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DISCLAIMER 

This document was prepared as an account of work sponsored by the United States 
Government. While this document is believed to contain correct information, neither the 
United States Government nor any agency thereof, nor the Regents of the University of 
California, nor any of their employees, makes any warranty, express or implied, or 
assumes any legal responsibility for the accuracy, completeness, or usefulness of any 
information, apparatus, product, or process disclosed. or represents that its use would not 
infringe privately owned rights. Reference herein to any specific commercial product, 
process, or service by its trade name. trademark, manufacturer, or otherwise, does not 
necessarily constitute or imply its endorsement, recommendation, or favoring by the 
United States Government or any agency thereof. or the Regents of the University of 
California. The views and opinions of authors expressed herein do not necessarily state or 
reflect those of the United States Government or any agency thereof or the Regents of the 
University of California. 
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1. . ACCELERATOR DEV;ELOPMENT PROGRAM 

C. M·. VanAtta 

Introduction 

The decision of the Atomic Energy Gonnnission not to·proc-e-ed with con­
struction of an A-12 production MTA {12. 25 megacycle, 0.5 ampere of 350 Mev 
deuterons for -Pu pro-duction) has alte·red considerably the objectives of the MTA 
accelerator development--program. Instead -of concentrating exclusively on the 
optimum design an-d ope·rating requirements of a 12. 25 megacycle machine, as 
was necessary as long as construction of such a machine seemed imminent, the 
major effort in the past six months has been on the more fundamental questions 
of the best type of accelerator and the most economical choice of·frequency 
compatible with rf tube and circuit development. 

Since the diameter of the vessel is inverseiy proportional to the frequency, 
and the exciting power at a given gradient is inversely proportional to the square 
root of the frequency, it has long been obvious that an accelerator designed for 
higher frequency than the 12.25 megacycles chosen for the A-12 design would be 
less expensive both in construction and operating cost. However, at the time of 
initiation of the A-12 design, and continuing until quite recently, the frequency 
of 12.25 megacycles was as high as seemed to be immediately feasible. Two 
developments of the past year have raised considerably the practical limit on 
frequency: 

1. Progress in the MTA rf Pl;"ogram w.hich raises the limit of frequency at 
which high d. c. to rf power conversion efficiencies can be attained at power levels 
of the order of one m·egawatt CW per tube. 

2. The development ·of the "strong focusing" principle first brought into 
prominence by the Bro-okhaven group. 

During the past year RCA has succeeded in improving the A2332 develop­
mental power tube· -to· the -point wh-ere reliable performance at 12 . .25 megacycles 
with goo-d conver-sion efficiency up to a power level in excess· of on-e· megawatt 
has been denmnstrated by operational te-sts· at UCRL. In these tests also the 
-d-esign ·of suitable ·o-scillator (or amplifier} circuits have heen developed and 
tested. More recently t:JCRL tests carried ou:t·:at 50-megacycle-s have shown high 
conversion -efficien-cie-s up to an output of about 2 7-5 kilowatts continuous wave, 
at which· point the tests---were-limited by overhe-ating of circuit components, which 
are n-ow beingchangedto·permit carrying the·testson to higher power levels. 
As·a re-sult of recent progress it is now believed that the new design RCA A2332 
tube -with ceramic to copper seals will operate with good efficiency at frequencies 
up to 50 megacycles. 

For frequencies in excess of 50 megacycles it appears that a tube of the 
"resnatron" type will be required. Continued research on this type of tube at 
UCRL has gone favora~ly with =~~tati~at there would be no great · ___ a~ 
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difficulty in developing a high-power resnatron type of tube for operation at 100 
megacycles or higher frequency if·de·sired. 

