the zero
sound can be interpreted as the emission of a
quantum of zero sound by the neutron. This proc-
ess is described by a Hamiltonian which differs
from (2) in that p is replaced by the change of the
density of the Fermi liquid caused by the zero
sound oscillations.

In order to calculate the emission probability
for a quantum of zero sound, we must quantize the
zero sound. For this purpose we must first deter-
mine the energy of the oscillations of the zero
sound,

(5)

vVi=v@,rt), p=p@,

Pot-8p,

E= gdr Sp e, dv, —|—%Sdr Spgéep dnydv,,  (6)

p=p,

where €, = vy(p — py) and &py = (v + K-p)/vy is
the change of the Fermi momentum connected with
the oscillations of the Fermi surface [the second
term in (6) takes account of the interaction be-
tween the quasiparticles]. Using (5), we obtain

E = m—zf’ﬁagdr {S(\ﬂ -+ %pﬁ)do
-+ ‘g (FW’ -+ 1%6 p’)doljf/}.
This expression should, of course, have the form

E=3\(Ny+g)hoi+ 3 (Non+ 3 Jooy,  (8)
qi Q, i, A

(7)

where Ngj is the number of quanta of zero sound
of the type »; and frequency wj, and Ngj) is the
number of quanta of zero sound of the type uji,
frequency wj, and polarization A =1, 2, 3. Ex-
pression (8) follows from (7), if we expand v and
i in terms of plane waves:

(2nk 2 1 1/ i (qr—o; 1)
= __po_)_ 2 (? vohmi> {vg: (n) cpie’ ‘
q, ¢

e 'V:;[ (n) C;&;e—[(qr—m[ t) }’
21th) i (gr—wf)
b= (__po_ D (2uoio) " (g (1) cqne’ T

ql)\

+ o () e @0y (9)
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interpret the quantities cqj, cai, Cqins c(‘ii;\ as
boson absorption and creation operators for the
corresponding zero sound quanta, and subject the
functions vgi(n) and pgian(n) to the normalization

onditions* .
conditions niglv,ﬂ- (n) *do/cos 6 = 1.

1 i () [ dofcos 6 = 1. (10)

Substituting (9) in (2), we find for the energy of
the interaction of a neutron with the zero sound
oscillations

m* hve PN —i(qr—o; t
HO = “W]/TO {e DV Ror (Al + hec.)
qi

4 2[(a+ bsK) KLY Viie: Baciae ™ 4 hoe. ],
qih (1 1)
where

A; = qui (n) do, Ba = &p.q,q (n) do, (12)
and the bracket [ Y], denotes the part of Y which
is coherent in the spins of the nuclei and does not
contain the nuclear spin operators K linearly;

m* = py/vq.

Using the expression for 3, we can easily
determine the cross sections for the scattering of
a neutron (from a single nucleus) with emission of
the different types of zero sound quanta:

do") = 2 (m'/m')?| A; [P |a| *(sivo/vn)(R3q dglp), dof =0,
W) _ 3 |6 Si"° Bq® dg
e = (55 ) B o S
w) _ 3 +2|b|Z ) ﬁ3qqu

do : ( ) | B | e . (13)

where vy, is the velocity of the neutron, B] = B;,
+1iBjy (the z axis is directed along 8), the ar-
rows indicate whether the directions of the neutron
spin before and after the scattering are parallel
or antiparallel with respect to each other, and the
indices vi and pj denote the type of zero sound
quantum emitted.

It is very probable (1) that the simultaneous
propagation of vi and uj waves in the Fermi
liquid is not possible (at least, if F (%) = const).

In the following we shall therefore only consider
the excitation of vi waves. In this case the con-
servation laws

Pr = Pn +1hq,  E, (14)

= E;z + hqsi?
*To derive these conditions, we must use the relations
SS quiv;‘-doda’/4n= S(ni/cos 6—1] Vi |2do,
SS Gp.q[.)kp.;‘.)\dodo’Mn = S(q;./cos 8 — ) {p,nl*do.
which follow from (4).
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must hold, where p,, E, and p}, Ef, are the mo-
mentum and energy of the neutron before and after
the scattering. It follows from (14) that the angle
4 between p, and q, as well as the scattering
angle y, are uniquely determined by the energy
transfer:

#g 2p% — 2mshq — (hq)?
F , COs Y, = —
n 2p, foz — 2mshq

where s = s; and m is the mass of the neutron.
The first relation shows that v, must be larger
than s.

