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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
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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
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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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I. GENERAL PHYSICS RESEARCH

l. Cloud Chamber Progrem

Evens Hayward

N=-P Scattering

The cloud chember group hes completed the n-p scattering problem. The anguler
distribution of the protons elastically scattered by the neutrons from the 184~inch
cyclotron has been measured. This distribution (Fig. 1) is based on 1760 kmock-on proton
tracks due to neutrons with energies gresater than 40 Mev. Tracks thet dipped down from
the horizontal by more than 50° have been excluded because they are subject to large errors
_ in measurement. The data have been multiplied by a geometrical weighting factor to correct

for this omission. The standard deviations are based only on the number of treacks.

The conclusions to be drawn from this experiment are that the scattering is

not isobropic in the cenbter of mass system and that charge exchange is teking place be-
cause of the peak of protons in the forward direction.

Delayed Neutrons

When the elements immediately sbove oxygen in the periodic teble are bombarded
with 195 Mev deuterons, they yield delaysd neutrons corresponding to a helf-life of 4.14
* 0,04 seconds.’ The nucleus responsible for this period has been identified by Alvarez?
to be N17. NI17 undergres B-decey with the 4.14 sec period and the 017 nucleus which is
formed emits the delayed neubtron.

The energy spectrum of the delayed neutrons has been obtained by measuring the
energies of their knock-on protons in & hydrogen-filled cloud chember. Fig. 2 shows the
geometry of the experiment. A LiF target was bombarded for sbout 30 sec in the deutsron
besm and then blown out through s pneumatic tube to & location about 5 feet from the con-
crete shielding and 6 feet from the cloud chamber. About a second after the arrival of
the target the cloud chember was expanded menually. Since the cloud chamber clearing fisld
is not shorted out until the time of the expansion, only those ions formed in the cloud
chember after the target stopped moving formed nuclei for droplsts. The cyclotron was
turned off after the bombardment and since it took ebout eight ssconds for the target to
get to its finel position outside the concrebts shielding, we may be gquite certain that the
neutrons observed at the cloud chember originated et the target and not from the cyclotron,

The neutron ensrgy is related to the energy of its knock-on vrobon by ths rela-
tion Bn = Ep/b0s283 where @ is the scatter asngle. The proton energies have been determined
from the lengths of their tracks in the cloud chamber. The range-energy relation for the
chember pressure of Hy saturated with o 2:1 alcohol-webter mixture has been caloulated by
Ao A. Garren (Fige 3).

The proton rengss znd %the sngle that The proton makes with the directisn of the
incident neutron heve been wmessurad by reprojectblon. Knooz-ou protea tracks that stard
in-e region 9=3/4 x 7 x 4~1/2 inches have besn measured. This is the meximum arsa theb
could be used and still have all the tracks that start within it also stop in the chember.

The tracks have alsc besn selected on ths basis of their widbth. Only thoss
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proton tracks due to neutrons that passed through the chamber before the expansion have

been included. 0.1 om was taken as the smallest acceptable width. No track that was so

0ld that the negative and positive ions were separated into two columns was included.

The renges of the protons have been corrscted for the diffusion of the ions by subtracting
the width of the %track, measured in a horizontal plane, from its length., The clearing field
is vertical so that if the track is almost horizontal, the error introduced by the clsearing
field pulling the ions up or down is negligible, Only those protons scattered by neutrons
having en ensrgy greater than 0.46 Mev have been included.

The error in measuring the renge of a proton is & 10%, but since the average
rate of energy 1oss~zi- is 0,1 E%; in this energy renge, the error in the proton ensrgy

is about & 1%, This error is very smell compared to the error in measuring the engles.
In order to minimize not only the errors in msasuring the angles but alsoc tth® errors due
to ‘the fact that the neutrons may have been scattered bofore producing a knock-on proton,
protons with scatter angles greater than 300 have been excluded.
The measurements of the angles have been made carsfully and are reproducible %o
+ 20, About 50% of the knock-on orotons exhibited smell angle scattering in the ges before
they reached the end of their rengs. If scattsring occurred near the beginning of the
treck or was unobserved for some other reason, this would meke an error of perhaps as much
as * 5° in the measurement of the scatter engle in some cases. We believe that all the
cases of scattering in the gas have been found. Assuming that the nsubtron comes directly
from the target, then the error in the ensrgy due to the error in measuring the angle is

y QE.E =t 2 tan 8A6. The error for 8 = 30° and A8 = 2° is * 4%,

Figs 4 shows ‘the energy spectrum of the knock-on protons eand Fige. 5, that for the
neutrons producing them. Af first glance the neutrons energy distribution sppsars to be
a line with energy sbout 1 Mev. The proton energy disbtribution, howewer, shows 12 tracks
with energies greater than l.2 Mev; these must come from neutrons with at lesast that energy
regardless of their scatter angles. Fig. 6 shows the energy distribution of the neutrons
if we assume that we are not measuring one energy and correct the distribution for the
variation of the scatbering cross-section with energy.

Mesons

Attempts were made to detect mesons in the re-sntrant chamber of the syclotron
but the background was %too high for practical cloud chamber opsration.

lNo Knable, E. O, Lewrence, C, E: Leith, B. Jo. Moyer, and R. L. Thornton, Bul. Am. Phys.

