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The meaaurgments made i & cone of dpprox-

imately 30" about the direction of the
veam give & thick targst oross section
which increases with inoreasing energy
to a maximum value of 2.1 barns at 0.32
lev and deocreasss to a value of 0.6 barns
at 0.9 Mev. Meagurements made in a gone
at rignt angles to the direction of the
beam indicate a peak valus of 3.8 barns
also at 0,32 Mev and a value of 0.7 barns
at 0.9 Mev. These values &re subjeot to
final oalculations of the solid angilss,

oAbty

20( 30,240)n
{ . Py
VT, e J(TJ'Q)\X
C.P.Baker, N.G.Holloway, L.D.P.King #nd R.B.8chreibef T
Purdue University West Lafayette, Indiana )
September 17, 1943
AB3TRACT e
¥easurements of the oross sectlon PRy
for the reaction 20(30,240)n have been SERT T
made, using a target about 0.2 Mev thisk, ”ff’,}e;;;
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I-A. Statement of Problem and General Qonsiderations,

This is & final report on the measurements made of the cross
sQOtion for the reaction 20(30,240)n for incident energies of
tﬂe 30's between 0.3 and 1.0 Mev, The experimental setup and
procedure are essentially the same as those used in the 230
experiment. It is assumed that those concerned with this L AMS
report are familiar with thegg?o fz;;?ﬁﬁad that a'detailed
disocussion is given only Where'zg;—;;esent work has differed
from that in the 230 case.

The experimental arranéement is shown in Pig. 1 which is
similar to Fig. 1 of the 230 report. A mica foil (known here-
after as the "pecant foil®) was mounted on & vertiocal axis in
the region between the gate valve and screen B. The sharlt
supporting the foil projected through a Wilson seal and was
eduipped with a protractor disk and an index so that it could
be set at any desired angle to the direction of the beam. This
foil served the dual purpose of stopping the 10'a and 20's
accelerated in singly oharged 10-20 molécules and of varying
the energy of the 30's reaching the target chamber., The latter
wﬁa partioularly useful in that it was not necessary to change
t#e inductance in the dee oirouit in ordexr to change the energy

o: the acoelerated beam.

The 2330 disintegration ohamber, modified for the 30 exper-

iment, is shown in Pig. 2. .
I-B. Produstion of Beam, The source of the 30's used for

bombarding Was 60 am® (at NTP) of gas containing 0.025% 30's.
This sample of gas was supplied to us through the kindness of
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Xy Bnillo Fegid aad Milton Kshn. Hough oaloulsations showed
thht & veam of suitable magmbtude (3 x 108 particles/ses)
7 #Bould be obtiined with a dilution of this gas of 131000 in
'g;n;ry tank 10 gas. This concéntration was used &iring

period of syclotron adjustment and in the initial dis-
igtogration experiments. A somewhat stronger cdﬁéeﬁtration was
u+04 later to decrease the time required for each disintegration
« This gas was supplied to the same type of arc is used in
t?o 230 experiment and, after the necéssary shimming changes
w@re made, & beam of about 5 x 10° %0's per second whe obtained.
i The number and energy of the particles were found to be
v4¥y sensitive to the oyolotron adjustments. A combination of
Q%ﬁctronio and mafiual controls was usaed to hold the field to
within & few gauss and at times an adjustable capacity was used

tJ‘maintain the desired frequenay.

[ I-G. Target. The 20 geas used in the ionization chamber
was purified by passingit through palladium. The gas was pal-
ladinised in advance &nd kept in a storage flask in contact

_ with distilled water which had been previously boilad and"
subjected to & vacuum to remove dissolved gases. The gas
wa's dried before entering the ioniszation chamber by passing
through 8 trap cooled either with liquid air or a dry ice
slush. Chemical &nalysés of samples from most of the runs
have been made, and mass-spectroscopic analysis of the gas

is being made by Dr. R.H. Urist of Columbia University.
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I-.D. Ionization Chamber. It was thought at first that
the ionization chamber used in the 330 probvlem could be used
for the 30 problem without any changes. This did net turn
out to be the case and a great deal of time was consumed in
locating and remedying the troubles which ﬁppé&fbd. The
difficulties finally were resolved to the following: 1) In
the energy interval being used, the relative stopping power
of mica and aluminum is much smaller than the values usually
assumed; 2)through an error in preliminary calculations,
the magnitude of the variation of the energy of the disine
tegration 240's with the 30 bombarding energy was under-
estimated, and 3) 30's are strongly scattered by aluminum.
These difficulties led for & time to erroneous results and
are of suffioient interest to warrent discussing each of them
in some detail.

1) The fact that the stopping power of aluminum and miga
was low ;;s first suspected in connection with the behavior
of the secant foil., What was believed to be a suffiocient
thickness of aluminum was first used and it was found at
once that 20's were able to reach the target chamber in apprec-
iable numbers. Non-uniformity of the foil was éusﬁééﬁod énd
a mica foil org;jfb;g/amz was substituted. This mica foil
still allowed 20's to enter the target chamber in a less degree.
It also possessed an apparent flaw which did not show up under
polarized light but made the foil thin at & certain angle to
the direction of the beam. ' '

The air equivalent of the mica Toil was msasursd by obe
serving the variation of the énérgy of the 30's in The target

b}
i
£ N
£
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chamber as & functisn of the angle of the foil to the dir-
ection of the boam( and hencé:%he foil's effective thickness
was change@. The value found in several such measurements
was consistently leas than half of what was expected from
the thickness in mz/om® of the foil.

