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Summary of the Research Progress Meeting 

September 16, 1948 

Ro K. Wakerling 

Inelastic Scattering of Protonso Eo Martinelli 

Experiments are being carried out in an effort to measure the energy of protons 

emitted by various elements when they are bombarded with protons from the linear accelerator. 

The object of these experiments is to discover whether or not an over-lapping of the anergy 

levels of the nucleus exists when bombardments are carried out at these high energies (32 

Mev) o 

A photographic technique is being employed which involves the use of eight photo~ 

graphic plates arranged in a holder of the form shown schematically in Figure lo A photo-

graph of this apparatus is shown in Figure 2o ·Absorbers of various thicknesses are placed 

between the scatterer and the plates in order to cut down the track length and thereby 

increase the probability of the tracks remaining entirely in the emulsiono It is· possible 

to cover the energy range from 0 to 15 Mev with eight plates in one run~ The remaining 

range to 32 Mev can be covered in two additional runso 

In these experiments the beam of the linear accelerator is collimated to a dia­

meter of 1/4 ino Ilford El plates are used With an exposure time of one houro With these 

plates it is possible to distinguish easily between proton and alpha particle tracks o It 

has been estimated that the error caused by the beam size is 1/3 per cent, while the 

variation of absorber thicknesses contributes an error of 1/2 per cent. No correction is 

needed for the thickness of the absorbers since they are specially curved to present the 

same thickness to beam particles scattered at all angleso Straggling in the range of the 

particle tracks also contributes an error of from 1 to 2 per cant» whi~e an additional 

small error is introduced by the 100 kv spread in the energy of the beamo The photographic 
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method makes it particularly easy to eliminate the background by applying rather simple 

criteria for the acceptance of the tracks in the plateso 

· To check the apparatus a run he.~ been made at 16 o3 Mev with a oa.rbon. scatterer. 

One thousand tracks were tabulated wit~ the results indicated in-Figure 3. If the larger 

peak in the figure corresponds to a 0 threshold for the excitat~on of cl2, the smaller 

peak represents an energy of 4 98 Mevo 

An. earlier experiment with a different apparatus on the scattering of 32 Mev 

protons gave the c4rve of the type sh~ in Figure 4, which indicates the kind of results 

to be expected at higher enerQ; that is to say, an obliteration of definite energy peaks 

into a more or less continuous distributiono 

Total and Absorption Cross Se.otion Measurements" No Knable o 
. ··,. """ 

To investigate t~ relative ._contribution of elastiq an.<l inelast~o scattering to 

the total cross sections, en expe:rima~t is. being carried out with a bismuth fi~Ssion neutron 

· detectort · The arr~gement. of i?}le app~ratus 1~ ehown schematically in Figure .Q~ The neutron .. 
beam pas13es through a 1/8 ).n0 ·th:l;o~ EIJ.Ulllinum wJ.~dow 30 ·in. in diemeter in the tall;k wall and 

impinges upon a cone of scHi.~teroi,ng materi.e.l behind whi<:h is placed· the deteotoro A monitor 

chamber is 'placed to one siqe of the cone and ~ar enough from it so that neutrons scattered 

by the cone do not enter ,it~ Outs-j,de. the c~~ete shielding is. a third detector in the 
I 

location ~p.own in the figut11,' 
.. ' .. · 

_With this arran~m~~t the .ratio a/A of counts from the chambers C end A determines 

approximately the/ elastic sc-.attering cross seotion11 defined as the difference between the 

total c~oss section and the inelastic cross section. The ratio of coimters C/B determines 

approximately the inelastic scattering. cross saction 11 while the ratio A/B deta.nnines the 

total cross section. 

The angle of the con,e of scattering material was chosen to include all of the 

central pee,k of the elastic scatter_ing distr.i.bution~ but omits part of the co:qtribution 

of the wings of the distribution at large angleso Since it is necessary to use a mean free 
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path of the scattering material» the choice of material was governed by its availability. 

Thus far measurements have been made on carbonD aluminum9 copper and lead. The following 

table summarizes the results obtained to dateo 

Element (J. 
T a;l 

&'in 
(t'T 

c o626 ± o026 

Al o48 + oOl 

Cu 2o01 + o02b o865 ± e0l3b lol4 ·-+· o02b o43 + o006 

o40 + oOl ... Pb 4.,46 :!; o06b lo77 ± .,05b 2o68 ;t o05b 

As a check on the apparatus 9 absorption curves were also run. A similar experi-

ment employing carbon detectors carried out by Leith and Hildebrand gave the following 

results for the ratio of inelastic to total scattering cross sectionse 

In these experiments care must be taken that the cone angle is large enough to 

scatter all of the material into the detector (a 45° cone was used for carbon; for other 

materials the angle may be smaller)o Also 9 one must be certain that no geometrical transi-

tion effects exist (this is the case since the gain in effi.ciency of the fission detector 

at large angles is offset by the loss of energies of the particles scattered at large 

angles)o Further 9 one must be certain that there is not a great variation in the efficiency 

of detection with energy of the scattered particles o A determination of the number of in-

elastically scattered protons as a function of energy shows that between 15 and 20 per 

cent'of the inelastically scattered protons are being detected by the fission chamberso 

RLID/10-4-48 
HW 
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