Soc. F9, April 29, 1948

2
Lo Wo Alverez, Bul. Am. Phys. Soc. F1l, April 289, 1948
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2o Film Progrem

Eugene Gardner

Observebtions on Tracks of Positive Mesons

The mesons first detected at the 184-inch Berkeley cyclotron were known to be
negatively charged, since the appearatus was arranged so that negative bubt not positive
particles from the target could reach the photographic plates. We have now dstected posi-
tive mesons by placing plates in a position to receive positively charged particles from
the target. As in the wase of the exposures to negative mesons, the target was bombarded
with alpha-particles of energy sapproximately 380 Mev. Ilford C.2 and C.3 plates and
Eastmen NTB pletes, each of emulsion thickness about 100 microns, have been found to be
suitable for this use. The exposures to positive mesons are more difficult than exposures
to negative ones for two reasonss (1) Positive mesons which leave the target in the for-
ward direction of the beem are deflected by the magnetic fiseld back intc the region of
the circulating beem, as shown in Fige. 1. Any appearabus placed closer to ‘bhe cernter of
the cyclotron than the target must be designed in such a way that it does not cut off
the circulating beem. (2) Protons and alpha-particles from the target can follow approxi-
mately the seme treajectories as the positive mesons. These protons and alpha-particles
contribute to the "background® of unwented tracks on the plates.

Two methods of making exposures to positive mesons have been successful enough
to enable us to make a study of the positive meson tracks. In the first method the plates
to receive the positive mesons are placed below the circulating beam, as shown in Fig. 2,
Mesons are received which leave the target mowing at a small angle downwerd from the beam
direction. Plates to receive negative mesons of about the seme energy =aud smguler range
may be placed on the opposite side of the target as shown in the figure. Shielding is
provided on the side from which the beesm comes in order to prevent scabisred bheesm particles
from reaching the plates. For mesons which strike the plate at right engles to the edgs,
the energy range is about 2-5 Mev. For meson trajectories at other engles the energy at
a given point on the plate is larger, so’'that the energy range of the mesons counted on
the plates is not very well defined.

In a second method of detecting positive mesons, the photographic plates ars
placed in a position to receive mesons which leave the target in a direction opposite te
the beam direction. The arrangement is shown in Fig. 3. Plates exposed in this way havs
tracks of negative msons along one edge, and tracks of positive mesons elong the opposits
edge. In this method, as in the preceding ons, the energy range of the mesons received
by the plates is not well defined, :

Methods of detecting positive mesons in which the plates are placed at the
270° or 360° position have been tried, but they did not seem to be as good as the methods
described aboves

The eppesarance of the positive meson tracks under the microscope is similer to
that of negative meson tracks: they heve s characteristic grain dsnsity change along the
track and a characteristic bending associated with small-angle scettering. A measursment
of the messes of the mesons cean be obtained by meesuring the bending in the magnetic fisld
of the cyclotron and the range in the emulsion. The radius of curvature of the meson's
trajectory from the terget to the plate is caloculated from the position on the plate at
which the track is found, and the angle which the track mekes with the edge of the platbe.
The mass determination has not yet been mede with any precision; however, preliminery
measurements indicate thet there are two groups of mesons heving masses of about 300. and
200 electronic masses respectively? It is presumed that they are the same as the TV and
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U mesons described by Labttes, Occhialini end Powell (Naburs 160, 453, 486 (1947)).

Neither the heavy nor the light positive mesons initiate sters. Most of the heavy posi-
tive mesons disinbegrate tc give observable secondary mesons. -1t is thought that all

of the hesvy posibive mescns give secondaries, but that in some ceses the secondesries are
not seen. For all of the sscondary mesons which stop in the emulsion the rangs is aboutb
600 microns, corresponding to an energy of ebout 4 Mev. These observations of the heavy
positive meson decay are in agreement with the ¥ - (4 decay described by Lattes, Occhialini,
and Powelle ' )

Examples of disintegration of heavy positive mesons inbo secondaries esre showm
in Figs. 4 and 5. Fig. 4 is teken from an Eastmen NTB plate, end Fige § is teken from an
Ilford Co.3 plate.. In each case the heavy positive meson enters from the botbtom left eand
slows down and stopse. At the point at which the heavy positive meson stops a secondary
meson is imitiated, moving towsard the right.

By means of symmetrically placed plates as shown in Fig. 2, we have msasured the
relative numbers of positive end negative mesons. The energy range studied is not as
large as that accepted by the plates, but includes roughly ensrgies from 2 to 3 Meve In
this energy renge 40 positive mesons have been counted as compeared with 136 nsgetive ones
in an equivelent area. Of the 40 positive mesons, 26 ars known %o be heavy since they
form cbserveble secondariss. Soms of the secondaries may hesve been nmissed, so that the
number of heavy mescns mey be larger then 26, Mos%t of the 1368 negative mezons are heavy.
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3o Theoretical Physics

Robert,Serber

Calculations have been made of the engular eand energy distribution to be ex-
pected of the heavy mesons made by bombardlng nuclei with a particles. 1In order. to com=
pare these predictions with experimental results, corrections must be made both for the
selective effect of focussing in the megnetic field, and for the faet that the targets
are not thin for the low energy mesons which are observed. The experimental results are
too scanty to permit enything like a detailed comparison, but thin qualitative features
seem to be satisfactorily explained. Using the theoretical energy asnd engular distribu-
‘tions, en estimate was made of the total cross section for production of mesons by 380
Mev alphas. This was found to be 10729 om? per cerbon nucleus, or 2 x 1031 em2 per
nucleon~nucleon collision, in good agreement with the theoretical prediction by Horning.
The difference in numbers of positive and negative mesons has been explained es an effect
of the nuclear coulomb field. The magnitude of the effect is about rights more detailed
celcualtions have not been completed,

Work is progressing on the influence of the shape of the potential om the predict-
ed n-p scatbteringe Calcualtions have been made for Yukewe, exponential, geussian eand
square wells. Perturbation calcualtions, which show the effect of a chenge of potential
at a given radius heve also been used to obtain more insight into ths problem. We ars
now investigating whether a pobential which is not so concentrated near zero radius eas
the more convential ones might give better results.