The first mica foil was therefore replaced by a thicker
foil of 8.5 mg/om® which was used throughout the rest of the
work. Tests of its stopping power bhave also given values
about half of that ‘normally to be expected. The rate of
energy losa for 30's ies expected to be the same as that of
‘10'5 of the same velocity or of 1/3 the energy so that the
'vglue of the relévant stopping power for 1.0 Mev 30's must be
obtained from the stopping power for 0.33 Mev 10's. Park-
inson, et al.,(Phys. Rev. 52, 75, 1937), have observed that
the stopping powar of aluminum decreases with decreasing en-
ergy in this region, and, while the amount of decrease they
report isﬁnot sufficient to explain the discrepancy, values
in this region of low velosity are sufficiently uncertain so
that we do not feel that it is serious. Bennett (Proc. Roy.

Bo§. 155, 419, 1936) has measured for mica the variation of
ﬁt%pping power with velocity of the incident particles. His
ou%vq: do not g to as low velocities as are involved in the
50{§£periment, but extrapolation of the ocurves indicate a
10; éﬁoppiné power. .

‘ &he low stopping power of aluminum for lo'heneréy 30's
gai;'e' 'hifficulty in the following wanner: The thickness of
th;‘&Pfining foil (1.0 &ir om) was chosen tihick enough to

atqn ?he 30 peam %0 that disintegrations could dcouy only in

T‘ ' APPROVED FOR PUBLI CREBBASE Ssdmr - s 0« ‘%
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L eVher ay kA

the target region, &ud At the ssmé time thin enough to Der~ o
mit the disintegrafion 245's to reach the 09 oo‘.!.le<a“f:i“x‘;mghMMWw oo
region. (All thicknesses of alumintim foil uaed iﬁ“fhe o
disintegration chamber have Beén measured wiﬁhié i;;'£lph;a.)
The first osloulations, assuming 1.0 &ir om, indicated fhat
the 30's would not penetrate the defining foil ror inéidant
energies up to 0.9 Mev. VWhen the disintegration maidufcmenggﬂnttu
were made, however, & very large number of disintegriﬁions
in the 0° collector were found at energies above &Bbut 0.?
Mev. This was very pussling until the reduced stdpping ﬁ&iéf
of aluminum for low-energy 30's was taken into oonfideriﬁién.
The solution finally adopted for the high-energy meaiuréﬁﬁﬁii
was to inorease the thickness of the defining foii‘éo 2:6 &if
om. |

3) Bince the effect on the 240 ranges of the bombarding
energy was underestimated, the original design of the disine
tegration chamber was such that 340's emitted at large angles
to the direction of the beam were counted by the 00 collector
only for the highest bombarding energies. The effecotive
sollid angle for most of the energies was & funotion of the
pombarding energy rather than being fixed by the collimating
boundaries of the chamber. The data for the 09 collector
are therefore taken under two different conditions. TFor meaﬁ
energies betwaeen 0.5 and 1.0 Mev, & 2,0 air om. defining
foil was used. This thicknesa was necessary to stop the
beam, &lthough it limited the region~of reliable data to

high bombarding energies where the emitted 240's have a
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Falatively Long Yénks. Tor inoident ehergies beiwsen 0.2
0465 Mo, & 1.0 om defining foil was used. This per-
ﬁﬁ}tgd shorter range 340's to reach the collecting region and
gdipermittod the uss of loweér bombarding emergies. The in-
t ?medidtc ragion betwesn 0.85 Mey and 0.8 Mev is strictly
tqo low for the 2,0 om foll since the 240's do not all have
syffiocient rafige to be detected and an appreciable correction
is necessary. This correction, however, is neither too dif-
ficult mor too uncertain so that the information in this
r&gion wag obtained from data taken with the thick foil.

3) Beattering of the incident 30's by the aluminum
o;itit foil was found at the beginning when a check with 10
gks &% the tafrget was made. Appreciable numbers of pulses
wéfe obferved with the 90° gollactor Qut not with the 00
collector. By substituting He and N (at reduced pressure)
it wa.s shown that the effect wias independent of the target
é&a, since the pressure of each gas was adjusted to give
the same alr equivalent as the 10 gas. The chamber was
therefore dismantled and a shield inserted to hide the exit
éoil from the 90° gollector and no pulses were then observed.
The effeot of this ochange on the solid angle 1ls discussed
later. At incident energies approaching 1.0 Mev, particles
are again observed in the 90° oollector when 10 gas is used.
Tﬁis is ascribed to particles scattered from the defining
fQil. 8ince this effect in the altered chamber wae never
more than twice normal background (about 10 per minute), no

attempt has been made to eliminate it, but rather the effect

APPROVED FOR PUBLI C RELEASE
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is measured and sudbtiracted in computing the 909 oross

section at the higher inoident energies.

I-E, Energy Measurements. The direct measurement of

the lncident energy of the 30's was done in the same manner
as described in the 230 repoit. Briefly, this method con-
sisted in comparing the pulse-heights produced by the 30's
and by polonium alphas passing into the Ng filled target
chamber.? For this method to be valid, it is necessary
that the 30's lose all their energy in the target chamber.
The ranges of the 30's is such that this condition could
not hold for all particle energies involved in the 30
experiment. It was thought at first that an Ng pressure
of 85 cm of Hg would make the target chamber thick enough
to stop all particles up to 1.0 Mev incident energy. A
consideration of the observed spread in incident energy*'
showed that the maximum energy loss that could be expécted
would be about 0.1 Nev lesg than that expected for & hom-
ogenaous beam. ' The maximum energy loss ohserved was act-
ually about 0.8 Mev and the difference seemed outside ex-
perimental error.

