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Attention is directed to the optimal conditions for obtaining a high polarization of a neutron beam on 
reflection from a ferromagnetic mirror. A polarizing mirror is described. prepared by thermal vacuum 
sputtering of alloys of TiGd and FeCo of optimal composition and thickness on a polished glass backing. 
The polarizing ability of a two-layer mirror obtained in this manner is close to 100% at the maximum of 
the reflection spectrum. 

PACS numbers: 61.80.Hg, 29.75.+x 

One of the well-known and widely used methods of 
obtaining polariz3d beams of thermal neutrons is re­
flection of neutrons from magnetized ferromagnetic 
mirrors(l-5]. Mirror polarizers give a greater beam 
intensity compared with crystal polarizers, primarily 
because of the broad spectrum of the reflected beam 
and the large reflection coefficient R "" 1. 

The theory of specular reflection of neutrons is in­
vestigated in many papers[2-4 j and in many experiments 
mirrors are used made of cobalt[Z], iron[l] and 
Permendur[ 5]. As a rule these are mirrors made of 
ferromagnetic plates[ 5] or electrodeposited layers[ ~ J 

with subsequent polishing of the surface. Due to imper­
fect polishing of a metallic surface the reflected beam 
is considerably broadened with respect to the incident 
one. If in the experiment one uses only a single reflec­
tion, for example, only from the polarizing mirror, and 
only the intensity integrated over the angle is of im­
portance then such mirrors can be utilized success­
fully[Z]. For small-angle scattering with angular reso­
lution measured in minutes, and in cases when an 
analyzing mirror is utilized as well as a polarizer, a 
broadening of the beam on reflection is unacceptable. 
This is particularly important in a neutron guide with 
multiple reflection from mirror walls. The imperfect 
surface in this case greatly reduces the intensity of the 
transmitted neutrons, since the glancing angle B on in­
creasing after reflection can exceed the critical angle 
Bc for the reflecting walls. 

A polished glass surface is ideal in this sense[lJ 
since it practically does not broaden the beam on reflec­
tion. A defect of the glass backing is the fact that when 
thin polarizing layers (less than a micron in thickness) 
are deposited on the glass the possibility is not excluded· 
of reflection of neutrons from the glass and this makes 
the polarization deteriorate. Thicker layers in this case 
lose their point since they do not preserve the quality of 
the polished glass surface. It is also essential to 
realize that thin ferromagnetic layers are easily mag­
netized to saturation. This is important in order to ob­
tain a high degree of polarization on reflection, since on 
reflection the neutron wave penetrates to a certain depth 
into the reflecting layer and depolarization is possible 
by the magnetic inhomogeneities associated with the in­
complete magnetic saturation of the ferromagnetic. 

With reference to the polarizing layer itself, it is 
ordinarily[Z] considered to be sufficient that the mag­
netic scattering amplitude am should be not less than 
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Amplitude characteristics and absorption cross sections oa for 
materials used in the experiment. 

Qn am I (In,-t- n m I a -a 
Material* H m 

(metals) 
a n' b 

10-l2 em 

Co 0.250 0.170 n.720 -0.220 i1.1(A OO t.OR;\) 
Fe 0.950 0.600 1.!i;jO 0.350 21 ().~1.0S Ai 

lii.Fe 0.420 0.600 1.0~O -O.lSO I 
50 Fe 50Co 0.600 0.624 1,224 -0.024 

'fi -0.3:l0 /3.5 ().~1.0S A) 
Mn -0.360 7.6 (1.0= 1.1J8 /.) 
V -0.0,50 , 2.,~ (i.~·28 A) 

Cd 1.500 4n (X)o 
Cd 0.380 2650 

"For alloys both here and in the text concentrations are given in percentages by 
weight. 

the amplitude of coherent nuclear scattering an. In 
such a situation the total amplitude 

(1) 

where the plus and minus signs refer to the positi ve and 
negative spin states of the neutron, can also assume 
finite negative values,for example in the case of cobalt 
(cf., table). 

