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Abstract

The advantages of using a transverse magnetic field for precess-
ing the polarization of fast-neutrons are discussed. Design details of-
a powerful electromagnet supplying a transverse field of approximately
20 kGauss are given. Precession characteristics for polarized fast-
neutrons obtained at 50° (lab. syst.) from the Li7(p, n)Be7 reaction
are reported, using elastic scattering at 42% (lab. syst.) off natural
carbon as an analyser., Correlation of the precession data with theo-
retical predictions presented elsewhere is made, and good agreement

is found.
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1. Introduction

Fast-neutron polarization experiments have lately become of
considerable importance for unraveling the complexities of nuclear
forces, and a number of such experiments have been reported (see ref.
1 for an extensive bibliography). The principle of a fast-neutron polar-

ization experiment is depicted in fig. 1. Unpolarized charged-particles,

e.g. protons, deuterons, or a-particles, are incident on a neutron-
producing target., Generally, the emitted neutrons will be partially pol-
arized with a polarization f"} = _P)] (¢,) that is normal to the reaction
plane. A part of the neutrons produced is collimated and elastically
scattered off a scattering sample, and finally the scattered neutrons
are detected by two identical detectors Dy, and DR' In general, these
detectors will record different scattered intensities NL and NR resp.
In the idealized case of point target, point scatterer, and identi-

cal point detectors the following relation prevails (Basel convention)

1 -N; /Np "

PP, =P, (6,) P,y(8,) = 5 N, /Ny )

where PZ is the polarization acquired by unpolarized neutrons if they

were ixl'L\(I:ident on the scattering sample. ?’2 is normal to the scattering

plane. ﬁll!i is the left-right intensity ratio. It is not feasible to design

two detectors whose relative efficiencies are sufficiently well known
for the faithful determination of the rather small intensity differences
between these detectors without committing serious errors. The practi-
cal way of performing a polarization experiment is therefore to use

one movable detector and successively record the scattered intensities

in the left and right positions with respect to the incident fast-neutron
beam. However, also this procedure is vulnerable to false asymmetries,
which easily may mask the true asymmetries being looked for. Contrib-

utions to the false asymmetries may come from

1) mechanical deficiencies, namely
a) difficulties in attaining equality and reproducibility of the left

and right detector positions



b) other mechanical short-comings of the experimental set-up

2) non-~ideal neutron optical conditions caused by finite size of
the beam profile, implying variations in neutron intensity, energy,

and polarization across the scattering sample.

The ensuing systematic errors are considered in detail in ref.
[2].where it is shown that by proper design of the mechanical details
of the experimental set-up the false asymmetries under 1) may be kept
under control. However, the systematic errors introduced by the finite
beam profile are difficult to handle analytically, because for intensity
reasons both the scattering sample and the detectors will have to be
of considerable physical extension.

As first pointed out by Wilson [3a] the use of homogeneous mag-
netic fields will be of considerable advantage in alleviating the latter
type of difficulties, because through the Larmor precession of the
neutron polarization in the magnetic field the left-right ratio may be

determined without performing an azimuthal displacement of the de-

tector(s) . This stems from the fact that only a microscopic property
of the neutron beam (the magnetic moment of the separate neutron) is
affected, whereas the macroscopic properties such as beam profile
and position remain the same. Hillmar and co-workers [3b] were the
first to report on the sucessful application of a longitudinal magnetic
field generated by a sclenoid, in high energy neutron polarization ex-
periments. Later, solenoids have found applications also in low energy
neutron polarization work [4-87.

However, the design considerations preceding the fast-neutron
polarization facility being operated in conjunction with the Studsvik
6 MeV Van de Graaff * (see below and also ref. 9) lead to the conclu-
sion that the application of a transverse magnetic field between the
neutron—-produf:ing target and the scattering sample would be particu-

larly favourable.

* Type CN, delivered by High Voltage Engineering Corporation,
Burlington, Massachusetts, U.5.A.



The large electromagnet subsequently designed generates a field of
sufficient strength for precéssing through 180° the polarization of
fast-neutrons of energies up to approximately 10 MeV. Similar mag-
nets were also constructed in other fast-neutron laboratories, and a
few polarization data have been obtained by using these magnets [10-
137. So far, however, no separate descriptions of them have been
published, and we therefore find it appropriate to describe our equip-

ment somewhat more detailed than elsewhere done xx_

2. Design consgiderations

As pointed out in refs. [2, 9, 15a and 15b7] the fast-neutron polar-

ization set-up is intended for

1) investigations of the partially polarized neutrons emanating from

charged-particle reactions

2) studies of the polarization acquired by neutrons in elastic scatter-

ing from various nuclei.

