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Measurements of the orosa mc!tloll
for the reaotion 20(30,240)n have been
made, using a target about 0.S Mev t+hidk.
The mea~ur ments made itiA oone of appPox-

8imately 30 about the direction of the
beam give a thiok target oross aeotion
which Zncreases with increasing ener&
to a maximum value of 2.1 barns at 0.32
Uev and deorease~ to a value of 0.6 barns
at 0.9 Mev. Measurements made in a zone
at rLght angles to the direction of tha
beam In?iloatea peak value of 2.8 barns
a~BO at 0.32 Mev md 8 value of 0.7 barns
at 0.9 Mev. These values are subjeot to
final calculations of the solid angles.
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. A. Statement of I&oblm and General Qongiderati~.ga.

This is a final report on the meamrements made of the cross

8eotion for the reaotion 20(300240)n for inoident energies of

the 30?s between 0.3 and 1.0 Mev. The experimental setup and

prooedure are essentially the same as those used in the 230

experiment. It is assumed that those conoerned with this ~ iti5-2

report are familiar with the<50 r%~o%)so”
—— —-,””

di,sou6sionis given only Where the present

from that in the 230 case.

The experimental arrangement ia shown

that a detailed

work has differed

in Fig. 1 which is

similar to Fig. 1 of the 230 report. A mioa foil (known here-

after aa the MBeoant foiln) wag mounted on a vertioal axis in

the region between the gate valve and screen Il. The shaft

$upporting the foil projeoted through a Wilson seal and waa

equipped with a protractor disk and an index so that it oould

be set at any desired angle to the direotion of the beam. Thia

foil aer~ed the dual purpose of stopping the 10~a &Wd 2098

aoaelerated in singly oharged 10-20 molecules and of varying

the energy’of the 30~s reaohing the target ohamber. The latter

waB particularly useful in that it was not neoessary to change

t~e induotanoe in the doe Oirouit in order to change the energy ‘

TM 230 disintegration ohamber, modified for the 30 exper-

iment? i5 8hwn in Fig. $3. t

odutltionof 13eM. The ~ourcseof the 30*s used for

tib,mbarding-S 60 om3 (at 19TP)of gas containing 0.025% 30*B.

.~i$ o@mple af gas -B $upplied to us through the kindness of
$<

!
. k; ~ -m;.

. . . . .— .1
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IU Q4 later to deoreaseth8 time required for ekoh diaintigratj.on

&

. .

. .

‘5 301s per aeudnd ti~ obkained.wire made, a be- of about & x 10
$

“I

TM number and WMrgy of the particleswere found to be

V-”W iensitiv8 to the oyolotron adjustments. A combinationof

+
q.’$otronioand mWuU odntrolswas uti?)dto hold the field to

within a few gama and at times an adjustableoapaoity was used ,

to’=intain the desired frequenoy.

Ii
(h Target. The 20

was purified by pasainglt

ladiniaedin advanoe and

gas”used In the ionization~h~ber

throughpalladium. The gas wan pal-

kept in a storage flask in oontact

wl’$hdistilledwater %hioh had been previouslyboil?d-and”

aubdeotedto a vam.un to removedisuolvedgasea. The gas

wa’sdried before enteringthe ionisation ohamber by passing

thiougha trap oooled eitherwith liquidair or a dry ioe

slush. Chemiealanalysesof samplesfrom most of the runs

ha?e been made, and rnass.speotrosoopi~analysisof the gas

is being made by Dr. R.lL70ristof ColumbiaUniversity.
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1-D. Ionization Chamber.

,---- +,i

It was thought at first that

the ionisation ohamber used in the 230 problem uould be used

for the 30 problem without any ahanges. This dld not turn

out to be the oam and a great deal of time warnoonmnmd ixl

locating and remedying the troubles whioh appeared. The

difficulties finally were resolved to the followings 1) In

the energy interval being used, the relative stopping power

of mioa and alumlmim ia muoh smaller than the values usually

asmmedj 2)~hrough an error Ln preliminary ~alc~lati~n~~

the magnitude of the variation of the energy of the disin-

tegration 240~s with the 30 bombarding energy was under-

estimated, and 3) Mts are strongly euattered by aluminum.