Here it sQould be noted that the condition a_ < 0 is 
not sufficient for obtaining a high degree of polarization. 
The condition a_ < 0 corresponds to the reflection of a 
neutron wave from a negative potential "wall." As is 
well known from quantum mechanics[6] the coefficient of 
reflection from a potential "wall" is equal to 

(2 ) 

where kI = n- If2ITiE (m and E are the mass and the 
energy of the neutron) is the propagation vector of the 
wave incident normally on the boundary of the "wall", 
while kz = n- I v' 2m( E - U) is the propagation vector in 
the medium with potential energy U. From (2) it can be 
seen that there will be no reflection only in the case 
kI = kz, Le. when U = O. For any negative value of U 
the coefficient of reflection R ~ 1 as kI ~ 0 since in 
this case kz - n- I f2ffiTU1. For the case of reflection 
from a ferromagnetic mirror this means that R_ in­
creases as the normal component kI = K sin () of the 
propagation vector K of neutrons incident at an angle 
B to the surface decreases. Since it is practically im­
possible to prepare a reflecting material with U_ = 0 
(Le., an = am), it is not possible in principle to polar­
ize a beam with arbitrarily small values of K and (). 
However, by attaining in an experiment the smallest 
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possible value of I U_ I. one can appreciably increase 
the polarizing ability of the mirror in the domain of 
long wavelengths and small 8. 

The investigations carried out by us on the polariza­
tion of a neutron beam .on reflection from thin ferro­
magnetic layers of different composition and the use of 
an absorbing substratum have enabled us to obtain a 
beam with a high degree of polarization over a wide 
range of wavelengths. At the same time the reflecting 
surface retained the quality of the polished glass 
utilized as the mirror backing. 

DESIGN CALCULATIONS FORA MULTI LAYER 
MIRROR 

When a neutron wave passes across a boundary be­
tween two media the propagation vector of the neutrons 
undergoes a change due to the different optical density 
of these media for neutrons. Figure 1 shows possible 
variants of such a change. Here K is the propagation 
vector of the neutrons in medium 1 incident at an angle 
8 to the separation boundary. while K' is the propaga­
tion vector in medium 2 which makes an angle e' with 
the separation boundary. The refraction of the neutron 
wave at the boundary of the two media is characterized 
by the index of refraction n12: 

n, K' cosS 
nu = -;:- = K = cos 8' , 

(3 ) 

where nl and n2 are the indices of refraction of media 
1 and 2 relative to vacuum which are determined by the 
scattering properties of the media and are a function of 
the neutron wavelength ).: 

n,,'=l-A'(N,a,-N.a.)/:n, (4) 

where a1(2) is the amplitude for coherent scattering, 
while N1(2) is the number of nuclei per unit volume of 
media 1 and 2. In investigating formula (2) in terms of 
X and e we dwell on three basic cases represented in 
Fig. l. 

In case I when N2a2 - N1 a1 > 0 (n12 < 1) in medium 2 
the angle e' is always less than e and can vanish for a 
certain positive value e = e c. For e:s ec the phenome­
non of total specular or "internal" (in analogy with 
optics) reflection occurs. 

For thermal neutrons the critical angle e c « 1 and 
is equal to 

8,""sin (l,= (l-n.,') '1,=A(N,a,-N.a.) ·IJ-Y:n. (5) 

A quantitative measure of specular reflection is the 
reflection coefficient R = 1/10 which determines the 
fraction of reflected neutrons (I) with respect to the 
incident ones (Io). For angles e > 8 c reflection dimin­
ishes with increasing e in accordance with the expres­
sion[2] 

R = I (n •• '-l +8') '1'-8 I' 
(n.,'-l +8') "'+8 . 

