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Abstract

Apparatus has been developed for using the
cyclotron to produce effectively monoenergetis noutrons.
The D(d,n)Ho3 reaction is used, the bombarding douterons
being accelerated to about 10 Mev by the Los Alamos
Cyclotron. The energy of these deuterons is determined
by deflection in a magnetic field. The HeS particles
emitted into known solid angle and having known energy
are counted by a proportional counter. A fission counter
having foils on whilch is deposited uniform determined
weighta of 0238 44 placed in the path of the neutrons
sssociated with the Hed particles. Coincidences between
the Hed counter and the fission counter are recorded.
The resolving time of the apparatus, and hence the ac-
cidental coincidences, are determined by moving the fis-
sion counter to such an angle that no real coincidences
can occur. Since the proportional counter records the
Hed flux, and hence the associated neutron flux, the
cross sesction of "28" is determined from the real
coinclidences per Hos count and the thickness of the p238
in the path of the neutrons. The values of the cross
sesgtion obtained together with the standard errors are:

o (R =8.8%0,5) = 1.17Z.11 barns

o (R, =5.6£0.8) = 0.68%.14 barns

o (%, =8.920.5) = 1.04¥.12 barns
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NEUTRON FISSION CROSS SECTION OF U238 1y
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THE REGION OF NRUTRON ENERGY BETWEEN 6 AND 9 MRV
Introduction
At Los Alamos it is necessary to know the

neutron fission cross section of y238 from the threshold
to the reglon of 14 Mev (LA-610).

A number of investigators have determined the
cross sectlon for neutron energies below 3 Mev (see LA-
520), With the D(d,n)He3 reaction on the "long" electro-
static generator, the data has been extended to 5.85
Mev (LA-530). More recently, neutrons from the T(d,n)He#
reaction have been used to obtain the cross section at
14 Mev and above (LAMS-777). There was, however, no
standard way to produce monoenergetic neutrons in the
region from 6 Mev to 14 Mev. In spite of the high

neutron background associated with c¢yclotrons, a method

has been developed to use the 10 Mev deuterons to produce
effectively monoenergetic neutrons of energies between

6 and 9 Mev. The D(d,n)He3 reaction is used where only
fissions in coincidence with He®d partiecles are counted.
(The croas section for this reaction at 10 Mev 1is
sufficient for this problem). (LAMS-800, Phys. Rev. 73
648, (B-8)(648)).
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I. APPARATUS ASSEMBLY

In order to avoid the background in the im-
mediate vicinity of the cyclotron, the deuteron beam
was used 15 ft., from the cyclotron beyond the water wall
shields. Fig,., 1 shows the layout of apparatus. The
deflected beam from the cyclotron is brought through
6" brass tubing to a wedge-shaped focusing magnet. From
here the beam, being diaphregmed to ¥ 0.63°%, passes through
a gas target in the center of a 2 ft, dlameter resaction
chamber. Deuterium gas is contained in the target by
mica windows over the entrance and exit ports and over
a side tube for He® particles. These particles omitted
into lmown solid angle, and hence having known energies,
are counted by the proportional counter. The fission
counter 1s rotated in a horizontael plane until it is
centered on the cone of neutrons associated with the
Ho3 particlea. The deuteron beam is monitored by a
Faraday cup and recorded by an electroniec current
integrator.

From time to time the energy of the beam is
determined by lifting the Faraday cup out of the path
of the beam and allowing the beam to pass through slits
and then between the poles of the analyzing magnet. A
simultaneous measurement of the deflection of the beam
and the magnetic field gives the deuteron energy.
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During a run the number of Hed particles, the
number of fissiona, and the number of coincidences be-
tween them are recorded electronically. The number of
accidental colincldences 1s found from the resolving time
of the apparatus {(approximately 2 p.) which ia determined
experimentally by runs in which the fisaion counter is
rotated at such an sngle that there can be no real
coincidences.

Flgs. 2 and 3 are photographs of the scattering
chamber, fission counter, and analyzing magnet.