These difficulties led for & time to erroneous re$ults and

are of sufficient interest to warrent discussing e~oh of them

in some detail.

1) The faot that the ~topping power of al~in~ and miak
08

was low wa$ first suspeated in connection with the behavior

of the k!eoantfoil. What was believed to be a stiffiditiht

thiokness of aluminum waB first used and it -s fotind●t

once that 20~s were able to rt$aeh the target ohamber in @pp540-

Iable number6. Non-uniformity of the foil -s tiutipaotiedibid
R=r~

a mica foil of 7.1 mg/om* was substituted. This mida foil

still allowed 20ts to enter the target uhamber in a Ieda degzw.

It also po,ssen$edan apparent flaw *hidh did not show up W@er

polarized light but nw$e the foil thin at a aertain angle to “

the direotion of the beak
:.

The air equivalent of the mic!~’’foil-h maastll%rl by ob-

serving the variation of the endx~ of the 30JB lfime tar~.t

APPROVED FOR PUBLIC RELEASE
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ohamber au * funot~on of the angle of the foil to the dir-
-

eotlon of the beam(’and hencehthe foil?s effective thioknesd’
>

was change$. The %alue found in several suoh measurements

me consistently lea= than half of what was expeoted from

the,thioknea$ in yn~cm* of the foil.

The first mica foil waB therefore replaced by a thioker

fQil of 8.5 mg/cmg whiah was used throughout the rest of the

work. Teste of its stopping power have also given values

about half of that “normallyto be expeoted. The rate of

energy IOSE3for ~~s io expeoted to be the same as that of

10QS of the same velocity or of 1/3 the energy BO that the

value of the re16vant stopping power for 1.0 Mev 30*s must be
$.
obtained frQm the stopping power !’or0.33 Mev 10’s. 3?ark-

iZlflQX’i, et ale,(PhyO. Rev. S&, 75, 1937). have observed that

the stopping power of aluminum d80r0aB0S with decreasing en-

ergy In this region- tidj~hile the mount of daoreaae they

report is not #utfioient to explain the discrepanoyg values

in’thlt3lW@i6n of low velootty are sufficiently uncertain 80

thbt we do ndt feel that it ia serious. Bennett (Proc. Roy.

60~* US 419? 1936) has measured for mtca the variation of

‘@@ping power with ~eloc?ityof the incident partiolea. His

k:
ou vos do not @ to as low Wlooities as are involved in the

30~ex!perimeut~but extrapolation of the ourvos indioate a
l\

. .

L

10$ a$ogpin Jx9wer.

The 10 stopping power of aluminum for low-ener~ W)cs

gate ‘~iffidhty in the follo%?ingWLnn6r~ The thickness of

,..
._-.

$ ‘ “ “’=”+ ‘ I “W&k
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mtisumi withk ~%”aijha~:)

100 kir cm, irl~iaiizi ‘&a% “““ ‘ “ ‘:’‘“”-,, ::-.
defining foil f os’ iiiiiietk - ‘-’

~..+. ,--. -.-:.-

ener@e6 up to 0.9 ltev. men the disintegration dikzwimta
.:-- :.. - .:;jT-!“-;

were made~ however~ a very large numbei!of disinteg~&iionB

in the 0° oolleotor weve found at anetgies abb~~ about 0.7
4.

Mev. This was very pus%ling until the’reduced stojping TM** ‘“
...

of aluminum for low-etie?~ 30’s was taken into omuideration.

The solution finally ado~ted for the

was to inorease the thiokness of the

omo

high-energy inMkoW3EIWtU

defining foil iO iii d;