In case III which occurs when N2a 2 - N1a1 < 0 (n12 

(6) 

> 1), there exists no positive critical angle and R will 
be determined by expression (6) for all e > O. Only in 
case II, when N2a2 - N1a1 = 0 (n12 = 1) is the coefficient 
of reflection equal to zero for neutrons of all wave­
lengths X and for all glancing angles e, as follows from 
(5) and (6). Case II is equivalent to the absence of a 
boundary between media 1 and 2, Le., to the equation 

(7 ) 
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FIG. 1. Refraction of a neu- 2 
tron wave at the boundary bet-
ween two media. 

When neutrons are scattered by a magnetized ferro­
magnetic due to interference between nuclear and mag­
netic scattering which are characterized by the ampli­
tudes an and am the effects of the interaction between 
the neutrons and the medium are characterized by the 
total amplitude a± (formula (1)). The expression for the 
magnetic amplitude bas the form(21 

a .. =2:nm)t(B-H)/h'N, (8) 

where m and J1. are the mass and the magnetic moment 
of a neutron, B is the magnetic induction in the ferro­
magnetic, H is the magnitude of the magnetizing field, 
h is the Planck constant. From expression (1) it follows 
that neutrons with parallel and anti parallel spin orienta­
tion will have different values of the refraction coef­
ficients nl2t '" n12_ and different critical angles e C+ 
> e c-, and this enables one to obtain a polarized beam 
on reflection from a magnetized ferromagnetic. Indeed, 
if e c- < e < e C+, then R+ > It. and the polarizing ability 
of the mirror can be written in the form[2-4] 

(9) 

In order that the mirror be a good polarizer for a broad 
spectrum of neutrons over a wide range of glancing 
angles it is necessary to eXClude completely the reflec­
tion from the ferromagnet of the antiparallel component 
of the neutron beam, and for mirrors with a thin ferro­
magnetic layer one should also exclude reflection from 
the backing, Le., it is necessary to require R = O. This 
can be accomplished only if condition (7) is satisfied for 
the antiparallel component of the beam: 

(10) 

where nf and nback are the indices of refraction re­
spectively at the vacuum-ferromagnet boundary and the 
ferromagnet-backing boundary. 

When using a glass baCking in order for condition (10) 
to be satisfied a special composition of the glass if re­
quired which would guarantee the vanishing of the aver­
age amplitude of coherent nuclear scattering an for the 
glass; 

an= ~an.Ci' 
• 

where ani and Ci are the coherent amplitude and the 
density of atoms of type i in the glass. Preparation of 
such a glass is possible in principle, but appears to be 
quite difficult. And glass produced industrially has a 
positive amplitude for coherent scattering an"" 0.3 
x 10-12 cm. 

However, this problem can be solved by introducing 
an absorbing substratum situated between the glass 
backing and the ferromagnetic layer and having an index 
of refraction l1subst -"J 1 with an accuracy up to. the 
imaginary part 1m n associated with a large absorption 
cross section. The imaginary part 1m n gives rise to 
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FIG. 2. Calculated dependence of the reflection coefficient R on the 
glancing angle (J for a 50Fe50Co alloy: curve I-A=3 A, 2-A=6 A, 3-
A= lOA and for Ti: curve 4-A=6 A. 

a "metallic" reflection of neutrons and in the general 
case is an essential disadvantage of absorbing mater­
ials since it does not permit condition (10) to be com­
pletely satisfied. 

It is possible to satisfy Eq. (10) for a polarizing 
layer, for example, by a FeCo alloy (with an appropri­
ate concentration of Co) or by iron appropriately en­
riched in the isotope 54Fe. Materials suitable for the 
substratum (on neglecting 1m n) are alloys of highly 
absorbing substances such as gadolinium or cadmium 
with titanium, manganese or vanadium which have 
negative scattering amplitudes needed to cancel the 
positive amplitudes of gadolinium or cadmium (cf., 
table). 