Figs. 4 and 5 are top and side view amaembly
drawings of the reaction chamber, proportional counter,
and fission counter. The reaction chamher proper, pump
out legds, and side ports are of welded steel construc-~
tion. The 11d of the reaction chamber is a 1-1/2" thick
safety plate gluss which rests on two 1/4" x 1/4" thick
rubber gaskets which are countersunk in grooves Iin the
ring around the edge of the chamber. The bottom of this
chamber 13 a 3/4" brass plate which contains a 1/4"
gasket groove to make the vacuum seal to the chamber. 1In
the center of the bottom plate is a 2% dlameter Wilson
seal through which the proportional counter can be
rotated at the desired angle to the beam in the horizon-
tal plane., The lead to the proportional counter passes

through the center of its supporting arm. The proportional
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counter is so mounted that it can be adjusted in height
relative to the base plate. The high voltage connections
and preamplifiers which can be seen in the photograph of
Fig. 2 are supported at the end of the 2" tube which
passes through the Wilson seal. Mounted within the re-
action chamber at about the top of the proportional counter
is a ring accurately graduated in degrees from 0 - 360°,
All angular measurements are referred to this ring. As
can be seen in the drawing of Fig. 4, the flasion

counter 1s mounted on an arm outside of the reaction
chamber and can be rotated at any angle from O - 180°
about the center. The angular position of this counter
can be read on graduations on a semi-circular track

seen In Fig. 5, which 1s calibrated against the ring
within the reaction chamber. The height and radial
position of the fission counter are adjustable.

Pig. 21 is a drawing of a typical gas target,
which is supported on a mount above the base plate such
that it can be lined up with the geometrical center of
the reaction chamber. The windows over the ports are
mica of thickness from 1-3 mg/cm2 depending on the an-
gular region being investigated. The target is so con-
structed that the proportional counter can only see
the beam where it is bombarding the target gaa, and

hence fhe charged particle background due to bombardment
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of windows, etc., is eliminated. Similar targets were
used in which the side ports make angles of 20° gnd
30° with the beam axis,

Fig. 6 is a drawing of the Faraday cage sec-
tion, showing how the Faraday cage can be removed from
the path of the beam by means of the Wilson seal.
Permanent bar magnets arranged to give a field at the
bottom of the cup perpendicular to the axis of the beam

immobilize secondary electrons produced by the beam.
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II. FOCUSING THE CYCLOTRON BEAM

In many experiments assoclated with a cyslotron
it 1s desirable to have the beam some distance from the
accelerating chamber, both for the reduction of neutron
background and for the ease of installation of experi-
mental apparatus. This was accomplished during the war
by Feynman, Lavatelli, and Sutton (LAMS-514) who used a
wedge-shaped magnet to focus a fairly intense beam of
deuterons outside of the cyclotron water shield about
fifteen feet from the cyclotron.

The general method outlined in the above report
was followed. Considerable time was apent adjusting the
position of the focus magnet and the target chamber
80 thet the best possible focus was obtained. These
adjustments were greatly facilitated by the use of a
television pickup and camera which permitted continuous
observation of the focused spot of deuterons, as observed
on a willemite (zinc orthosilicate) screen placed at
the end of the exit tube, By this means the best focal
diatancg was determined and also the beat position of
the focus magnet with reference to the target. The
outline of the essential apparatus is shown in Fig. 7.
The willemite screen was placed on a glass plate at the
end of a telescoping tube which could then be adjusted

to any desired distance and the effect m the focus
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observed, The focused apot was approximately 1/4-inch
wide by 3/4-inch high and under the optimum operating
condition a beam of 5 microamperes of 10 Mev deuterons
could be obtained over this area.

One additional piece of equipment was added,
namely an electronic control (designed by H. T. Gittings -
LAMS-678) for the focusing magnet field so that it
could be maintained constant throughout any given ex-
periment.

Since the gas target is located approximately
at the focus point of the wedge-shaped magnet (300 cm
from the focusing wedge) the beam converges as it enters
the target and diverges as it leavea the center of the
scattering chamber. In order to restrain the beam to
a known direction a slit 1-1/8" wide by 13/16" high was
placed between the focus magnet and the scattering chamber

at a distance of 71.6" from the target and a gold
diaphragm with a 1/2" hole placed at the target entry port
so that the beam was defined to ¥ 0.63 degrees in the
horizontal and t 0.53 degrees in the vertical direction.

To determine the exact directlon of the beam
as 1t passes through the gas target chamber, a small
aperture (1/8" dismeter) Faraday cup was mounted on the
proportional counter. This was moved through the beam

and the current picked up by the cup measured by a
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DC amplifier. Thus the angular spread of the beam could
be measured and its angular direction in passing through
the scattering chamber determined. A sample curve of the
angular spread is shown in Fig. 8. This is the spread
expected from the geometry of the experiment. Rutherford
scattering due to the front window of the gas target
does nop inerease appreciably the angular spread, since
only about 0.4% of the beam would be scattered more than
one degree.

