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A Charged Partiole Spectrometer for Neutron Induced 

Reactions at Fourteen Mev 

While the Interest In nuclear reactions produced by 

neutrons parallels that of reactions produced by charged par¬ 

ticles, they have not been as widely Investigated, principally 

for reasons of experimental difficulties. Recently one of the 

chief difficulties has been removed through the introduction 

of monoenergetic neutron sources. There remains the problem 

that the highest obtainable intensity of neutrons is not com¬ 

parable with that of charged particles. Further obstacles are 

introduced by the fact that neutron beams oannot easily be 

collimated, so that competing reactions occur, contributing 

heavily to the background. As a result, special techniques 

must be used. 

If the reaction yields a radioactive nucleus, the 

reaction cross section may be evaluated indlreotly by observa¬ 

tion of the residual radioactive decay resulting from bombard¬ 

ment in a known neutron flux. This technique has an obvious 

advantage in that cross sections for single isotopes and for 

single modes of disintegration may be evaluated. Disadvantages 

include the requirement for absolute beta detection, the im¬ 

possibility of measuring the energy distribution, and the 

restrictions imposed on the half lives of the activated nucleus 

by the particular technique used. Recent activation cross 

section measurements at fourteen Mev on some 57 elements yield 

results which are claimed to be not inconsistent with theoreti¬ 

cal predictions made on the basis of the Weisskopf evaporation 
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mode 1. 

Direct measurements of the total charged particle 

reaction cross sections produced by fourteen Mev neutrons have 

been carried out by several techniques* If the substance to 

be investigated can be obtained in the form of a gas, tracks 

in a cloud chamber may be used to observe reactions even when 
O 

comparatively rare. An advantage of this method Is that both 

energy and angular distributions may be observed. A similar 

advantage with respect to the energy distribution exists if 

the sample is introduced as the counting gas in a proportional 

counter or ionization chamber.^ Nuclear emulsion techniques 

have also been used# principally to study exothermic neutron 

reactions at thermal energies, by impregnating the emulsion 

with the sample to be investigated.^ However, in the case of 

high energy neutrons, proton recoils mask detection of the 

charged particle reactions in most oases. The method is only 

feasible if the reaction produces a distinctive type of track, 

such as in the disintegration of boron 11. Common to all such 

techniques except the cloud chamber Is the high background, 

which in extreme cases all but obliterates the effect one is 

trying to observe. 

The technique Involving a thin thallium activated 

sodium iodide crystal, which has been used In this investiga¬ 

tion, was originally suggested for the detection of alpha 

^-Paul, E. B. and R. L. Clarke; Can. Jour. Phys«, 31, 267, (1953) 
^Lillie, Alan B., Phys. Rev. 87, 716; (1952) 
fBarsohall, H. H., Revs. Mod.*Phys., 24, 120, (1952) 
^Beiser, Arthur, Revs. Mod. Phys. 24, 302, (1952) 
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particles in the presence of fast neutrons.^ In this technique, 

a thin foil of the material to he studied is placed essenti¬ 

ally in contact with the face of the thin sodium iodide prys? 

tal, both being In an evacuated target chamber. An arrange¬ 

ment Is made to remove the target foil so that background due 

to the neutron flux may be determined. All light from the 

sodium iodide crystal is directed onto the light sensitive 

cathode of a photomultiplier tube. The method as proposed has 

several advantages. By polishing the crystal so that it is 

just thick enough to stop the most energetic charged particles 

from the reaction* the efficiency for detection approaches one 

hundred per cent in the forward hemisphere; whereas the back¬ 

ground is cut to a minimum by the small sensitive counting 

volume present. 

II. Design of the aluminum target chamber 

In order to have virtual contact between the target 

and the crystal, as well as to prevent orystai deterioration, 

a chamber which could be evacuated was constructed as shown, 

in an exploded view, in Figure 1. Aluminum was used because 

it has a low cross section for neutrons, and because there is 

relatively little gamma radiation from inelastic collisions. 

In Figure 1, the target chamber A is equipped with a sliding 

shutter tvhioh could hold as many as three targets at one time. 