In order to estimate quantitatively how accurately 
must condition (10) be satisfied the coefficients R_ 
were calculated for a_ = -0.024 x 10-12 cm (this is the 
value of a_ for the incompletely compensated alloy 
50Fe50Co) and for a_ = -0.33 x 10-12 cm (the amplitude 
for titanium) as a function of the glancing angle e and 
for different A. The res ults are shown in Fig. 2. From 
the diagram it can be seen that even for such small 
values as a_ = -0.024 x 10-12 cm considerable specular 
reflection of neutrons occurs at small angles. We note 
that for pure cobalt the value of a_ is bigger by a factor 
10 (a_ = -0.22 x 10-1" cm) and R<:?0(8) will lie closer to 
curve 4. From Fig. 2 it can also be seen that in the 
case of incomplete cancellation of nuclear and magnetic 
amplitudes (an < am) reflection increases with in­
creasing wavelength (curves 1-3), i.e., in this case for 
a fixed angle 8 the long wavelength part of the spectrum 
will be polarized worse, and maximum polarization will 
be observed for neutrons reflected at large angles, Le., 
near the critical angle 8 c+' 

As materials for experimental mirrors we have 
chosen for the polarizing layer the alloy FeCo as a 
cheaper one compared to the isotopic mixture Fe 54Fe, 
and for the substratum we have chosen the TiGd alloy as 
having a high absorption cross section and good corro­
sion resistance. 

At a value of B - H = 23500 G condition (10) is satis­
fied at a concentration of cobalt C(Co) = 46% by weight 
in the FeCo alloy and at a gadolinium concentration 
C (Gd) = 42% by weight in the TiGd alloy. Since the depth 
of penetration of neutrons into the reflecting medium in 
the case of total reflection is inSignificant (of the order 
of 400 A), the thickness of the ferromagnetic layer was 

974 Sov. Phys.-JETP. Vol. 42. No.6 

assumed to be equal to <5 = 1500 A. The effective thick­
ness of the substratum 60Ti40Gd which reduces the in­
tensity of th~ incident beam by a factor of 200 is equal 
to <5 = 2200 A. These calculated values of the parame­
ters of the layers were the starting points for the ex­
perimental optimization of the composition and the 
thickness of the layers in order to obtain maximum 
polarizing ability of the mirror. The layers were de­
posited sequentially by thermal vacuum sputtering of 
the FeCo and TiGd alloys on a glass backing l ). At first 
the TiGd layer was optimized for minimum reflection, 
and then a layer of FeCo was deposited on the TiGd. 

THE TECHNOLOGY OF MIRROR PREPARATION 

A typical glass backing had the dimensions 210 
x 50 x 5 mm. The high-quality glass surface was quite 
satisfactory for neutron mirrors since according to the 
data from our measurements a beam of angular width of 
approximately 30" was practically not broadened on re­
flection. The curvature of the substratum did not ex­
ceed 25 Newton fringes per 100 mm. 

The titanium-gadolinium substratum and the ferro­
magnetic layer were deposited by thermal vacuum 
sputtering. A diagram of the sputtering equipment is 
shown in Fig. 3. The backing 3 was placed in the heater 
1 which was placed in the magnetic field of the perma­
nent magnet 2. The value of the field was H = 250 Oe. 
The temperature of the backing at the beginning of the 
sputtering is 300"C. The sputtering of the TiGd-sub­
stratum and of the ferromagnetic layer was carried out 
from the tungsten spirals 5. The spirals for obtaining 
the FeCo layer were prepared by the method of electro­
lytic deposition of twenty alternating layers of iron and 
cobalt with a subsequent baking of the layers in hydro­
gen at a temperature of 700°C for two hours. In order 
to obtain the substratum a shaving of the TiGd alloy of 
the desired composition was placed into a clean tungsten 
spiral previously heated in hydrogen. 

