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SUMMARY CF THE RESEARCH PRCGRESS MEETING

QOctober 28, 1948

Re. Ko Wekerling:

Deuteron Scattering, C. Wiegand.

A series of deuteron-proton scattering experiments hes been started employing
e telescope of three proportional counters in an arrangement similer to that used in the
neutron-proton scattering experimentse The results of such a study are of theoretical
importence. If it is discovered that the cross section for deuteron-proton scattering is
sﬁall, one could conclude that the Gross section’of the deuteron is the same as the sum
of the neutron end proton cross sections. I% mey be possible to combine the date with
:that from n-p scaﬁtering to shed light on certain espects of nuclear structure.

The experimentel arrangement employed is shown schematically in Figure 1le The
deuterons leave the cyclotron chember through a long tubee BSix feet from the end of the
tube they are collimated by passing through a 1 inch x 1-1/2 inch opening in a heavy
copper plate. The end of the tube is closed by moens of aml/B'inch aluminum window, out-
side of which is placed a second collimator ansisting of = copéer plate with a 1" diameter
hole to further define the deuteron beam. Adjacent to the second collimator is placed e
thin ionization cheamber through which the beam passes. This chamber serves the function
of measuring the size of the beam. Eéch deuteron crossing this chamber is assumed %o
generate 500 ionse. After passing thrpugh the ionization chember the deuterons impingse
upon & scatterer and are detected by a telescope of three proportional counters, after
passing through e suitable thickness of aluminum absorber. In this work & low current
beam wes used which was essentially mono-energetic.

Iﬂ the first experiments the apparatus was erranged to detect particles scatter-
ed at an eangle of 60, which is the predicted angle of mgximum scattering. With a deuteron

Q=14

current of 1 emperes end a carbon scatterer of .7 gms/sq. cm. in thickness, 107
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deuterons should leave the target per seconds In such an experiment one must be certain
thet the counter system is detecting only the deup?ronse From a carbon target one cen
expect elastically scattereg‘degtqrons_pfnepgygy approximately ZOO"MBV, protons end
nsutrons from deuteron stripping of energy spproXimately lQO Mbv, and inelastically
‘scattered charged particles of energy cqnsideraply 1§ss then 200 Mev. In the event a
-CHz target is used one.might"gep in additiop_e;gstiqally scattered protonse
One means of adjusting the‘counterg to detect only the dguterons is to make use
of a thickness of aluminum in front of the counters sufficient to allow just the deuterons
to get throughe Such en ebsorber cuts down the proton energy to a pbint where these
perticles cénnot be counted. This is particularly importent in the case where the protons
are scattered in nea;ly the seme directipn as the deutgronéq That this is & possible
‘ksituation is illu;trated by the»fo}lowing taplehwhithshows the resglts of calculations
for two typical cases. In the sécond of these it is seen thet the sngular difference be=

tween the deuterons and protons scattered is less than 4%, These calculations were made

on the essumption of an incident deuteron energy of 180 Mev. The number of counts varies

Scattering '  Specific Ionization
Angle Energy Al Range dE} Mev

d 7=1/2° 172 Nev 15.2 gn/em® . 0,009

P 78=1/2° 8 0.11 04057

d 7-1/2° 20 0.34 -

P - 30 160 22.8 0,008

as & function of voltage es shown in Fige 2. The counters were customarily operated at
1400 voltso

When the number of gounts‘is plotted”ag a function of absorber thickness, at
the 6° position, one obtains & curve of the character shown in“Fig.HSoV'The meximum occurs

et en absorber thickness of 16,3 grams/emz, and the width at half meximum is 1 gm/cmz,-or
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epproximately 6 Meve The sharp decrease in the curve beyond the meximum shows that only
deuterons elasticeally scatteredmby the carbop are being Qountedo If one adds to the
16,3 gm/cm2 of eluminum in the absorber the aluminum equiyalent of the air column, the
carbon scatterer, ﬂhe counter walls, th§ gluminum.winduw and the Al equivelent of the
residuel renge of the deuterons, one hes a total thickness of aluminum of 18.2 gm/cm2.
This compares very well with Stephan's value of %the deuteron range in aluminum of 18.7
21 gn/on?,

When the carbon target is‘replaced by a .62 gg/cmz CHp target it was predicted
theoretically that the scattering meximum should cccur at o7 barns. It should be noted
thet a CHp terget of this thickness reduces the ensrgy of the deuterons by the same emount
as the previously mentioned carbon target. A few observetions were made at én ebsorber |
thickness predicted tq correspond to the expeoted peak but the results were not complete
enough tc allow a positive conclusion to be drewn. It was felt quite definitely, however,
that the pesk is not at .7 barns.

An engular distribution curve covering the renge 5°-15° was also teken by vary-
ing the engle of the counter telescope. TFigure 4 summarizes the results of this measure-
ment. The technique employsed will be refined in an ebtempt o e#tend the curve to the
region of wvery small angles; The second curve of Fig. 4 gives the variation counting
rate without a target in placs.

F source of error of unknown magnitude arises from the effects of ngclear reactions
in the Eluminum absorber. This remains to be investigeted. The correction may be sufficient
‘o changg the absoluté value of eny cross sections found but the ratio of the results with
cerbon and CHy will not be affected. The measuramsﬁtsireported here are only preliminary
and iﬁ“is_pianned to continue and extend them coﬁsiderablyo |

It has also been decided to messure the absolute stripping cross section for

egteronsg For this purpose a magnetic selector will be used to sort the protons and
deuterons, end the magnitude of the neutron beem Wili be measured with & bismuth fission

ionizetion chamber. BSuch an experiment should give deta thet will allow & comparison
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to be made with the theoretical results predicted by Serber®s theory of deuteron strippinge.