For small scattering angles we have

(Fg/pa)? (1 — s%/03),

g < pa.

In this case the zero-sound quanta are emitted
under a rigorously defined angle with respect to
the direction of motion of the neutron (as in the
Cerenkov radiation). The largest possible momen-
tum of the quantum is equal to fiqy,5x = 2(p, — ms)
and the smallest momentum of the neutron after
the scattering is equal to p}, min = | Pp — 2ms |
(the neutrons with the minimal energy will move
along the initial direction of the beam; all these
relations hold for fiqyax < pp)-

It is easy to see that the scattering angle y
reaches a maximum for hq = (2/3ms)(p} — m2s?).
This limiting angle is equal to (with pp ® ms)

cos & = —US— , (15)

cos O = s/v,, 2= (15)

B A+ Va—g] _rg—1\" Pu
%o = arccos [ T ~2< 3 ) » Bo=—C
(16)

Near the maximal scattering angle x, the scatter-
ing cross section behaves like

dotite—~ q?dq ~ sin y,dy/ V/ cosy, — cos Yo, %= %0 (17)

i.e., it contains an integrable singularity. However,
this result, as well as the proof of the existence
of x, itself, was obtained under the assumption
that the absorption of the zero sound can be neg-
lected (see Sec. 4).

For small scattering angles the cross section
do{¥) has the form

=2 (Y A e v@o<l_'§%>_%x2dx. (18)

If A"gmax < py» We can determine the total
cross section for the emission of a quantum of
S.Uy

zero sound:
) _ m*\* e i Pn— m$; >3
_4(7>isA'laz v2 ( Po '
The quantity Aj depends on the form of the func-

tion F(Y). If we assume that F(Y) = const, we
have, according to (10) and (12),

ds"

(19)

A=Vorx(m— D) (o 1n*l°__.+-1_2)

S e

Yo

(20)

’nn+1

x [2 =i — 1) (no InTT

We note that A vanishes for F — 0.

3. We now turn to the calculation of the cross
section for the direct scattering of the neutron by
the nuclei of the Fermi liquid and to the consider-
ation of the absorption of the zero sound in the
scattering accompanied by the excitation of zero
sound. For simplicity we shall assume that the
energy of the quasiparticle does not depend on the
orientation of its spin. The cross section for the
coherent scattering of the neutron without change
of orientation of its spin, dog, is, according to
(2), determined by the Fourier component of the
deviation of the density of the Fermi liquid
6p(r, t) from its equilibrium value p,, i.e., by the
quantity [ 6p(r, t)e~1(A° T-wt) 4rdt, where hg
=Pp — Pp and hw = Ey — E) are the changes of
the momentum and energy of the neutron:

do. = 2n (| a [¢/uapo) @nA/m)? @ (g, ) dp,/@nk)®, (21)

where & is the correlation function of the density
of the nuclei,

@ (l]‘ (.0) Sdl’l e—q(r—r2) Sdt pio (t—t5)

X (8p (r1, 1) bp (12, 12)), (22)

and the brackets <. ..> indicate the (quantum
mechanical and thermodynamical) average.* Ac-
cording to the general theory of fluctuations, one
can calculate the quantity ® (for T,hw <« ¢) first
in the temperature region T > hw, and then mul-
tiply the result by the factor fiw (N, +1)/T, where
N, is Planck’s distribution function: T

D (g, 0) =22 (Nt 1) o (dr e { dty ettt

X 0p (r1, t1) 0p (re, 12) (23)

(the bar denotes the thermodynamical average).

In order to calculate the correlation function
& (g, w) with account of the collisions we use the
method of Abrikosov and Khalatnikov.[™ Introduc-
ing the stray force y (p, r, t) in the kinetic equa-
tion (3) and choosing the collision integral I{v}
in the simplest form satisfying the requirements
of conservation of the number of particles, mo-
mentum, and energy,

*The general relation between the neutron scattering
cross section and the correlation function of the density of
nuclei was established by Van Hove. (4

tThis method was used by Abrikosov and Khalatnikov(?
in their calculation of the correlation function with neglect of
the collisions.
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1
[{v} = — 17! {V () —vo— D} VP (cos 6) ef’"“’},
m=—1 (24)
where v are the coefficients in the expansion of
the function v(n) in terms of spherical harmonics,
we obtain the following expression for the average
value of the product of stray forces:

T _ 2T (4 ' '
y(p,r,t)y(p,r,w:,(d,)6(r—r>6(z—t>
’ 2[ 1 ~
XG(E—C)(S (e —C)IZ Tmpz (cos v),
=2

(dvp/dey): = m’po/nh3, (25)

where F; are the spherical harmonics of the func-
tion F(¥X). Solving the kinetic equation (3) with the
stray force y, we obtain a relation between the
Fourier components of the functions 6p and y
(~el(@-r-wt)) Considering only the first two
harmonics in the expansion of F in terms of
spherical harmonics, we find

b= —i(52) s lymnm do, (20

where

D =1 4 (AyFo + inAo) — g (A2Fo 4+ intAy),
1—gcosf
cos —m (1 4ét)°’

3iEn -+ AsF, A _ 1 i X" dx
g£= 1+ 3iEnA; + F143° "2 x—n (14 iE)
—1

h(n) =

(n = w/qvy, & =1/wT). Using (24) and (25), we
obtain finally the following expression for &:

s (e | e+ D 3 (R 5

—|§r o2

If the condition |w| 7> 1 (7~ T°2) is satis-
fied, the function & (q, w) has poles for values of
w which are close to the real axis, w =nyvyq
—ivyy (ngvy is the velocity of the zero sound and
v, is its damping coefficient; an expression for
v, was found in reference 6). Separating out the
poles of the function & (q, w), we write the latter
in the form

) (q7 UJ) = (DO (q’ (1)) + OF (q! (D),

where the function @, contains the poles of &,
while &4 is free of singularities. Assuming for
simplicity that F = const, we have

0uig. ) = 2 (72 ). Vot 1) — L

' no\ de Fo(L—mg + Fo)

D(q, 0) =

—3\Sh(n)cose—4—n—\}. (27)

(28)

(29)

x{ o i )

(© — 1M0v0q)® 4 73 (® + M0vog)* + 15
The quantity &4 is a smooth function of w. We

can therefore neglect the collisions of the quasi-
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particles in the computation of &4.
If F = const, we have*

Du(g, 0) = quo( > (Vo + )R"('J%)e(l_ Iq(zo]>’
Ro(2) = {(1 + Fu)? +(5 e Fo) |
w= 1= Hl B () = {0, (30)

The separation of the poles out of the correla-
tion function corresponds to the separation of the
coherent neutron scattering cross section into two

parts:
do, = do® + do”,

(0 __ 2n|al|*/ 2nk
ds"’ ——W< Py > (Do(q,‘”) (th)av
@ __ 2n|al?/2nh
doc” = 9,00 (T) a (qo )(znh)‘ (31)

For F = const we find, according to (29) and (30),

dd(o)*—'{/m—'zia'zm(N + 1) !
== () lafa e+ 1) gt ot
"
X{ To - + Yo 2} Pn , (32)
(© — Meveq)® + 1q (©+mweg* + 15 | P}
@ _ 3 m a0 o Vg (1_ Loly
doc™ = Z(m’> laf g, (N‘”JFI)R"(qvo)e(l qvo> P2
(33)

The quantity do{®) is the cross section for the
scattering of the neutron with excitation (or ab-
sorption) of zero sound, and dof3 is the cross
section for the direct scattering of the neutron
without change of orientation of its spin.

If vp— 0, we find|
(52), e+ 1)

€p

70
quo

o).

Substitution of this expression in do® leads im-
mediately to formulas (13) and (20) for the cross
section for the scattering of the neutron with ex-
citation of zero sound for F = const.

We note that the validity of expression (29) is
limited by the inequalities 77! « |w| <« TA. If
T < liw, we can use only expression (29’) for &,
since expression (29) does not take account of the
quantum mechanical effect in the absorption of the

— o)

(29")

D0 (7 0) = e

*The expression for @4 with y = 0 and F = const can be
taken directl{ from formula (23) of the paper of Abrikosov and
Khalatnikov. [*]

fExpression (29") can be taken directly from formula (23)
of[%]. Replacing in this formula

8 (Ao 4= 1gueg) by 772y [(Aw £ meveg)® + v2173,

we take account of the effect of the absorption of zero sound
on the scattering of light in a Fermi liquid.
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zero sound, as pointed out by Landau. BN According
to the results of ), however, we may expect that
formula (29) remains valid also for T {Hw, if we
replace v, by v = {1 + (Hw/2rT)?}.

