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Abatraet

Apparatus hms boon devolopod for ushg the

cyclotron to produce effectively moaoenergotio neutrons.

The D(d,n)Ho3 reaction 1s used, the bombarding douterons

being accelerated to ●bout 10 Mev by the Los Alamos

Cyclotron. The ●nergy of these deuterons is determined

by deflection in ● magnetic field. The He3 particles

emitted Into known aolld angle and having known energy

are counted by a proportional counter. A fieeion counter

having folla on whiah 18 depoeited uniform determined

welghto of U2* la plaaed in the path of the neutrons

aesoelated with the Hes particles. Coinuldencee between

the Hos counter and the flselon counter are reoorded.

The resolving time of the apparatue, and hone. the ac-

cidental coincidencot, ●re determined by moving the fle-

aion counter to ●uch an angle that no real coincidenoos

oam oocur. Slnee the proportional counter reeorde the

Hos flux, and henee the ●seoolatod neutron flux, the

oroes ●ectlon of ’28” ia determined from the real

colneldencoe per Hos count and the thicknese of tho Usw

in $hs path of the neutrons. The valuoa of the oross

seot!.on obtainod together with the standard ●rrors are:

@ (~=808~0,6)= 1.17~.llba-e

=(~=5.6~008) = 0.68~.14 barns

cr(~=8.9 20.5) = 1.04~.18 barme
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NEUTRON FISSION CROSS SEOTION ‘OF U2= IN

THE RPx310N OF NEUTRON ENERGY BETWREN 6 AND 9 WV

Introduct Ion

At Los Alamoa it Is necoeoary to know the

neutron fission cross section of U238 from tho threshold

to the region of 14 Mev (LA-61o).

A number of investigators have determined the

cross section for neutron energies below 3 Mov (moo LA-

520). With the D(d,n)He3 reaction on tha ‘long~ ●lootro-

atatlc generator, the data has been extended to 5.85

Mev (LA-520). More recently, neutrons from the T(d,n)Ho4

reaction have been used to obtain the croaa section at

14 Mev and above (LAMS-777). There waa, however, no

standard way to produce monoenergotic neutrons In the

region from 6 Mev to 14 Mev. In spite of’’the high

neutron background associated with cyclotrons, ● method

has been developed to use the 10 Mev deutorons to produce

●ffectively monoenergetic neutrons of energlea between

6 and 9 Mev. The D(d,n)He3 reaction Is used where only

fissions In colncidenco with He3 particles are counted.

(The crons section for this reaction ●t 10 Mev 1s

*ufflcient for this problem). (LA~-600, Phys. Rev. ~

648, (E-8)(648)).
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1. APPARATUS ASSEMBLY

In order to avoid the background in the im-

madlate vicinity of the cyclotron, the deuteron beam

was used 15 ft. from the cyclotron beyond the water wall

ahielda. Fig. 1 shows the layout of apparatua. The

deflected beam from the cyclotron is brought through

6“ brass tubing to a wedge-shaped focusing magnet. From

+ 0.63°, passes throughhere tho beam, being dlaphragmed to -

● gaa target in the center of a 2 ft. diameter reaction

chamber. Deuterium gas 1s contained in the target by

mica windows over the entrance and exit ports and ovor

a side tube for He3 particles. These particles emitted

Into known aolld angle, and hence having known energies,

are counted by the proportional counter. The flaslon

counter la rotated h a horizontal plane until it is

centered on the cone of neutrons associated with the

H03 particlea. The deuteron beam is monitored by a

Faraday cup and recorded by an electronic

Integrator.

From time to time the energy of

determined by lifting the Faraday cup out

of the beam and allowing the beam to pass

current

the beam fa

of the path

through slits

and then between tho poles of the analyzlng magnet. A

simultaneous measurement of the deflection of the beam

and the magnetlo ffeld given the deuteron energy.

.,
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During ● run the number of H03 particles, the

number of fiastona, and the number of coinofdences b..

twaon them are recorded eleotronfcally. The number of

accidental coincidences is found from the resolving time

of the apparatus (approximately 2 #s) which is determined

experimentally by rum h which the f~saion counter 1s1

rotated at such an angle that there can be no real

ooinaldencea.

Figs. 2 and 3 ●re photograph of the scattar!ng

chamber, fiss!on counter, and analyzing tnagnot.