2) ainoe the ef’footon the 240 ranges of the bombarding

energy was undere$timated~ the original de6i8n Qf the ~i@in-

tegration ohamber was Duoh that $340tsemitted at large ang~es

to the direotion of the beam were counted by the Oo oollector

only for the highest bombarding energies. The effeoti~e

solid angle for xnoetof the energies was a funotion of the

bombarding energy rather than being fixed by the oollim&ting

boundaries of the chamber. The data for the Oo oolzector

dn$herefore taken under two different conditions. For mean

energies between 0.5 and 1.0 Mev9 a 2.0 air om. defining

. foil was used. This thickness was neoessary to stop the

.- beam~ although It limited the region of reliable data to

high bombarding energies where the emitted 240*s have a

I
I
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5) ~~atterifigof the Inoident 30’s by the alwi~u
,

exit foil was found at tbq beginning when a oheck with 10
1,

gkwam tlm ta~gat was I@&de. Appreolable number& of pulses

w~re ol!defiwitith th. 90° ooll~~tor hut not with the 0°

:olleQtor*
7

By substituting He and M2 (at reduoed pre$sure)

iltwas shown Wt the effeot *S independent of the target

*s, ~incm the pr~asure of eaoh gas WFMIadjusted to give

i
$he same air equivalent as th8 10 gas. The ohamber was

therefore di$mntled and a nhield inserted to hide the exit

foil from the 90° aolleotor and no pulses were then observed.

@a effeot of this ohange on the solid angle is disoussed

later. At inoident energies approaching 1.0 MevS partioles

are again observed In the 90° aolleetor when 10 gas ia used.

This is asor$bed to partloles scattered from the defining

foil● Since this effect in the altered ohamber waeInever

more than twiqe normal background (about 10 per minute)s no

attempt has been made to el$minate it, but rather the effect

APPROVED FOR PUBLIC RELEASE

APPROVED FOR PUBLIC RELEASE



-11-

is meam.aredand subtracted in computing the 900 oross

section at the higher inoident energies.

~E. Ener~ Measurements. The direot measurement of

the Inoident energy of the 30~s was done in the uame manner

as described in the 230 report. Briefly) this method oon-

sisted in comparing the pulse-heights produoed by the 30’s

and by polonium alphas passing into the ??2filled target

chamber.a For this method to be valid, it is necessary

that the 30~s lose all their energy in the target ahamber.

The ranges of the 30~s is suoh that this oondition acwld

not hold for all partiole energies involved in the 30

experiment.

of 85 om of

to stop all

It was thought at first that an 2T2presaurc!

I@ would make the target ahamber thiok enough

partioleq up to 1.0 Mev incident energy. A

consideration of the observed spread in inoident energyw

showed that the maximum energy loss that oovld be expeoted
*

would be about 0.1 Mev Ieaa than that expeoted for a hom-

ogeneous beam. The maximum energy Iotasobserved was aot-

ually about 0.8 Mev and the difference seemed outside ex-

perimental error.

The calculated energy losses given in the preoedlng

paragraph were baBed on the proton data of the Wismnsiri

group ● A range-energy relation based on the stopping arosa

seotion of oxygen as given by Ashk”inand Bethe (Report X& Is)

APPROVED FOR PUBLIC RELEASE

APPROVED FOR PUBLIC RELEASE



I *12-

.

. .

x“ .

leads to a oalaulated maximum energy loss of

a homogeneous beam of 30~s, or about 0.8 Mev

homogeneous beam, whioh is in agreement with

0.9 ?4evfor

for the ln-

experiment.

8ince the direot measurement of inoident energies was

nqt possible above 0.8 Mev because of the finite oh=ber

depth nor below 0.4 Mev because of the noise background

o? the ampl.ifier~some other method was necessary for ex-

tdjndingthe energy determinations to inolude about 0.2 Mev

and,l.O 2fev. Attempts were made to USe C02 and ProPan@

for the higher energies sinoe these gases have stopping

powers ~eater than nitrogen, but they were not suitable

b~oauee of lack Qf knowledge of their IBtOPPh3 power for

l~w Wlooities and beoause of their poor characteristics

ae ionization ohamber gases.

For each aet of energy measurements made with nitrogen

iq the interval between O*4 and 0-8 Mev? it -B found that

t e energy was’a linear i%notion of (eeo e - 1)s where Q
?
is the angle between the normal to the plane of the seoant

foil and the dir6ction of the beam. This relation is to be

ekpected if the ourvature id the relevant part of the range-

anergy relation iO 83m13.. It was asoumed that the ourvature

remained small outside uf the region of direotly measured

e’Yrgietiand this linear Solation tnhEJused for $hort extrap.

ol~ationof th~ nitrogen me$%e#emeztts. The incident ener~y oan
!

t@n be written$

.E= E. *~(8~C0 -’1)s (1)
l’ -<

whye ~ is @ @npiri6~~ tT&hskant and repreeonts the energy

of tilebeam 6Tit6Ting the thrgi?t ohamber with the foil per-

.