The volume underneath the bell jar was evacuated 
through the exhaust pipe 6 by means of a diffusion pump 
with a nitrogen trap with the bell jar heated to 60"C. 
Then the bell jar was cooled to a temperature of approx­
imately 15°C. Sputtering began when a vacuum of 3 
x 10-5 Torr had been obtained. With the shutter 4 closed 
the spiral was heated for degassing. Then the shutter 
was opened and the spiral was heated to the temperature 
of melting of the material being sputtered. After sput­
tering the mirror cooled in vacuo. 

The spirals were weighed before and after sputtering. 
The length of the spiral was 250 mm with the mirror 

FIG. 3. Apparatus for vacuum sput­
tering: I-heater, 2-magnet, 3-backing, 
4-shutter, 5-tungsten spiral, 6-exhaust 
pipe. 
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being 210 mm in length. The distance from the spiral to 
the mirror was l = 145 mm. Such a geometry enabled 
us to obtain a film with uniformity with respect to thick­
ness no worse than 3<1Jb. Under these conditions the 
deviation from the average thickness determined by 
weight liav amounted to + 10% halfway along the length 
of the mirror and -2<1Jb at the edges of the mirror. The 
determination of the thickness of the layer at different 
areas of the backing with subsequent adjustment for the 
total weight of the sputtered material was carried out 
by means of weighing foils simulating the whole area of 
the mirror after sputtering. A check of the thickness of 
the layers on the mirrors by means of the interference 
microscope MU-4 showed good agreement with calcula­
tion, and this indicates that the density of the film was 
close to the density of the monolithic material. 

TESTING OF MIRRORS 

Testing of mirrors was carried out in the beam of 
the reactor VVR-M using the apparatus described in(1J. 
Diagramatically the apparatus is shown in Fig. 4. The 
beam was formed by the steel collimator 1 in the reac­
tor channel producing an angle of divergence of 7', and 
by additional cadmium slits 4,6 of variable width from 
0.15 to 10 mm. For the polarizer 2 a calibrated mirror 
of 50Fe50Co was utilized. The mirrors under test were 
situated in place of the analyzing mirror 5. For a non­
adiabatic reversal of the neutron spin with respect to 
the guiding magnetic field required for the measure­
ment of polarization a spin-flipper was inserted between 
the polarizer and the analyzer. In order to measure the 
polarization in various parts of the spectrum a crystal 
spectrometer based on a GUR-4 goniometer was placed 
between the analyzer 5 and the detector 7. A lead single 
crystal 8 with the reflecting plane (111) was used as a 
monochromator. In order to calibrate the polarizing 
ability of the polarizing mirror two identical mirrors 
selected with the aid of a third one were introduced in 
place of the polarizer and the analyzer with the same 
glancing angle 8 P = 8A. In this case the polarizing 
ability of the mirror was calculated from the relation 

Pp=PA=,!'PpPA=¥e; 8= (1+-L) 1(1++1-), 

where € is the directly measured polarization deter­
mined from the measurement of the intensity at the de­
tector 7 when the flipper is switched on (I, when the 
flipper is switched off L when the flipper is switched 
on). The efficiency of the flipper was assumed to be 
equal to unity. The accuracy of the measurement of the 
polarization amounted to fractions of a percent near the 
maximum of the reflection spectrum. The dependence 
of the polarizing ability of the mirror undergoing the 
test on the glancing angle P(8A) was determined using 

FIG. 4. Diagram of the apparatus for testing polarizing mirrors: 1-
collimator, 2-polarizing mirror, 3-spin-flipper, 4, 6-cadmium slits, 5-
analyzing mirror, 7-10BF3 detector, 8-crystal-monochromator of the 
spectrometer. 
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a constant polarizer angle 8 P (with 8A:::S 8 p). The 
polarizing ability of the mirror under test was deter­
mined from the relation P A (8 A) = € (8 A)/ Pp( 8 P = const) 
and this enabled us to carry out a relative comparison 
of mirrors under test without a precise determination 
of the absolute value of PA. 