The caloulated energy losses given in the preceding
paragzraph were based on the proton dats of the Wisconsin
group. A range-energy relation based on the stopping oross
section of oxygen as given by Ashkin and Bethe (Report L& 12}

©1¢ was found desirable to use & lower nitroger Prespurs
for the determination of the alpha-particle pulse

height so that the energy loass Gf the alphas &nd 30's

would be more nearly equil. This procedure was found

to be valid as long as thé ratio ¢ b@lleoﬁihg,vpiﬁézaf o
to preagure was constant, . R TR S v
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leads to & calculated maximum energy loss of 0.9 ¥ev for
a homogeneous beam of 30's, or about 0.8 Mev for the in-
homogeneous beam, which is in agreement with experiment.
gince the direct measurement of incident energles was
ngt possible above 0.8 Mev because of the finite chamber
dépth nor below 0.4 Mev because of the noise background
of the amplifier, mome other method was necessary for ax-
t?nding the energy determinations to inoclude about 0.2 Mev
and 1.0 Mev. Attempts were made to use COg and propane
for:the higher energies since these gases have stopping
powers greater than nitrogen, but they were not suitable
b§caﬁse of lack of knowledge of their stopping powsr for
1%w velocities and because of their poor characteristics
as ionization chamber gases.

For each set of energy measurements made with nitrogen
in the interval between 0.4 and 0.8 Mev, it wae found that
tqs energy was a linear function of (sec ¢ - 1), where @
ig the angle between the normal to the plane of the secant
f0il and the diréction of the beam. This relation is to be
expected 1T the curvature in the relevant part of the range-
energy relation is smwall. It was assumed that the ourvature
r%mained small outside of the region of directly measured
e’Argies and this linear folation was used for Short extrape
olation of the nitrogen measurements. The incident energy oan
téen 83 writtens

l B2 E, - K(sec ¢ - 1), (1)
wh%re-ﬁs is 67 empirical &dhstant and represeénts the energy

ofiv the beam sntering the target chamber with the foil per-

R TE -APPROVED FOR PUBLI C RELEASE
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pe"ﬁdiou’iar 'to the bedm, X is & donstant depending OB the
thioknéss &nd stopping power of the foil, 0 is the Zngle
Qéxween,tgo normal to the plane of the foll and the dir-
e#tion bf the beam, #nd E is the ensrgy of the bedm enter-
ing the target chambér sorresponding to any angle 0.

1 X, whioch is the slope of the E v#. (mec @ -« 1) ocurve,
wga found to have the same value, 3.1, for all runs., =Eg,
tﬁe energy-&xia intercept, was found to vary from ddy to
d;y, as one woﬁl@ expect, since it devends upon the energy
oé the 30's as they leave the c¥élotron dees.. Thias emerg-
a&t.energy is & function of the ayclotron adjustments.

Ié ;as poasible, however, to eatablish & relation between

E& and O+ the angle corresponding to maximum relative

i%nization in 10 gas, by plotting E, aghinst (sec 6, - 1),
wﬁere E, and On for each point are determined from the
simé run. The uncertainty of setting the foil angle was
u#out 0.5 degree, and within this uncertainty, E, is a
1#n§ar functioﬁ of (sec 6, - 1). This relation was used
td establish the spacing of the curves in Flg. 4. 1In this
rigure, the incident energy is shown as a function of

(?ec @ - 1), giving a family of parallel stratght lines)
ssoh line corresponding to a particular me In order to
find the incident ensrgy for any foil setting?it is only
neoéssary to follow the line {appropriate to the om exist-
ing during that part of the experiment) to the wvalue of
(sec'@ - 1). Por convenience, the angles are also shown.

It should be noted that the angles given are those read

dire@tly from the protractor and are denoted by "F*. The
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protractor angle for @ = 0 is -3.76%,80 @ = P + 3.789,

All energy values used in connection with the relative
ionization curves and disintegration dats are obtained from
the ourves in Pig. 4. It should be realized that this energy
‘scale is a smoothed-out scale based upon the average of
many determinations of °m and Eo' Fundamentally, all energy
measurements go back to direct comparisons of 30 and alpha
particle pulse-heights with a Ky filled chamber,

The energy scale of Flg. 4 is used to extend the range
of eQergy determinations beyond the limites set by amplifier
nolse and the finite depth of the target region. It is
obviously sn extrapolation, but since it was not extended
much beyond the directly measured region, it is felt that
its acouracy is sufficiently good t¢o warrant its use.

After the establishment of the energy ascale shown in
Fig. 4, it was possible to determine r-pidly the energy of
the X 's during any part of a disintegration experiment.
This was particularly useful beckuse of the energy drifts

that sometimes o¢cured during the coutse ¢f a long run.

-

1-F, Pliotron Calibration. The deam of incident 30's -

was measured with a pliotron by the same method used in
the 230 expsriment (230 Report, pp. 11, 12,14,15). A

change in the method of pliotron calibration was necess-
itated by the small snergy loss (about 0.25 Mev maximum)
of the 30's in the target reglon. Because of this small

Qnergy loss, & 30 besam small enough to be counted on the

1
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pﬁlae amplifier would not produce sufficient ionization
to permit accurate readings of the miocrosmmeter conneoted

|

to the pliotron. Adoordingly, & movable séreen technique
Ln used in spite of the faot that a somewhat similar
t?ohnique had given trouble during the 330 expseriment.

i
i

|
fgl cheoks wers made on the technique used in the present
vhrk. The movable screen used in the 330 work consisted

L

of a mseries of slits formed by milled brass knife-adges.