.
1,

,...
..=. —. ..=-. -:”” L.

i . .— .-. ——
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of the E V$t (see O - 1) cwwe~

value? 6.1s for $911 H-’4tle E(’js

waa fmin4 to vary from My to

U.

e~t energy iIIa funotton of the w“olotron acljustments,

1{ wa?JlY3SS~blbShowevw~ to establish ~ relation between

! ~ and On, the w@e oorreeponding to maximum relative

Ii nization In 30 gaso by plotting 130~gbinat (SOO Qm - 1),
1

I w~ere ~ and em fotiaaeh point ara determined from the,.

s~m~ run. The uncertainty of setting the foil angle was

1’

~a out 0.5 de~ree~ and within this unoerta$nty, E. is a

I l~near function of(eec Qm - 1). Tl!Jlsrelation was used

I to establish the spaoing of the aurve~ in Fig. 4. In this

figure, the inoident snergy is shown as a funotion of

($eo O - 1), giving a family of parallel stratightlines;

eaoh line corresponding to a particular Om. In order to
e

find the incident energy for any foil setting~it is only

.. neeesaary to follow the line (appropriate to the Qm exist-

ing during that part of the experiment) to the ~alue of

($ea O - 1)0 For convenience, the angles are also shown.

. It should be noted that the angles given are those read

direktly from the protractor and are denoted by ~FW. The
\

~
<
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protractor angle for 9 = 0 is -S.750,so Q

All energy valueta used in conneatlon

ionization aurves and disintegration data

= F + 3.7!30*

with the relative

are obtained from

the aurves in Fig. 4. It should be realised that this energy

‘soaleis a smoothed-out scale based upon the average of

many determination of Om and Eo. Fundamentally, all energy

measurements go back to direct oompariaons of 30 and alpha

partiole pulse-heights with a H2 filled chamber.

The energy saale of Fig. 4 Is used to extend the range

of energy determinations beyond the limits set by amplifier

noise and the finite depth of the target region. It is

otwiously an extrapolation but ainoe it was not extended

rnichbeyond the direatly measured rejgion~it is felt that

its aoouraoy is zmfficiently good tp warraritits use..

After the establishment of the energy scale shown in

Fig. 4S it was p08Sible to determine r=pidly the energy of
.

the 30°s during any part of a disintegration expertmnt.

This was particularly U8eful beoause of the energy drifts

that sometimes cn%ouredduring the 00U*EJQdf a long rlun.

J-1?.Pltotron Calibration. The beam of iXICidOot 30?s

*S measured with a pliotron by the same ?iMthodused in

the 230 experiment (230 Reports pp. 11, 12,14,15). A
.

ohange in the method of pliotron calibration was necess-

itated by the small energy loss (about o.M MMTmaximum)
. of the 30tq in the target region. BQ(38US0 of this small

energy 10SSJ?a 30 bazimSXM!WLenough to be ao~ted on the

1

I
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t~ohniqud had giwjn trouble during the 230 6Xp6rim&nt.
I

Bacause of the trouble prmtiously experienced, 6are-
t

of a seaies of ●its formed by milled bra~i knife-sdgea.

Ii was found that the transrnisaionof thi~ ‘noreenwas very
,,;

s~nsitive to it= orientation with respeot to the ,beam.

Hnoe the position of the screen had to be determined +ery

Ja ourately. In the 30 works the movable ioreen whiah was

u~ed was formed by rolling a fine-mesh brass soreen to

rdduoe its transmission to about 0.07. The transmission

of this eoreen waB found to be quite insen’altive to small

rotations. A number of measurements of the soreen trans-

mission were made during the course of the work under the

same conditions under whioh the aoreen was used In the

experiment. These measurements were quite’consistent,

the extreme spread in values being seven peroent. No’

evidenae of a change in the eoreen transmission with ahangee

in oyolotron operating conditions was found, suoh a change

having been

imcmts.

