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I GENERAL PHYSICS: RESEARCH 

I. Cloud Ch~ber Progr~ 

Wilson M~ Powell 

Diffusion Cloud Ch~ber. A diffusion cloud ch~ber built by J. F 0 Tracy 
to go in a magnet giving an 8200 gauss field has been operated in the 
meson beam produced by the reaction p + p ~ n+ + d where 350; Mel[ protons 
bombard a polyethylene, target. The ,target was located inside, a magnet 
of sufficient size to turn the mesons through 90 degrees so that they 
passed through a 5 foot thick concrete wall into the cloud chamber. The 
cloud chamber contained two plates, one containing a section of grap hi te 
5/8 inch thick and another section of polyethylenes one inch thick. The 

.' second plate was a half inch thick slab of copper. The total thickness 
of material was chosen so that a 55 Mev n+ meson would fail to penetrate 
all plates$ and a ~meson of the same radius of curvature would pass through 
the plates. Hopes of being able to dis tinguish n mesons from fJ. mesons in 
°bhis way were not realized because of the inaccuracies introduced by turbu
lence in the continuous chamber. 

Construction of the chamber.. The bottom of the chamber consisted 
of a flat double walled disk as shown in Fig. I 25 inches in diameter Which 
was connected to a ta~~ containing a dry ice acetone mixture. A small 
centrifugal pump circulated the mixture through the double walled bottom 
of the chamber.. Black velvet on the bottom of' the chamber was submerged 
in methyl alcohol. The double side-walls of the chamber were made of 1/32 
inch polystyrene pheets capped by split rubber hoses covering the edges. 
The top of 1/8 inch bra,ss was heated by circulating water of an appropriate 
temperature through the double-walled cone as shown in Fig. 1. The bottom 
Side of the top was covered with black velvet to reduce reflections in 
the methyl alcohol. The cone was covered by a quarter inch thick piece 
of plate glass. A small brass tube perforat,ed at frequent intervals by 
small holes formed a ring at the top of the cone o Methyl alcohol intro
duced into this tube spread over a felt pad beneath the black velvet on 
the truncated cone ." 0 ,.' 

The ch~ber gave very beautiful traces to a height of 3 inches 
without the plates. If the tank was filled with dry ice the mixture 
reached a temperature of _750 centigrade. At this ·low temperature the 
bottom of thech~ber wa.s covered by a blanket of fine droplets vtlich 
made an objectionable background for the tracks above • This disappeared 
if the temperature was allowed to rise to ~650 centigrade~ and a large 
fraction of the run was made near this temperature o 

V1hen carbon and copper plates were first introduced the gas near 
the plates was cooled so much that a very strong convection current appeared 
down the sides of th~ plates. This preventea the chamber from producing 
tracks. 

An' aluminum foil box placed over the plate,s large enough to have a 
space of 1/8 inch on all sides of the plates stopped this convection cur
rent. As an added precaution a water tube was run through the top of each 
aluminum foil box and connected to the water circulating system. This 
prevented the black velvet placed on the upper edges of the boxes from get
ting wet, but the ch~ber operated well without running water through the 
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tubes over the plates. The chamber gas was airs for the run to be 
described~ but :tt operated equally well on argon or carbon dioxide. 

Operation of the Chamber. 

a) Response to Clearing Field. Each time the chamber bottom 
was cooled tracks would appear first very close to the bottom of the chamber 
only. IT -a clearing field of 500 volts betvfeen bottom and top were 
applied for a few seconds a large burst of drops would ap?ear followed 
by a clearing of the chamber.and then tracks appeared over a region 2 to 
2~1, inch deep arid these would continue indefinitely even after removal 
of the clearing field. The chamber could be made to operate over the. small 
region again by bringing up a powerful source of raQ.iation strong enough 
to desensitize the chamber. Many very fine tracks appeared close to the 
bottom while the source was near, and after :removing the source the tracks 
formed only in this limited region until further application of a clearing 
field. 

The best performance was obtained with the positive side of the 
clearing field attached -to the bottom of the chamber. The burst of drop
lets appearing on application of the field was less in this case. This 
indicates perhaps that drops form less readily on positive ions. Also if 
the clearing field were applied the other way diffuse columns of positive 
ions from particles traversing the chamber above the sensitive region were 
swept dovm into the sensitive region giving broad licaterpillarl1 tracks. 

With the bottom of the chamber positive a cloud of drops appears 
ori applying the field.'fhiscloud reduces the vapor density in its path 
on falling so that the fog near the bottom of the chamber would disappear 
for about 2 seconds after the cloud· had fallen and reappear again after 
the vapor density had been restored. Then without further application of 
th~ field the fog on the bottom would disappear a second time for about a 
second and reappear agai.n. This occurred when the bottom Was colder than 
600C • When the chern ber was run the clearing field was turned on for a 
second and the mesons shot into the chamber during this second clearing 6f 
the fog at the bottom. 

b) Frequency of operation. No attempt was made to see how frequently 
pictures could be taken but it 1S probably of the order of one picture in 
3 seconds. Excellent pictures were made every 6seconds~ ,~ich was as fast 
as. the condensers for the- flash lamps would rechargeo Three lights with 
500 microfarads charged to 1500 volts allowed pictures to be taken at anf 
number of 5.6. 