It was found that the transmission of this screen was very

Because of the trouble preéviously expsrienced, dcare-

sghsitive to its orientation with respect to the beam.
Hence the ﬁoaition of the soreen had to he determined very
u;ourately. In the 30 work, the movable screen which was
u#ed was formed by rolling a fine-mesh brass soreen to
réduce its transmission to mabout 0.07. The tranémission
of this screen was found to be quite insmsensitive to small
rotations. A number of measurements of the screen trans-
mission were made during the course of the work under ﬁhe
same conditions under which the soreen was used in the
experiment. These measurements were quite consistent,
tne'extreme spread in values being meven pergent. Xo°
evidence of & change in the screen transmission with changes
in oyclotron operating conditions was foﬁnd. such a change
having been the first symptom of trouble in the 230 exper-
iméﬁts.

During the pliotron calibration, the beam was decreased

to a suitable value by means of screens A and B, Fig. 1.

Soreen B was left fixed throughout the measurement while

APPROVED FOR PUBLI C RELEASE
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soresn A waAs movable. The number of counts in thirty séc-
onds was taken with the pulse amplifiar with screéﬁ A in '
xR
place. This screen wis then removed and the ionisation :é&

current measured with the pliotron. This was robéﬁféd‘a

number of times to average out fluotuatioﬂi in béaﬁrintehiiiy.
To inorease the magnitude and therefo&b the aob&racy' 'w§¥

of the reading of the pliotron meter for tﬁis measﬁrément.

a high counting rate was used on the pulsefhmplifier; Some

|| becaduse
of the partiocles were not counted at this rate,of the resolv-

ing time of the amplifier. That this was h&ppening gould

ba observed directly since at high oountiné‘ratea a small
group of somewhat larger pulses appéared due to the arrival
of two or more particles in the chamber within the resclv-
ing time of the amplifier. Thesae ooinoideﬁéea, or “doublcﬁi.
ware counted with the second outnut ohannei‘adjusted to |

detect only large pulses and the number of these large pulses

was added to the number of small pulses obéérved. This cor=-

rection amounted to about 2%. Before each pliotron calib-
ration, the distribution in size of pulses‘dounted wWas mea-
sured in order to be sure that there was no app?eoiable number
of small pulses which might not be counted'during the cal-
ibration measurement. A number-bias ocurve was obtained and
extrapolated to zero pulse height, and the number obtained

in the calibration inoreaeed by the ratio of the extrapolated‘
value to the value used as a standard. Thib'prooedure in-

dicated that, due’'to the small pulse sise of the 30's, the

pliotron calibration could be carried out difectly only
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when there was & maximum energy loss in the target region,
1.6.y at 0, or "foil maximum". At foil maximum, the extra-
po{}tion indicated & loss in counts at the standard blas
amounting to from 0.5 to 3 % and a correction for this was
made in the pliotron calculations.

8ince it was possible to calibrate directly the plio-
tron only at the energy corresponding to maximum energy loss
in the target chamber, some method of extending the ocalw
ibration to other energies was needed. In order to do this
itiyaa necessary to know the joniszation produced by & con-
stant number of 30's in the chamber as & function of the
incldent energy. This information was obtained by measuring
with &n exchange technique the ionization current for var-
ious secant foil settings relative to the maximum ionization

current. At least one relative ionization ocurve was taken

during each run. BSeveral such curves are shown in Fig. 5.

The energy axis of this figure is based upon the energy scale

given in Fig. 4. The relative ionisation curve is used in
the extension of the pliotron calibration in the following

manners  The pliotron calibration is defined as the ratio

of the number of particles to the ionization current observed,

and therefore the pliotron calibration is inversely proport-
10&&1 to the relative ionization current given by the curves
in Fig. 5. Hence,

’ P/Pg % Io/L» or P s Pylo/I, (2)

where P, and I, are the direot pliotron calibration and

. APPROVED FOR PUBLI C RELEASE
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relative lonisation current at the foil maXiwom, snd P and 1

are the corresponding quantities at any other energy.

~

The relative ionization curves, in addition to being

used to obtain the pliotron calibrationa, were used to oal-

oulate the energy loss in the target ohamber. With & constant

numbsr of particles entering the target region, the ionisz-
ation ourrent which they produce is proportional to their
averaze energy loss in that region. In order to gmstablish
the absolute value of the energy loss, all the ré;atgye_
ionigation curves were fitted to the ourve computed from
the report of Ashkin and Bethe at an inoident energy of
0.95 Heve This energy, the highest at which all relative
ionization curves were established, was chosen since the
accuracy of the theoretical ourve ia probably greatest at
high enerzy and the ourves to be matched are flattest in
that region so any error due to & change.in energy distribe-
ution is a minimum. .
The values of the average energy loss were used to
obtain the average energy of the beam in the target region.
'All cross section m?ggurementg have been quoted in terms
of an average energy,obtained by subtracting one-half the
average enerzy loss from the median incident energy.
The use of the relative ionization curve in both the
pliotron calibrations and the calculation. of averange energy
loss assumes that the nmber of particles entering the

chamber is constant. Due to the spread in energy, this

might not be true at low incident energies. A consideration

APPROVED FOR PUBLI C RELEASE
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oﬂ~tne observed ensrgy distribution shows that, except at
bﬁe lowest energy used (0.29 New incident), no particles
w#re lost and that here the loss amounts to only one or
two percent.

The fact that the pesks of the ionization ourrent curves
of Pig. b ooccur &t an energy of 0.46 Mev is of some interest.
Tﬂis is, of aourse, the value of the energy incident on the
onamber for which the average energy loss is a maximum. The
relationship hetween average energy loss and incident energy
was c&loculated from the range-energy rélaiion for protons of
Ashkin and Bethe (Report LA-12) and showed a maximum 8t
0.5é ¥ev. This caloulation took into account the depth of
tne“chumber and the observed energy distribution. The value
o% the energy of 0.46 Mev is taken from the energy scale of
F#g. 4 which is based on the average of & number of measure-
mént}. Since the energy determinations in this region are
m#de directly and not extrapolated &nd since the individual

e&ergy measurements had a spread of only 0.02 Mev, it seems

Vuﬁlikely that the discrepancy between the oaloculated and

observed values can be due to experimental error.