When ·the choice of12. 25 megacycles was made for the A-12 accelerator 
·design, the de·cision·wa·s also based upon the aperture attainable with the sole­
noidal magnetic field focusing, then an e·ssential element of the design. It was 
-found, for example, that the magnet p·ower required for a machine operating at 
24-megacyci'es·wa·s so great that a suitable design could not be devised which 
could be· fit inside··th·e· small-dimensional drift-tube·s-··appropriate for the 25 mega­
cycle machin·e. Substituting magnetic ":strong focusing 11 in place· of the solenoidal 
magnetic focusing, ·however,·· reduces by a large factor the power required for 
focusing, so that with strong focusing considerably higher frequency accelerator 
designs become entirely feasible. 

At UCRL the beam dynamics and rf geometry of a 48 megacycle accelerator 
incorporating magnetic strong focusing has been studied with particular attention 
to the low energy end of the machine where the design tends to be more difficult. 
Since the results of these studies' indicate the feasibility of such a machine, 
preliminary engineering design studies are now being undertaken at UCRL to 
determine in some detail the features of the low energy end of such a machine, 
with the ·expectation that a short portion of the "pre -accelerator" may soon be 
built and tested at UCRL.' 

Concurrently with the UCRL accelerator development program, CRDC is 
carrying out a preliminary mechanical design and economic study· of the cost 
of cavity type accelerators as a function of the frequency. The design features 
of both 50 and l 00 megacycle machines will be worked out in sufficient detail to 
permit good estimates of co·sts and to compare thenr with· that of a 12.25 mega-

. ··-cycle--machine. On th·e baSis· of operating experience with· the 12. 25-)negacycle 
··,-Mark !·machine at Livermore; the performance of the propos·ed 48 megacycle 

pre ... ac·celerator at UCRL and- the CRDC economic study now in progress, it is 
expected that a low production pilot model accelerator of essentially full energy 
wiil eventually be proposed for construction at Livermore. 



-6- UCRL~2194 

2. HIGH FREQUENCY PROGRAM 

W~ R. Baker 

Up to the present·time, it has been generally ac-cepte-d that frequencies 
higher than appr-oximately 20 megacycles were not practical in the MTA linear 
accelerator -program because of the· requirements of the magnetic focusing system 
and limitations of the power tubes then available. Twelve megacycles was the 
value actually agree·d up·on in order to hav~ a reasonable mar gin of safety. 

Recently, however; ·a new· and greatly imp:roved means of focusing has been 
devised that removes the'l"old limit and makes higher frequencies desirable. 
Higher frequendy- ~eans a smaller, and hence :more e·conomical machine. 

The recent excellent pe.rformance of RCA A-23'32 type shield grid power 
tubes at 12 megacycles gave rise to hopes that these tubes would also_perform 
well at higher frequencies. In the last report it was stated that llOO~kilowatts 
of continuous 12 megacycle power 'was obtained from one of these tubes at 80 
percent efficiency. 

An extrapolation of known data from this tube indicates that the high fre­
quency limitations are in seal-heating and in grid heating. The former trouble 
can in all probability be corrected by the use of a new type of ceramic-copper 

. seal that is now in the process of development at the factory. The latter re­
presents a more basic type of limitation, and is estimated to lie approximately 
in the region of 50 megacycles. Some uncertainties about possible parasitic 
conditions arising from internal tube resonances have now been cleared up, and 
experiment indicates that this problem can be eliminated· rather easily by 
·choosing an operating frequency that does not fall in the same range. By actual 

·experiment, 50 m·egacycles plus o-r minus 2 megacycles was· satisfactory. 