A hole one sixteenth inch in diameter was drilled centrally in 

the back of the chamber and covered with 0.05 mils of nickel 

^ciass, 0. M. and S. S, Hanna, N. Y. 0.* 3^61, (1952) 
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foil to provide entry for polonium alpha particles which were 

used to calibrate the system. For testing purposes# the target 

shutter could be replaced with one in which there was a one 

sixteenth inch diameter hole to provide additional eolllmation 

for the calibrating alpha particles Incident upon the crystal 

from the external source. In a second position in this shutter 

was placed a thin polonium source plated bn a silver disc# 

which approximated the 2 it geometry to be used later with the 

targets to be studied* The target chamber was three and one 

fourth inches in diameter# and three fourths inches thick. Tar¬ 

gets were seven sixteenths inches in diameter* The end plate 

; B was screwed on the target chamber# with an O-ring vacuum seal. 

The plate had a nine sixteenths inch diameter opening with a 

one thirty-second inch wide recess turned on the circumference 

to hold the five eighths inch diameter by 0.060 Inches thick 

sodium iodide crystal C. The crystal had a 0.025 mil nickel 

foil as a reflector. The plate was grooved to hold the Oaring 

and aluminum crystal shield D, and had an aluminum shoulder 

two and three eighths inches in diameter# which fitted snugly 

inside an aluminum tube serving as a light-tight container 

and electrical shield for the E.G.A. 5819 photomultiplier tube 

and tube base F. The glass plate D pressed against the O-ring, 

completing the vacuum seal; evacuation of the target chamber 

was done by a pumping tube shown at the extreme left. The photo¬ 

multiplier tube, with an iron magnetic shield (not shown inf 
k 

diagram) fitted snugly against the glass plate. No optlcal| 

Joint was attempted; the resolution was thought to be suffici- 



ently good under the conditions described* 

III. Preparation and testing of the thin Nal crystals 

The method for preparing the sodium iodide crystals 
c 

is that which was devised earlier. Cleaved crystals# one 

eighth inch thick# were polished by hand to the proper diameter# 

and to a thickness of about one sixteenth inch on a piece of 

water soaked cloth stretched over a flat# hard surface. They 

were then placed in an aluminum polishing tool, a one inch 

diameter aluminum rod having in one end a recess of the desired 

depth and diameter. The crystals were then polished to the 

desired thickness using butyl alcohol as a solvent# since water 

erodes the surface too rapidly for accurate polishing. After 

being cleaned in butyl alcohol and washed in benzene, they were 

ready for use. It was found necessary to perform the assembly 

of the crystal and target chamber in a calcium chloride deal ch¬ 

eated dry box in order to preserve the crystal surface. 

The photomultiplier tube was operated,at a potential 

of nine hundred volts. Pulses from the photomultiplier were 

fed directly Into a linear amplifier, Atomic Instrument Company 

Model 204~B. A pulse height analyzer, Atomic Instrument Company 

Model 501, was used to study the energy resolution. A scale of 

sixty-four, Atomic Instrument Company Model 101, and a register 

completed the eleotronles. 

The energy response of the crystals was tested with 

the 5.30 Mev alpha particles from polonium. Tests were made of 

6Ibid. _ 5 ■ 



the energy resolution using a collimated source located external 

to the ohamber and by a source in the approximately 2 15** count¬ 

ing geometry which was to be used in the neutron induced reac¬ 

tions* 

From the 2 If source, alpha particles passed through 

the 0.02/a mil nickel foil refleotor, and reached the crystal 

with a calculated energy of 5-1 Mev.? From the collimated source, 

alpha particles passed through a total of 0.075 mils of nickel 

foil, reaching the crystal with an energy of 4-* 7 Mev. The sodium 

iodide crystal was deliberately allowed to deteriorate by expos¬ 

ing it to air. Figure 2 shows a plot of the resolution of the 

crystal which had been exposed to moist air for varying lengths 

of time* The resolution is plotted, A, for the collimated 

source, and B, for the source* In the oase of no exposure, 

the resolution is typical of that usually observed. The obli¬ 

quity of incidence of the alpha particles from the 21T source 

should cause a loss of resolution, due to the energy loss in 

the source itself and in the nickel foil, of those particles 

incident on the crystal at large angles. As expected, the 

deterioration produced a far more striking effect on the reso¬ 

lution of the 2 Tf source than on that of the collimated source. 

In appearance, the crystal surface, clear before exposure, be¬ 

came clouded after a two minute exposure, and seemed to be opaque 

after nine minutes. Mo further visible change was seen to occur* 

The sodium iodide crystal was approximately seven rails thick; 

the humidity of the air was approximately forty percent at 

7 
Livingston, M. Stanley, and H. A. Bethe, Revs. Mod. Phys. 

2. 2*5, (1937). 



seventy-six degrees Fahrenheit 

IV. Results with the aluminum target chamber 

The target chamber was placed as close to the neutron 

source as was practically possible* The total distance from 

source to target was 0*90 +L 0.05 inches. The poor neutron col- 

limation and the sources of error introduced by the diverging 

neutron beam were accepted In order to get the highest possible 

flux of neutrons through the target. 