I-G. Experimental Procedurse. The following is typical

of the procedure followdin making a run: (In some cases,
12 and 13 were done prior to the 20 gas filling in 2.)

1. Turn on the pulse amplifier, pliotron and cyclotron;
locate beam and let run for 30-45 minutes.

2. With 20 in ionization chamber, tune magnet to obtain
maximum ionizatlion on pliotron at maximum energy, (0 = 0).
Hbld,pagnetio field constant.

3. Locate maximum foll setting by varying ¢ and obsarv-
ing pliotron reeding.
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4. Repeat 2 and 3 in about five minutes to oheck on
drift. If little or no drift, proceed as followss other-
wise continue warming up.

5. Take a relative ionization curve, repeating series
several times,

6. ¥ake a pliotron calibration. (Section I+F)
7. Check on foil maximum and field maximum.

8, Take disintegration data. TFoil settings are chosen
to give about 100 Kv intervals between successive serles.
On each foll setting, sufficient counts are talen to leave
at least 400 after subtraocting background. Pliotron meter
18 read every 10 seconds and averaged later. Magnetic field
is held as constant as possidle. The field maximum and foil
maximum are checited at frequent intervals.

9. A final check on foil maximum is taken and/or a
complete relative ionization curve is taken,

10. Repeat pliotron calibration. (Not always done.)
11. sample of 20 gas takeni chamber evacuated,

12. Chamber filled with Nz and number-bias curve of
30's taken for foil settings used in stsp 8 above.

13. Polonium e@lphe source put in and numder-bias curve
taken. Arc is shut off,but magnetic field held constant

" for this measurement.

14. The chamber may be filied with 10 gas and a check
run taken.

APPROVED FOR PUBLI C RELEASE .
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il-A- S01id Angle Calculations and Corrections. The

golid angle caloulations and estimationa follow cloaely
those given in the 230 report. Inasmuch as & smaller de-
fining ocone was used for the observation in the 00 direction
than in the 230 case, it was necessary to recalculate the
solid angle. The results of this ocalculation are shown in

Fig. 6, in which the solid angle for eaoch of the four levels

is giren as 8 funotion of the energy in the center of that

level. The ourve labeled w is merely the average of the

solid angles of the four levels and, as such, ls & good

approximation to the average ao0lid anzle of the collimating

syatem about the target chamber. When the chamber resolution

and beam distribation are taken into account, the solid angles
for the individual levels must be considered.

For low energies, the disintegration particles goingz
out at angles near the maximum angle allowed by the collimator
cannot reach the detecting region with sufficient energy to
be detectad., Obviously in these cases the solid angle act-
ually existing in the experiment is smaller than that given
by the curves in ¥Pig. 6. Rstimates of the corrections nec-
essary because of the short ranges of the disintegration part-
icles have been made in the following manner: An approx-
imation to the observed distribution was used in which the
distribution was represented by five energy groups, and the
energy of each group in the oenter of each level caloulated.
For bach level and energy group, the maximum =ngle at which

disintegration particles can reach the detecting region with
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0l 5 llev wa 8 determimd from the raxmes of the diaintegra.tion
[o
d¥teoting region. When the solid angle in tha laporatory
a§sten, oaloulatéed frem such & mAZinmum angle, waa less than
t%e solid angle given for sero énergy (laboratory sygtem)
1q Pig. 6, a corresction factor equal to the ratio of the
rdspective 8olid sngles wis applied for that level. The

guitude of the gorrection is discussed later in connection
with the results.

\ . There is one point in connection with this aspect of
thP problem which we do not as yet understand. Presumsably,
1n!ﬁhose cages 9here some of the disintegration particles
aid not resch the 0° collector there were some which went
oniy a.anort distance into the chamber and some which went
en%ir;ly through the chamber. On the basis of an elementary
an+lysie one would expest that in this situation there would
bgia continuum of pulse heights rising from zero pulse .
heignt to the maximwum (eoccuriing for particles which were
smitted at just the right angle to allow them to end at the
0°.oolleotor plate.) This is somewhat at variance with
the experimentally observed pulse height distributions which
aliajs nad indications of & plateau. This makes us question
somewhat the validity of the correstion to the solid angle.
¥e feel sure, however, that the number of disintegrations
can be no less than the number obsserved, and that the soliad
angle is no larger than the value computed from the geometry

80 that the results represent at least & lower limit to the

crossteeotion. Bince we can think of no measurements with
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the oyclotron which would be conclusive on this point, and
since only & more careful and extended calculation of the
pulse height distribution to be expected can prove that the
discrepanocy is real, we do not feel justified in making &
1eng£hy1nveatigation at this time,

_For observations in the 90° direction, a1l of the dis-
integration gparticles had enough energy to be detected. How-
ever, the caloulation of the solid angles is made consider-
ably harder by the introduction of the exit foil shlield which
was ﬁeceasary to prevent 30's socattered from the exit foil
from{reaohing the 90° collector. In view of the time that
wduld Qe required to do this caloulation in detail, it has
bgen-thought advisable to defer it until later. For the
present, sn estimate of the solid angle in the 90° direction
has been usad. The method of getiing this eatimate ip the
followingts It can be seen from Fig. 7 that level 4 is almost
entirely hidden from the 90° collimating system and it has
been assumed that level 4 makes no contribution at all.