c) Convection Currents. The gas in the chamber moves with convec
tion currents which probably arise from temperature differences along the 
top of the chamber. This motion is slow, of the order of 3 cm per second 
maximum. ~fuen several pulses from the cyclotron were used the tracks -
appeared to be distorted. However 'when only one pulse was used and the 
lights flashed 0.05 seconds later the tracks showed spurious curvature of 
a radius around ten meters 0 Since it is so easy to observe motion of the 
gas before the picture is taken, it should be easy to ~educe th~se convec
tion currents so that more pulses could be used. 
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d) Height of Sensi ti ve Region. The tr.acks appeared to extend 
up to 2 inchAs above the bottom of the chamber. This distance went as 
hi~h as ~ inches and never below 2 inches. Tracks in the uppermost 
quarter of an inch appeared to be broader than those that occur lower 
dovm as if the rate of formation of drops were slower there and the ions 
had time to diffuse a.part. The drops iorming the background are larger 
than those in a conventional chamber for the simple reason that they have 
had a longer time (the length of time while they fall )to form. 

e) Tracks near Plates. In most cases tracks disappeared about 
~ )f an inch from the plates in the chamber •. This is du~ to the fact that 
the· supersaturated vapor wets the plates and is saturated only (not super
saturated) next to the plates. At one place in the chamber a conveotion 
current appeared to move new gas close to the plate in such a way as 
to reduce this distance to b inch. Brighter illumination might improve 
this somewhat, but not much is expected in the way of improvement. 

Preliminary Results on the Spectrum of the Positrons from Decay of'Positive 
jJ. Mesons. Two carbon plates -ft inch thick were mounted in a 22 inch dia
meter cloud chamber in an 8200 gauss field. 'rhe meson beam described 
above was reduced in energy by passing it through an inch and a hal f of car
bon.The meson beam is pulsed three times for every cloud chamber picture. 
One f..I- decay is produced in every five pictures6 and a speotrum from 100 
decays was obtained which agreed with that obtained by Anderson et ale 

Further work is being done on this. 

2. Fi 1m Program 

Walter H. Barkas 

Meson De~ayEnerget1cs.(W. Birnbaum" F. Smith, W. Barkas) •. The following 
abstract has been. submitted for the Vancouver meeting of the American Phy
sical SocietYt "Meson l\1assRatio and Energetics of Meson Decay"~ Birnbaum, 
Smith and Barkas .1'he 11/~ meson mass ratio is being determined With new 
geometry, using similar rrutgeis vs. momentum relations as were employed in 
the measUrement of the n-meson to proton mass ratio1 . 11 and I-l mesons from 
the target were selected magnetically to enter the emulsion With approxi
mately equal velocities. Two distinct rrulge distributions corresponding 
to two distinct masses were found. The dispersion observed is in agreement 
Wi thrange straggling theory •. Present statistics give the vailue for the 
n/"" mass ratio as 1.31 ~:t O.OO,±. '1'he absolute momentum, Po~ of t4e v! s 
from dec,ay of 11 v s stopping in the emulsion is also detennined by comparison 
with IJots from the target which have momenta within a few percent of po. 
For this purrr6se, the absolute value of the magnetic field intensity of the 
184-inch cyclotron has b'een mapped (using a. nuclear flux meter) over +l-te 
orbit of the mesons. Preliminary results give a value of 29 .. 86 :: 0.006 Mgv. 
From the above two basic results, and setting the mass of the. IIneutrino ll in
volved in the n - \.l. decay equal to zero, we obtains 11 - tJ. mass difference = 
66.46 :t 0.16 Mn, n masi" = 276.1 :t 2.3 Mo~ !-l mass = 209.6 :t2.4 Mo as absolute 
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values 'with no reference to 'the proton mass. The \-lkinetic energy associated 
wtth Po ~,4.085 ZO.044Mev. 

'1 Barkas, SmIth and Gardrier, Phys. Rev. ~2, 102 (1951) • 

Beam of p.-' Mesons (D. Sherinan,w. Barkas). It has long been desired to 
obtain a sample of ..,..-mesons free of n meson contamination. A series of 
e:x:periments has now led to an apparent realization of this goal. 

Although it isoelieved that f'ew,if any, tJ..m9sons are produced 
directly in the cyclotron .tar'get, the presence of a high densi tyof n
mesons in the vicinity of the target makas the target, in effect, a diffuse 
source of p. mesons. 

We have constructed a channel which accepts n- mesons of 5 ± 4 Mev 
coming from the target. Using an absO'rber in froritbf the detecting plates 
which wi 11 stop n mesons of up to 59 ]ilev, we have looked for mesons in 

, the detecting plate s arid have found a fair abundan ce of me sons. Since I-'
mesons of the same momentum as n mesons will have a greater range, it 
is believed that the tracks found are those of ~- mesons. The interaction 
of those mesons with matter is being investigated. 

Other Studies. During the quarter a significant amount of work has gone 
into a number of projects for which no new results are yet available. 
These include high ,energy electron processes, meson scattering, develop-
men.t of emulsion technics, rallge straggling, and work for other laboratories. 