In:··ord·er to appraise the performance of the present A-2332 at 50 mega­
cycles, it·was necessary to resort to a very elaborate seal cooling system and 
to develop ·con1pletely new circuit components. · The Bl resonant load that had 
be·en used at 12 megacycles had~o be· abandoned and a new·type of lowQ water 
load ·substituted. The result of 50 megacycle measurem·ents to· date, is a 
maximum of 275 kilowatts continuous wave at 10 kilovolts· plate voltage, and 70. 5 
percent efficiency .. An arbitrary limit of 10 kilovolts is being observed, be­
cause of seal heating, until an improved cooling system is completed. It is 
expected that the efficiency will be better at higher plate voltage, and that an 
output of one megawatt will be practical. 
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3. BEAM DYNAMICS IN STRONG FOCUSING LINEAR ACCEL;ERATORS 

G. Culler, M. Good3 F. N. Holmquist, H. P. Kramer and L. Smith 

The study of beam dynamics i:ri the low energy region of-a linear acqelerator 
incorporating strong focusing has resulted in a tentative design for a pre.:,·­
accelerator operating at 48 me. The repeat length is taken to be (3/2) j3\, to· 
allow room in the drift tubes for th'€;' focusing magnets, and the drift tubes are 
mounted on the end of 1/4-wave lines, as in the earlier design of Brobeck. With 
a constant 2 in.· bore, the machine would seem capable of accelerating a beam 
of the order of 100 ma. current. 

A synchronous phase of 60° has been chosen in order to get a large initial 
phase acceptance. By the tim.e the ions reach the million volt range, the damping 
should be sufficient to let the bunches be accepted by a big accelerator operating 
at 30° or less synchronous phase. Differential analyzer studies are in progress 
to determine the acceptance of the machine in phase, initial velocity, and initial 
radial displacement and divergence.· 

Drift tube lengths and voltages have been computed for gradients of 150 kv/ft. 
and. ;300 kv /ft. up to a deuteron energy of about 1 Mev, although the best starting 
energy for the main accelerator is not yet known. The necessary lengths are 20 
and 10ft. respectively. 

An analytical study has been made of the orbits of particles in the strong 
focusing fields, with the rf effects represented by an average defocusing force, 
to determine starting conditions and strength of focusing fields which will result 
in the ·smallest radial excursions of the ions. The b-est starting point, i.e., the 
be·st length·for the first magnet, depends on the initial divergence of·the beam, 

·but in. gene-ral-the··orbits ar·e improved by;using strong focusing fields somewhat 
weaker ·than tho-se nece-s-sary for periodic orbits. This latter conclusion: seems 
to be borne out by the differential analyzer work. 

Finally, a study is-in·progress ·of the ·effect of slow change·s in strong­
focusing param·eters to dete-rmine whether and to what extent ·one can influence 
the radial dirn:ensi·ons of the beam. This may be of practical importance in 
either ·sense- .. to help confine the beam during acceleration, or to spread it out 
as it approaches· the tar get. 
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4. SPIRAL BEAMBUNCH~EXPERIMENTS 

Written by S. A. C_c:>lgate· 

Work performed by A. J. Schwemin and D. Parmentier 

During the last quarter the spiral accelerator beam buncher has advanced 
to the stage of giving quantitative results. 

A magneticallyseparated single mass proton beam was injected at 10 kv 
with variable angular· momentum:. The original design specifications were: 

1.. D. c; central rod potential: 50 kv. 

2. ~ Angular momentum such that r min/r max: 0. 45. 

3. Injection energy: 40 kv. 

4. Energy gain per rf gap: 10 kv. 

5. Number of gaps: 10. 

6. Peak rf to ground 10 kv at beam threshold (i.e .• transit time factor 
of 50 percent). 

7. Phase acceptance unknown, but assumed large if synchronou.s phase 
angle was of the order of 30° i.e .• if the peak rf voltage to ground 
was greater than 12 kv. 

8. Bunching within soo. 

9. Unknown eneTgy spectrum; · · 

10.- Beam·stability assumed to be reasonably sensitive to less than a 
minimum central rod voltage of 40 kv. 

11. The effect of a Tadial central rod support at high and low energy 
ends of mathine is-unknown. 

·rz. · Injection current sufficient to make meaningful d. c. current measure­
- ments·;· 

The results were: A phase acceptance of 60 :1: 5 percent was attained with 
the following conditions: 

1. D.c. central rod potential: 30 to 40 kv. 
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2. Angular nmmentum varied over half the region ·of d. c. dynamic stability. 
At minimum angular momentum, i.e.; when r min of beam orbit is 
ju~~t greater than the central rod radius, the phase acceptance drops off 
to·: 50 percent with optimum rf voltage. 