Figs. 4 and 5 ●re top and #lde view assembly

drawtnga of the reaction ohamber, proportional counter,

●nd fission oounter. The reaction chamber proper, pump

out leads, and alda po~ta arc of welded stool construo-

tlone Tho lid of the reaction chamber is a l-1/2U thick

safety plate glass which reata on two l/4W x l/4U thick

rubber gasketa wh!oh are countersunk In grooves In tho

ring around tho edge of the chamber. The bottom of th!s

chamber In ● 3/4U brass plate which contalna a l/4W

gaaket groove to make the vacuum seal to the chamber. in

tho aontor of the bo~tom plato ia a 2“ dlamoter Wilson

seal through whioh the proportional counter can bc

rotatod at tha doa!rod angle to the beam in thm horizon-

tal plane. The lead to the proportional counter passes

through the oontar of its supporting ●rm. ‘l’heproportional

Sl!lCRBT
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oounter 1s so mountod that it can be adjusted In height

relative to the baa. plate. The high voltage connections

and preamplifiers whlah can b. aeon In the photograph of

Fig. 2 are supported at the end of the 2n tub. which

paa’ses through the Wilson seal. Mounted within the re-

●ction chamber at about the top of the proportional counter

la ● ring accurately graduated in degrees from O - 3600.

All angular measurements are referred to this ring. As

can be seen in the drawing of Fig. 4, the flasl.on

countor 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.-oircular track

soon In Fig. 5, which 1s calibrated against the ring

wlthln the reaction chamber. The height and radial

poaltlon of the flsslon counter are adjustable.

Fig. 21 is a drawing of a typical gaa target,

whleh is supported on ● 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 ●re

mica of thloknesa from 1-3 mg/cm2 depondlng on the an-

gular region being investigated. The target 18 so con-

structed that the proportional aounter can only see

the beam where it is bombarding the target gaa, and

hence Me charged particle background due to bombardment
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d Whdowa, ●tc., 1S ●lhlmtods S1.milOI’ tar6et~ wore

uaod in which the sfde ports meko angles of 2@ -d

30° with the be- axla.

Fig. 6 Is ● drawing of the Faraday cage sec-

tion, showing how the Faraday oage oen b. removed fro=

the path of the beam by moons of the Wilson seal.

Permanent bar megmts arranged to give ● field at tho

bottom of tho aup perpendicular to the ●xis of the beu

lmmobilko secondary electrons produced by tho ham.
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II. FOCUSING THE CYOLOTRON !3E&l

In many experiments associated with ● cyolotron

it Is desirable to have tho beam some dtstance from the

accelerating chamber, both for the reduction of neutron

background and for the ease of installation of ●xperi-,

mental appamatun. This was accompllahed during the w~

by Feynaan, Lavatelll, 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 spent adjuating the

position of the focus magnet and the target chamber

so that the best possible focus was obtained. Thes e

adjustments were greatly facilitated by the use of a

television pl.ckup and camera which permitted continuous

observation of the focused apot of deuterons, as observed

on a wlllemlte [zinc orthosllicate) screen placed at

the ●nd of the ex!t tube. By this means the bent focal

distance wan determined and also the best poaftlon of

the focus magnet with referenee to the target. The

outline of the ●aaential apparatua is shown in Fig. 7.

The wlllemlte screen was placed on ● glass plate at the

end of a telesooplng tube which could then be adjusted

to ●ny desired distance and the effect m the focus
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observed, The focused spot was approximately l/4-inch

wide by 3/4-inch high ●nd under the optimum operating

condition ● beam of 5 microampere of 10 Mov deuterons

aould b. obtained over this area.

One additional piece of equipment was added,

namely an ●lectronic 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 in located ●pproximately

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 aa it leavea the center of the

scattering chamber. In order to restrain the beam to

● known d~rection a alit l-1/8w wide by 13/16” high was

placed between

at ● distance

diaphragm with

the focus magnet and the scattering chamber

of 71.6” from the target and a gold

● lt/2mhole placed at the target ●ntry port

so that the beam was defined to ~ 0.63 degrees in the

horizontal and ~ 0.53 degrees in the vertical dlrectlon.

To determine the exact direction of the beam

as it paseea through the gas target chmber~ ● BM1l

aperture (1/8” diameter) Faraday cup was mounted on the

proportional counter. This was moved through the beam

and the current pioked up by the CUP measured by ●
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DC ampllfler. Thus the angular spread of the beam could

be measured and its angular direction in paasing through

the aeatterlng chamb,r determined. A samplo curve of the

angular spread 1s shown in Fig. 8. Thin ia the spread

expected from the geometry of the experiment. Rutherford

scattering due to the front window of the gas target

does not increase appreciably the angular spread, since

only about 0.4$ of the beam would be soattered more than

one degree.