3. Search for New Delayed Alpha Particle Emitters 

L. 11". Alvarez 

The three known radioactive nuclei with A = 4n,' Z = 2n + 1 have 
been found in substances bombarded by the linear accelerator beron. These 
nuc lei are B8, N12 ~ and Na20 • 1\11]'0 new members of thi~ series 'have been 
found in the past three months, and are F16 and A124. The series is there;" 
fere complete from n ;';' 2 tone 7. For n = 1 the nucleus is Li4, 1J'.hich is 
almost certainly u.nstable. The period of A124 is 1.9 seconds and its mass 
(from its (p,n)threshold) is 24.0070. F16 has a period of approximately 
1/2 second and a mass 01 16.0168. 

Proton bombardment of three different fluorine compounds has yielded 
a 4 second period which has not yet been identified. It was at first 
thought to be Ne18 , the one unlmo'WIl nucleus which could be made by 32 Mev 
protons on FIg. 'fhi s as si gnment appears to be incorrect, however J since 
the (p"n) threshold for this reaction is so low that the mass of, the 4 
second period, if it were Ne18 , would be less than the mass of F18. An 
investigation of this activity is under ;''lay and a search for NelS is also 
planri€d. 
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The Gamma Ray SEectrum from 350 Mev Protons on Carbon and Wolfram 

W .. Crandall,Ko Crowe, Wo Panofsky, Ro Phillips and 
Darcy Walher 

In studying gamma rays from jC capture in carbon, it seemed advisable 
to study first the background from the incident proton beam vmiCh penetrates 
the meson producing target and strikes the carbon.. These gamma ra;ys were 
observed in a maruier similar tq experiments by Moyer, et al, using bombard
ing angles 00, 1800, 350 and 1350 with respect to the protons o Spectra have 
been obtained with statistics of the order of 5 percent over the energy 
range greater than 40 Mev.. Analysis of this data was made from the following 
point of viewg The well mown theorem concerning nO energy spectrum says 
that the average overall solid angles of the gamma, ray intensity must be 
~mmetric about 1/2 the nO rest masse From weighting by the solid angle, 
the spectra obtained show a minimum component of the order of 5 percent 
which~ if subtracted in the region of 60 - 100 Mev, produces a symmetric 
spectrumo It is not possible by this experiment at present to identify 
these gaIDIIla rays with a specific meson reaction.. The following points were 
investigatedg The gamma ray spectrum with 280 Mev protons appea.rs to have 
too high an energy distribution alsoe The other point that was checked 
was the 1800 compari,~on bt:. t.ween carbon and wolfram, where no difference 
was observed vdthin statistics over the whole gaImna ray energy range .. 

?n . Inelastically Scattered Protons from Heavy Elements 

J o Benveniste,E .. Martinelli, R .. Wallace 

The program of investigation of the spectrum of inelastically scattered 
protons from heavy elements is continuing. 

The current study is that' of an effect first observed in this labora
tory by LEnrinthal and Silvermam when heavy elements such as Au and Pb were 
bombarded with 32 Mev protons from the linear accelerator, low rmlge parti
cles corresponding to protons of less energy than the barrier of the target 
element were seen to come' off in numbers mucll larger than could be explained 
by the Gamow penetration factor .. 

In the present experiments, some of the more gross shortcomings 
of the earlier work have been eliminated.. To be sure that the collimator 
introduces no appre,ciable .low energy component into the incident beam, a 
new collimator has been tested and found very effective.. To be sure that 
no low Z contaminan~ (e.g o diffusion pump oil) is occluded on the surface 
IDf the target, a platinum target is now use,d which is heated pra.ctically 
to incandescence by passing current through it during the bombardmento 

In spi,te of the:::.e precautions, the infra-barrier effect is still 
observedo The possibility that the low range particles are not protons, 
but rather deuterons or higher mass particles of consequently greater 
energy vdll be studied shortlyo 
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6. Search for an axcl ted State of the He 4 Nucla us 

J. Benveniste and B. Cork 

An excited state of'the He4 nucleus has been sought by the method 
of inelastic scattering of protons. P. chamber filled with helium gas 
was bombarded v.ti th 3LiMe'\r protons from the linear accelerator and the 
spectrum of scattered particles was observed at several angles. 

'Three peaks have been observed. Two of these peaks were readily 
id~ntified as those of the elastically scattered protons and the recoiling 
helium nucleus. From the kinematics of the problem and from independent 
measuremEmts of the range and energy of the particles composing the third 
peak,' they were identified as deuterons :from the heretofore unobserved 
r~action tle4 (p,d)He3 .Experiments to measure the angular distribution of 
these deuterons are now in progres s •. 

Although a proton group ViI'ith energy as low as 4.5 Mev corresponding 
'to an axci tation energy of 23 Mev in the target nucleus, . should have been 
seen, no i6i1r energy proton group has been observed. Hence it may be said 
tliat there exists no excited level of the helium nucleus up to 23 Mev 
above the ground s:tate which has a cross section for formation by this pro
cess greater than 1 mil1ibarn per steradian. 

~. The Neutral Ii'ieson 'Program on the ~nch Cyclotron 

VYalter Crandall,Richard Hales, R. H. Hildebrand, Norman Knable, liichard Madey . / 

and B. J. Moyer 

Neutral meson experiments at the cyclotron for this 
be classified according to the method of detecting the nO. 

is that of d,etecting the two decay photons in coincidencE;. J 

on detecting a single photon. 

past quarter may 
One method 

the second depends 

Photon Coincidences. The supporting yoke and electronics mentioned in recent 
reports have been used for the Y-Ycoincidence work. Coincidences have 
been observed at the synthrotronJ the angular correlations obtained ar;ree with 
the previous work done there • 

. Efforts are now be"ing made with this equipment to detect 7-1' coincidences 
at the cyclotron~ with some initial success. 