3. Injection energy: 10 kv. 

4. _ Energy gain p·er rf gap: 10 kv. 

5. Num-ber of gaps: 11. 

6. The- ac-celerated beam comes through at a minimum rf voltage of 8. 5 kv 
and peak phase acceptance occurs at 10 to 11 kv. This optimum rf is 
slightly less for lower central rod voltage and for greater angular 
momentum. The phase ac-ceptance falls to about half maximum value 
for an rf voltage of about 15 kv. In general, however, the phase 
.acceptance is not· ve·ry sensitive to rf value. 

7. The width of the bunch was about 40°, i.e., 10 percent. 

8. The energy spectrum showed the major fraction of the beam to be mono­
energetic to :1: 5 percent, at about 100 kv. There was some evidence for 
a small fraction (less than one:.quarter) of the beam coming through 
monoenergetic at around 70 kv, but less than one-half of this beam would 
have been included in the phase acceptance figures, because the 
accelerated beam was always measured through an aluminum foil 170 
micrograms/cm2 thick. · 

9. A -s-ingle central ro-d supp-ortrem-ove·d -about·-one""·sixth ·of an azimuthally 
uniform ·beam·attheiow·energy 40 kv end; The fraction removed at 

-the h-igh ene·rgy 100 kv end was less than one-tenth. It therefore seems 
·perfe-ctly feasible ·to support a central rod up to quite high beam energies, 
i. e. , two· supp-orts- for 10 Mev. 

10. No attempt·wa·s·made -to--try to find the-optimu-m inje·ction en·e·-rgy in rela­
-tion to the-fi-rst two ·ur three gap··rf voltage. but ·it is assum;ed that the 
conditions used were not necessarily optimum in so far as phase accept­
ance· is· conc·erned. 

In conchision· the beam buncher has given a la-rge phase acc-eptance angle 
for conditiuns··considerablymure mode·st ·than the ·design ones. The transit time 
factor proved larger than 50 percent. Th-e central rod voltage could be con­
siderably less than the designed value, meaning that the energy gain per gap could 
be doubled without requiring too high a central rod voltage. The angular momentum 
could be varied over a wide range without effecting the phase acceptance, and the 
much greater stability of the beam at high energy implies that the gap voltage 
could be increased with energy allowing something like a constant voltage gradient 
with no attendant beam loss. 

The beam loss that occurred evidently occurred entirely at the low energy 
end of the machine. A detailed report will be written. 
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5. DYNAMICAL PROPERTIES OF MARl{ I 

J. F. Waddell 

. Wurk-continues··on-the·paper uTime-· Quantization in -FeedbackSystems''. 
Two of- the· expe-riments have been re .. p-erformed using refined·te·chnique s ·with 
very satisfacto·ry agre·ement -between experimental r·esults and theo-ry. The 
theoretical work and writing is probably three-fourths complete .. Consideration 
is being given to presentation of this-paper at either the National Electronics 
Conference or the· West -coast meeting of the Institute of Radio Engineers next 
summer., in-addition to publication in the literature. 

After a long delay, time was obtained on the- Mark I accelerator for further 
testing of the rf·regulator. It was found satisfactory-~save for one aspect - the 
energy stored in the filter reactor due to high oscillator current before the 
r~ulator comes into range causes a severe overshoot which the regulator is un­
able to control. 

A conference was held with CRD personnel, at which time it was decided 
to effect certain change·s in the return~loop amplifiers which will keep these 
units in operating range at all times. Two advantages are gained thereby -

(1) A time delay due to the necessity of de-saturating the amplifiers 
after the rf voltage output from the cavity comes into regulating 
range is eliminated. 