During

the first symptom of trouble in the !230exper-

the pliotron calibration, the I$eamwas deoreased

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

Soreen B was left fixed throughout the mea~urement while

,
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. . ..-:~-~,, wy2F?3%3q?yl&%4
soreen A was indsabl.e. ‘Thenumber o#’aouk~a in thirty iMM- ,,...- .

-- . --- --~--.> -: --.--+-W ?*
ends was taken with the pulse mplif’fer with 8c”’ro&&A “~;’ “

,.-,:.-

.y. ,:.,<-c .
This Bereen wiLsthen rem~ved and tke ioni%~fion &

‘“?*J
place. .;.+

ourrent meanured with the pliotron. *~j,~ !+~ ~.eReg&d““*’
..

number of times to average out fluctuations in b&n’intena~ty.
JO

To inorease the magnitude and therefo]~ethe ao~uraoy’ ‘Fy$

of the

a high

of the

—
W)iJ

reading of the pl$otron meter for t~is measui%fie”nts
~.:.

oounting rate was used on the pulse’Lmplifier. $ome ‘
,,becaus,e >...

~artioles were not oounted at this rateAof the res6lv-

ing time of the amplifier. That this -s hkppening could

be observed directly sinoe at high oountln~’rate~ a small

group of somewhat larger pulses appeared due to the arri;al

of two or more particles in the ohamber wikhin the resolv-
1

Ing time of the amplifier. These dol.naidenoea~or ‘idoubl~~

were counted with the seoond output ohannel’adjusted to

deteot only large pulses and the number of’khese large pulses

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

rection amounted to about 2%. Before eaah pllotron oelib-

ration~ the distribution in eize of pulses leounted wZWmea-

sured in order to be sure that there was no appreciable nwber

of small pulses which might not be counted during the cal-

ibration meamarement. A number-bias aurve ‘wasobtained and

extrapolated to sero pulse height, and the ‘numberobtained

in the calibration inorease~ by the ratio of

Value to the value used as a standard. ‘I’his

dioated that,’due’~o the small pulse size of

the extrapolated

proaedure in-

the WQS, the

pliotron calibration could be oarried’out direotly only
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when there wa8 a maximum energy loss in the target region,

i.e.$ at Qm or ‘foil maximmn. At foil maximum, the extra-

polation indioated a loss In counts at the standard bia8
/

amounting to from ().5to 3 ~ and a correction for this was

made in the pllotron calculations.

Shoe it waa poesible to calibrate direotly the @io-

tron only at the energy corresponding to maximum energy loss

in >he target ohamber, some method of extending the cal-

ibration to ether energies was needed. In order to do this

‘.

.. I

,
I

i-

it :yasneoeaaary to know the ioni$qtion produced by a con-

stant number of 30*s in the ohamber as a function of the

inoidetitenergy. This information was obtained by measuring

with @n exohange teohnique the ionisation ourrent for var-

ious secant foil settings relative to the maximum ionization
.

ourrent. At least one relative Ionization ourve was taken

- during eaoh run. Several suah ourve~ are shown in Fig. 5.

The energy axi~ of this figure is based upon the energy scale

given in Fig. 40 The relative ionisation aurve.is used in

the extension of the pliotron calibration in the following

mbnners The pliotron calibration is defined as the ratio

of’ the number of partioles to the ion~~atim wmrent Obsf-edj

md therefore the pliotron calibration is inversely proport-

ional to the relative ionization o~rre~t given by the ourves

in Fig. 5. Henoe~

P/PO ~ Io/E ~ or 1?= PoIo/X ? (2)

Where Y. and 10 are the direot pliotron calibration and

I
.-

1
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relative ionisation ourtent a$ the ~Q$l ?ht+w? and P ?d@ Z.,. -- 4*,,~&>=--.. ,.- ...

are the corresponding quantitie~ at any oth8r mergya ,

The relative ionization cwvest in ~d+ttion to beimg

used to obtain the pliotron czalibrations~W82WJused to o~&. .. .

oulate the energy loss in the target oharnb$r. with a fxma~?~t,

number of particles entering the target region? the iQ?$ix+

ation ourrent whioh they produoq i8 propor~ional to tib!S$r

average energy loss in that region. In order to q~t,ab.li8h

the absolute value of the energy lass? all the relatl.ye

ionization ourves were fitted to the CMNY?e,oomputed f~~,q- -

the report of Ashkin and 13ethe at an inoident f?trit)TQ-+Of -,

0695 liev~ This energy~ the highest at”whioh all r~~ativ~

ionization ourves were satablished~ WaS o$o,uen since the

acouraay of the theoretical ourve 1s probably @?eatest at

-. .... ..