4. We have seen above that for vy — 0 and
NoVy < Vp < 219vy the scattering angle of the neu-
tron in the scattering with excitation of zero sound
cannot exceed a certain limiting value y,, and the
cross section for this process becomes infinite
for x ~x,. If the absorption of the zero sound is
taken into account, the scattering cross section
for x ~xo will, according to (32), have the form

do® = G (J + 0 (%) sinydy, J = &(n——igﬁ:?
where
L= pa/mngve, & =E(y) = 7/qve, m =7 (X, 1) = o/qu,

and G is some function of x. The limiting angle
Xo is evidently determined by the conditions

N (Xo» t) = Mo om (%o, /0t |, = 0.

For x >, the difference n(y, t) — ny, regarded
as a function of t, does not become zero and the
integral J is of the order of £: J =0(¢). For

X <Xp and £ <1 the integral J is equal to

J=n&6 M—mo) dt +0 (&) =n|om/otly" +0 () ~1,

and dol® is given by (13) with an accuracy up to
terms of order &.
Finally, if x = x9, we use the expansion

Mo—mn=20a(x—%) +B¢—1)?

where
& = — (an/‘?X) IXM to’ ﬁ = _% (azn/atz) lXaa ta’
and write J in the form
¢ £ dz _
= & Gh—w P rp: ‘=i~

For x =y, we then obtain J ~ (B¢ )‘1/2 > 1.

We see that the absorption of the zero sound
leads to a ““smearing out’’ of the limiting scatter-
ing angle.

5. The cross section for the direct coherent
scattering of the neutron by the nuclei of the Fermi
liquid (without change of orientation of the neutron
spin), given by formula (33), differs from the
cross section for the coherent scattering of the
neutron without change of orientation of its spin in
a Fermi gas of the same density by the factor R;.
For |w|/qvy < 1 this factor is independent of the
transferred energy and momentum and is equal to
Ry = (1 +Fy) % Ry— 0 for |w]|/qvy — 1. There-

fore the cross section for direct coherent scatter-
ing into angles close to

1 9 ¢ —2, 9 ‘s
X4 = arccos { 7 [Pz + pa — (2muvo) > (pr — pn)zl}

is appreciably smaller in a Fermi liquid than in
an ideal gas.

If we keep only the first two harmonics in the
expansion of F, we find for the direct scattering

cross section )
dp,

dog” = Z(m ) qvo) <l_lq(:l)ol>’p—ﬁ’
(33")

aft - (Vo + 1) Ry

where the factor Ry, which distinguishes this
cross section from the corresponding cross sec-
tion in the ideal Fermi gas, is equal to

Ri (o) = (14 3) L2 {0 + FoQ? + (FnFae)
Q. =w—ic';‘{1‘(w2—z§nz>+%zwn4ﬂ},
Qa=1-+ T'—ZQ@{nFI <w2 —i-;; nz)— QwL},

2
L=1+F(;+0w), Q=L+ n'F

6. Let us now consider the incoherent scatter-
ing of the neutron in a Fermi liquid. This scatter-
ing, which is due to the quantity b in the pseudo-
potential (1), is of the same type as the scattering
of a neutron in an ideal Fermi gas of nuclei whose
mass is equal to the effective mass m* of the quasi-
particles of the Fermi liquid. The total cross sec-
tion for the incoherent scattering (with and without
change of orientation of the neutron spin) per
nucleus is equal to

4 = 5 (B 16 o (Mot )0 (1—L21) o |(34)

We note that this expression does not contain (as
do( ) does) the factor R which depends on the
correlatlon between the nuclei.

It follows from (383) and (34) that there is no
unique relation between the transferred energy
and momentum for the direct scattering, whereas
such a relation does exist (for y— 0) in the scat-
tering with excitation of the zero sound [owing to
the presence of the 6 functions in formula (29')].
This circumstance allows us, in principle, to
distinguish between the two types of scattering.