(2) There is at all times, after rectifier start, a closed loop for 
frequencies greater than zero (formerly there was no loop closure 
at all until d. c. loop closure was effected by de -saturation of the 
amplifiers)·. 

It was also decided to install a phase ... retard angle i:neter on the operator 1 s desk, 
which will indicate the Power Supply No. l operating condition at all times, 
making manual control of the induction regulation feasible under rf regulation. 

The changes noted above are being effected, and it is anticipated that the 
testing on Mark I will be performed by the end of March. 
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6. . MECHANICAL DESIGN 

W. M. Brobeck 

During this ·period an ave·rage ·of two· m-emb-er-s· of the·-Mechanical 
Engineering Departm:ent was employed on the MTA Proje'ct .. as'eom.pared with 
six members during the imm:ediatel y pr ec·eding quarter and twenty-members 
during the quarter nine-ro--:six-·m:onths a·go; Their·workconsisted primarily of 
liaison·withGRDon engineering and procurementproblems· of the experimental 
program and incidental design work and engineering studies on the long range 
MTA program. The latter were of the following· major categories: 

( 1) Strong-foucsing studies .. - A three-dimensional electrolytic tank 
was designed for the study of end effects -on str·ong;...focusing electrodes and 
for field-s between accelerating electrodes. Design studies were initiated on 
magnets for electrodes at the low energy end of an accelerator to determine 
practical limits on fields and sizes. 

(2) Fifty megacycle test amplifier.-- Design assistance was rendered to . 
the experimental groups. 

(3) Resnatron development.- Design assistance was rendered the experi­
mental group~. 
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7. TARGET PHYSICS PROGRAM 

Cross Section for Producing O:q.e Neutron for Uranium 

Bombarded by 190 Mev Deuterons 

Walter E .. Crandall 
CRD 

George P. Millburn 
UCRL 

I 

hi attempting to· explain· the yield of neutrons· from tar gets· bo·mbarded by 
. highenergy·d~uterons, an important quantity is the crosssectionfor producing 
one neutron,~;·uln· ·Recently measurements of O"ln were made with uranium 
targets ranging from 1/16 in. to 3 in., all.2 in. by 2 in. square, bombarded by 
190 Mev deuterons. 

The neutrons were detected by using the MnS04 tank described in 
UCRL-2063, which has an 18"-inch blanket of MnS04 surrounding the target. 
The deuteron beam was measured by an ionization chamber. If N neutrons 
are produced by a target of thickness t (less than one range) bombarded by D 
deuterons, then the cross section for producing one deuteron may be defined as 

N 
uln = Dt 

or if t is in centnn:eters and··ul.D. in barns, 

NA 
uln = DtA p 

0 

(1) 

X 1024 {2) 

whex-e A is theatomic mass number and p the density of the target, and Aa is 
Avogadro's number. · · 

The ratio N/D is usually measured directly in using l:he MnS04 tank. 
The cross section so defined is obviously an average for the energies of deuterons 
present in the target. In the present experiment this quantity was measured for 
energies from 190 to 0 Mev and is shown in Fig. 1 as a function of the mean 
deuteron energy. 

The number of neutrons produced per incident deuteron was measured for 
targets the following thicknes-s: 0, 1/16, 1/8, 1/4, l/2, 5/8 (one range), 1, 2, 
and 3 in. The incident beam diameter was about 0. 75 in. and the beam was 
centered on the targets. The deuterons which passed through the target hit the 
back of the experimental area about 10ft. behind the tank. These deuterons pro­
duce neutrons which are detected by the tank, and their effect was subtracted 
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from the measured ratio N/D for targets up to one range by assuming its varia-
tion· to be ,,, 

® Bdg =(~) o 
(Ro - t) 

Ro 
-ut 

e {3) 

where lN}.D)o is the ratio for no target, R 0 is the range of 190 Mev deuterons, 
t is the··1;arget thicknes-s;; and u-is ·the inelastic eros s· section for· deuterons 
{3; 45 barns). Eq. {3) should be approximately correct. for the yield N/D varies 
about as the square of the energy at this energy, and the range varies in almost 
the same way.- so N/D ...., R where R = R 0 - t is the range of the deuteron-s which 
strike l:he back of the cave. 