About 164 of level 3 is blocked out by the additional col-
limator, which will reduce the effective number of target
particles. It is assumed thai the solid angie of the remaine-
ing portion is not much changed from that of the whole level
py the small shift in effective position so that the prev-
ioug:> galoulations will apply (230 Report, ﬁ.za). Using the
sa@a s0lid &ngle curves as given in the 230 report for levels
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%nz s0d 3, the average solid &ngle otrve 1a Pig. é in ob-
tained. Hidoe there is 1ittls cllidge in this aversge solid

-Bhgle Wwith energy, the constant value of 0.109 has been

taken for a1l energies. The value 0.109 is the fraction
of the total 47 solid angle in the center of mass gystem
witn'openings I, II and III forming the collimAting system.
H%weyer, opening II wis blocked out with sheet cojper for
ail 30 measurements because of the difficulty of shielding
this opening from the exit foil. The solid angle waa there-
f%re'decreased by the ratio of the areas of‘openings I and IT
té the sum of all three. This ratio is 0.681 and from this,
t%e Eolidléngle is 0.109 x 0.661 or 0.072. This velue of
t%e 8011d angle has been used in caloulating the cross section
ag measured in the 90° direction.

| Binoce none of level 4 and only 84% of level 3 is effect-
1v¥, tane number of target particles involved in the disint-
eg&ationa observed in the 90° direotion is taken as 0.70 of

tn%t in the 0° direotion.

II-B. Oross Sections. The cross seoction as observed

in the 90° collector is shown in Pig. 9. The data taken on
vafious days are indicated by the legend. The data taken on
Aug. 21 makes the poorest set, both because the number of
counts taken to determine any one point was smell (about 280

at mdximum) and because on that day experimental conditions
were Tar from perfect. On Aug. 20, the experimental conditions

ware probably as poor, but about twice as many ocounts were
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taxken to determine cach point. In particular, on thess two
duys there was a drift in the ener3zy throuzhout the runs and
the only information availadle is the energy before and after
the QLSIntegration rin. The relisbility of the foil maximum
method for determining enerzies was not realized at:that time,

-On the days Aug. 26 to Sept. 3, inclusive, frequent
checking of tne foil maximum allowed constant monitoring of
the oeam energy, and since by that time it was realized that
tne foil maximum gave a measurs of beam enerzy, it was pos-
sible to keep the cyclotron tuned for optimum ranninzg con-
ditions 80 that the beam was more steédy tnan under the
coé&iona of constant magnetic fleld.

'Thv high energy points have been ocrrected for t:ze
Background obsgserved with 10 in the chamber, which we assume
is due to scattered 30's from the defining foil. The cor-
rection for this background amounts to 22% &t 0.92 Mev and
decreases to zerd> at Q.73 Mev. No correction has been made
at the lower energy pointe for the aeffect that might arige
because the low energy components of the 30 beam do not get
entirely through the target ochamber. In view of the dig-
crepéﬁcy between the observed relative ionisation and thot
obtaiﬁed by applying the known energy distribution to the
specific ionization curve derived from the ranie-energy
relation, it was thought inadvisable to go through the labor
of making corrections based upon a range-energy relation

these

which disagrees with,experiments. A rough estimate of the

correction to be applied at an ¥ of 0.2 Mev indicated that
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“E" valus of the ofoss seotion at that énefgy might be
r;ai:'sed by about 10%. No correction bas been made for the
1?_gas impurity in our a&mples since the reésulta of the
mhea-speotrozcopio analysis have not been received as yet.
cbrreotions have been made for the presence in the chamber
o% non-hydrogenéous gases, as deterfiined by a chemical
ahalysin.

| In Pig. 10 is shown the cross sectioh as determindd by

observation in the 0° direction. The statements made above

conocerning the quality of the work on the various days apply. .

also to this curve sinoe méasurements were made both at 0°©
and 90° during each day's run. As can be seen from the
ipgend, most of the high energy data were taken previous to
Bept. 3 and with the thiok (2 air cm.) aluminum defining
foil. ‘At all energies exept the hlghest, the thick foil
prevented some of the disintegration particles from reaching
the detecting region. As a consequency of thias, all of

the thiok foil data were corrected for the decrease in
solid angle with decreasing energy, and the points plotted
for the days previoua to Sept. 8 include this correction.
Tﬁe dotted line below the solid curve shows where the curve
would have been drawn without this correction. This cor-
r$CtiBn for the short-range disintegration particles was
bgsed:on the assumption that all particles losing more than
Q;B Mev in the 0° deteoting tregilon will be aounted above
nélse. The correction is probadbly good to 20% which gives

rise to an additional uncertainty in the location of the

points of not more than 8%.
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On 8ept. 2 and 3, observationa were made with a thin
defining foil (1 air cm) and the correotion arising from
the short-rangze disintegration particles is not very large,

amounting to only 9% at an energy as low as 0.25 Mev.

. S8ince the correction was small and should be done nmore

exactly at a later time, the dats for the days of Sept. 2
and 3 have not been corrected for the effect of the short
range disintegration particles.

The data shown in both Fig. 9 and Fig. 10 have not been
corrected for the slope of the number-bias curve of disint-
ezration sarticles. PFor the data taken at 90° this was not
necessary since the distribution in pulse height showed that
essentially 81l of the particles were counted at the standard
bias. This was not true for the data taken in the forward
direction, where the number-bias ocurves were not as flat and
where we have good reason ta bellieve that some of the part-
icles are not pbeing counted. While it would be possible to
extrapolate the number-bias curves to Zero pulse haight and

obtain a sort of correction, the interpretation 6f.the
vaiues 8o obtained would necessarily be ambigucus. This
extrapolation would be 2 guess at best and it is doabtful
whether 1t would take into acéount &1l of the shortlrange
particles. 1In oertain cases with the 2.0 om defining foil
gome of the particles do not reach the chamber at all and
could hardly be accounted for in such a correction. It was
thought oetter to calculate the cross section as defermined

at the standard blas used in the experiment, and then to

determine what energy loss in the ochambar was neseddary to
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glve a couritable pulse at the standsrd bias. From this it
is poasibl& (though laboriocus) to calculate the solid angle
in which pdrticles were actually observed and to correct
the cvross section accordingly.