For the determination of the reflection coefficient R 
of the mirror 5 we measured the intensity of the direct 
beam 10 without a mirror and then the intensity of the 
beam II reflected from the mirror 5. The reflection 
coefficient was calculated from R = 11/10 , 

OPTIMIZATION OF THE TiGd-SUBSTRATUM 

Since in the case of thermal sputtering a redistribu­
tion of the concentration of Ti and Gd is possible along 
the depth of the substratum deposited due to the differ­
ence in the pressure of their saturated vapors at the 
same temperature, the required concentration of Gd in 
Ti and the thickness of the substratum were determined 
experimentally. Mirrors were prepared from alloys of 
the following concentrations of Gd by weight in the 
material being sputtered: 2, 5, 10, 15,20 and 4~ of 
different thickness. 

The mirrors under test were put in place of the ana­
lyzing mirror and the intensity of the reflected beam 
was measured for the same value of the glancing angle 
8A = 21', and then the individual mirrors were tested 
for different values of 8A. The results of these meas­
urements are shown in Fig. 5 in the form of the depend­
ence of the intensity of the reflected beam on the thick­
ness of the TiGd layer for four concentrations by weight 
of gadolinium in the initial material. In Fig. 6a the de­
pendence of the reflection coefficient on the glancing 
angle is shown for two mirrors. 

From the analySis of the results obtained one can 
draw the following conclusions: 

1) Qualitatively the angular dependence of the re­
flection coefficient R(8) corresponds to the calculated 
one shown in Fig. 2. 

2) An increase in the concentration of gadolinium in 
titanium at least up to 15-2<1Jb reduces the reflection 
from the substratum. The substratum with a gadolinium 
concentration of 4<J1'u (the concentration was calculated 
with the aid of (10)) has a reflection coefficient larger 
by a factor of 1.5-2 than in the case of a 1590 concen­
tration (Fig. 6a). 

11100, neut/sec 
7 

?OOO uooa 6000 3000 10000 12000 (qOOO 

6'av1A 

FIG. S. Dependence of the intensity I of beams reflected at a glanc­
ing angle of 8=21~, ·on the-!hickness of the film for Ti-Gd mirrors of 
different compositions: 1-98Ti2Gd, 2-9STiSGd, 3-BSTilSGd, 4-
60Ti40Gd. 
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FIG. 6. a) Dependence of the reflection coefficient on the glancing 
angle: I-for a 60Ti40Gd mirror, 2-for a 85Til5Gd mirror. b) De­
pendence of the polarizing ability on the glancing angle. Composition of 
the ferromagnetic layer with a 85Ti15Gd substratum: 1-40Fe60Co, 
2-50Fe50Co, 3-54Fe46Co and without a substratum: 4-50Fe50Co. 

3) As the thickness of the substratum 15 is increased 
the reflection coefficient R ceases to depend on the 
thickness, and this testifies that the range of 15 selected 
for the test is adequate and that it is possible to choose 
an optimal thickness (a minimal thickness in the pres­
ent case) which guarantees a minimum reflection coef­
ficient. A thickness of 15::.:: 6000 A is satisfactory. 

We recall that the calculated concentration by weight 
in accordance with (10) amounted to 42%, while the thick­
ness of the substratum for a 58Ti42Gd mirror was equal 
to 15 = 2200 A under the condition that the incident beam 
intensity is reduced by a factor of 200. If an experimen­
tal increase in the thickness by a factor of 2.7 compared 
to the calculated value can be explained by a decrease in 
the concentration of Gd by a factor of 2.8 (in the optimum 
case), then a considerable diminution of the concentra­
tion itself (C (Gd) = 15% by weight) compared to the cal­
culated value is explained apparently by the fact that 
condition (10) does not take into account the contribution 
of the "metallic" reflection due to the large absorption 
cross section of gadOlinium. 

In order to carry out further investigations we have 
assumed that the substratum of TiGd with a concentra­
tion of C(Gd) = 15% by weight in the initial alloy has 
been optimized when the thickness of the substratum is 
15 = 6000A. 