Let us finally discuss the angular distribution
of the neutrons for the direct scattering in the
region of small angles, x < 1. If v ~ v;, the
cross section will be proportional to xdyx. For
large neutron velocities the cross section will be-
have like y2dy. For an estimate of the order of

-magnitude of the cross section, we set R ~ 1, and

obtain for vy > vy and ¥ <1



348

o' ~ 2 (m/m')2 6, (pa/po) x2dy,
o, = dnljaf+ 3[6P). (347

This expression depends on y in the same way as
do'’ 1) does [formula (18)]. The ratio of the cross
sections is, in order of magnitude, equal to

de/do'® ~ (s/vy) (1 — st/v3) " (35)

and can be larger than unity if v, ~ s; in general,
however, do(®) ~ dold,

7. We saw earlier that the cross section for
the scattering of neutrons with excitation of zero
sound oscillations is determined by the poles of
the function ®(q, w) for |w| 7> 1. If |w|T~ 1,
then & does not have poles for values of w close
to the real axis. For |w| T~ 1 we cannot, there-
fore, separate out of the scattering cross section
a term corresponding to the excitation of sharply
defined collective oscillations of the Fermi liquid.
On the other hand, if |w|T <« 1, the function &
again has poles for values of w close to the real
axis. These poles (w =mngvyq — iyg) determine the
dispersion law and the damping coefficient of the
zero sound oscillations (expressions for the veloc-
ity ngvy and the damping coefficient yg of the
sound have been found in the work of Landau ]
and Khalatnikov and Abrikosov %)),

Denoting the quantity & for |w|T < 1 by &g,
we have

Ds(q, 0) =

ho ( d‘rp ) ' I Ts

— N(,) T 1 T 5
6aume ( e, r.( ) |(@ — ngu09)? - 72

Ts 1

_ I 36
+ (@ + 1002+ 172 (36)
Substituting (36) in (21), we obtain the cross sec-
tion for the scattering of the neutron with excita-
tion (w > 0) and absorption (w <0) of zero-
sound oscillations:

s 1 N\ ‘ 1

do® = 5o () la gt oVt 1) —

e 7
2n \m v, K

Ys N Ts dp,

~ { ©— 0002 +12 (@ + nog)? + 13 } 3 87)
We note that the cross section for the scattering
of neutrons with small energy transfer (|w |
« 171) is of the order |w|T; for |w|[T <1 we
can therefore neglect the probability for direct
scattering as compared to the probability for the
scattering with excitation of ordinary sound.

If yg =0, the cross section for excitation of
ordinary sound* contains the function

*An expression for do(S) without account of the attenua-
tion of sound has been found independently and by a different
method by M. Kaganov.
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6(w — ngvpq) [see formula (37)]. Replacing
(27715)'3dp;1 by (21r)‘3dq and integrating over the
angular part of the vector q, we find for the cross
section for the excitation of ordinary sound with a
wave vector in the interval (q, q + dq)

do® = m (m'/m’)* | a 2 (Nw + 1) (vi/0n)? h*q* dg/msps.  (38)

Excitation of ordinary sound is possible only if
Vn > NgVe

Comparing (37) and (32), we see that we can
obtain the part of do‘®) which depends on w and q
by making the replacements 1y — ng, % — ¥s in
the corresponding part of do(®). The relations for
the scattering of neutrons with excitation of zero
sound are therefore also valid for the scattering
with excitation of ordinary sound. In particular,
if vg =0 and ngvy < vp < 2ngvy, the neutrons can

‘not be scattered into an angle which is larger than

some limiting angle xg. This angle is given by
formula (16), if we replace £ by &g =vp/Msvy-
As in the case of the zero sound, the damping of
the ordinary sound leads to a ‘‘smearing out” of
the limiting scattering angle. Here the scattering
cross section for the neutron within the angular
interval dy (integrated over the absolute value of
the vector py) near the angle xg is proportional
to 751/2.

8. Unfortunately, the only known Fermi liquid
— He®—has the property that the absorption of
slow neutrons is very strong. For energies of the
order of 1° K the capture cross section for neu-
trons in He® is o, ~ 10° x 10™% cm? whereas the
scattering cross section is only g, ~10-%cm?
For every scattering event there will thus be a
very large number of neutron capture events lead-
ing to a strong absorption of the neutron wave.
Since the mean free path of the neutron with re-
spect to capture is equal to /o ~ (pooc)'1 ~1073cm,
the neutrons will be scattered primarily in the
surface layer of the Hed, the effective thickness
of which is ~10-3 cm. Moreover, one must con-
sider the fact that the liquid He® will be heated up
as a consequence of the nuclear reactions caused
by the capture of the neutrons (this energy amounts
to 5 X 10° ev per captured neutron, which means
that 10'5 He® nuclei will be heated up by 1°K for
every scattering event). All these complications
make the investigation of the scattering of slow
neutrons in liquid He® very difficult. One may
hope, however, that it will be possible to carry
out such experiments as time goes on.
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