. .

&.w

.- . . ..- .

..I.S.

high energy and the ourves to be matohed

that region tJo any error due to a ohange

are flattest in , ta

+n energy distrib-

ution 18 a minlmum6

The values of the average enQrgY 10SS were Ueed to

obtain the average energy of the beam in the target region.

All cro8s section m ~surements have been quoted in terms
7)

of an average energy~obtained by subtracting one-half the

average energy 10BS from the median inoident energy.

The use of the relative ionisation o’~rvein both the

pliotron calibrations and the oalculationof averlge energy

108s assumes that the n“lmberof partioles entering the

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

might not be true at low inoident energies,. A consideration
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W4re 108t @ud tM%t here the 108s!a~C)UQt8tO,only one or

t~o peroentc

The faot that t&e peaks of the ionization oUl?Pentourves

?0 Pig. 5 ocimirq$ an energy of 0.46 Mev ia of some intereet.

This It)tof aouraej the value of the energy inoiclenton the

oipunberfor whidh the @T93a$3eener6Y loss is a ~~imum~ The “

rdlatlon$hip Mtween aver?ge ~ner~ loss and incident e~er=

wae caloulatecll%wm the,range-energy relation for protons of

Ashkin and B4t4e (Report LA-12) and tshowed a ?nwcimulnat

0.38 Mev. This (WWlatiC)n took into account the depth of

t~e chamber and the observed energy distribution. The val+ue

oi the ener~ of 0.46 Mev ia taken from the energy saale of

Ff,g. 4 yhioh i% based on the average of a number of mea$ure-

?
m’nt’s. Sinoe the energy dete~inations in this region =re

n$de direotly and not extrapolated and since the individual

Ae ergy measurements had a spread of only 0.02 Mev~ it aeem~

~likely that the diwrepancy between the oaloulated and

observed values can be due to experimental error.

1

I-Q. Experimental Procedure* The i’ollowing1s typical

of the prooedure 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 ohamber$ tune magnet to obtain
maximum ionization on plidtron at maximum energy~ (gSo).
Hold .magnetiofield con~tant.

3. Loo’atemaximum foil $6ttlng by varying Q and dbserv-
ing gliotron reading.

?
-.
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4. Repeat 2 anti 3 in about five minute~ to oheak on
drifk. If little or no drift, proceed as follows? other-
wise aontinue warmin~ up.

5.
several

6.

7.

8.
to give
On each

Take a relative ionization ourve, repeating series
times.

Make a pliotron calibration. (Section I-F)

Check on foil maximum and field maximum.

Take disintegration data. %’oilsettings are aho~en
about 100 KV intervals between successive !gerles.
foil settiniz,sufficient counts are taken to leave--

at least 4(30after subtracting background. Pliotron meter
LS read every 10 aeoonds and averaged later. Magnetio field
is held as constant as ~06S~21e. The field maximum and foil
maximum are ohecked at frequent interval~.

9. A final oheck on foil maximum is taken and/or ●

oomplete relative ionization curve is taken.

10. Repeat pliotron calibration. (Not al-w done.)

11. Sample of 20 gas taken; chamber evaouated.

12. Chamber filled with IV2and number-bias curve of
30~0 taken for foil settings used in sts~ 8 above.

13. Polonium alpha souroe put in and ~umher-bia!!curve
taken. Arc is shut o$f,but magnetic field held oonstant
for this measurement.