Neutrons of fourteen Mev energy were obtained by bom¬ 

barding tritium zirconium targets with Iko kev deuterons ac¬ 

celerated by the Rice Institute 200 kev Cockcroft Walton acceler¬ 

ator. The zirconium was evaporated on tungsten blanks one half 

inch in diameter by one sixteenth inch thick. The neutron flux 

was monitored absolutely by a recoil alpha proportional counter 

whose solid angle interception of the tritium target was known. 

The first target was a four mil thick, seven sixteenths 

inch diameter paraffin foil. It was studied for purposes of 

energy and cross section calibration of the system by the known 

neutron-proton scattering cross section* Neutron proton scatter¬ 

ing is, in this energy region, isotropic in center of mass co¬ 

ordinates, leading to a distribution of energy in laboratory 

coordinates in which the number of protons soattered per unit 

energy Interval is a constant throughout the energy range. Since 

the system as described above Ideally detects all particles in 

a solid angle of 2 Tf steradians, the complete proton distri¬ 

bution should be deteotlble; and since pulse height is directly 

7 



{* 
proportional to energy for protons above one Mev in sodium 

iodide, the theoretical counting rate as a function of differ- 
c 

ential pulse height setting should be re^angular in shape, 

dropping from full value abruptly to zero at the pulse height 

corresponding to fourteen Mev. Because full value here is 

determined by the unit'energy interval as set on the pulse 

height analyzer, because of the finite resolution of the crys¬ 

tal, and because of the loss of energy of protons originating 

at different positions in the radiating foil, the drop will 

not be a discontinuity, but will be a smooth curve with a finite 

slope. A plot showing the sort of distribution which was ob¬ 

tained is given In Figure 3. The apparent dip in the plateau 

at lower energies was assumed to be caused by the separation 

of the target and the crystal, in conjunction with the diverg¬ 

ing neutron beam.^ The crystal, in this case, was approximately 

.060 Inches thick. The crystal required to stop completely 

fourteen lev protons had been calculated to be b.055 inches 

thick; actually, it was found that a crystal five mils thicker 

was needed. With a crystal which was too thin, a definite 

peaking was observed at the high energy end of the spectrum. 

Protons of the highest energies passing completely through the 

crystal would be counted as pulses corresponding to somewhat 

lower energies, those at which the range was equal to the thick¬ 

ness of the crystal. 

8 
Taylor, 0. J., W. K. Jentscbke, M. E. Remley, F. S. Eby, and 

r. a. Kruger, Phys. Rev. 1034, (1951) 

^See Appendix for development of this argument. 
g 
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It was estimated from the effect observed with the 

paraffin target, and from calculations involving the known 

neutron-proton scattering cross section, that the lowest cross 

section which could be measured practically was of the order 

of thirty milllbarns, integrating over the entire energy range. 

In addition, it was found that the background was considerably 

greater than had been expected, and that points taken at low 

energies were non-reproducible. There was a buildup of radio¬ 

activity as high as one Mev corresponding proton energy, which, 

when coupled with, a slight instability in the neutron flux, was 

sufficient to obscure the low energy spectrum. The half life of 

the radioactive decay was determined to be 9.4 minutes, which 

agrees roughly with the beta decay of magnesium 27 resulting 

from the neutron-proton reaction of aluminum 27. 

V. Design of the lucite target chamber 

Because of the difficulties described above, the 

aluminum target chamber was discarded, and a different design 

was sought which would reduce the background effect. It was 

thought that the background 00uld be minimized by having the 

walls of the chamber as far removed from the crystal as practi¬ 

cable, and by having the chamber made of a material undergoing 

few reactions when bombarded with high energy neutrons. Diffi¬ 

culties in meeting the latter requirement for neutrons of four¬ 

teen Mev are apparent; to conform as nearly as possible, lucite 

was chosen as the target material, lined with enough lead to 

stop the most energetic recoil protons. Figure 4 shows an ex- 

9 



ploded view of the Xucite target chamber. The lucite base plate 

of the target chamber A wag one fourth inch thick; the wall 

wag one eighth inch thick. The chamber was lined with 0,030 

inches of lead, sufficient to stop fourteen lev recoil protons.10 

The target holder B was made of ten mil tungsten wire, and whs 

capable of holding six targets, which were approximately five 

eighths inches in diameter, one eighth inch smaller than the 

diameter of the detecting crystal. The target holder was mounted 

on a sliding aluminum rod, which could be rotated, and positions 

corresponding roughly to various target positions over the crys¬ 

tal were marked on the aluminum disk at the end of the rod. 