The shape of the straggling curves measured in the stopping powsr experiment
with high energy deuterons cen be fitted quite well.to the theoretical curvez., The com-
parison indicates that the deflected beem is homogeneous to about L Mev. Evidence has
eppeared that the mean 1onlzat10n energy of non-metals differs from the limear law, I = 1,2,
observed for metals.

Work is in progress on the elastic end inelastic cress sections o¢f nuclei for
high energy neutrons. Formulas for the cross sections in the case that nuclear matter hes
en index of refrection as well as an absorption coefficient for neutrons hawe been obtein-
ed. Comparison with the experimentel results hes not yet been completed.

~ A good deal of work has been dons on synchrotron end cyclodrome prrblems.
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4, Total Nuclear Cross Sections For High Energy Neutrons

N. Kneble, J. Dedursn, B. J. Moyer

Total cross sections of twelve different elements for the neutron beem produced
by, bombarding & one-half inch bsryllium target with 190 Mev deubterons in the 184-inch’
cyclotron heve been measured with bismuth fission ionization chambers (1). The ionizetion’
chambers employsd contained several disces in line coated with 1.5 mg/em2 of bismuth and
were ussd both to monitor the intensity of bhe neutron flux and to detect the diminutio:
of intensity caused by placing sbsorbers between a monitor chembsr and a detecting chamber
ten feet behind the monitor, all three in line with the axis of the collimabtsed neubron besm.

The linesr emplifiers used to detect the fission pulses were equipped with dis-
criminators sc as to limit the recording of pulses to those greater than the valus of a
biss veltaege sslected by the experimenter. The construction of the chsmbers wss such thatb
the disecriminebtor voltage was proportional to the maximum energy of the fission pulses ex~
cludsd from our records. Thus, in Fige 1 we see a typical integral presentation of the
disbributicn of pulses in energy. The stebility of the amplificetion esnd discriminating
voliage was adequete to insure eccuracy of the data to better than 5% as can be determined
from both the stability of the amplifier voltages and the 1.5% volt variation >f counting
rabe with discriminator potentiale. Discriminator curves were taken for several differsnt
neutren intensities in order to determine at what value of discriminator voltage the number
of pulses due %o multi-coincidences of spallation reactions became & measurable fraction
of the number of fissioms in bismuth.

The geometry of the experimental erragement was such that the solid angle sub-
tended by the detector at the absorber wes 0003 steradians. The effect of small angle
seablsring on the ratio of detector to monitor was investigated by helving the disterce
between ebsorber and detector using both absorbers of lead and of copper. The resulis
of these experiments showed the change in the ratio ceused by smell engle scattering to
bs negligible for sbsorbers. two meen free paths or less in length.

From the nsutron spectrum and qualitabive information on the veriebtion of the
bismubh fission oross section with engrgy, the mean energy of detection has bsen estimated
to ba 95 ileve

The absorbsrs uszed in cross section messursments were all less than two msen fres
paths lonige The effect of background wes investigabed by pleecing fourtsen mean free paths
of various absorbers between detector and monitor, The results are shown below.

Detector Moniter Absorber

850 fissions 1000 fissicne Ho absorber
G 3260 14 mesn free paths of sopper

The hydregsﬁ cross secbion wag measured Ly using l.? noan frae paths of pentans
end o carborn sbsorber of mass per wilbt zroa egual Yo the mess of carbon per unit area
in the revienw, disbtribubed over the same lengith. Thir
of a ivng scanting inberval withoubt absorbay o determivs
cane GLd seroon indopendently, as only counbing intervals supl
are needad. We are thus sble to raplase a counting iutervai wi
practice would not heve esn error of less than 4%, by & physicel measursment of mass
easily essurate Yo ong part in 10,000, This measurement must be made wiith extrome
aocurasy in our cass where the crose section dssired is s small fracbion of the ecarbon
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cross section. The difference betwsen the deuterium and hydrogen cross sections was
determinsd in the seme menner by using equal numbers of molecules per unit area of D0

end H20 °

The results are summarized in Table I below. The radii of the verious nuclei
are plotted in Fig. 2 as a function of the cubs root of the mess numbers, where the radius

is defined by '—"
R = gl—
21

Justification for using only two mean free paths of materisl to measure cross
sections is obtained from the absorption curve of Fig. 3 which shows no deviation from
an exponential decrease in neutron intensity with ebsorber thickness.

Teble I
TOTAL CROSS SECTIONS FOR 90 MEV NEUTRONS MEASURED-WITH BISMUTH FISSION CHAMBERS

Eilements “~Total Gross Sections Collision Radius .

Sy X 1@’24 cms R =x 161‘5 om

Hydrogen 20745 ¥ ,002 b, ' B
* 0073 ;ﬂ: 0005 .1908 i 0014

Deuterium 0105 ¥ 004 1,29 *.,03
Beryllium 0396 ¥ 004 2,51 .01
Carbon ,502 * 004

0502 £ ,005

o501 % 006 20,83 ¥ .01

) 9490 t 0004 .

Nitr’ﬁgeﬂ 9570 ﬁ 0007 : '5001 it' 0(32
OX'ygeﬁ 9663 i 3007 3025 t 002
Aluminum 0993 £ 011 3,98 T .02
Chlorine 1.28 F .02 4,51 % .03
Gopper 2,00 % ,02 5.64 * .03
Tin 3,13 £ 025 7,06 £ .03
Lead _ 4,38 T .03 8,35 * .03
Uranium 4,89 ¥ .08 8.82 ¥ .05
Deuterium minus '
Hydrogen D-H 0,031 % .002
Compounds
Hy O o815 % 005

.807 * ,005
Dy0 o888 T 005
Pontane 3,40 ¥ .03
Cgllys - 3,37 % .03
C Clg ' 5.61 % o086
Mo lemine 537 £ 035

CgHglly
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5, Cross Section for the Resction C1l2(n,2n)cll

Herbert F. York, Robert Mather

A\

We heve compared the cross section for producing'cl1 by ‘the n,2n reaction on
¢12 with the differential n-p cross section at a fixed angles, This has been done abt
40 Mev and 90 Mev and the results have been compared with a theoretical curve giving
the relative cross section as a function of energy.