Bearing this information in mind intensity considerations settled

the following dimensions:

1) target-to-scatterer distance ~ 100 cm

2) scatterer-to-detector distance a~ 25 cm

One realizes that this compromise is compatible with the insertion
of a comparatively large electromagnet between target and scatterer.
Indeed, if a homogeneous field of about 19 kGauss is effective along a
distance = 40 cm this field will be sufficiently strong for precessing
through 180° the polarization of neutrons of maximum energy = 10 MeV.
(See calculations in the Appendix). Also, because of the bulkiness of
an electromagnet it will form an excellent fast-neutron and y-ray shield.

The. following considerations favoured the choice of a transverse

magnetic field generated by an electromagnet:

Hx Prelinﬁnary accounts of the design and the performance of the

precession magnet are found in refs. [14a - 15b].



1) small power consumption

2) negligible stray magnetic fields

3) possibility of keeping reaction and scattering planes coplanar

4) possibility of measuring unpolarized differential scattering cross
sections

5) possibility of designing the pole pieces of the electromagnet so

that they form parts of the neutron collimator assembly.

As the precession of the magnetic moments of the neutrons takes
place with the direction of the magnetic field as the precession axis -
(see fig. 2), the maximum field strength needed will be governed by
the maximum energy of the neutrons whose magnetic moments are to
be precessed through 180°. To some extent this requirement offsets
the advantage of using an electromagnet whose power requirements
are low, as compared to a solenoid where the maximum precession .
angles wanted are just T 90°, However, practical reasons dictate the
desirability of keeping reaction and scattering~ planes coplanar. Further,
the stray magnetic fields of a solenoid are very troublesome to handle,
whereas in the case of a properly designed electromagnet they will pre-
sent no problems at all, leaving both the target spot and the sensitivity
of the photo-multipliers unaffected.

It is clear that by precessing the polarization through 90° only
there is a possibility for measuring unpolarized scattering cross sections.
If a solenoid is used, the same goal is achieved by recording the scatter-
ed intensities when no field is applied, because in this case the reaction
and scattering planes are at right angles to each other.

Finally, the pole pieces of the electromagnet may be designed so
as to form integral parts of the neutron collimator assembly. The Vobvious
advantage here is a concentration of the magnetic field within the colli-
mator, implying efficient use of the magnet with negligible stray fields,
and also optimum shielding of the detectors. An electromagnet has the
disadvantage that the magnetic induction has to be measured separately,
because it is not linearly related to the excitation current. Further,

careful demagnetization has to be performed between successive runs.



3. Description of the precession magnet and its associated equip-

ment

P~ = Py mivgnasiny

The mechanical design of the precession magnet is apparent
from the simplified cross sectional view given in fig. 3. The two exci-
tation coils - electrically operated in parallel - are encased in a thick-
walled soft-iron (Stg Perm *) box of outer dimensions 55 x 56 x 63 cm,
effectively enclosing all magnetic field lines. The area of each of the
two pole faces is 6 x 40 cmz, and their mutual distance is equal to 4.5
cm. The effective air gap, however, is determined by the soft-iron
side parts of the collimator, and the characteristic numbers for the

present set-up are the following:

entrance air gap 16.6 mm
middle air gap 25.0 mm
exit air gap 44. 4 mm

The two excitation coils > are wound on copper forms, each
divided into seven sections so that each section contains 170 turns of
1.6 x 2.5 mm copper wire. The number of turns for the whole magnet
is 2380. The electrical insulation of the copper wire as well as the
copper forms turned out to be a formidable obstacle to the faithful
operation of the preceséion magnet. The final choice of wire became
type DFH terephthalic acid polyester insulated copper wire FEE with an
additional double -spun cotton insulation. A reliable electrical insula-
tion of the copper forms was accomplished by spraying them with ar-
aldite doped with some quartz sand before winding. Further, melinex
foils (thickness = 200 gauge) were placed between the copper wire and
the walls of the copper forms. Also, melinex tape (thickness = 100

gauge) was interposed between the separate winding layers.