The end plate 0 was made of aluminum, one fourth inch thick, 

with a pumping tube to permit evacuation, and an opening 

inches in diameter* to permit entry of the B,G*A. 5S19 photo¬ 

multiplier tube F. The vacuum seal was made by means of an 

0-ring B, fitting in a groove in the end plate, pressing against 

the glass wall of the photomultiplier tube. The three fourths 

inch diameter by 0.070 inches thick sodium iodide crystal was 

'"-held firmly against the photomultiplier tube by a ten mil 

tungsten wire holder E, with 0.05 ®lls of nickel foil as a re¬ 

flector, the tungsten wire being taped to the febe. An alumi¬ 

num collar G was screwed to the end plate to support and protect 

the phototub^v An aluminum electrical shield H which held the 

tube base fitted snugly over the collar. A one sixteenth inch 

diameter hole was drilled in the base plate of the target 

chamber directly over the crystal, and was covered with 0.05 

10 Bethe, H. A., BNL-T-7, (I9A9) 
10 
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mils of nickel foil* for calibration of the system with polonium 

alpha particles. The overall dimensions of the target chamber 

were six inches diameter by five and one half inches long. The 

alignment of the target and the crystal was determined first by 

aligning roughly using the positions as marked on the external 

aluminum disc. The targets were all thick enough to stop poloni¬ 

um alpha particles* so the final alignment was done 1^ minimiz¬ 

ing the peak alpha Counting rate in making slight corrections 

to the position of the target in questions The adequacy of the 

lead shield as well as possible, radiations from lead were te'stM 

by placing a seven eighths inch dimeter by .010 inches thick 

lead target over the three fourths inch diameter crystal. This 

was done in the usual neutron flux,* no effect was observed. 

The target chamber was made light-tight by covering with heavy 

black clothe taped into place* 

Figure 5 shows a schematic diagram of the geometry 

of the target chamber and the associated electronics. The dis¬ 

tance from the tritium target to the sample and the calculation 

of the solid angle subtended by the various samples are given 

in Table 1. 

VI. Results obtained with the Incite target chamber. 

It was found that the use of the luclte target chamber 

did not appreciably improve the ratio of the proton radiator to 

background integral counting rates as compared with the ratio 

obtained under similar conditions with the aluminum target chart- 

ber. Also the background distribution taken with a differential 

’ " 11 



FIGURE 5 
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pulse height analyzer was approximately the same in the two 

cases. Low level radioactivity was very much diminished, but 

not eliminated completely. Turning the target chamber so that 

the crystal represented the least possible solid angle inter¬ 

ception produced a noticeable decrease in the background count¬ 

ing rate. Since the neutron flux through the material sur¬ 

rounding the crystal was essentially the same in this position, 

the conclusion to be drawn is that the high neutron background 

originates primarily by interactions in the crystal. 

A. Recoil proton cross section calibration 

■ As for the aluminum.target chamber, a proton radia¬ 

tor was provided for energy calibration of the crystal. In 

this case a thin polyethylene foil was used, the dimensions 

of which are given in Table I. It was possible to vary the 

axial position of the target with respect to the crystal by 

sliding the shaft supporting the target holder. At the maxi¬ 

mum distance of separation, 1.5 inches, the recoil protons 

from the radiator are intercepted by the crystal in the range 

of angles from zero to twenty-five degrees, corresponding to 

energies from eleven and one half to fourteen Mev. The device 

used in this way acts as a crude neutron spectrometer. Figure 

6 shoves the data obtained, A, with the radiator essentially 

in contact with the crystal, and B, with the radiator separated 

from the crystal a distance of 1.0 inch. The data were taken 

with a five volt channel width on the pulse height analyser. 

Figure 7 shows the data taken at a separation of 1.5 inches, 

12 



FIGURE 6 

_j 
LLI 

< 
X 
o 

tj 
o 
> 
in 

x 
LLI 
CD 
s 
< 
X 
o 

h- 
UJ 
cr> 
x 
< 

UJ 

o 
X 

X 
h- 

X 
X 
1“ 
o 
LLJ 
CL 
CD 

O 

03 CO o o 
X 
X 



with a two volt channel and somewhat different gain settings. 