Deuterons in the Neutron Besm. Ko Brueckner.

In the cloud chember one finds rather long tracks of hiéhly ioﬁizing particles
when working wiﬁh the neutron beam of the cyclotron. It has been felt for some time thet
such tracks are due to secondary part?oles arisiﬁg in the aluminum window of the cloud
chember and in the air outside the chember . To detenmine the character of the perticles
200 trasks of this type were‘observed9 and from their curvature an estimate made qf the
energies of tﬁe particles. Only those tracks were taken that went completely ecross the
chember, which has a dismeter of epproximately 13 inches, and whose directions were es-
sentially that of the incident neutron beam. *Th?s allowed rather accurete measurements of
the curvature to be mades Actuelly the tracks falling within a cone of angle 13° were
teken. Figure 5 shows the distribution of the number of tracks with energy. The portion
of ﬁhe surve to the left of‘the_IZO Mey point fol}ows thg theoretically predicted curve for
protons rether closely. However; the port?o#_of‘thé curve beyond 120 Mev, which accounts
for 20 per sent of the tra¢k§a is quite unexpected ié the particles ere all protons, for
in thatvevant only 2 %o 5 per cent of the tracks would lie beyond the 120 Mov pointe A
number of reasons wére adfanegd to support the conc}usioﬂ éhat these high energy particles
must be either deuterons or tritons. In order to make the results more conclusive some

experiments will be done with ebsorbers of verious thicknesses in the chember.

Secondary Particles from Wuclei. Ho Yorke

The cloud chamber observations of heavy energetic particles repor#edvabove cast
some doubt on the first work on secondery partiéies fromvnucieivreported in the meeting of .
October 7¢ -In order té thraﬁ_further light on this matter the apparatus shovn in Figure
6 was devised. This employs & steering magnet outside the concrete cyclotron shielding
placed in a position to'deflect particles scettered from a 1/2 inch thick carbon target at
an anéle of 10° The radius of curvature ipvthis megnetic field is 68 incheso A system

‘of collimating slits wes employed to define the scettered beam, end absorbers of 1/8, 1/2,
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and 1 inch thickness were used to cover various energy renges. - A de-sensitized counter
of the type mentioned in the earlier report was used to limit the upper enargy of the
particles counted. ) |

With the three absorbers the three curves of Figo 7 were ob%ainedo‘ In each case
~the curve is bl-modal, the first meximum corresponding %o scabttered protons and the second
to deuterons. Although the spperatus is twice as sensitive to deuterons as protons, one
cennot compare the absolute values because of the energy spread of the particles detected.
An experiment has also been done with copper and lead scabttererss All that one can say at
this time is that approximately’zs per cent of the particles scattered at 10° are deuterons
when a carbon scatterer is u;edo' The yield is somewhat smaeller with & leasd scatterer.
This figure undoubtedly represents a lower limit on the number of deuterons formed in the
nucleus, since maeny of them are stripped in the tafget and give rise to low energy prptonso

Another method was tried that seemed to offer some promise and has the advantage
of giving much more favorable counting rates. It makes use of a 35 per cent difference
in ionization between the protons and deuterons of the same range. The neutron beem is
allowed to strike a polyethylene target and the scattered particles are deteéted by the
same counter arraﬁgement employed in the first experimanto As the gain or the high
voltage on the counter is varied, one should get a variation of counting rate having two
plateaus of the type shown in Fig. 8 if one is counting both Protons and deuterons. With
the counting system in use a 100 volt change on the.counter corresponded to a change in
gain of 1.85. With 87 Mev protons from a polyethylene scatterer the curve of variation of
counting raté with high véltage is of the Ltype illustrated in Pig. 9, curve l. With 30
Mev protons end 40 Mev deuterons,which have the seme renge, the curves were predicted to
be in the positions of curves 2 and 3 of Fig. 9 by virtue of the difference in ionization.
It was found that the experimental points fell between these two curves so that the resultis

are inconclusive. However, it is felt that this method holds some promise, and it is

intended to explore its possibilities furthers
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High Energy Deuterons in Photographic Pleates. H. Bradner,

The neutron beem of the 184-inch cyclotron waes allowed to strike a carbon target
of dimension 30 mils x 2 inches after emerging from the shislding. A stack of nuclear
plates was placed in such a position as to receive particles scattered at an angle of 10°
with the incident beam. 53250 mil aluminum shield was placed in front of the photographic
plates. A fow of these plates have been examined thus far, and give evidence for the
existence of deuteron tracks in the plates not a?ising from deuterons produced in the platese
In one plates exemined a 57b0 micron proton track entirely'within the emulsion waes discovered.
This corresponds to & proton of energy 37 Mev. Close byg_a 3700 micron treck was found
which by grain counﬁing was concluded to be a deuteron track. The ratio of masses determined
by the grain counting was 25 to 13,5, which is the correct ratio to within oﬁservational
errors, This deubteron could have been formed in £he eluminum shield or in the target.
The results from the few tracks that have been observed thus far can be summarized in the
following table. Needless %o sey, an insufficient number of tracks is involved to allow

any conclusions of a statistical nature to be drewm,

Probable Highly Probable Almost Certain
Proton 6 2 1
Deuteron 3 4 1

RLID/hwr
11-4-48
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