Single Photon Detection. Detection of single photons was described in the 
last report. A further check "rvas made to-rerify that the Equipment was de
tecting photons 'with energy corresponding to the, nO decay. The counting 
rate as a function of the distance of the counters from the converter, Fig. I, 
has a peak at S = 1 in. for 1/4 in. lead converter. The low value at small 
distance, Fig. 2, is justified by the finite separation of the counters and 
the fact that the distance between the 'scattered electron pair increases with 
the dista.nce from the scattere'r. Thus the separation 'of the electrons is too 
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small to allow one to scatter into one pair of counters and the second 
, . i 

to scatter into the other pair with a.s high a probability as is given for 
greater converter to counter distance.. The counting rate also decreasel:1 
when the distanceS becomes large enough that an appreciable number of , 
electrons scatter outside the counterso 

The counting rate as a function of converter thickness has a peru( 
ror lead at 1/4 in., Fig .. 20 'fhis is compatible with a hibh-energy photon 

~ of the order of 50-100 Mevo 

Neutral :Me son Yields from Dif ferent Elements. More data have been obtained 
on the hydrogen cross section o Further data from a polyethylene-carbon dif
ference and also from an H20-liquid 02 diff'erence give as a cumulative best 
figures ' 

CJ C = 1.000 

The d eflteriumcro ss section has been compared to that for oxygen by 
the ratio of the D20 and H20 difference to the yield from liquid 02 and also 
from H20.. This gives' 

erD ... erH 
erO = 0 0 114 ± 0 0 027 

Within experimental error this is the ratio of neutrons in deuterium to those 
in oxygen .. 

'!'he deuterium-oxygen ratio seems to indicate that the production of 
neutral mesons from p-p interactions is suppressed not only for free protons 
but also for protons bound' in nuclei o To check this possibility the relative 
yields from Be9, BIO" Bll, C12 were obtained. Isotopic BlO and natural boron 
(82 percent Bll, 18 percent BIO) were used o Ther esu1ts are shoiflm. in l'able I. 

Atomic weight 

Yield per !?fIlo atom 
,per' uni t beam 

ReL Yield (normalized 
to C12 ) 

Effective No o of 
peutrons/nubleus 

TABLE I 

Beg 

10.0 

5 5 

Bnat C12 

10 0 82 12.01 

41.7 ;t 0.95 43 0 3 + 1.13 

6 

These data indicate within the statistics, a relative yield proportional to 
the number of neutrons in a given nucleus for these elements .. 
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Various heavy nuclei have also been used as targets; namely H20, CC14 
and Fb, to give a relativeyie1d for various elements to date as shown in 
Table U. \ 

TABLE II 

Elemelit Mass No. 'Neutrons Rel. Yield 

H 1 0 . O.072Z 0.06 
D 2 1 0.85 -= 0.20 
Be 9 5 5.01 ;t; 0.12 
1310 10 5 4.99 :t 0.11 

B 10.82 5.82 5.78 ;t 0.13 
C 12 6 6.00 ;t; 0.22 0.16 
0 18 8 7.46 ;I; 0.28 
A1 27 14 10.00 ;t 2.8 

Cl 35.5 18.5 14.25 : 0.30 
Ph 207.2 125 102. ;t 9.1 

This is compatible with a yield proportional to A for the high Z element,s. 
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8. Meson Experiments 

C. Richirian, M. Skinner 1 B. Youtz, 'VI.F. Cartwright, O. Heinz 

Scatteri,ng of'11.+ Mesons by Carbon~ In the 'last quarterly report a measure
ment of the scattering cross section at 900 , of 47, Mev 11.+ mesons l:)y carbon 
was described; this measuremerit yielded dO" / do. = (2.2 :!: 1.0)10- 26 cm2 per 
steradian. 

The experiment has been repeated with similar but improved geometry, 
and a value of (1.7 ..j. 0.5) 10-26 cm2/ster. has been obtained for the scatter
irig cross sectiont:;at 900 • 

Deuteron Detection from n.;..p ReaCl:tion. An exper:ilnent is in progress to detect 
the deuterons from the reaction n + p...-..11.o + d using the neutron beam of the 
184 .. inch " cyclotron. Theiieuteronfila.redetecteCl. in proportional counters 
and are identified by their range and angular distribution. 

n+, Production by p-p Interaction at 00 • 'The low energy part of the meson 
spectrum from the reaction p + p-+11.+ + n + p is being exrunined with nuclear 
emulsions., If there is an attractive meson-nucleon 'interaction a peak would 
be, expected 'betwee'n 6 and 16 Mev in the 00 spectrum. The plates are now 
being scanned. 