To compute uln• the differences between adjacent points were divided by 
the differences in thickness in units of 1/16 in. and e=<Tt to correct for the 
deutero~ attenuation. Then u1n follows from (2) with t = 1/16 in. and p = 18. 6 
gm em- . The mean energy was then calculated. 

These calculations neglect entirely the effects of secondary multiplication 
and the neutrons produced by the fast effect. Dr. Frank Adelman performed 
calculations which included these effects, but the experimental data is not accurate 
enough to warrant applying the corrections (of the order of two or three per cent). 
Neglecting these effects should give too high a value for u 1n as computed above. 
especially for the thick targets (low mean energies). 

Previous measurements of <Tin gave a value of about 28 ± 2 barns for 
deuterons of about 180 Mev mean energy. This figure is corrected from 34 as 
originally published. At the time these experiments were perforTned, no data 
urr-the ·angular ·distribution of neutrons from the target were available ·so that a 

-measured asymmetry between the forward and backward yi·eld··was· thought to be 
real. --Since angular distribution· measurements ·with ·BF 3 counters have shown 
the distribution to· be ·sym:metrical for thin targets, it is believed that th~ 
asymmetry mu·st have -been due·to scattered-deuterons. The MnS04 tank used 
in the earlier exp·erirn:ents ·had ·only a 4-inch ·diameter -tunnel. ·compared with the 
12 in. ·b-yr 13 in. tunnel in the ·pre·sent tank. Earlier -measurements on the l/8 in. 
uranium target in the present tank gave <Tin = 29 ± 2 which agrees with the older 
data. 

Results are shown in Fig. 2. 
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.. Energy Spectrum of Deuterons Stripped from He3 

and the R-e·sultant Neutron Yield 

F. L. Adelman 

The attenuation curve -of the deuterons stripped-from He 3 has been measured 
with a Faraday·cup by Crandall et al (Fig. 3). The corresponding curve at 
190-Mev was fit by assuming that the deuterons were monoenergetic, with only 
three possible processes taking place: 

{1) Attenuation of the deuterons with a cross section ul = 3. 45 barns, 
independent of deuteron energy; 

(2) Production of stripped protons of half the energy with a cross section 
u2 = 1-1. 5 barns, independent of deuteron energy; and 

(3) ·Attenuation of these stripped protons with a cross section u3 ~ 5-15 
barns, independent of proton energy. 

The latter value has no physical significance, but rather serves to correct the 
calculation for too large a value of u 2 at lower energies. The fit is insensitive 
to u3. 

For the ''320'' Mev deuteron beam, it was immediately obvious that a 
single value of the energy would not suffice to fit the attenuation curve. There­
fore,, a fit was attempted using various incident energies and adjusting their 
relative imp-ortal\Ce to ·obtain the best· fit. The parameters chosen we.re: 
··o-r-=·· 3. 45 barns ;··-lr ·-=· 1. 5 barns, and --u 3 ·=· 5 barns; Straggling is sufficient! y 
·small ·su that its ·only effect-is· to reduce the intensity at the end of the range to 
half its valu-e without straggling. The best fit obtained is shown in Fig. 3, and 
the inferred energy spectrum-appears as- Fig. 4. 

While the curves agree well (the probable error on the upper points is 
1 percent), relatively large variations in the relative intensities of the components 
cause only small variations in the fit. Therefore, the spectrum is probably not 
good to better than 10 percent. It is believed, however. that the sharp high 
energy cutoff, the long but not intense low energy tail, and the broad main peak 
are not far off as to either location or relative importance. 