Experimental Arrangement

A smell polyethylene disc weighing 250 mg/em2 was placed in the 90 Mev neutron
beam and bombarded for twenty minutes. A proportional counter telescope with e 1" diaphram
‘in front wes placed facing the disc along a line meking an angle of 25° with the neubtron
beem. The distence from the disc to the diaphrem wes 81l em. All the protons from the disc
which passed through the diephrem and hed more then 48 Mev were counted for the entire
bombardment . By making a second run with no scatterer, and using the usual methods of n-p
scattering the number of protons produced by n-p collisions during ‘the bombardment was '
determined.

Aftar the bombardment, the pelyethylens target was placed under & Geiger counter,
and its beta sctivity was determined. The counter was celibrated by a standerd urenium
source. A 4 mg/bma polyethylene disc was also bombarded in en intense neubtron beem simule
‘tansously with one of the 250 mg dises, in order to determine the correction for bete
abgorption in the thicker disc. It was necessary bo use a thick dise in the runs mede with
the propoertional ceunters beceuse of the low intensity of the neutron beam cubtside the
conorete shielding. ‘

‘ This preocedure was repeated three times at 90 Mev then twice at 40 Mev, ﬁsing
an engle of 30° and appropriste absorber. '

Celculatien of the G+2(n,22n)Gld Cross Section

The number (N ) of protons per steradisn per second from the CH, terget at 257

above a certein energy © E_. is given by
o]
N =a ME) @ @, E)eE (1)
P H up ! v
’ Brsn
whers
ny = Number of H atoms in the CHZ disc.

> Keutron flux in a bsam of energy E. :

Differential cross-sectio- in the laboratory system

[

H{E)
T} E)
for the scattering of protons into the angle 4P &b energy B

Since in the n~p scebbering ezperiment an everags thiﬂb) gver ithe same distvrie
bution of naubron egergzies s used in Ythis ezperiment hes been Em@aaur@ds we mey replace
the Q"ﬁp@QE) above by 6%:;@;, and remove it from the initegral. Hence :

y e %
Ny = wpp) 5 NE)E (2)
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Similarly, the production of cll per second (NQ) is given by
eo
N, =1 ﬁll (E)(E) a8 (3)

In this sxperimentg because of the spread in energy of the neutron beam used,
it is possible to calculate 0F1] only if some assumption ebout the shape of 0711(E) is made.
Two such shapes heve been useg nemely, the theoreticel curve, and the o urv@é; 11 = constant
over the energy distribution of the neutrons at each of the two energies usedo

If wo essume the shaps of the theoretical curve to be correct, then

o°(E) = K £ (EB) end N, =K nc/;zE)N(E)&ES (4)
]
where n, = number of C atoms in the disc, and f(E) = relative value of 0’11(E) es given
by curve in Fig. 1. Thus v/(’
Yo = K £(E)N(E)dE
L SON O (s)
or | . Ewomm
K=2&" @) s 5 (6)
Thp o ff(E)N(E)dE

If we assume OGll %o be constant over the neutron energy distribution used, then

FE = 2 T - -

N(E) for the 90 Mev hes been measured and is shown in Fig. 1. N(E) for 40 Wevw
is the theoretisal curve calculeted from the stripping process and is alse shown in Fige
1. Any low energy teil on N(E) at the lower energies would mot affect the expsriment,
since these neubtrons would produce neither counteble protons nor cli,

One check on the theory is to find whether K is the seme {or nearly so) at 40
Mev and 90 Msv.

Mo

N, is given by N, = mﬁ%; (Ncﬁz = W w},—ﬂécfﬁ—w } (7)
where NGHg = Number of proton counts from a CHy disc.

NB = Number of proton ecounts with no disc.

Mpncﬂz = Number of monitor counts during the bombardment of CHQQ
MonB = Number qf monitor counts during blank run.
£L = solid angle subtended by proton dieaphram.
%y, = Duration of the bombardment.

G constant, deterr;nea from n-p experiments giving the fraction of
CH, protons dus to H; ¢ = 0.76 for 25° and 90 Mev, ¢ = 0,92 for 30° end 40 Mev..

B

. Ng = Ny 8)
(1 = 9" Ktb)emxhi(l - emktg)

Ncﬁg
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where g is the factor correcting for the geometry of the counter9 as determined by com-

In this reletionship

Number beta counts during the total beta counting time .t _.

g

Time between the end of the bombardment and the beginning

perison with & standard. g = 166 for the set up used.
Ng =
tb = Bombardment time
'bi=
of the count.
N, =

In the experiment, ©

was aboub 1200 seconds.

Background counts for time tgo

was twice bsackground in the

case of the 90 Mev bombardment§ and three to four times béckground for the 40 Mev bombard-

mento.

A typical set of data are

Average ‘E of neutrons
Enin

e (N
( CHp Mon,,

oK
Eb
Ny
s
g

M
- NB onCH2) )

LA

Bo#g w ponow

30°
40 Mev
28 Mev -

1480
«763 x 10=°

1200 sec
1600

525

300 sec
1524 sso

The ratio of the integrals in equation (6) has been calculated numerically and
&8 5.22 for the 90 Mev bombardment and 4,16 for the 40 Mev bombardment.