OPTIMIZATION OF THE POLARIZING LAYER 

Layers of the alloy FeCo of thickness 1500 A with 
different concentrations of Co near the calculated one 
C (Co) = 46% were deposited on the optimized coatings 
of TiGd. Results for some values of C(Co) are shown 
in Fig. 6b in the form of the dependence of the polariza­
tion of the reflected beam on the glancing angle. In 
making the measurements a neutron beam with ,\ ::.:: 3 A 
has been utilized. From the diagram it can be seen that 
the optimum concentration of Co in the initial alloy dif­
fers from the calculated one. Apparently, this is asso­
ciated with a redistribution of the concentrations of iron 
and cobalt in the sputtered layer compared with the 
original alloy. Even for the concentration C(Co) = 5(ffo 
P - 0 down to an angle of e = 1.5', and this testifies to 
the existence of a positive critical angle ec- = 1.5', 
i.e., to an incomplete cancellation of an and am. In this 
case an > am while the calculated value of an - am 
= -0.024 x 10- 12 cm. Of all the coatings investigated 
that layer appears to be the best which has been sput-
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tered from an alloy with a concentration of C(Co) = 60% 
by weight. 

Figure 6b also shows the effectiveness of the action 
of the TiGd-substratum. Curve 4 corresponds to the 
polarization of a beam reflected from a layer of 
50Fe50Co of thickness 15 = .1500 A deposited on glass 
without a TiGd-substratum. It can be seen that P - 0 
already for an angle e = 12', equal to the critical angle 
for glass. For mirrors with a TiGd substratum over a 
wide range of angles e the polarization of the beam is 
at a level of 0.95-0.97. This is the average polariza­
tion over the spectrum of the neutron beam. 

From Figs. 6a and 6b one can see the correlation be­
tween the polarization and the magnitude of the reflec­
tion of neutrons from the substratum. In the case of 
such a functional dependence R..(e), as has been noted 
earlier, the long wavelength part of the spectrum must 
have a lower degree of polarization. This affects the 
average polarization of the beam. The spectral distri­
bution of polarization in the range ,\ = 3.5-5A meas­
ured by the crystal spectrometer is shown in Fig. 7 for 
a 50Fe50Co mirror. From the diagram it can be seen 
that the intensity of the reverse component of the beam 
L does not stand out above the background. Estimates 
taking experimental error into account show that polari­
zation of neutrons for ,\ = 4 A amounts to P = 1.00-0.01, 
while for ,\ = 5 A it is equal to P = 1.00-0.03. 

CONCLUSION 

The results of the experiments that have been car­
ried out have shown that the use of a thin absorbing 
substratum and the optimization of the polarizing layer 
make it possible to produce a high efficiency polarizing 
mirror with a thin ferromagnetic layer on a glass back·· 
ing and to obtain highly polarized beams of thermal, 
cold and ultracold neutrons. In preliminary experi­
ments with ultracold neutrons a polarization P > 7(ffo 
has been obtained for ,\ = 700-800 A using the mirrors 
described above. On the basis of experimental mirrors 
a working model of a polarizing neutron guide has been 
produced with an efficiency averaged over the spectrum 
of P = 0.97-98 and with transmission close to unity for 
,\ ::.:: 2.7 A. We are also continuing experiments with the 
aim of a more complete optimization of the layers and 
a reduction of "metallic" reflection, which would en­
able us to increase the polarization of neutrons re­
flected at small angles. This problem is a pressing one 
in experiments utilizing polarized cold and ultracold 
neutrons. 

In conclusion we consider it our pleasant duty to 
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FIG. 7. Dependence of the reflection of the parallel (1+) and the anti· 
parallel (L) components of the beam on the neutron wavelength ,\ for a 
SOFeSOCo mirror with a 8STilSGd substratum. 8B is the Bragg angle 
for the analyzing (III) plane of a single crystal of Pb. 
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