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)

Since the proton conversion of the 184-inch cyclotron, experiments have

Focus of the 184-Inch Cyclotron. W. Panofsky, ¥

suffered from the fact that the deflected proton beam was too large in cross
section for most experiments and had to be reduced by collimators which de-
creased the available intensity. In order to provide a well collimated beam
without loss in intensity the speaker and W, Baker have considered a number
of focusing devices and have adoptéd one of tﬁgse for use,

The first proposal that was considered provided for focusing by a wedge
shaped magnetic field., This was rejected because it would involve relocating
the shielded cave into %ﬁich the beam is deflected from the cyclotron tankf

Focusing with a.sQlenoid is out of the question becauss the focusing
properties are second order effects since fhe force which focuses the particles
is proportionel to the angle of deviation of the beam from the axis of the
solenoid,

Next, the advantages gnd disadvantages of an alternating sequence of
open and foil covered tgbes comnected to bus bars at positive and negative
potentials were weighed. The apparatus witﬁ lines of force is sketched in.
Fige 1; If F is the focal!length, g the ind%cated gap_beﬁween drift-tubes,

n the number of drift tubes, V the potential, and § = v/b, then

n Y1 Z g2

For g = 2 ine, n = 20 and F = 200 in. a voltage of V = 700 kv is needed.

. L
v

Another proposal which was considered, contemplated the use of a series

of concentric pipes with the voltage increasing from the inner to the outer
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pipes as the squeare of the radius, This device is sketched in Fig, 2, If

L is fhe_length of the tubes and a is the meximum radius, the focal lengfh F

is

’ 2

and for F = 200 in., a = 2 in,, L = 40 in., a voltage of V = 190 kv is required,

The proposal that was finally adqpted takes advantage of the focuging
properties of a sheath of positive current surrounding the proton beam, The
magnetic field that is iﬁduced by the tube of current increases linearly frmn
the center to th¢ locus of the current and then drops off againvtowards the
return conductor. The focal length of such-a device is given by

¢

F = \Hﬁ)
Ho '

2
L
The practical problem which had to be solved was that of finding & proton
transparent conductor with unifogm current density, After rejecting a pair
of coaiial tubes shorted aﬁ one end by a thin foil, an apparatus making use
of gas discharge through O.5mm H2 was’adqpted oﬁ the suggestion of W. Baker.
The lens and circuit are,shown’in Fig. 3. A gléss pipe is used to contain the
gas within the inside diameter., The discharge is induced by a capacitor which
is periodically discharged through a spark gap at intervals to coincide with
the pulsing of the beam. The current which flows through the circuit is
plotted in Fig. é as a function of time. The peak is synchronized with the
arrival of a deflected proton bundle,

By adjusting pressure, voltage, and the other variables involved it
has been possible to obtain a uniform diécharge of 600 amp. at 15vkvo In
testing the actual focusing properties it was fognd that the full; calculated

focal length could not be achieved., Nonetheless, the minimum diameter of
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the beam has been reduced from about 2 in, to .55 ino at 1/2 calculated
focal length and the beam density has correspondingly been increased in the
ratio 16:1,

An indication of the effectivene§s of the focusing systen is given by ‘
the composite sketch from photogrephs, before and after, of the beam that is

shown in Fig. 5.

Proposed Experiment on the Scattering of Neutrons by Deuterons in the

Cloud Chamber. G. Chew,

Since nuclel are composed_of protons and neutrons, it is important for
the prediction of nuclear properties to know the fqrceg that exist between
nucleons in the three possible different combinations of the two elementary
particles. The proton-proton and the neutron-proton cross sections have been
measured by the bombardment of hydrogenous material since the resultant par-
ticle is charged and can therefore be easily detected, Howe#erﬂ“since neutrons
carry no charge and therefore d§ not directly produce ionization, the cross
section for neutron-neutron scqttering cannot as easily be measured and has
heretofore not been determined,

The material which most closely approaches the ideal target for the
measuremgnt of thé neutron-neutron cross section is deuterium since its nucleus
contains, in additionlto the neut?on, only one proton which might bring aboub
interfering processes. Therefore, the experiment contemplates the bombardment
of deuterium gas and deuterium oxide in a cloud chamber by the neutron beam
which emanates from a beryllium target in the 184~in§h cyclot?on°

When neutrons styike deuterigm nuclei, neutrons, protons, and deuﬁerons
are emitted. HNeutrons, of course, are not detected in a gloud chamber, How=
ever, When a neutron is knocked out,_the proton which remains behind moves

with the momentum which characterizes its bound state within the deuterium
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nucleus, The tracks of protons of such energies can be identified and dis-
tinguished from proton tracks which result from the direct knocking out of a
proton. The means of identification of protons as to energy consists of noting
the Ho of the track and the change in curvature which the track experiences
as it passes through a foil of known thickness that is placed inside the cloud
chamber,