The wvalues of Ng for the five runs made are

NP
Run N,(90 Hev) N,(40 lev)
) Np ' Np
I 0480
II 04405
- ITI ' D238
Iv Cold9
v 0,480
Average 00455 00238
With these values end
"c&w {25%, 8¢ Mﬁv} 25 65 mi 11ibarnss
S (300,40 Mev) = 48 millibarnst

#These values are et present only temtative
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we get
96

K, ~ Mev
40 .
123

Ego Mev

While these two velues of X are not identical, they are nearly so, compared
“to the ratio between the cross-section at 42 Mev and 90 Mev from the theoretical curve,
nemely 2.7. Using the values of K, and the theoretical f(E) we get

inon

G711 (42) 57 millibarns
6511 (90) 17 millibarns

Assuning £(E) to be a constant over each neutron distribution, we get
O%ll (40) 23 millibarns
Ggll (90) 18 milliberns

. However, since the neutron energy dlstrlbatlon ‘at 40 Mev extends approxlmately

from 27 to 51 Mev, and c’il(E) must be quite small in the lower part of this range end then
decrease again at hlgher energles, the existence of some sort of peak in the region arcund
40 Mev is qui%e probable.

Brrors

1=

2

The mean deviation from counting errors in determining the rebio —ﬁ’m is 6% st
each energy. The errors in the absolute differential n-p cross sections P are about
20%, though probably somewhat smaller relative to each other since esch was determined
in the same way. The OnL11(E) is flat in the high energy region theoretically, and bea@a
the fipal error in 0’11%90 Mev) is about 20%.
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6.. 90 Mev Neutron Absorption end Scettering Cross Section

A, Bratenahl, R, Hildebrand, C. Leith, B. J. Moyer

The measurement of the angular distribution of elastlcally scattered neutrons
from Al, Gu and Pb using the cl (n 2n)C reaction as a detector had previously indicated
that the scattering cross section was greater then half the totel cross section.

To check this result the engular distribution was redetermined using e coinci-
dence telescope of proportional counters detecting the recoil protons out of paraffine.
The essential change in this mode of detection consisted in raising the threshold of the
detector from 20 Mev for carbon to 60 Mev for the coincidence counter. The results of the
measurements with the two types of detectors agree within probable error. Angular distri-
bution curves from these studies have been presented in a previous report. The approximate
congruence of the curves obtained with the two detector thresholds suggests that inelastic
events yielding scattered neutrons over 20 lMev must be relatively very infrequent.

To investigate further the relative contributions of elastic and inelastic pro-
cesses to the total cross sections, en attenuation experiment was carried out using carbon
detectors to determine simultensously the good and poor geomstry cross sectionss The ex-
perimental arrangement is shown schematically in Fige 1. The ratlo 1 determined approxi-
mately the absorption cross section; %%.the total cross section; D2 T the elastic soatter-

: 1
ing crogs section. Actually, the cone angle &), was chosen to include all of the central
peek of the elastic scattering distribution but omits part of the contribution of the wings
of the distribution at large engles. Thus the poor geometry ettenuation lecks the contri-
bution of elastic scattering which is just the emount of scattering through angles gresater
then C%o The purpose of ‘this limited geometry tends to esllow & comparison tobe made be~.-
tween the elastic scattering cross section obtained from this experiment and the cross
section obtained from integration of the differential scattering cross sections out to C%
which was the practical limit of observation in the anguler distribution experiments. The
effect of the limited geometry is that it yields only an upper limit to the absorption
cross sections and a lowor limit to the scabtbering cross section, but the good agreement
found betwsen the two independent experiments indicate these limits are close to the true

values,

An estimate of the correction due to the limited geometry was made by messuring
the differential cross section out to very large angles with the proton recoil csoincidence
counter arrangement. An additionel correction was made on the basis of en estimete of the
contribution of detecteble secondary particles registered by the detectors in the differ-
ential cross section measurements. Experimental data for this estimebe came from studies
of high energy protons emerging from elements bombarded in the neutron beem. The results
of the attenuation experiments are as follows;.the second figure in each column represents
the cross section corrected for limited geometry and sescondery production processes.
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. Absorption Scattering

EBlement Uncorrected Corrected Uncorrected Corrected Totel
Al ' 0046 ¥ 0,03 40 t .03 0.66 ¢ 0003 72 % 03 1.12 * 0,02
Retio to total . . 236 : 64
Cu , 0.87 ¥ 0,02 77 ¥..06 1,26 * .06 1.35 % .06 2,12 ¥ .04
Ratio to totel 036 .64
Pb 1,71 ¥ 0.11 1,59 *0.11 2082 ¥ 0,13 2,94 *0,13 4,53 ¥ 0,09

Ratio to total 35 _ _ 65

"

- These experiments indicete that the elastic scattering cross section is indeed
larger than the absorption cross section; and the scattering cross sections here given
are in reasonable agreement with those obtained by integreting the differential scattering
cross sections previously measured.



1-10 J 0ol

| 14 G2 XOMddV |||||v._

‘a

YOLVIWITII0D
31340NOD L4

o114

SY38y0s8v

agll

-




UCRL~ 187

=17=

7. Deubteron Range Measurements

Intreduction

Range and relative stopping powsr measurements of the full energy déflectedl
beam of deuterons from the 184-inch Berkeley cyclotron heve been made in conjuncbion with
rangs-energy calculations made by Smith® of Cornell and by W. Aron, B, Hoffmean, and others
of Dr. Serber®s Theoretical Group here,

The experimental method is essentially the same as that used by Wilsond (ses Figo
1) end consists of measuring the relative ionization of the deuterons for given thicknesses
of ebsorber, then plotting the Bragg curve. The range of the deuterons was measured in
aluminum, and the stopping power of elements relative to aluminum was measured for several
elements renging in Z from Be, Z = 4, %o U, Z = 92,