'. 
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9. Deuteron-Proton Scattering using 190 Mev Deuterons 

A. Bloom. O. Chrunberlain, M. O. Stern 

The inelastic d-p scattering ha~ been further studied, using two 
scintillation counters in coincidenceoto detect the scattered protons. The 
method, outlined below, is intended to measure the number of p-p type 
collisions, that is, collisions in which the deuteron is broken up as the 
result of a p-p collision, leaving the neutron monientum essentially unchanged 
by the collision. One counter is fixed in position at angle 9 from the beam. 
Coincidence counting rates (also background counting rates) are measured for 
a variety of positions of the other counter. In the arrangement used the 
first counter 'is to the left of the beam and the second counter ;.s to the 
right of the beam, its position being changed in two directiors; nearer and 
farther from the beam and also vertically, up and down. Conservation of 

,energy and momentum dictate that the tvo protons emerging after a scattering 
process of this type must be in directions about 86 degrees apart in the 
laboratory coordinate system, with a vertical spread of about 15 degre(;1s. 
Such a distribution,is observed. By integrating the effect over all positions 
of the second counter one can obtain the rate of p-p type collisions in 
v{hich one, proton passes into the first counter. This gives the differential 
cross section for protons from this p-p type collision at the angle 9 of the 
first counter • .. 

In all cases the effects of accidental coincidences and background from 
carbon in the polyethylene target have been subtract'ed. 

The procedure has given the following re~ults: for the differential 
cross section in the 1eboratory coordinate s)"stem. At 450 , (6.3 ± 0.7) x 10-27 
cm2/sterad. At 300 , (5.1 ~ 0.5)x 10-27 cm2/sterad. The question of whether 
or not any events can.be missed in this procedure is still being studied. The 
cross sections given are somewhat lower than would be expected. theoretically, 
being respectively 1/3 and 1/4 of the estimated free p-p cross sections. 'fhe 
theoretical prediction is a bout twice the values given. 

An attempt is'being made, using similar apparatus, to measure the 
total d-p cross section. Since' in every d-p scattering, process whether 
elastic or inelastic two singly charged particles emerge,' the counting rates 
of single counters should yield the tota.l cross section. The present result 
of integration over-all angles of a single counter gives a cross section of 
(88.~ 9) x 10-27 cm2~ lhis result is surprisingly ronall compared to the tot~l 
n-d cross seccion measured at the srune relative velocity, namely 117 x 10-27 
cm2 • 

10. Effect of Chemical Binding on Stopping Power 

T. J. Thompson 

Due to small fluctuations in the energy of the proton beam from the 
184-inch cyclotron it has been necessary to speed up the recording system 
for ~aking d'ata, to allow several determinations ,to be made in rapid succession 
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without interruption of the cyclotron opera.tion. Considerable progress 
. has been made along this line$ howevAr some changes are still in progress. 
Present results are reproducible to O~3 percent, still short of the expected 

,0.1 percent accuracy. 

The procedure for routine measurement of the densities of liquids 
used has 'been considerably improved, and is believed adequate. 

ll.PI-oton Scattering by Complex Nuclei 

O. Chamberlain 

A strong correlation has been observed between the directions \vith 
which two protons emerge from a carbon or lithium nucleus bombarded with 345 
Mev protons. The apparatus used is similar to the p-p scattering apparatus, 
using two stilbene scintillation counters to detect the protons •. When one 
counter is fixed at angle Q and the other is varied 'in position, the coincidence 
rate has a strong maxirnum when the angle between the counters is 80°, falling 
to half value at :t 140 in lithium~ at :t 22 0 in carbon. This correlation is 
interpreted as resulting from p-p collisions within the nucleus. It is altered 
from the sharp p-p correlation (with angle between counters = 850 ) mainly in 
the following ways. The correlation is broadened by the momentum distribution 
of protons within the target nucleus" and the maximum is shifted to 800 by the 
effect of binding energy of the struck proton in the origin8.;l nucleus. 'The 
interpretation given is qualitatively in agreement vrith the experimental results 
so far obtained. However, the momentum distribution deduced, by a theory in 
first approximation is different depending upon the angle 9 used for the 
fixed counter. 'Pending better understanding of the phenomenon a full inter
pretation will not be possible. 

In the future some attempts will be made to improve the extrapolation 
to zero beam intensity which is necessary in this experiment to eliminate 
accidental coincidences. Also the differential cross section for this type 
of process will be measured. for comparison with the differential cross 
section for p-p scattering. 

12. Proton - Helium Scattering 

Thomas M 0 Putnam, Jr. 

Measurements have been made on the angular distribution of 9.8 Mev 
protons scattered from helium. The 20ryiev molecular hydrogen beam from the 
eO-inch cyclotron was passed down an iron snout as reported in UCRL-1057 to 
bring it into the scattering chamberl. The scattering volume was separated 
from the cyclotron vacuum by a I mil aluminum window. The hydrogen molecules 
break into two protons in passing through this window, providing a beam 
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of approximately 9.8 Mev protons. The scattered protons were detected by 1 
in. x 3 in. photogrnphic emulsions (lltord C2~ 100 micron) at every 2.50 

angle from 100 to 172 .50 in laboratory system. The scattered particles were 
collimated by a double set of slits of width 0.045 inches. The pho·cogrep hic 
plates were set at an angle of approximately 120 to the ftXis of the slits. 
'!'he incident proton beam was collected in a Faraday cup and integrated by a 
precision capacitor and a slide back voltmeter. The number of scattering 
nuclei was detennined by measuring the temperature and pressure of the helium 
gas ad."nHted to the scattering chamber • 

. Par-Gicular mention should be made of the advantages of the geometry 
of the scattering chamber. Any uncertainty in solid angle is eliminated by 
the definite geometry provided by the slits. The plate holder provides 
definite reproducible geometry for the photographic emulsion plates. Finally 
the measurement of the yield at each angle involves only counting the number 
of tracks on the plate in a swath of known vvidth and which satisfy certain 
selection criteria. The s'I'rath width is defined by an eyepiece reticule in 
the microscope. 