If one were to vary the cross sections used, U.ndoubtedly a better fit could 
be obtained. In particular, a 1 percent increase in u1 would be expected to 
improve the fit at the points marked with an asterisk without significantly changing 
the spectrum. The effect of varying these quantities, however, has not been 
investigated, as the credibility of the result would be very much in doubt. 

The lowest energy component used in the calculation was at 207 Mev. 
The tail probably continues below this point, but, judging from the variation 
of intensity with steering magnet setting, it does not appear that the tail extends 
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below about 170 ·Mev. · ·On this assumption, the mean energy of the beam. is about 
300 Mev. The effe-ctive energy for neutron production is about 305 Mev, as the 
yield increases· rapidly with energy. 

! In order ·to -compare the extrapolation of ·UGRL •1958 ·with the experimental 
result hf this spe-ctrum, an estimate of the· extr.e.polated external yield was made. 
A:'iBorn:ewhatmore recent version of th·e· total yield extrapolation was used, which 
gave the total yield at 320 Mev as 12.5 neutrons/deuteron (UCRL-1958 shows 
11. 6). Upon the··assumption that 16. 4 percent of the total yield was internal at 
190 ·Mev· (for a 1 ft. cube targe·t), 17 percent at 2 75 Mev, 18 per·cent at 350 Mev, 
and 19 percent at 425 Mev, the estimated external yield of Fig. 5 was found. 
Integrating this against the spectrum of Fig. 4 gave the yield as 8. 8 - 9. 1 
neutrons/deuteron (depending upon whether the lower energy cutoff was at 170 
Mev or at 210 Mev) .. Since the experimental value of 8. 9 ± 0. 3 for a 1ft. cube is in 
excellent agreement, it is reasonable to assume that the extrapolation used here 
is not too far off. The total yields predicted by this extrapolation are 14. 7 at 
350 Mev, 28.8 at 500 Mev, and 50. 1 at 700 Mev. 

Neutron Yields from Laterally Infinite Targets 

Walter E. Crandall 
._CRD 

George P. Millburn 
UCRL 

The majority of the data on neutron yields produced by bombarding tar gets 
with high energy particles has been collecte·d for -one-...foot··square targets 
('UCRL~l063). "Chemistry experiments on the internal_yie1d·have·shown that 
the·se targets are -not large enough laterally with respect to the beam diameter 
to show the ·total ·capture to be expected in a p-roduction. tar get, but that a two­
f.tmt square·target-·shows little capture near the edges. Thus experiments are 
now being performed with two-foot square targets~ 

The targets are placed in a specially constructed tank which has a 
3 x 3 x 2 foot cavity surrounded on all sides by a 12-inch layer of MnS04 except 
in the backward direction where there is a 15-inch layer {see Fig. 6). The 
MnS04 stops 90 percent or more of the neutrons emitted from a Ra-Be source 
so that little error is made bacause of differences in the energy spectra of the 
source and target neutrons. 

The primary targets used were uranium, beryllium, and beryllium with 
aluminum to simulate .the effect of NaK; All primary targets were two feet 
square, and the aluminum was inserted in the ratio of 0. 250 in. for each inch 
of beryllium. The secondary targets were uranium and uranium with~a.lurninum 
in the ratio of 0. 188 in. for each 1. 125 in. of uranium. 
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The r·e-sults ar-e··shown -in Fig. 7. -The errors .. shown are relative to this set 
of data ·only. For comparison-with other data, the errors should be increased 
to 5 percent, and on an absolute basis the errors should be taken as about 10 per­
cent;p 

Data was taken at ·the ·-sam·e time on·pure berylliu'lD. targe·ts with a 1 Z in. 
by ,15 in. cross section and varying in depth from 4 in. to ZZ in. The results 
are shown in Fig. 8. 

B·ea-m Monitoring Device 

John lse, Jr. 