* Delivered by Domnarfvets Jernverk, Domnarvet, Sweden

X Wound by Sandblom & Stohne, Stockholm, Sweden

Delivered by Sieverts Kabelverk, Sundbyberg, Sweden



Each excitation coil is cooled by eight tubular cooling loops
(inner diameter = 5 mm), and thée total consumption of cooling water
is 10 - 12 litres per minute. In order to prevent condensation of
water vapor along the collimator the outlet temperature of the cooling
water is kept constant slightly above room temperature. However, the
field off-field on operation in the experimental routine implies a rather
large variation in the heat production of the precession magnet. The
cooling water is therefore preheated to a convenient thermostatically
regulated temperature in a water boiler, and mixed with cold water
before entering the precession magnet (see fig. 4). The mixing of
preheated and cold water is governed by a temperature-sensitive probe
in the outlet cooling water so that its temperature is kept constant

within ¥ 0.5 °C.

— — wan s et s e oot hetad v oinr  den | wwan -

The excitation coils of the precession magnet are powered by
a 10 kW motor-~-generator * capable of delivering a maximum D.C.
current of 45 A, corresponding to 53550 Ampere-turns. The D.C. out-
put of this genefator is controlled by a trahs'istorized power supply.
During normal operation the magnet current is maintained constant by
means of negative feedback. |

Fig. 5 shows a block diagram of the system. As indicated in fig.
5 the different units are located in different parts of the accelerator
building. The electromagnet resides in the experimental hall, the mo-
tor-generator is in a machine room in the basement and the electronic
equipment in the control room.

The electronic equipment consists of a power rectifier, an "auto"
and a "power' amplifier, and a very-low frequency sine wave genera-
tor. The mains power to the control unit is taken through a sa)fe-guard
relay, ensuring that the cooling water to the electro-magnet is flowing

before the circuits can.be energized.

Type RB 15/4 - ML10 delivered by AB Higglund & Soner
Ornskoldsvik, Sweden



The three~phase AC motor which drives the generator can be
started by means of a push-button contactor located in the control
room. The electronic unit supplies current to a main and an auxiliary
field winding of the generator. The output current of the generator is
proportional to the resultant Ampere-turns of these field windings. The
maximum input to the main field winding is 5 A at 20 V, the generator
output then being 45 A at 180 V. In the absence of control power a
small residual current flows in the output circuit due the remanence
field of the generator.

The control unit serves three purposes: 1) the magnetizing current
is automatically stabilized to a predetermined value 2) the magnetizing
current can be set manually to any desired value and 3) the electro-
magnet is demagnetized. Any one of these functions may be selected by
pushing one of three control buttons labelled "Auto', "*Man' and
"Demagn' resp.

The normal mode of operation is obtained when the knob '"Auto'f
is depressed for stabilizing the magnet current. In this case the current
of the main stator winding is taken from the power rectifier and that of
the auxiliary winding from the auto amplifier.

By means of a rheostat the current of the main winding is adjust-
ed until a magnet current about 10 % lower than that desired is obtain-
ed. The auto amplifier senses the voltage drop across a 100 milliohm
resistor in the magnet circuit and compares it with an adjustable re-
ference voltage. The output of the auto amplifier is a curfent propor -
tional to the difference between these two voltages. This output current
is fed to the auxiliary stator winding thereby cha.ngi.ng the generator out-
put to a value which makes the input voltage difference nearly zero. The
adjustable reference voltage is set to a value so as to give correct mag-
net current. Because of the feedback mechanism the current is stabilized
to better than & 0.5 %.

When the knob "Man' is depressed no current flows in the auxiliary
winding. The current of the main winding is delivered by the power
amplifier whose output is governed by a sine potentiometer. By turning
the shaft of this potentiometer the output current of the amplifier can
be continuously varied from + 5 to - 5 A. A corresponding variation is
obtained in the main circuit and thus the magnet current can be manually

set to any desired value,



In the Ydemagnetizing' mode the connections of the stator wind-
ings are the same as in the manual mode, but a decreasing voltage,
generated by a "time constant! circuit, is applied at the sine potenti-
ometer and simultaneously the shaft is slowly rotated (6 rpm) by a
motor. The resulting effect is a damped sinusoidal output of the power
amplifier and consequently a decreasing sinusoidal current through
the precession magnet. When, after about 10 - 12 cycles, the voltage
across the sine potentiometer has decreased to practically zero, a
relay, short-circuiting the magnet coil, is actuated. The purpose of
this relay is to remove the residual generator current from the mag-
net winding when - after the degaussing operation ~ the field has to be

ZEero.

