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SUMMARY OF THE RESEARCH PROGRESS MEETING. -

March 17, 1949
H. P. Kramer

The Shape of the Synchrotron Beam. M. Martin.

Experiments have been carried out to locate the center line of the x-ray beam
and 0 determine its intensity about this line. The method which was used is due
to W. Powell who had previously aligned the cloud chamber with the beam by means
of it.

Figo 1 shows a number of lead en¢ased electroscoﬁes that are placed in a row
obliquely across the probablévline of the beam. The electroscopés are exposed for
some time, readings are taken, and the va:iation of intensityiﬁith lateral distance'
is blotted and interpolated for the mgximum_in order to locate the center of the
bean, Theée measurementstere made at 18 ft and 36 £t from tﬁe machine, The two
points of maximum intensity which are located in this way determine the center
line of the beam.

Vertical and horizontal measurements indicate that the beam is disotropic in
the neighborhood of the center line. It is seen however from Figs, 2, 3, 4, and 5
that the beam spreads with distance from the machine. At 18 ft from the target,
the spread between points of half-maximum intensity is 2 inches.l At 36-1/2 ft,
it has increased to about 6 inches, |

It was thought that the spread in the beém is due to the preoduction of
secondary x-rays of lower energy. In order to test this hypothesis, the crystal
electroscopes were covered with an additional 1/6 inch of lead to filter out any
possible secondary rays which might contribute to the beam spread. With this

arrangement it was found that the distance between points of half-maximum intensity
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was reduced to 3-1/2 inch at 36-1/2 £t, from the previous value of 6 inches.
(Fig. 6)

B, McMillan advanced the hypothesis that part of the beam spread is
attributable to the scattering of photons. He furthermore, reported on the baeka.
ground of scattered Xurayé that was also recorded with électroscopes° At point
(A) of Fig. 1, the intensity is about 1/500 of that of the maximum in the beam.

In a vertical plane through the beam, the background is symmetrical. In the
median plane, on the other handa the backgound'is higher to the North of the beam
because the geomstrieal configuration of the machine favors'scattering in that
direction. The general radiation survey will be extended to all points around the
periphery of the synchrotron sc that the entire radiation from the machine may be
accounted for.

The Synchrotron Current. W. Panofsky,.

An attempt has been made to determine the absolute measure of the x-ray
flux in the synchrotron beam in order to cé;culate from the results of these
measurements the current of electrons that produces the beam,

It was thought to be a well warranted éssumption that for the 350 mev eiectron
beam in the synehrotron, the only consequential mechanism for the conversion of
its energy is the release of bremsstrahlung in the target.

The first step in determining the number of electrons fhat are iﬁstrumental in
creating the x-ray beam is to c¢alculate the number of guania thét are carried in
the beam, Fig. 7 shows a graph of the product of the cross section for the prodﬁCa
tion of bremsstrahlung.O'and the energy k;w This graph has an almost rectangular
shape and therefore the total energy that is carried in the beamﬁ E = th/bidks

may be well approximated by the expression E = N Eo Oyk where E, is the energy

]

of an electron that impinges on the targét9 Eo 350 mev and N, is the number
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of electrons that strike the target. E/E09 it is seen from the graph, is almost
a constant., The significance of this quantity is that it represents the number
of quanta that would be contained in the beam if each quantum carried energy E,.
The number of gquanta of energy k that are released by an electron is preciseiy

k

If the integration is carried out between the limits of observed energies in the

the quantity Oj . The total number of quanta in the beam is therefrs N=f0'kdk - B/Bo —fg dk.

beam, k; and kg, the following expression for the number of quanta‘is arrived at:
=-%6 log k2/klo

A reasonable assumption as to the average number of quanta created by an electron

in its passage through the target will then enab;e one to estimate the number of

electrons that interaet with the target to produce the x-ray beam. N was determined

experimentall& by measuring E with an ionization chamber that is diagrammed in

Fig. 8. The tetal charge is collected on a low leakage condenser and discharged

at the end of a run; One thus has a measure of the total ionization produced which'

in turn enables one to form an idea of the tptal energy carried by the beam.