The observed width of the peak is in agreement ivlth the energy 

distribution of the particles intercepted and the resolution 

of the system. Errors shown in the figures are statistical. 

In taking these data, the procedure usually was as 

follows: The pulse height distribution of the background was 

taken. The polyethylene target was then aligned by adjusting 

its position so as to maximize the proton recoil counting rate 

in the neutron beam. Then a complete pulse height distribution 

was taken with the target in place. The counting rate 

background was then subtracted from this measurement. 

The neutron proton scattering cross section was cal¬ 

culated from these data according to the formula 

6 : Nf Q4/&S) 
Nw -ft- /)Vo 

where 6 is the scattering cross section; /Vy> is the number 

of protons detected per thousand monitor counts per unit energy 

interval; AE is the unit energy interval, so that lV AE is 

the total number of unit energy intervals; Jl is the solid angle 

subtended at the tritium target by the radiator, /)/» is the 

number of sample atoms per unit area of the target, and AV0 is 

the total neutron flux per thousand monitor counts. The numeri¬ 

cal values obtained by the above formula are given in Table I. 

The resulting cross section, 0.511 barns, agrees reasonably 

well with the acceded cross seotion of 0.6&5 barns.^ 

11 
Adair, R. K., Revs. Mod. Phys. 22, 2^9 (1950) 
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B. (n,p) cross sections of aluminum and magnesium for four¬ 

teen Mev neutrons 

Aluminum and magnesium were selected as targets to 

be studied since the cross sections for these elements are 

known. The aluminum cross section with this system is of the 

order of the estimated minimum which could be detected, so that 

positive results would Indicate the sensitivity of the device. 

The magnesium cross section, on the other hand, is much larger, 

and reaction protons should undoubtedly be observable. To a- 

void excessive time in data taking, it was decided to avoid the 

low energy end of the spectrum, where the high background In¬ 

troduced large statistical errors. The bias was arbitrarily 

set at six Mev equivalent proton energy for studying integrally 

the aluminum and magnesium targets. 

The Q-value of the reaction Al2? (n,p) Mg2? is -1.9^5 

Mev. Competing charged particle reactions inolude Al2? (n,d) Mg2^ 

Q -5»29 Mev; Al2? (n, t) Mg2^, Q -11.16 Mev; and Al2? (n, *) Na2^ 

Q-2.39 Mev. Alpha particles of approximately twelve Mev are 
IP 

biased out by setting at six Mev equivalent proton energy. 

Deuterons of energies approximately six to eight Mev may be de¬ 

tected by the crystal so that they will necessarily be included 

In the proton cross section. The bias level was determined by 

the proton calibration. The routine of taking data was changed 

In' that & complete run consisted of a determination of the 

counting rate with the target in place, then with the target 

removed. The data are shown in Table II. 

^2Taylor, C. J*, et. al., loc. pit. 
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The cross seotion calculation was made for energies 

above six Mev. Numerical values are given in Table I. The 

resulting partial reaction cross seotion in the forward hemis¬ 

phere for proton energies in this range was found to be 16.1 + 23$ 

mb, which is to be compared with the total cross sections of 

52.4 mb + 1S$ ? and 79 ± 1% as obtained by activation methods. 

If it is assumed, as a basis of comparison, that the number of 

protons observed in the energy region 2ero to six Mev is ap¬ 

proximately that between six and twelve Mev, and if it is as¬ 

sumed that the angular distribution of scattering is symmetric 

in the forward and backward hemispheres, the value of the total 

cross section is of the order of 66 mb. 

The Q, value of the reaction Mg2*5- (n,p) Na2^ is *3.99 

Mev. Competing reactions in natural magnesium include 

Mg2^ (n,d) Na23, % » -3.91, Mg2ij- (n,t) Na22, Q, * -14.50# and 

Mg2^ (n, <*) Ne2'1*, Q, ~ -2.02. The possibility of detecting these 

competing reactions may be ruled out on the same grounds as the 

aluminum case* Other stable isotopes of pagnesium exist, Mag¬ 

nesium 25 and Magnesium 26, of relative abundance 10.1 percent 

and 11.3 percent respectively which may contribute to the 

energy spectrum. Q, values for reactions with these isotopes 

were not calculated since the necessary mass values were not 

known* 

The routine of measurement was that used in the case 

of aluminum described above. Results are given in Table III. 