— — — — o—— S——

Readings of the excitation currents are taken by means of a
Weston Model 1971 panel instrument (accuracy to.s %), whereas the
magnetic induction is measured by means of a Rawson-Lush Type 820S
rotating-coil Gauss-meter” having an accuracy of To. %. The probe
locations of the Gauss-meter can either be in the central part of the
collimator, or peripherally where it does not interfere with the flight

paths of the fast-neutrons.

4. Theory of operation

A general theory of the effect of a transverse magnetic field on
the polarization of a fast-neutron beam and the associated effect on the

left-right ratio is given in ref. [16], and will not be repeated here.

5. Performance

[ReSipdangppaivigindiu R lad i

The magnetic properties of the precession magnet are displayed
in fig. 6 where two magnetization curves are depicted, one obtained
with the induction-sensitive probe located in the central part of the

collimator, and the other with the probe in the peripheral position.

* Delivered by Rawson Electrical Instrument Co
110 Potter Street, Cambridge 42, Massachusetts, U.S. A.



As was to be expected these curves are constant fractions of each
other, implying a justification of an important assumption made in
ref. [ 167, namely that the magnetic field configuration is independent
of field strength. In the following we therefore use the peripheral
readings as convenient measures of the field intensities produced

by the precession magnet.

Evidently both magnetizaiion curves are linear for excitation cur-
rents up to approximately 20 Amperes, although no pronounced satura-
tion takes place even at the maximum excitation current available. The
remarkable properties of Stg Perm cast-iron for the present purpose
become even more manifest when it is noted that for the demagnetized
state a characteristic reading of the magnetic induétion (probe in cen-

tral position) is 6 Gauss.

2.2 _Stray magnetic fields

As a convenient instrument for investigation of the existence of
eventual stray fields a sensitive clip-on Ampere-meter (Hewlett~
Packard Model 428A) with the clip opened was used. Although actual-
ly not calibrated in terms of magnetic inducti'on it was rather easy to
find a maximum reading caused by the magnetic field of the earth, and
we therefore used this reading as a reference unit for stray magnetic
induction.

An extensive search for stray fields was conducted both in the
detector space and also at the position of the target spot. It turned out
that in the whole detector space no measurable influence of stray fields
was present. We are therefore safe to conclude that the detectors are
not harmiully affected by the presence of the precession magnet. This
is even more true when it is borne in mind that the detectors are equip-
ped with special magnetic shields {see refs. [2 and 14a ~ 15b7] for
details), - At the position of the target spot some stray field influence
was measurable, but even its maximum value was no more than about
10 times the effect of the field of the earth., - Furthe{, .a;n in:tegral test
of eventual harmful effects of stray magnetic fields on the taféé‘: spot
and the photo-multipliers was performed by observing the precession
properties of the magnet at some field value, and then observing the
same effect when the field direction was reversed. No difference

between these experiments was observed ( see refs, [2 and 14a - 15b]).
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The precession properties of the magnet were investigated by
using the set-up schematically depicted in fig. 3. Polarized fast-
neutrons were obtained at 50° (lab. syst.) from the Lirz(p,n)Be7
reaction taking place in an oscillating target assembly closely re-
sembling the original Argonne design, The collimated neutrons were
scattered from a cylindrical natural carbon sample (dimensions:

40 mm § x 80 mm)}, and finally detected at equal nominal scattering
angles by means of two NE 102A plastic phosphors coupled to Philips
AVP 56 photomultipliers by means of light pipes. Details of the as-
sociated quite elaborate electronic equipment are found in refs. [2,
15a, b and 17], and no account of them will be given here. The nom-
inal scattering angle chosen, i.e. 42° (lab. syst. ), was largely de-
termine?.zby the expected maximum polarization at 45° (c-of-m syst. )
inn+C

The experimental routine was the following one: First, the pre-

elastic scattering in the MeV energy range [187.

cession magnet was left in a demagnetized state, and the scattering
sample was brought to the "in! position by means of a pneumatic valve.
Secondly, the number of counts in Detector 1 and Detector 2 (from

now on referred to as Right Detector. and Left Detector resp.) was re-
corded for some preset number of monitor counts. Further, the
sample was brought to the Mout! position, and a background run was
made. The counting rate of scattered fast-neutrons in the left, resp.
right detector is denoted C(I;, resp. Cg, where the lower index refers
to zero magnetic field. The ratio Xo of these counting rates is conse-

quently given by

ck L
Xo = (gf‘:—*) = (gﬁ- )o (2)

The precession magnet was now set at some convenient/ﬁeld value,
and again the ratio
Cp . L
xg = (g7 = 5x) (3)
CB C B
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of the counting rates of scattered neutrons was determined. We par-
ticularly point out that a separate background run was made when the
magnet was in the magnetized state.