Theoretical Considerations

It suffices %o present here merely the L& equation4 and a brief description of

the method used by Aron, et al. in obtaining theoreticel values for the range-snergy ;@? .
lationship. The method is treated in deteil in unpublished werk of the Theoretical Group.
\
Assuming theat the energy loss of charged particles passing through mebter is due
to the ionizetion and excitation of the atoms of the substance traversed, aund further that
‘the varticle energy is much grester than the orbital electron welocities iwn the stopping
meterial, the energy loss per unit distance per cherged particle is

2 4 }
_ 91& _ 4T NZy 23 &- 1n glmvg‘ _ m@g (1)
dx e (1 - EL)I » /

where; m is the electron mass, v the velocity of the charged particls of atomio nuobsr 229

Zy is the atomic number of the stopping material containing N atoms per @m59 I is the sver=-
age excitation energy of the atoms of the stopping materisl; e and B heve their ususl sige

nificance.

The theorstical range-energy curves were obtained by numerissl integration of (1)
with constants of integration being determined from the low energy (~~& lMev) experimental
results of Wilson® end Mano®.

Apparatus Description and Experimental Technique

Referring to Fig. 1, which shows the'apparatus schematically, the detector ioniza-
tion chember is & thin (.5 inch) air filled chamber with & .0005" aluminum foil front wall
end a l-inch diemeter collecting electrods. A monitor ionization chamber was placed in
front of the absorber and this current read simultensously with the dstector chamber current,
thereby eliminating the effect of beem flustuations. The monibor chember iz 2 l-inch bthisk
air filled chember with thin walls (.002%) thus reducing the besm energy by a small emount.
Monitor and detector chamber currents were measured by two R.C.A. Ultre~Sensitivs D.Co
meters, the detector to monitor retio being plotted ageinst absorber thickness Lo give the
Bregg curve in Fig. 2,

Due to the dangerous level of radietion near the spparatus when the beam is on,
the metering was done remotely and the absorber wheel was rotsted remctely by means of a
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selsyn system. Fig. 3 is a picture of the apparstus in position, ready for operation.

The relative stopping power measurements were done by working epproximatsly ab
the midpoint of the steeply desvenilimg portion of the Bragg curve (see Fig. 2) and directly
comparing relative ionizetion values of several eluminum thicknesses with a given thickness
of the test element. In this manner e direct aluminum equivalent of each element tested
was obtained.

Results

Since experiments are not yet completed, the results given here are preliminary
and no attempts have been made to assign errors to the values given.

A typicel experimentelly obteined Bragg curve for deutercms in eluminum is shown
in Fig. 2 From twenty separate determinations of the Bragg curve, the average mean’ rang@
of the full ensrgy deuterons from the 184-inch cyclotron in aluminum is 18.70 gmﬁ/bm o By
assuming the range-energy values of Smith to be correct, it is possible to estimate the
energy of the deuterons. The energy determined in this manner is ~184 Mev and is in goocd
agreement with the Hp energy calculetions mads for the deflected bsem. - The rcob mean square
of the straggling is~l1 Mev,

The sbtopping power dabe is treated in the manner used by Wilsom, that is, the
stopping power per electron of the various elements is compmrdd with thet of aluminum.

Defining (AR ° 2/4) a1
9= TaR™~ Z/A)X

where ; &R,y is the aluminum equivalent thickness of a thickness AR, of elemspt X; end plot-
ting q vs img Z the very good approximation te a straight line shown in Fig, 4 ig obbained,
Werk is being continued on some other elements, principally non~sondustors, and on the
gléments shown to obtain betber statistiecso
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8. n=-p Scattering and the Distribution of Fission Fragments

from High Energy Neutron Fission

) E. Segr‘é

In the last three months we have completed the experiments on n-p scattering at
45 end 90 Mev. A comprehensive paper on this subject has been prepared for publication,
end since it is expected that it will be ready for declassification within a very short
time, it will not be reported hers.

The study of n-p scattering is part of the study of the interaction between
elementary particles. We hope to complete it with a study of p=p scattering by techniques
" very similar to the ones used on n-p scattering as soon as a deflected proton beam becomes
availeble. '

The n-n scattering, necessary to complete the picture, cannot be studied directly,
but a study of p-d and n-d scettering combined with n-p and p-p scattering date may probably
be interpreted theoretically to deduce information on n-n scattering. ZElastic scattering
should be invéstigated first and inelastic scattering possibly later. Plans for experiments
on this subjéct have besen and are under study. At present it seems that the most promising
line of attack for n-d scattering may be to scatter the neutron beam in deuterium in the
cloud chember; end for p-d scettering to bombard hydrogen with the deuteron beam end use
counter techniques. '

We have also started an investigation on the ionizetion produced by single figsion
fragments, when the fission is produced by 90 Mev meutrons. The curve relating the number
of fragments with the ionization produced by the fragments has characteristically two peeks
if fission is produced by low energy neutrons. With high energy neutrons the twe peaks
‘merge into one, in agreement with what is to be expscted from the previous findings by the
chemical investigation of the distribution of the masses of fission fragments. The meximum
energy spent by a single fragment and the average energy of the fragments do not seem to
differ materiaelly in the cases of 90 Mev or low energy neutron fission. This fact is sus=-
ceptible of various interpretations end only further experiments can tell which one is to
be accepted. "
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9. The Half Lives .of Aluminui®® end Aluminum®®

. Hugh Bradner and J. D. Gow

gge avallability of separated 1sot0pes of Mg mekes it easy to determine the half
life ‘of Al ; &a.member of the Wigner series which has long been suspected %o have a helf
life of approx1mately 7_seconds, but whlch has not been conflrmed because of the masklng

7 second act1v1ty of Al 6,

Mg24 Mgzs and Mgza (in the form’ of MgO) have been bombarded'w1th protons from
the Berkaley Llnear Acceleratorg with the f0110w1ng resultss i :

-~

Mg24 ylglds an aet1v1ty of & Eproxlmately 23 seconds half 11f@9 presumably due
to Na?l from the reactlon Mg?4(p,a)Ne? v

The Mgzs ields an activity of approxhnately 8 seconds half 11fb whlﬂh.we assign
to the reaotlon Mgz (p,n)Al125, _ g .