The amount of energy loss represented by the standard
bias was détermined in two ways. The first was to caloulate,
in a favorable case, the number-bias curve expected in the
0° chamber 'and to fit this to the number-bias curve actually
observed. :This was done twice and gave reasonable values of
0.53 and 0.57 Mev. The second method conslsted of a direct
meagurement of the pulse height of polonium alphas in the
0° colleotor using 10 gas. For this experiment, a polonium
alpha source was placed behind the 0° collector plate and
the well-collimated beam of alpha particles entered the

’oolleotor region through a small hole and traversed the
collector region in & direction parallel to the axis of the
chamber. A number-bias curve was taken with the pulse amp-
1lifier and 'the energy loss of the alphas was combuted from
the depth of the collector region and the filiing data. The
stopping power of the gas has been measured in a separate
experiment and found to be 0.224 that of air for the full
range of polonium alphas. The lowest bias which did not
count appreciable nolse corresponded to an energy of 0.33
ne%. Binceé this value is aomewhat lower than that assumed
in making the corrections for lost particles, the corrections

may, in gereral, be a little too large.
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The twb oross sestion Guf¥8s for the 90° and 0° ob-
iérvétions ﬁre‘appreoiably diff;rent. The 0° curve ie
consistently lower than the $0° ome, the ratio being 0.83
at 0.9 Mev &nd 0.75 at 0.3 Mev, the enéfgy for méximum
ocross seotion. There should be & dorrfédtion for short-
range particles of the order of four percdént to the 0°
curve in thée region of the maximum so the ratio is prob-
ably nearer 0.78 than 0.75.  The r&tlos &t 0.9 Mev &nd 0.3
Nev are near enough to each other that Jdile would be reluct-
ant to 88y that the two ourves differ by more than a con-
stant factor. In view of the uncertainty in the value of
the splid angle and number of target atoms used in the 90°
caloulations, the authors do not wish to discuse the pos-
8ibility of anisotropy until the completion of the solid

angle calculations and other corrections.

I1I-Cs Errors and Uncertainty. ZXrrors in the measure-
ment &f the cross section involve errors in (1) the number
of disintegrations observed, (2) the number of target par-
ticles, (3). the number of inocident particles, (4) the solid
angle in which disintegrations were detected and (5),indir-
ectly, the determination of the energy. An attempt will be
made to assign to these quantitiee a "probable® error and
an uncertainty. The error is our best estimate of the errors
in the'measurements, and the uncertainty 1ls the limit within
which we believs all errors lie.

For the various points in Figs. 9 and 10, the standard

error arising from the statistical nature of the number of

~
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disintegrations observed varied from 3 to 6% for &I1 &Xa&pt
the data of Aug. 20 and 231, for which the best eatablished
points have an error of 7% and the poorest 12 and 24%, rés-
pectively. ‘It is probably safer to add 1% to this &¥ror
due to the fact that the background rate may not have been

entirely statistical but subjeot ta wider fluctuations. At

encrgies abbove 0.73 Mev, the background measured in hydrogen -

introduces &n additional error, which might amount to 6% in
the cross section at the highest energy and correspondingly
less at lower ensrgy. No correction was &> plied for the
slope of the number bias curve in the 90° direction sinocs it
was not considered necessary. If any such corredétion had
been applied, it could only have inoreesed the number of
disintegrations by about 1%. No corrections were applied in
the 0° direction for the reasons discusged on page 35 of
this report. It does not seem sensible to discuss what is
meant by uncertainty in statistiocal measurements when the
stendard error is quoted. A reasonable value of the un-

certainty in the corrections oan be arrived at by doubling

the errors for the fluctuation of background and possible
slope of the number-bdias curve, and trebling the error in
the correction for the hydgrogen background.

The errors in the determination of the number of target
particles are the same as those given in the 230 report in
which an error of 1.1¥% was assigned, and the uncertainties
due to the measurement of the physical depth of the ohamber,
the temperature and pressure measurements, and the deter-
mination of gas purity amounted to 4.5%, 0.57 and 1.0%,

respectively.
APPROVED FOR PUBLI C RELEASE
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The measurement of the number of incident particles
was propavly the most indirect of any of tie quantities
entering the caloculation of the cross section. It involved:
(a) the reading of the ionization current in the target
chamber during the disintegration run, (b) the determination
of the relative ionization curve used, (c) the determination
at foil meximum of the relationshl> between the number of
particles éntering the chumber witn soreen A in place to the
ionizatiﬁn'ourrent with screen A removed, (d) the measure-
ment of the transmission of screen A, (e) the measurement
of the ratio of the ocurrent sensitivity of the pliotron with
a 10lé ohm' input resistor used in (c) and with a 109 ohm
input resistor used in (a), and (f) the detormination of the
nonlinearity of the pliotron circuit.

The errors in (a) are considered negligible since the
30 beam wabs falrly constant and hence the aversge of the
pliotron meter readings (taken every 10 seconds) gave a good
approximation to the actual ionization currents.

Prom &n examination of the constancy of shape of the
relative ionization curves taken in wvarious runs, the error
involved in (b) is estimated to be 2% ahove an gnergy of
0.4 Mev and larger at lower ensrgies, increasing to 5% at
0.25 Hiv. ' The uncertainty is estimated to be BZ in the
high energy range, inoreasing to 18% at the lowest energy.