13Paul, E. B. and R. L. Clarke, Can. Jour. Phys., JL, 267 (1953) 
^Forbes, Stuart G., Phys, Rev., gg, 1309, (1952) 
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The cross section is calculated for the energy Interval above 

six Hev, as shown in Table I. The value obtained, 32.5 Jz. 3.®$ 

mb, is to be compared with those of Paul and Clarke, obtained 

by activation methods, of 196 jh_ 16$, and 4-5 mb jt 4o% for the 

Isotopes magnesium 24 and magnesium 25 respectively. 

VII. Conclusions 

Although the results obtained with the three targets 

yield cross sections which are not Inconsistent with previous 

determinations, it Is believed that this experimental technique 

has only limited application. This conclusion is drawn princi¬ 

pally because the background counting rate Introduces statis¬ 

tical errors of such a site that extremely long periods of data 

taking are necessary to establish even moderate accuracy In 

the results. The basic difficulty seems to lie in the sensi¬ 

tivity of the crystal for high energy neutrons. 

16 
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Appendix 

In the case of the aluminum target chamber, the dis¬ 

tance from the one half inch diameter tritium target to the 

seven-sixteenths inch diameter paraffin radiator is 0.90 inches. 

The radiator and the five-eights ineh crystal diameter are 

separated a distance of 0.0J1 inches. 

Three possible cases are shown above, for three pos¬ 

sible Incident neutrons. In case A, the cosine of the angle 

of the recoil proton is O.S59* In case B, It is 0.$$0; in case 

C, 0.405. The maximum energies of the recoil protons not inter¬ 

cepted by the crystal are 12.0, 13*7 and 2.3 Mev, respectively. 



Table I 

A. Weights and dimensions of targets. 

Target Polyethylene Aluminum Magnesium 

Weight 17.37 mg. 36.36 mg. 26.09 mg* 

Diameter 1.670 + .026 cm. 1.530 +, .016 cm. 1.596 +; .006 cm. 

Density 0.92 ^cm.^ 2.70 g./cm.^ 1,74 g./cm.3 

Thickness 7.93 mg./cm.2 20,63 rag./cm.2 12.61 mg,/cm.2 

3.39 mils 3.01 mils 3.00 mils 

Equiv, ft. 7,006 26.97 24.32 
2 20 No. atoms/ora. 6.62 x 10 4.6l x 1020 20 3.7 x HT 

B. Solid angle subtended by targets. 

The distance from the tritium target to the target in 

question is d\98 cm. 

Polyethylene Aluminum Magnesium 

Solid angle kli- x 4. 67 x 10” ̂ ster. 4 Tr x 4.09 x lobster. 4TTX 4.45x10^ 
ster. 

C. Neutron flux. 

The neutron flux is given by £ /erf - 3.06? x/O 7 

where Ak refers to the number of neutrons emitted per thousand 

monitor counts. 

D. Cross section calculations. 

Polyethylene 

Energy Interval 1*37 Mev 

No. of energy intervals 10.2 

Aluminum 

Above 6 lev. 

1 

Magnesium 

Above 6 Mev, 

1 

Proton counts 
( Tables Tr'W"HI * 
Pig. 6) 

Cross section 
for 2 rr steradians 

5*10 o*957 + o.206 i.4i ± .25 

0.511b. 16.5 mb 24^> 32.5 mb */"-l6^ 



Table II 

Data taken with aluminum target. 

Run Number/1000 Mon. Number/lOOO Mon. Proton count 
with target without target ing rate 

1 

2 

3 

4 

5 

2$.02 . 49 

27.40 J-. .23 

27.52 +- .34 

30.61 .30 

31.96 +" .40 

26.17 jh .33 

26.72 .27 

26, 23 Jr ,33 

29,32 j: .31 

31,2s -h .31 

I.S5 .62 

0.66 JK .39 

1.29 +1 *^7 

O.79 .43 

0.6S +• .51 

The average, weighted inversely as the square of the 

statistical deviation (proportional to the number of counts), 

was *957.21, 

Table III 

Data taken with magnesium target* 

Run Kumber/1000.0 Mon* Number/1000.0 Mon, Proton count- 
withtarget without target ing rate 

1 

2 

3 

4 

26.36 .33 

26.46 ^.46 

29*92 J: Ol 

31.12 _+ .4o 

The average was 1.4l 

26.00 .32 

24.45 .34 

23.16 ^ .23 

3°. 16 _+_ .43 

+- .25* 

0.36 JH .46 

2.01 Jh .57 

1.76 .42 

0.96 + .59 
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