5 “The Mg26 ylelds an act1v1ty of approxxmately 6 seconds half 11fap a331gned to
, AL 6 aecordlng to.a similer reaction. - . .

It seems probable therefore that the 7 seconds helf life normally glven for Al1R6
is a mixture of these two aetrv1t1es°
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10, BEvidence For a p,d Reaction in Carbon

Wolfgang K. Ho Panofsky and Robert Phillips

The reastion Clz(pgpn)cll has been investigated at proton energiss up to 140
Mev in the 184-inch syclotron by Chupp and McMillan(l) end McMillan and Miller 2)9 both
as to excitation and sbsolute cross section. The high energy behavior of this reaction
is teken as evidence for the ideas of Serber\d explaining these processes by a direct
knockout, rather than & compound nucleus process.

In this experiment excitetion curves of %this reesction were obtained in the region
from threshold toc 32 Mev using the Berkeley linear accelerator. Stacks of polystyrens
(CpHp) foils were bombarded in the beam of the accelerator; specielly molded 10 mil (25 mg/
cmz) foils were used from 32 Mev to 21 Mev, c¢ommercial 5 mil snd 2.5 mil foils were used
f{om 21 Mev to 16 Mev. All foils were weighed end calibrated for uniformity. The [* from
¢t! were counted in standard geometry in a thin window Go.M..counter and compared with a
U0 stenderd semple. The resultent curve is shown in Figo. l. The ebsclute cross sections
were obtained by bombarding s foil at 32 Mev in vacuo and collecting the protonms in a
Faraday cup. The bsam passed through an open cylinder maintained &t 8,000 welis in going

- from the semple 6 the collector cup. The ecurrent to the cup was inbegrated on a low
leakege condenser and the voltage read on a balenced electrometer. The sntirs elsctrometer
apparatus is in vacuo. Bombardments were also made with the sample located directly in
the collector cup end gave results in agreement with the results obtaized whern bombarding
in the beem aghead of the secondary electron suppressing cylinder. The result is

TZy yoy = (o075 T 002) x 1074 o

The probable error is entirely due to the problem of ebsolute evaluabion of the T8y
stenderd. Further work on improving the precision of the absolute ¥ sount i
The internal consistency is ¥ 0004 barns over 8 runs.

The energy soaile in Fig. 1 was esteblished by the use of & range-.iergy relarion
in polystyrens ez somputed by Mr. Henrich of this laboratery. To check the worrectnesgs
of this relation, e run wes mads substituting Al Absorbers(4)to snergies down o 20 Mew
and using polysbtyrene absorbers below this point. The resultent points, showr by X ia
Pige 1, are indistinguishable from the polystyrens abscrber points. The renge-energy
relation was checked also by absorbing the 32 Mev beem down to the threshold of the
BM(p,n)cl? reascticn which was found to be 2.87 £ .1 Mev by Haxby, Shoupp, Stephens aud
Wolls(5). We obtein 3.0 &£ .3 Mev indiceting that the amceuracy et the end peint of the
c12-3¢ll resction is of the order of & o1 Mev. The oubput ensrgy of the linsar asccelera-
tor is inferred from frequeancy end drift tube dimensions to bs 32,0 ¥ ol Mev, an sxtre-
polsted range measurement in Al gave 32.1 % .1 Mev. , .

If we essupe that the thrashold of the resaction iz sharp, bthen the thres?
be located from the maximum of the second derivetive curve, (Fig. 1) We place the htarsshold
of the reacstion ab

: 18.5 & o8 Mev
If we_take the mass of €1l %5 be 11.01458 (in a%ra;mas
for B (p,n)ctd, and the ¢t ondepeintl®) from 6L of o
the reaction C1Z{p,pn)Cll corrected for recoil, is 80.2 Mev. The ssriisr wvalu
Livingston and Bethe end Barkas{7) for the C1} B* end-puint and the mass of Gl ars sbout
0d Mev higher but sre based on earlisr msasurementa(8 probably affectsd by Ni¥ contemi-
netion. This means that the reaction Cl2-» Cll must be & (p,d) resctiom, rather than

. a
with <o thresholdy
. \ . e oy v o &
Mew}. bthe calsoulated

L A
i
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o (p,pr) roaction, et least noar the excitetion threshold. The unly other instence of

a spocific deuberon yielding reaction known is the resction BO’\pQQ[BdS 9/, Cosmic ray
evidence in phobtographic Plat@o(lo) makes it appear that such an event is also possibls
in high energy processes without breakup of the deuteron.

"If the incoming proton were capbtured by the C nucleus, the resultant excited NS
would shrongly favor energetically the re-emission of e proton over the emission of =
deuteron or neubron. The cross section of the p,d reaction by & compound nucleus process
should thersfore be much smeller than the values observed. The process iz therefore likely
to take place by a direct interaction, e.ge. by dirsct sjection of = deutsron and subseguent
decay of probton unstable N1Z,

oy
@&
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IT. ACCELERATOR AND CALUTRON OPERATION AND DEVELOPMENT

l. 184-inch Cyclotron

Jemes Vale

Proton Conversion

The proton conversion unit has been assembled and vacuum tested as far as possible
before its installation in the cyclotron tank., At the completion of the vacoum tests, the
new dee was installed (see Fig. 1) on the unit, and dummy pole pieces were built above and
below the dee., This structure is necessary for the radioc-frequency test which iz now in
progress.