For the subsequent data treatment we chose to plot the ratio
XO/XB as a function of the magnetic induction B¥. By means of a
digital computer program [19] all data points were adjusted to the

theoretical curve

— e B
Xo 1 - (PTPZ) 1+ (PIPZ)COS (—B-;Tn) @
= S — 5
XB 1+ (P]PZ) 1 - {P,P,)cos (gﬁn)

where (i':f;z.) is a suitably defined average polarization product over
the finite geometry in question (see ref. [16]). Typical precession
curves are displayed in figs. 7-9, where in particular the necessary
magnetic inductions Brr for precessing the inci.giient polarizations ?1
through 180° are quoted. Further the whole body of precession data

available is presented in Table 1.

B ! E_ B_

MeV MeV ‘ kGauss
2.987 1.062 T 0.027 ?

3.261 1.317 T 0.024 3.737 T 0.214
3.613 1.639 1 0.021 4.960 T 0.162
3.712 1.736 T 0.017 4.291 T 0.332
3.793 1.807 t 0.020 4.651 T 0,194
3.880 1.890 ¥ 0.016 5.528 L 0,242
3.984 1.983 ¥ 0.016 .|5.085 T 0.165
4.049 2.041 T 0.018 4.997 t 0.184
4.298 2.266 T 0.019 5.773 T 0,144
4.395 2.355 T 0.018 5.819 £ 0.081
4.498 2.450 T 0.017 5.756 £ 0.149

Table 1.

Summary of available precession data.

* Note that no correction for multiple scattering has been applied,
because it does not significantly change the location of the maximum

of Xo/%g.
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We observe that even for the highest neutron energy the maxi-
mum field strength is sufficient for precessing the polarization through
more than 360°, This is a most convenient feature of the present mag-
net, because the quality of the fits is highly influenced by the possibility
of data-taking symmetrically around Bﬂ. Observe further that the neu-
tron energy uncertainties quoted only take care of finite target thick-
ness effects, but do not include the energy broadening caused by finite
geometry.

n

As has been proved in ref. [167] the dependence of B_on E
is described by )

#+ s i 1 = =
B_~mw 2 NE =4 E A5)
L BBy Leff N n n

where Le is the effective length of the precession field.

ff
Using the principle of least squares we adjusted our data to

a straight line in the W En~Bﬂ~p1ane, and found the relation
B_=(3.71810.033) VE_ kGauss (E in MeV) (6)

Correcting for the lower reading of the magnetic induction at

the peripheral position of the Gauss-meter we obtain

1090 + =
BS = —g37 (3.718 20.033) ¥ E_kGauss (7)

= (6.525 £ 0.058) 4 E_kGauss

and further

LSy =(36.310.4) cm (8)
Comparison with the theoretical expression B.[C,t =5.930 NE

kGauss yields the conclusion that the average induction is lower

than the central induction in the ratio 5.930 : 6.525 = 0.91 < 1, which
was to be expected when due consideration is taken to the special de-
sign of the collimator. Also, the design requirefnenté are very well ful-
filled, because the present magnet can'precess through 180° the
polarization'of neutrons of maximum energy = (-:-;-%-16—8*)2 MeV =

= 11.5 MeV,
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A more exact determination of Leff can be performed by taking
due consideration to the finite -geometry effects in the experiment.
These effects, however, present numerical difficulties which reqﬁire
digital computer techniques for their sucessful solution. A Monte
Carlo program [207] simulating the experimentai conditions is pre-
sently under preparation, and may in particular be used for a deter-

: . ‘o ) .
mination of Leff from the condition -———-——aLeH (XO/XBn) =0,

Finaily, one remark will be made about possible harmful effects
of the inhomogeneities of the magnetic field. As has been proved in
Appendix II of ref. [21] no lateral displacement of the collimated
fast-neutron beam is likely to take place, implying the same first-
scattering densities as when no magnetic field is applied at all. Also,
any quantum effects on the polarized fast-neutron beam are extremely
unlikely in virtue of the short transit times involved. For all practical
purposes therefore the present precession magnet behaves as if it prod-

uced an ideal homogeneous field.