14. The chamber may be filied with 10 gas and a check
run taken.
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IX-A. Solid,Angle Caloulatic?nsand Corrections. The

solid angle oaloulations and estimation follow alosely

those given in the 230 report. Inasmuoh as a smaller de-

fining oone was used for the observation In the Oo direction

than In the 230 case, it was necessary to recalculate the

nolid angle. The results of this oaleulation are shown in

Fig. 69 in which the nolid angle for eaoh of the four levels

18 given as a f’unotionof the energy in the center of that

levelrn The ourve labeled ; is merely the average of the

solid angles of the four levels and~ as suoh~ is a 800~

a,)proximationto the average eolid angle of the collimating

system about the target chamber. When the uhamber re~olution

and beam dlstribation are taken into accourit~the solid angles

for the individual levels must be considered.

For low energ’iea~ the disintegration l?article~ goin3.
out at angles near the maximum angle allowed by the collimator

~~nnot reaoh the deteoting re&ion with sufficient energy h

be detecced. Obviously in these cases the solid angle aot-

ually existing in the experiment is smaller than that given

by the curves in #ig. 6. IXetimatesof the oorreations nec-
.

essary beoause of the short rangea of the disintegration part-

Ioles @ve been made in the following manner; An approx-

imation to the observed distribution was used in which the
I

di~t’~ibtition nm reprefmnted by five energy groups~ and the
.

.

energy of eaoh group in the oenter of each level oaloulated.

Yor baoh level and energy group~ the maximum angle at whioh

disintegration PartiOle8 oan reaoh the deteoting region with

.
,-,’
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t e solid angle gitihn for sero
!
i+ IMg. 6, a oorreotion i%ctor

4r $Q.eotim solid angles wi&~applied for that level”. TM

md~itucle of the mrreotion 1$ disduuacd later iR ddnneation
“1

vllt~ the results.
I

1. There is on~ point in eonneotion with this

d+ hot reach the CIo collector there were $ome vhioh went

OD!Y a short dietanoe into the ohamber and some whiah went
1“

en~irely throu@ the chamber. On the bssis of an elementary

‘1an 1.y8iPJone would expedt,that in thiu situation there would

be~a aontlmmm of pulse heights rising from zero pulse >

height to the maximum (oCCWMng for partioles which were

em+tted at just the right angle to allow them to end at the

O“ oolleotor plate.) This 2s somewhat at variance with

the experimentally observed pulse height distributions whioh

always Md indications of a plateau. This makes us question

somewhat the validity of the oorreatlon to the solid angle.

We feel sure? however~ that the number of disintegration~ ‘

can be no less than the number observed, and that the solid

angle Is no larger than the value uomputed from the geometry

so that the results represent at least a

oross,eeotion. Elinoewe oan think of no

I

lower limit to the

meaaurem?nta with

.
%
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the oyclotron whioh would be oonolusive on this point, and

shoe only a more oareful and extended calculation of the

PUIE$ehefght distribution to be expected can prove that the

discrepancy is real, we do not feel justified in making a
,

Iength Ylnvestigationat thi8 time.

For observations in the 90° direction, all of the dis-

integration ~articlee had enough energy to be detected. How-

e+er~ the oaloulation of the solid angles is made consider-

ably harder by the introduction of the exit foil shield whioh

was necerjsaryto prevent 30~s soattered from the exit foil ~

from’reaohing the 90° oolleotor. In view of the time that

wo,uldbe required to do this calculation in details it has
~.

been thought advisable to defer it until later. For the

pr’saent,an estimate of the solid angle in the 900 direction

haa been IMMd. The method of getting this estimate

following It oan be seen from Fig. 7 that level 4

entirely hidden from the 90° collimating systesgand

iu the

is almost

it has

been assumed that level 4 makes no contribution at all~

About 16$ of level 3 is blookdd out by the additional col-

liqator~ whioh will reduoe the effeotive nuber of target

pa2tiic31en. It is am~-ed that tha solid angle of the rwnain-

in~ @ortion is not much ohangdd from that of the whole level

by the small zhif’tin effective position so that the prev-

igL@7@a10W*tion8 will apply (230 Reportt p.22). Using the

6*8 solid Q@e Gurves tksgiven in the 230 report for levels
.

l-r:. . .

-,

!.