The proton conversion rotary condenser has been designed to eliminate cartain
difficulties encountered with the present condenser. All webesr cocled insulateraz heve been
elimineted in the rotor (see Fige 2).

G&

The oscilletor, as in the present system, is housed in a removabie u-i% (s
he redio-

Y
-

. Fig, 3)s I% is plenned to install the proton unit immediately upon cempietion of
fregusncy tests. )

{
e
t

Neutron Beam Backskop

During certain runs in the past, involving the neutron beem cubsids who concrste
shielding, but inside the building, the neutron beam was allowsd to emsrg~ ‘rrm ths buiiding.
A barrisr To this neutron beam has been constructed and consists of e blee. i conurabe
placed just inside the wall of the building., The beam level just cubside +u. T aildizg at
this peint is now reduced to an extremely low value.

Neutron Besm Telescope

A second telescope has been constructed for further eese of eligning eguipment’
in the neutron beam. This telescope fits on the neutron bench snd is light snough so that
it can bs removed after use., This telescope cen be used for eligrmsnt with the two neubtron
besms that are asvailabls.

Stairway to Tep of Magnst N

A permansnt steel stairway has been builit to provide access te the szrea on %op,
of the 184~inch magnet. This stairwey eliminetes the hazards that were present with the
ledders ussd previously.

-Concrate Shielding

The conerete blocks for the permensnt deuberon cave have been dezigned. The
-permenent cave will have a conocrets roof and thus allow use of the cverhead crane during
those periods in which the dsuberon beem is brought out of the tark. In addition, during
these periods, the roof should reduce still further the general msutron baskground in the
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building. The cave will have five feet of concrete in the walls with three feet thick
reof blocks.

Flipper Prebe

’

During the course of the meson expsriments, it was found that a monitor other
than 2 Zous meter is necessary for the propsr resolution of the slpha and deuteron besms.
Therefore, a monitor was constructed which takes adventege of the fact that at any ona
radius the elphs beam has one-half the range in a given materisl of the dsuteron beam,
This probe allows two currents to be read simulbazneously and cpersting conditions can thus
be adjusted to disecriminate one beam egainst the other., Furthermore, this monitor has
been installed permenently inside the vacuum tank and can be inserted into ths bsam by
meang of & coil mounted on it. '

Target Mounting on Probe Heads

A fast socting holder for targets on probe heeds has been devalicpei to minimize
hendling time of radicactive targets after bombardment in the oyclotron. Tasse targsts
are held on ths probe hy spring action rather than screws and can be simply slipped off
the probe 1rith a long handle. This will reduce exposure %o radisticsn during *hy “reansfer
of gurh targebse

o
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2. Synchrotron

Marvin Martin

During the past quarter, the magnetic measuring program was completed and a
considerabls period was spent searching for a Mev betatron beam without success. Various
experiments were performed in an attempt to determine the reason for this failure, and
three possible causes discovered: : .

(1) A really satisfactory vacuum was never obtained although cpereting
experience with other betalirons indicated that there s hould have heen some beam at t he
synchrotron cperating pressure.

(2) The magnetic field adjustment was made in accordance witht he theoretical
requirements and was designed to eliminate azimuthal variations of low harmenic order
relative to the frequence of revolution. According to the theory, t he effect of varia-
tions of a high harmonic order should be greatly attenusted and the correction of these
errors was not done. Since errors in magnetic field of 1L100% of the field at injection
¥ are encountered, it is possible that the assumptions which permit these varistions to
- exist are not valid and it is plammed to reduce all magnetic field variations to approxi=
mately 10% of the injection field.

(3) On dis-assembly of the machine, it was found that an insulating varnish
had been deposited on part of the surface of the c onducting foil inside the wacuum .
chamber. It is very probable that this varnish could support a static charge whichwould result
in the loss of the beam after a few revolutions. This theory is supported by the obser-
vation that after a short stand-by period, the first pulse of electrons toc a probe
315° from the injector was much larger than subsequent pulses,

Numerovs experiments were performed using a current collecting probe as a
nonitor and adjusting compensating coils to make the electron orbit follow the vacuum
chamber. Retractable vanes were placed at spproximately 45° intervals around the orbit,
and the vane radius for msximum sttenuvation of the electron current was observed in
meking the adjustmentss-—Ft—was -found-thet the orbit could be circularized withconsid-
srable accuracy by this method. The correcting coils which were available for use,
‘hewever, were limited to the correction of variations having a low frequency. In order
to etiminete the high frequency field variatioms, it will be mecessary to install a
large number of coils, each covering a small portion of the orbit.

Cbzervations of the electrons during their first revoilution were mede using
anthracene mounted in the end of a lucite rod which projected into the vacuum chambers
4 photomultiplier tube adjacent to the outer end of the lucite rod wes used to chserve
any photons generated in the anthracene by electron bombardment. This device proved
. to be & very sensitive detector, and its time resolution could be made very short,
Most of the attempt to locate a betatron beam were made with the output from this
detector displayed on an oscilloscope using a triggered sweep. Had any betatron beam
existed, this device should have given a second pulse at the time the orbit collapsed
into the detector. v

; The machine is being re-assembled with a sufficient number of compensating
coils located above and below the pele tips te permit complete compensation of t he
field variation. The quartz doughnut will also be used to insure that a good vacuum
is obtained and to provide a surface on which a satisfactory semi-conductor can be
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placed. These steps should correet all known difficulties with the machine,

Some experimental work is also being started on methods for injesting a
higher woitage since all of the possible troubles become less serious at hipgher .
energies, This development work is quite promising and will be explored as & sids
line in case the above methods of correction do not prove adequate.