It was also of interest to predict the number of pairs produced by the x=ray
beam. Two ionization chambers such as that shown in Fig. 8 were placed 18 feet
apart and various materials of variable thicknessvwere placed between them. Fig. 9
shows the ratio of the ionization produced in the second ionization chamber to that
produced in the first, after a correction has ‘been made to account for the decrease
in intensity with the inverse square of the diétancee The slope of the graph
represents the cross section for pair prbduction9 i,e. the number of pairs produged
by the beam in unit thickness of material, Pb in this instance.

The total number of expected pairs is given by

| Np = N.X nvx_fobckdk |

where Ny is the number of atoms in unit volume of the synchrotron target and X
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its thickness; ny the number of atoms in unit volume of the target in which the

k

pair production and for the produection of quanta of X-ray. The integrand is plotted

pairs are produced and x its thickness; and Ob and 0. are the cross sections for

in Fig. 10. In order to compute thelquantity Np the integrand was evaluated
graphically.

In conjunchion with the fobtal ionization measurements that have been described
an absolute calibraticn of the Zeus @eter that had previously been used to indicate
the intensity of the beam was possible.

The results of meagurements and calculations based on the assumption of a
1r reading on the Zeus meter are summarized as follows: |

1. The average current striking the target is 1.8 x 10-12 amp.

2. The number of electrons that produce a beam of 1 R as measured on the
Zeus mater 4.0 x 1010°

3. The total circulating beam of electrons is 2.3 x 1072 amp.

4, The injection current caleulated on the basis of 1/2 | sec inacceptance
time is 1.0 x 10~6 ampo |

5, The number of quanta in the beam/R is 6.6 x 109.

6. The charge in the orbit/pulse is 3 x 10% e.

It is of interest to note that the "catching efficiency", the ratio of
electrons produced in the injector to the number of electrons accepted into a
stable orbit is only 1/5000. Furthermore, it has'been calculated that no more
‘than 1/6 of the cireculating beam serves to produce the x-ray beam. The remaining
5/6 of energy in the electron beam is free to be dispersed in the form of irresular

X=Tay SPTay.
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Spallation Yields of Copper with Full Energy Protons. R. Batzel,

Spallation is the process whereby a target nucieus is converted into a number

of other nuclei by reactions that are initiated through bombardment with accelerated

particles. -
A copper foil was exposed to full enefgy (about 350 mev) protons in the 184-

ineh cycleotron., After the bombardment, the foi; was dissolved in concentrated

HzNO5 and this solution was then examined for spallation products. Special tech-

niques are necessary for the chemical analysis of the minmute quantities of spallation

products that are produced from an initially small target. Sihce'the quantities

are so small, any loss from handling, such as by adsorption, which may ordinarily

-be neglected, represents a significant fraction of the spallation yield. If, how=~

ever, a radiocactively inert carrier is added to the solution, its losses will be
in the same proportion as those of the isotope to be analyzed, and thus the Propor-
tion of radioactive isotope to igert isotope is preserved in the carrier extract
and from this measurement, the yield of spallation product is calculated very
sinply.,

The extracted fractions were placed in counters and their activities were
recorded and resolved. The yields are set down in the table as fractions o§ the

61 which was arbitrarily given the value 1.

yield of Cu

No definite correlation can at present be made between the data obtained
from deuteron bombardment and those recently found for protons. The trend of the
tables seems t0 be the same except at the extreme ends,

It is planned to determine the yields from recoil protons from ccpper on Al

that is sandwiched between two copper foils.

1¥B/4-8-49
Information Division
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Table of Yields

Bombardment by

Isotope Protons (350 Mev) ' Deuterons (190 Mev)
Zn . .14 .06
Zn _ ' .12 ’ .05
Cu 1,00 1,00
Cu ' ' .64 .63
Ni | .05 .03
Co . .36 .23
“Co 019 .07
Fe .12 .07
Fe .085 . 006
Mn .09 .04
Cr . .08 .05
Cr | .07 .01
Cl ~ .016 .0005

P , .009 .00005
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Fig., 7

Low leakage
Polystyrene counter.
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Total Ionization Chamber

Fig. 8
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Thickness of Lead

Measure of the Cross Section for Pair Production

Fig. 9

6 Mev Energy

Fig. 10