Iwo processes are available for the production of deuteron trackss The
most important of these processes consists of the "picking up" by the_im—n
pinging neutron of the proton in the deuterium nucleus and the subsequent com-
bination of these two particles into an accelerated deuteron, This process
was observed to occur at a relatively high frequency by He Ybrk.and has beén
discussed by him.in "Protons aﬂd’Deuterons Knocked out of Nuclei by 90 Mev
Heutrons" May 51,_1949, UCRL 359, Another process by which deuteron tracks
nay be produced in the cloud-chamber is the scattering byithe impinging
neutrons of deuterons‘as oomplete entities, The probability that a dguteron
is preserved when it is struck full force by a neutron is very slight. How=
ever, at glancing angles the probability becomes more appreciable,

When & neutron strikes a proton within the deuterium‘nucleqs, it mayf
scatter the proton in somewhat the same fashion as if it were free, However,
in calculating the probability of this process one must take into account the
effect of intranuclear binding forces and of the exclusion principle which
prohibits the replacement of a proton by a neutron in the deuterium nucleus
if such a replacement results in the occupation of a state that is already
occupied by the neutron in the nucleus. These effects tend_to reduce the
cross section below that for free neutron;protqn scaftering, Then a neutron
strikes a neutron within the deuterium nucleus, there is a finite probability

that both the impinging neutron and the accelerated neutron will scatter in
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such a wﬁy that the proton is'left with the momentum which it possesses by
virtue of being = gomponent‘of the deuterium nuqleuso The angular distribution
of these protons is almost completely isotropic,

The proposed experimental arrangement is sketched in Fig. 6; A_cloud
chamber is placed in a magnetic field, Within the qloud chamber"a foil, placed
in thg_fqrward dirggtion and extgnding tprough a seotorvfrom m§09 to +30d, mekes
it possible by means of the obsefved change in the radius of curvature through
the foil, the known attenuation for deuterons and protons, and H,© %o iden-
tify particles completely with regard to type and energy,

The expected angular distribution of deuterons is shown in Fig, 7 and
that of knock-out protons in Fig. 8, ?he energy distribution for the protons
which are left behind when a heutron ié knocked out of the nucleus is sketched
in Fig. 9. |

Coincidence Counting. G. Goeckermann,

The recent ‘interest in a-emissiqn_systgmatics and_total'transition energies
has accentuated the importance of coincidence counting. It is believed that
8ll a-particles are accompanied by direct or conver%ed soft electromagnetic
radiationf In order to detect and count this radiation in conjgnction with
a-particles ﬁ new coincidence counting system has been designed, The arrange-
ment makes use of end window Geige?‘countersa

The pircuif has & minimum resolving time of 1 microsecond, ,The gates are
‘open for 2 milliseconds and are delayed for 7 milliseconds, Originally the
twenty percent geometry shown in Tig. 10 was used, This has now been modified
to the geometry shown in Fig. 11 which is capable of counting fifty”percent
of all ;—emissions and twenty-five percent of the coincident x-rays, The tubes
are filled with Xe under 10 cm pressure and alcohql under 1 cm pressure, The

soft counting efficiencies were determined by means of well known decays and
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are set down in the following table.

Counting Efficiencies for Soft Photons (15-16 Kev)

Counter vcltage (kv) Efficiency (percent)
15 ) 4
30 2

100 0,1 (does not allow the
' observation of the
K x-rays of the heavy
elements)

300-400 0.1
1,100 4

Some work has been done to resolve the decay scheme of’rU‘Zél° In Np?zg a
cascade of soft partially converﬁed W'frays has‘been Observgd.__Fof Am241 ﬁ
60 kev .Zflraylhas been measured. It appears that the ¥ rays are converted
in the L' shell, However, the conversion electrons from this process are too
soft to be counted with the present gndtwindow. Indications are that one 60
kev phgton accompaniesvevery_éfemission. Several weak ¥ rays have been
observed with Pu239, however, no a goincidenCGS'were found, It has been pos-
sible to detect a conversion electrop in conjunction with theiSO kev“U”-ray
whioh Accompanies a-emission in UZSS,_ The abundance of this electron is |

- 0,2 percent. L x-ray, a-enission coincidences have been observed with a

twelve percent abundance,

Information Division
scb/9-19-49
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Cloud chamber
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Energy Distribution of Protons That Are Left
Behind When Neutron is Knocked-out of Deuterium
Nucleus
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Figure 11

Fifty Percent Coincidence Geometry
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