A preliminary curve has been calculated and is shown in Fig~ 1. Ap~rox
imately 500 tracks were used for each point giving a statistical error of - 4 
percent. The inherent errors in measuring the number of tracks per centimeter 
swath on theplate~ in·geometry accuracy, iri integrated current and in number 
of scattering nuclei gives an appr oximately .RMS error of 3.1 percent. For 
the final curve )'nore angles will be measured" particularly in the forward direc
tion, and approximately 2500 tracks will be used for each point. 

1 LA 1088 - Nuclear Multiple Plate Camera, Allred et a!. 
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13. Crystal Gamma Counter 

Kenneth D. Jenkins 

\,{ork has continued on the scintillating crystal gamma counter for 
tracer work. By proper selection of the. b819 photomultiplier tube and the 
proper placing 01' the ThI activated Nal crystal~ the counteri'ili 11 count 
one-third of all the gamma disintegra.tions of dl. 1 energies down to ten 
kilevol ts wi thou·t any thermo or electronic tube noise being introduced. 

Counter 'l'ube and Crystal Geometry. Several important facts are very evident 
from recent tests: 

1. A thalium activated sodium iodide crystal gives the best results 
over the widest range of gamma energies~ 

2. The light output is linear/ for all energies checked between 8 kv 
and 1.3 Mev. 

3. Getting the crystal as close to the tube face as possible and 
usin[~ dry oil for all air spaces betl.veen the crystal and the tube face also 
:improiies the performance. 

4. For a clearer, more evenly she.ped and smaller crystal~ the thres
hold for a given energy is sherper and the plateau flatter. 

5. Selectj.ori of the photomultiplier tube is very important for 
measuring low gamma energies as th~ sensitivity to noise ratio varies by "'
factor of ten between tubes. 

6. 
equivalent 
volts have 

The lov-rer the voltage on the photomultiplier tube,v the lower the 
energy of the thenno .and electronic noise. Values as 10Y[ as 50(; 
been reached, while vel ues below 5 kv are readily maintained. 

Preamplifier. The pulse gain of a photor.1Ultiplier tube is proportional to its 
oV:Gput capacitance. In most conventional circuits s the output capacitance 
is about 20 micromicrofarads. By using a cathod follower on the output and 
connecting the tenth dynode to ·the output of the cathode follower, the outT)ut 
(:apacit~ce of the photomultiplier tube can be held to about 5 micromicrofarads. 
This reduction in capacitance gives a gain of about four l thus the voltage on 
the photomultiplier tube can be reduced$ lowering the thermo noise vJi thout 
lowering the output voltage 0 

Differential Input Circuit. 'rhe use of a differential input to the counter 
is a great help in many tracer studies as it makes it possible to determine 
the relative quantities of tyro or more isotopes that have different grumna 
energies. The f9asiest system is to use two start-stop multivibrators, one of 
which has an adjustable input threshold. 'The outputs of the multivibrators 
are connected in anti-coincident. 111e counter can then be adjusted for dif
ferent energies by varying the photomultiplier tube voltage. 

Regulated Hip;h Voltage Supply. A simple method VIaS devised to obtain a 
regulated voltage for the photomultiplier tube with a minimum of added 
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equipment. '"f.'he voltage required should be a negative voltage adjustable 
between 300 volts and 800 volts. However, itis desirable that the standard 
voltage be obtained from the regular positive plate power supply because of the 
high current drawn by the voltage regulator tube. Fig. 1 is a schematic of 
the circuit used to achieve these features. 

'The circuit is similar to a half-wave voltage doubler va th a pentade 
replacing the dumping diode. The 'dc pa.th is through the load, the 2X2 rectifier, 
and back through the 6AC7 to the load. Thus, the 6AC7 is a series regulator 
tube. The 6AC7 controls the de voltage across Gl, thereby controlling the out·a 
put voltage. The de voltage across Cl can be made to reverse, making it possi
ble to vary the output voltage from zero to twice the peale input voltage.' At 
an output volts.ge of, 600 volts, the loop gain of the circuit is about fifty. 
The circuit as is does not degenerate the ac on the output voltage, but, if 
an extra diode were placed between Cl and the anode of the 6AG7, and the filter 
condenser (G2 ) were returned to the plate of the 6AC7'instead of ground, the 
circuit would,degenerate the ac on the output voltage. Because of the low 
Gurrent drai.n on the supply and, since the anode of the photomultiplier tube 
is operated at ground potential, ex-t;ensive filtering of the high vqltage is 
not necessary. 