6. Summary

In this paper we have given a genellal discussion of the advantages
in using transverse magnetic ‘fields in fast-neutron polarization experi-
ments., Design details are presented for a powerful electromagnet ca-
pable of precessing thréugh 180° the polarization of fast-neutrons of
maximum energy = 11.5 MeV. The characteristics of performance are
displayed in the form of typical precession curves from which Bﬂ, has
been obtained, and finally summarized in Table 1. Also, a separate
determination of B'n as a function of energy has been performed. Final-
ly, the superior qualities of the present precession magnet are mani-
fest through negligible stray magnetic fields at the locations of the t'arge.t
spot and the photomultipliers.
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Appendix
A _ _Required magnetic induction for precessing the fast-neutron

L L S i by

The Larmor frequency Wy, is given by the expression

= 2w (9)

O, % s -

where

By =BT Wy F magnetic moment of the neutron

1! = magnetic moment of the neutron in units of the nuclear

magneton

nuclear magneton

=

s = intrinsic angular momentum
of the neutron

= spin

#

i

Planck's constant divided by 2Zn
Numerical values
po= - 1.913148 T 0.000066 nuclear magnetons

~27

UN = (5.0505 T 0.0004) 10727 Joule/Tesla
s =4

7
2 =(1.0545 T 0.00007) 1073 Joule sec

The necessary magnetic induction BTr for precessing the po-

larization TD'] through 1 radians is given by the condition

Wy oty o= | (o)

where t. = -Z-%:-3- L. nsec is the neutron flight time over the distance

L ,\/E:;

L. Assuming that the field is effective only between the pole pieces

Brr is found to be
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= S
B_=5.930 ¥E kGauss (EnL in MeV) : (11)

which for neutrons of energy En = 10 MeV vyields B'n = 18.75 kGauss.
Here no consideration has been taken to any inhomogeneity of the
field.

B._ _Required accuracy of B'n

Obviously the component P;’ of the neutron polarization normal

to the direction of flight is given by

N ,
Py =P, lcos (thLH (12)

Suppose further that B'n is known within © AB. We then have

PH=P, |cos (m¥1.83x 107 ABF——-—-’—% 0.4x 107 | (13)
En
=P] cos (Ax)
where
Ac =5.3x10—4j_—:B—- (14)
= \

n

The relative uncertainty in our knowledge of the normal compo-
nent is given by '
P, - P’

1
Pl

2
=1 - cos (aa) = 84”0 ¢ (am?) (15)

o
2
Requiring that this uncertainty shall be less than 1 % yields

the following condition

2
(A)” _ 1 -4 AB\2 ]
> ~2(5.3x10 Ajm’ﬁ) < 150 (16)
n

Thus
AB < '\/——E:;l 264 Gauss (17)
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L2 <50 (18)

In other words, the requirements of accuracy in our know-

ledge of B‘IT are not very stringent.

— o ap

A similar calculation as the one outlined above yields for the

relative normal component.

Pyt ' 4 AB
—— = sin (5.3 % 107 j—__—_-) (19)
] E_

So, if we want this uncertainty to be less than 1 %, we

have to terms of the third order

-4 AB < _1_
5.3 x 10 = T00 (20)
n
Consequently
B 519 WE_ : (21)

The required relative accuracy in Bw/2 is thus given by

AB o .
5 <6 /oo (22)
n/2

This is a very stringent.requirement, but is nevertheless
met by the servostabilized power supply feeding the field windings

of the motor -generator.
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Figure captions

1,

Principle of the fast-neutron polarization experiment

Legend:
K = unit laboratory wave vector of
incident charged-particle beam
En . = unit laboratory wave vector of
emitted fast-neutron beam
izn’ = unit laboratory wave vector of
scattered fast-neutron beam
. K x En ]
ny = = = unit normal vector to the reac-
“:k ® kn ] i tion plane
. R xE ] ,
n, = —)n — = unit normal vector to the scatter-
“:kn * kn' ] ‘ ing plane
'ﬁ] (91) = P](G]) E] = polarization of emitted fast-neu-
tron beam
52(92) = PZ(S;Z) HZ = polarization of scattered fast-
neutron beam
6] = nominal reaction angle
92 = nominal scattering angle

Larmor precession of the fast-neutron polarization by a transverse

magnetic field.

Simplified cross sectional view of the mechnical set-up for the

fast-neutron polarization experiment.
Schematic diagram of the cooling water system.

Block diagram of the electronically stabilized current supply.
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10.
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Magnetization curves of the precession magnet.
Typical precession curves.

Energy variation of Bn.
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