The·new· helium-fill-ed-ion·cha'lD.bers··discussed in ·the last quarterly report 
haye·been completel:y·te-ste·din ·thepast·three·month~s and have ·shown that recom­
bination is ·no -longer a· pTOble'lD., the effective· multipi ying factor· of th~ se 
·chamber·s being completely indep·endent ·oi·the ·cyclotron beam--level and also of 
the high voltage appHed·to the ·ion chamberas long ·as .. this··-voltage i's greater 
than about 10·0 volts. In addition to the original all metal•and-glass itm chamber 
using copper ga-:skets·, ·a ·s·ec·ond ·smaller ·chamber has been modifie·d using the 
same type ·of foil suspension as the larger chamber. In this ·type of suspension 
the foils ·are ·crimped tightly between two grooved copper rings, eliminating 

. the ·need;'fur·-cements·which might ·poi-son the ·chamber gas ·and ·cause ·recom­
bination! The second ·chamber, after very careful cleaning· of all interior sur ... 
faces and insulators, was filled through a liquid nitro·gen-charcoal trap with 
carefully purified helium, and has ·so far shown no recombination whatsoever, in 
spite of the rubber gaskets in· contact with the chamber gas~ 

The ·new· Faraday cha:mbe·r has .. likewise- be·en··extensively-te-sted and used 
both in attenuation-measurements and in ion chamber calibration~ Results have 
been highly gratifying, showing that with proper selection of electrometer tubes, 
VX-10 1:hermai-·shorting-switche-s,· ·conden-sers, ·and-operating voltage·s, cyclotron 
currents of 1 o-1 ~ amp·ere can be followed thr?~gh hundred~-~old atte~t~~n . 
measurements, 1. e., down to currents of 10 .. "'1{ ampere, w1th uncerta1iltles of 
perhaps 10 percent·at thesevery lowbeams~ 

A full report of the construction and <;>peration of these instruments has 
been written and is being issued as a UCRL report. 

He 
3 

Purification System 

John lse, Jr. and George P. Millburn 

·. D'uring the first few weeks of the past three months the emphasis of the 
MTA target program continued to be placed on the production of and experiments 
with the beam of 3ZO Mev deuterons from He3 stripping .. During this period 
cyclotron runs with 320 Mev deuterons were made practically weekly. These 
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runs--all sh-owed a 1o-ss--of·heiium:·snralle-r ·than· thatwhich .. could be read on the 
gauge-i use'd -in the ·purification ·-system. Anew ·dual·purifi:cation··system, much 
mo-re· ·-carefully engineer-ed and designed to use both the 4 percent ·He3 and the 

· 95-percent He 3 , incorp·orating numer-ous safetyfacto-r·s·to· prevent· loss of He3 
in any conceivable emergency, has been·built; tested and shaken ·down for a 
wei~k of ~imulated running with ordinary ·(atmospheric) helium. This system is 
now considered ready for operation with the 95 percent He3. 

-·-' 

The--sp·o-radiC difficultie·swith the shaft seal on the 100 CFM Kinney pump 
becamew~se un:til·finally the packing glands were burning out at an alarming 
.rate~ Th-e purnp·was dismantled, the old scored shaft replaced, and the packing 
gland seal replaced-with an oil;.;.lubricated graphite disc similar to· that used with 
such success· in ·the ··snra:ll Kinney pu-mps in ·the· purification ·system. This new 

.,, seal has·only re·centlybeen-develope·d·by the·Kinney Mfg. Go. for·use· on the 
100 GFM Kinney pumps. Several runs we·re made using thi·s·new arrangement, 
with recovery line vacua five times lower than previously obtainable, when the 
graphite ring c'racked, and the shaft leak reappeared. Upon disassembly it 
seemed likely that the previous assembly had not been made correctly, the re­
taining assembly for the graphite ring having slipped. 

The pump was reassembled with a new graphite ring, tested thoroughly, 
and is now being set up outside the cyclotron building in its permanent location. 
This has necessitated new vacuum plumbing, and electrical connections, most 
of which have been made, so that runs with He3 should recommence in a few 
weeks. 
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