Conclusion. A complete counter was built employing all the aforementioned 
features, low output capacity of the photomultiplier tube, differential in~ 
put, regulated high voltage supply, and a precision counting rate meter for 
counts from one count per second to ten thousand counts per second. The 
unit exclusive of the phot9multiplier tube is housed in a 16 in. x 8 in. x 8 in. 
cabinet. A typical set of curves of counts per second versus photomultiplier 
tube gain (volts per stage) for different gamma energies is given in Fig. 2. 
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'14. Synchrotron studies 

A. C. Helmholz 

The previous quarter closed with an experiment by M. Jakobson and 
R. is. White on photoproduction of mesons. in deuterium and hydro gen. The 
analysis of this experiment has been completed during the past quar:ter and 
shows that the 11+ production in deuterium is definitely less than in ordinary 
hydrogen. Data from the nuclear plates expos~d show that the 11+/11- ratio is 
approximately 1 from deuterium. The data is not a<?curate enough to give the 
ratio in the n+ production of processes in ~fuich the spin of the proton is 
flipped to those in which the spin is not flipped and the neutrons must be 
at least put into a p state. The detailed results can be found in reports by 
Yfuite and Jakobson. -' 

The experiment on production of pairs off.J- mesons by E. Martinelli, 
R. 'Mather, and W. Jarmie was terminated. The experimental results indicated 
no production, but the limit of the cross-section as ·determined experimentally 
is not so low as the theoretically expected value from simple electro-magnetic 
considerations, so it did not seem worthwhile to push the limit farther. The 
same group has built up equipment for the detection of high energy neutrons 
such as one might expect from 11- capture. The equipment consists of large 
proportional counters and can also be used for measuring high energy protons. 

Progress on the' neutral rreson production in hydro gen has been diseppoint
ingly slow. The main difficulty has been with the liquid scintillation counters, 
particularly in determining their efficiency •. Apparently" they are not nearly 
equally sensitive over their 'Mlole area. Some acual runs should be made in 
the next fev, months, provided the synchrotron can be operated at good effici
r;:ncy. 

Several other experiments have been in the i~trumentation stage during 
the past quart€lr. fi. Gilbert's work on the photodisin'€egration has progressed 
slowly. The use of a neutron counter in coincidence with the proton telescope 
has undergone 'a preliminary test anc operates but with low efficiency. At 
rresent3 it seems that direct counting of the protons alone may be just as 
good. Variation in pulse size from counts of protons going through different 
portions of the liquid scintillation counter have.been a difficulty, partly 
solved by the use of severa~ multiplier tubes looking at the same.counter. 

The cloud chamber group has alsob een setting up experiments" and 
arrangements have been made so they can work without shutting dovm the synchro
tron ~ Some of theirexperi ments should start in the next quarter. 

The pair maf1'net has been put in operation and placed on a rotating 
base I so that measurements 'of i-ray energies at angles to the beam can be 
made. 1\. Blocker has used the pair magnet for measurements of the electrons 

,and i -rays in coincidence from the Compton process. Again results should 
be forthcoming from this experiment in the next few months. 

... 

J.E. Carothers and L. Neher have made measurements of n- and n+ meson 
yields by measuring the time of flight of mesons whose Hf has been measured 
b;y their paths in the pair magnet. Some of the difficultie-s in this experi-
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ment have been with intensity since it requires a long path to measure 
the time of flight, with consequent decrease in solid angle. 

R. Madey and R.Hales have made 
meson yields from different elements. 
the cyclotron also. A number of other 
used synchrotron time, but essentially 
report at present. 

a numberof runs measuring neutral 
The equipment has been in use at 
eJl:periments are under way, and have 
there are no results from them to 

15. Theoretical Physics 

K. M. Watson 

An analysis of meson production iIT complex nuclei has been made 
and is at present being applied to experimental results from carbon. 
The purpose of the method is to obtain information concerning nuc~ar 
structure. 

A study of experiments involving the scattering and absorption of 
mesons has beEm made. A model has been proposed, suggesting ,that the absorp
tion in complex nuclei can be related to meson production experiments. 

A theoretical analysis of nO meson production in deuterium is being 
conducted. The purpose is to be able to deduce the (p,n __ nO) cross sec
tion from (p,d __ nO) experiments now in progress at this laborator"J. 

effect 
, gated. 

A stud.y /of (d,n) angular di stributions has been completed. 
of nuclear interactions on range-energy relations has been 

An analysis of the scattering of high energy protons from 
in progress. 

The 
investi
carbon is 
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II ACCELERATOR OPERATION AND DEVELOf1!mffiT 

i. 184:"inch Cyclotron Operation 

J. Vale 

The emphasis at the l84~inch cyclotron is still on steady operation 
for research experiments; consequently practically no new equipment has been 
installed. Approximately 96 percent of the time that .the operating crew was 
on duty was used for research experiments • The other 4 percent of the time 
was used for minor operational troubles such as ion source filament changes 
and magnet generator overhaul. 

2.· CO-inch Cyclotron Operation 

G. Bernard Ros s~ 

Operation. The aistribution of available time this quarter for 60-inch 
cyclotron operation is as follows, 