Under normal operating conditi ns one obtains
a beam of deuterons on the exit port from the cyclotron
which is sensitive to deflector voltage. With a high
deflecting voltage the beam hitting the outside of the
focus magnet may be 25 microamperes; by lowering the
deflector voltage a beam of approximately 10 microamperes
hits the inside of the exit tube. For optimum condi-
tions one adjusts for the valley between the two peaks,
which indicates that the maximum 1s hitting the 5" x 1/e"
opening through the focus magnet. Conditions can also
be varied so that very little current is striking the
exit tube, which is desirable for the reduction of
baskground,

The position of the deflector tilt 1is quite
important to obtain a maximum beam at the target. In

general, a tilt toward the Dee reduces the deflecstor
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voltage necessary to hit the focus magnet; a tilt away
1ncrgases the voltage required.

The beam current was measured by means of a
Paraday cage (Fig. 1) connected to an electronic current
integrator (DWG., #704). The cage could be lifted through
a Wilson seal, so that the beam could pass through the
slit section and into the analyzing magnet, when the

energy of the beam was measured.
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IIX. ENERGY MEASUREMENT

The energy of the beam of deuteron ions was
measured by a megnetic deflection method following the
general procedure described by Creutz and Wilaon (RSI
17, 385, 1946). This involves the measurement of the
deflection of the deuteron beam and the aimultaneous
measurement of the magnetic field causing the deflection.

A. BExperimental Arrangement:

The experimental arrasngement is shown in Fig. 9.
It conalsts of a magnet with rectangular pole pleces
(28.54 x 25 cm), & fluorescent screen for observation
of the deuterons, and a single turn rectangular flux
coil for measurement of the field, An adjustable slit
section is provided between the gas target and the ana-
lyzing magnet to define the beanm.

The energy of the deuteron beam is given
approximately by the following formula, which is derived

from the equations of motion (see Appendix I):

2
_ o232 . b/2(1-02A2 2w)
Y= o "zif:':z)xE*{‘” S e }}"

where W is the energy of the deuteron beam in ergs,

D {s the deflection as measured on the'fluoreloont
screen, 6 1s the charge on the deuteron, 'o the rest
mass of the deuteron, a and b are dimensions of the

apparatus as shown in Pig. 9.
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B, Measurement of Field:

The quantity A in Equation (1) is equal to
Sde where H is the change in magnetic field produced
by breaking the magnetizing current and x is measured
along the initial direction of the deuteron beam. The
value of A is determined by use of the single turn coil
of width W which extends through the magnetic field from
a zero fleld region on one side of the magnet to a zero
field reglon on the other. The ends of this coil are
brought out with a twisted pair to reduce the effect of
stray fields and connected to the secondary of a mutual
inductance M as shown in Fig. 10. The coll was construc-
tad by winding a single turn of 0,001 inch copper strap
around a rectangular lucite form. The form was accurately
machined so that the width, W, of the completed coll
was 1.033 i’ 0.002 inches. The total flux as measured
with the coil is egqual to w ‘S Hdx which is equal to
¥ & I where A I is the current through the primary of
M necessary to balance out the emf developed by the
change in flux through the coil. The current A I
was measured with a potentiometer bridge and standard
resistance.

Since in this method only a single deflection
was measured rather than reversing the magnetic field,

as was the case in the method of Creutz and Wilson,
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a small correction was necessary for the residual field
of the magnet. This was obtained by using a small flip
coll, which was calibrated against the single turn ecoil
80 that the reaidual field could be measured and the
correction applied. 8Since the residual field causes
compensating correction in both D and H the correction to
the energy is small. The advantage of measuring the field
by breaking the current to the magnet rather than rever-
sing this current lies in the fact that the time constant
in the former case is short enocugh to eliminate a cor-
rection for galvanometer drift.

C. Discussion of Brrors:

The mutual inductance used in these experiments
is calibrated by Leeds and Northrup to T 0.5% accu-
racy. It was compared with two other inductances and
found to agree within 0.2%.

The width of the undeflected deuteron beam
was approximately oom mm wide. When deflected the¢ width
increased about 0.5 mm, indicating a spread of energy
within the beam of approximately 1%X. The position of
the beam could be read to 0.5 mm in 160 mm, or a maxi-
mum error of 0.3%.

The geometrical constants a, b, and w could be
measured to better than 0.2%.

Since the energy is proportional to 42/p2