One srror in (o) is that arising from the fact that the
ibnlzaﬁionécurrent and the counting rate ware not measured

simultaneoﬁaly. but were taken alternately as rapidly as
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posaivie. An estimate of 2% for this error wis obtdinéd’
by examining the individual ratios in each series of ex-
changes for !internal cousistency. This 3% also includes
the error in reading the pliotron meter. In addition to
the above error, there are two involved in the correction
for the courts lost due to the finite resolving time of
the amplifier and in the correction for the loss of small
»ulses. 8ince ncither correction was large, the error
introduced Yy them is taken as 1% and 35, respectively.

Since the measurement of (o) is of & statistical nat-
are, &n uncertuinty is difficult to assign. The only souroce
of groass error could have besn a sudden change in the ochar-
acteristics of either the pliotron or amplifier, and sinoe
botn instruments wers in constant use, eny such ohanze,
unless it wére momentary, would almost surely have bhHeen
detected. No evidence for any asuoch behavior was ever seen.
A very sunjective estimate of the uncertainty is 7%.

(d) The transmission of screen A was measured flve
times by & comparison of the ionization ocurrent of the 30
beam with and without the screen. The exireme values were
1/12.2 and 1/13.1 with an average value of 1/12.6. The
probable error estimated for each determination is 0% which
gives a probeble error in the average of 2%. This measure-
ment was made with a somewhat larger beam than that used in
(c) in ordetr to increase the precision of the current read-
ings. There is the unlikeély possibility that the transmis-
sion was & funotion of the beam intensity, possibly because

of some change in the characteristlcs of the loniasafion ohap-~

ser wita the amgutopdD oo zaidiorc quzeide Accordingly, one
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measurement of the transmissioh was H¥de ¥8Inoident with . - .5

measurement (o). Bince the reading of the pliotron
painfully small, this measuremant was of low prdacisicfi dbut
gave & value within 10%4 of the value measured at high beam
which was within the estimated error of the measurement.

The uncertainty in the measurement of the transmission of
screon A was sestimated to be within 104.

The measurement of the ratio of the current sensitlv-.
itiea (e) was made three times during the coursd4 of the
experiments. The meximum deviation from the avéerage value
wags 5.7%. ! This is not as consistenta result as was obtained
for the same measurement in connection with the 330 work.
This may have been caused by changes in humidity whioh
changed the leakage resistance and thersfore the current
pensitivity. On the other hand, since these measurements
were interspersed with the disintegration experiments, the '
aversge value is & good representation in spite of the fluc-
tuations. ' The probable error in this measuremerit 13 est-
imated to be 47 and the uncertainty 9%.

Measurement (f) is estimated to introduce 8sn error of
apout 1.5% and has an uncertainty of 3%.

Since for measurements in the 90° direction the solid
anzle has not veen finally caloulated and since in the for-
ward direction, beoause.of the presence of short-range part-
icles, the solid angle is an &s yet unknown function of energy,
no attempt will ve made to assign errors to‘the'detérmination

of solid anzle. The measurements of the dimensions of the
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l chamber were mAde with an error of 1 percent and wlfh én

uncertainﬁy of & percent. e e AR e e

Except for the ratio of ocurrent sensitivitles, the
tfanamisaion of the screen and the determination of the non-
linéarity of the pliotron, the measurements of the cross seo-
[~ tion.on any ol day are entirely independent of the measure-
mgntas on oﬁher days. The value of the averagd energy to
whioh the ‘cross section measurements correapond is, however,
taken from the compiled data of Piz. 4. The fact that the
a%par&te mbasurements are ln agreement shows tlke semall pro-
bﬁoility of large accidental errors, The transmission of the
acreen, the ratio of current sensitivities and the nonlinear-
ity of the pliotron have also been measured & number of times
p%e#iouslyjunder various circumstances with results not much

¢ different from the values used in this determination of the

! - .
¢ | cToss section, 8o that as far as the order of magnitude is

concerned, the valwe s of these three quantities have been
established by a larze number of measurements extending over
a long period of time. The chance that these could be much
in error ik also small.

The error in the determination of the incident energy

wasg egtimated as 3.5 percent in the 230 report. This es-

timatg was bascd on errors of 1.4 percent and 2 percent in
the determination of the position_of the curves of the dis-
tribution 6f pulse-heights for the volonium alphas and the

ZSO'QJrespéctivelx/and on dn error of 1 percent in calcu-

s ‘{»)

lating the energy loss of the polYkym 8lphas in the tar-
get chamber. In the 30 experiment the basis for the deter-
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mination of an absolute energy socale depehded od the sane _
factora whioch were subject to the same errors. In addition,

there is ah error of avout 20 Kv due to tné experiiental
difficulty’' in setting the secant foil to detter than 0.3

degree. However, since a large numrber of absolute energy
measurcments have Seen used to determine tho secant foil

curves of Pig. 4, the absolute energy values assigned to the

oross section measurements are probdably at least as good and

posaidbly better than in the 230 measurements where each point

on the curve was determlined by but one energy measurcment.

The work covered by this report was carried out under
Contract No.OFMsr-793 (Symbol No.R-48) and Supplement No. 1
of the samse contract (Symbol No.X-122) dbetween the CSRD
and Purdue Research Foundation in co-operation with Purdue
University, and under Contract No. ¥-7403, enz-146 between
Manhattan District and the Purdue Research Foundation.
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Foundation dnd, in particular, the Physics Department have
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3. Stanley Melkle of the Purdue Resemarch Foundation.
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