Alpha bombardment 
Deuterium bombardment 
Proton bombardment 
Carbon bombardment 

Total 
Bombardment 

Experimental Operation 

Outage 

Shut d ovm 
Holidays 

Total 
Operation· 

Available 
Time 

Radiation decontamination 
Daylight saving time change 

Total 
l'ime 

335 0 7 hrs 
540.8 hrs 
197 .. 6 hrs 
14102 hrs 

121.5.3 hrs 
/ 
/51~ 7 hrs 

1267.0 hrs 

333.5 hrs 

1600.5 hrs 

455 0 7 hrs 
32.0 hrs 
46.p hrs 
1.0 hrs 

2136.0 hrs 

During this quarter two new probes were installed in the 60-inch cyclo
tron. One was designed to monitor the internal beam at the deflector radius 
of 25 fnches, having a range of 23 inches - 26-1/2 inches from geometric center 
of the iracuum ta.n1; the other probe was designed to move along the axis of 
the dees both vertically and horizontally. Both probes were desigiled to 
monitor the beam electronically rather than by indirect thermal means. 
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The beam. monitoring pro be (Fi g. 1) was de si gned to be opera -ted re
motely through a Wilson seal arrangement and is inserted do wn thf'\ i,n/" 4 r'le of 
the east dee stem. This locat{on was chosen to provide an rf field free 
region for the probe to work in; ~hus" eliminating r~ pickup_ It is 15 feet 
in overall length and is driven by an aviation tlFlap" motor from the control 
desk. Functionally" the probe is used to detennine, the gross deflector 
efficiency by measuring the internal beam intensi ty prior to deflection. This 
will aid in determining whether the deflector or ion source should be placed 
under suspicion during times when low beam output :is experienced. So far, the 
data collected indicates an efficiency of about 10 percent is to be eJ<:Pected 
under average running conditions; Le., if the i.nternal beam is measured to 

the 100 ue. at the 24-1/2 in. radius, then 10 ua of deflected beam is to be 
expected. As yet, 'time has not permitted attempts to increase the deflection 
efficiency by shimming, deflector or dee adjustments, and ion source position
ing. 

The axial probe was rr epared to facilitate internal bombardments with 
carbon particles. It was designea to fit into the fanner north viewing port 
and is adjusted manually. Part of the installa,ti(m included designing a fast 
operating and easily removed vacuum lock for removing probes after bombardment. 
'!'ime checks indicate that a sample can be removed from the tank and pla.ced 
under a counter within 40 seconds after bomb~rdment - the regular internal 
beam probe requires about 7 minutes. 

Section B of Fig. 2 is a Wilson seal sectiQn held on the system with 
a quick acting clamp. This section is removed with the probe after bombard
ment. Section A is a removable section that forms, with the gate, a vacuum 
lock for the probe. This section was made removable so that it might be 
rep'laced with a window to al~ciw viewing the dees while the probe is not in 
use. 

The probe head, shown in, Fig., ,3, has a monitoring foil in a copper 
box with rf Shielding. Two surfaces of the box were removed and cove/red 
with thin foils to allow the beam to penetrate to the monitoring foi 1. 'l'he 
'\i1a11 f'oil was made thin to eliminate loss of beam. C. Gordon and A. Ghiorso 
worked out the design a.nd fabrication of the u;nit • 
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3. Synchrotron Operation 

George C. McFarland 

During this past quarter, the synchrotron has been used for physics 
research with little time devoted to development of the synchrotron itself. 
Some devices that had been temporarily installed have been permanently 
located and ·wired. 

The 22-tonpair spectrometer 'used for 9xperimentswi th the synchro
tron has been equipped with a rotating base. This rotating base will enable 
th(:) long length of the spectrometer fiE!ld to be aligned 'wi th the synchro';' 
tron beam or at right angles to it as is required. 

The first of a series of degaussing shields has been added to the 
pair spectr~neter to minimize the effect of field interaction between the 
synthrotron and the pairspectrometero 

A .secondary lead collimator, 4 inches thick, with a series of plugs 
that can be changed to vary the degree of collimation has been installed. 
This collimator is designed to clean up the beam after it has undergone 
primary collimation. . 

In general, during this report period, the synch'rotrQl1 has been run 
at a good intensity level and has been trouble free with the eJcception of a 
two-day shutdown due to the failure of the rf pulse modulator. 

4. Linear Accelerator and Van de Graaff Machines 

L.· Alvarez 

During the early part of this quarter, a large fraction of the time 
was devoted to checking ~~d testing the oscillators. Considerabletrouble 
was encountered from oscillator tube sparking caused by the high dc plus rf . 
total voltage~ In an effort to reduce the rf voltage, the loop sizes were 
decreased. The operating percentage before and after 'changing the loops~ 
was 57 percent and 84 percent, respectively. " 

l 

The overall running time for the linear accelerator averaged. about 
65 percent l with the balance .spent in repairsl! bake-in, installa tion of new 
equipment and in machine research in an attempt to improve the operating 
efficiency. ' 

The buncher program is undenvay, and parts for it are being constructed 
in the shops. 
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5. Bevatron Development 

W. M. Brobeck 

The magnet power supply wiring has been completed and both motor 
generator sets have been run without load. Voltage has not- yet been applied 
to, the rectifier-inverter. 

Magnet . coil winding started March 12 and by the end of April 70 percent 
of one quadrant or 17 percent of the total coil had been wound. The rate of 
winding . .indicated that completion could be expected in October or November. 

, . 
The srunple vacuum tank section"has pumped down to a satisfactory pressure 

and gas evolution tests h~ve been started. All the design problems appear to 
be solved and drafting on the full length tank is proceeding. 

Procurement of the pole tips has not yet started and no further work 
was done on the injector or air filter install~tion during the period. It is 
hoped that-'the rate o·f progress can be accelerat~d as more personnel is now 
ayailable but allowance must be made for the fact that most of the engineering 
personnel on the bevatron have been recentli hired and are compe.rati vely in
experienced. 

LMM/7-9 .. Sl 
Information Division 