Under nomnal operating condltl na on. obtains

a beam of deuterons on the exit port from the cyclotron

whleh la ●onaitlve to defleotor voltago. With ● high

defleatlng voltage the beam hittln% the outalde of the

focus magnet may be 25 mieroamperos; b~ lowering the

deflector voltage ● beam of ●pproximately 10 microampere

hits the insido of the ●xit tub.. For optimum eondi-

tione one adjusts for the valley between the two peaks,

whleh indicates that tho maximum 1s hitting tha 5“ x @a

opening through the focus magnet. Conditions oan ●lso

be varied so that very llttle current 1s atrlklng the

exit tube, which la desirable for the reduction of

background.

The position of the deflector tilt 1s quite

l.mportantto obtain a maximum beam at the target. In

general, ● tilt toward tho Dee reduces tho defleotor
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voltage neceaaary to hit the focus magnet;

Increases the voltage required.

Tho beam current was measured by meana of a

Faraday cage (Fig. 1) connected to an electronic current

integrator (D~. #704). The cage could be lifted through

a Wilson seal, so that the beam could pass through the

alit section and into the analyzing magnet, when the

energy of the beam was measured.
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The ●nergy of the beam of deuteron lone was

measured by a magnetic defloctlon method followlng the

general procedure described by Creutz and Wilson (R91

1’7, 385, 1946). This involves the measurement of the

deflection of the deuteron beam and the aimultaneoua

measurement of the magnetic field causing the deflection.

A. Experimental Arrangement:

The experimental arrangement Is shown in Fig. 9.

It conaiata of a magnet with rectangular pole pleaea

(28.54 x 25 em), a fluorescent screen for observation

of the deuterons, and ● single turn rectangular flux

coil for meaeuroment of the

●aotlon 1s provided between

l?zing magnet to define the

TIN energy of the

f%eld. An adjustable ●l%t

the gaa target and the ana-

beam.

deuteron beam 1s given

approximately by tho following formula, whloh la derived

from the equatfons of motion (see Appendix I):

where W is the ●nergy of the deutoron beam in ergs,

D 10 the deflection as measured on the’fluoreseont

scroon, e la the charge on the deutoron, M. tha ~at

mans of tha doutaron, a and b are dimensions of tho

●pparatus aa shown in Fig. 9.
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The

Hdx where H
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Measurement of Field:

quantity A in

1s the change

by breaking the magnetizing

along the initial direction

value of A la determined by

Equation (1) is equal to

In magnetio field produced

current and x Is measured

of the deuteron beam. The

use of the single turn coil

of width W which extends through the magnetic field from

a zero field region on one side of the magnet to a zero

field region on the other. The ends of this coil are

brought out with a twlated pair to reduce the effect of

stray fields and connected to the secondary of a mutual

inductance M as shown in Fig. 10. The coil was construc-

ted by winding a single turn of 0.001 fnch copper strap

around a rectangular luclte form. The form was accurately

machlned”ao that the wldth~ W~ of the completed CO1l

was 1.033 ~ 0.002 inches. The total flux as measured

with the coil Is equal to w
J

Hdx which is equal to

M A I where AI 1s the current through the primary of

M necessary to balance out the emf developed by the

change in flux through the CO1l. The current A I

was measured with a potentiometer bridge and standard

resistance.

Since in thla method only a single deflection

was measured rather than reversing the magnetic fleld~

as was the ease in the method of Creutz and Wllsons
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● ●all correction waa necessary for

of tho magnet. ThlIIwan obtained by

tho rcsldual Slold

using ● small flip

0011, which was oallbrated against the single turn coil

#o that the residual field could be meaaured and the

oorroatlon applied. Since the residual field eauaoa

compensating eorreotion In both D and H the correction to

the energy 10 small. The ●dvantage of measuring the field

by breaking the current to the magnet rather than rever-

sing this current lies in the faot that the time constant

in the former caae la short ●nough to ●ll.minate● cor-

reotlon for galvanometers drift.

c.

The

la calibrated

raey. It was

Disousaion of Errors;

mutual inductance used in these ●xporiaenta

by Leed8 and Northrup to ~ 0.5$ ●ecu-

compared with two other inductances ●nd

found to agree wlthln 0.2$.

The width of the unreflected deuteron boom

was approxlmatelyam mm wide. When deflected aha width

Increaaed about 0.5 mm, indicating ● spread of energy

within the beam of approximately 1%. The poeition of

the beam could be read to 0.5 mm in 160 nan, or ● maxi-

mum error of 0.3s.

The geometrical constants a, b, and w oould be

meaaured to better than 0.2$.

Since the energy la proportional to A2@
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