,.,.
7’

.!.- ,.
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-~t@e ~ith enw#, the cmn~tant value of 0.109 haa been

tlaken for till energies. The valua 0.109 is the fraction .
I
of the total 4fi solid angle in the oentertof *8$ @ystem

wtth openings I, II atidIII forming the oollinl$itingsystem.
\

H~wever$ opening II was blooked out wtth sheet co?per for

ia 1 30 measurements beoautaeof tne difficulty of shielding

thia,opening from the exit foil. The 8olid angle W(AEI there-
1

f’re’deoreased by the ratio of the areas of openings I and 11
?,.
td the sum of all three. !l!hieratio is 0.661 and from thias
:,, ,,

tie tiolidangle is 0.10g x 0.661 or 0.072. This value of

t 16 so?id angle has been used In oaloulating the?cross section
7
=9 me~aured in the 90° direotion.

I

E3inoenone of level 4 and only 84% of level 3 iS ef’feet.

i~s t:lsnumber of target particles involved in the disint-

keg,ations obeerved in the 90° direation iB taken as 0.70 of

1th t in the 0° direotion.

i!~-B. ~~OSB Seations~ ‘L’hecross seation as observed

in)the 90° oollector is shown in Fig. 9. The data taken on,

varioua daye are Lndicsted by the legend. The data taken on

Aug. .21makes the poorest set, both because the number of

counts taken to determine any one point was small (about 280

at maximum) and because on that day experimental conditions

were far from perfaoto On Aug. 20~ the experimental conditions

were probably as poorj but about twice as many aounts were
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takun to determine cauh point. In particular, on these two

duys there wan a drift in the ener~ throughout the runs and

the only information available is the energy bef~re and after

the disintegration rm. The reliability of the foil ma.xfmun,

method for determining ener~i,eswas not realize~ at that time.

On the days Aug. ’26to Sept. 3, inalusive, frequent

checking of the foil maximum allowed constant monitoring of

the oeam energy, and since by that time it was realized that

the foil maxim-m ~fivea measure of beam ener~y, it waI!9poB-

siblo,to keep the cyclotron tuned for optimum r’~nningcon-

di,ti?.nsso that the beam was more steady than under the
d~

con8tion8of constant magnetic field.

Th@ high ener~ points have been o~r?ected for t~e

background observed with 10 in the chamller,which xe aasume

is due to scattered 301s from the defining foil. The cor-
.

rection for this background amounts to 22% at 6.9’?Mev and

decreases to aero at 0.73 Mev. I$ocorrection haa been made

at the lower energy points for the effeut that might ariat?

because the low energy oom~onents of the 30 beam do not get

entirely through the target ohamber. In view of the dis-

orep&cy between the observed relative ionisation and th:t

obtained by applying the known energy di~tribution to the

npeaific ionifiatloncurve derived from the ran~e.energy

relatlon~ it warnthought inadvisable to go through the labor

of making eor’reotionsbaaed upon & range-energy relation
chase

wh$ch disagreea vith~exparimeuti. A ro’ughestimate of the

coxre~tion to be a~plied Q~ an ~ of 0.2 Mev indioated that
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riaisedby about M3~* MObomwtion MM bbm made for the
i’

lp -gas impurity “in ow $@mplezI sinm the rbsulta df the

x$kes-s~eotro$oopiaanalyeid h@ve x30tbeen iwceivetiaa yet.

Cprreotiona havd been made ?or the Presenoe in th4 chamber

chemf.cml

determined by

observation in the 0° direotion~ The statements made above

~ aonoerning the quality of the work on the vdrious daym ‘$p~l~’-.c” ““

also to thin curve slaoe mda8urements were made both at Oo

atid90° during eaoh d.aytsrun. A8 can be men from the

l~gend~ most of the high energy data ware taken previous

FJ$’pt.2 and with the thiok (2 air cm.) aluminum defining

foil. At all energieu exetitthe highest, the thiok foil

to

pfevented some of the disintegration Qarticles from reaohing’

the deteoting region. AIJS consequence of this, all of

the thiok foil data were aorrected for the deC!reak30in

solid angle with decreasing energy~ and the points plotted

for the days previous to Sept. Q inoludc this correction.

The dotted line below the solid ourve shows where the curve

would have been drawn without this correction. This cor-
.

riction for the short-range disintegration particles was

based on the assumption that all partioles losing more than ,
!

0~5 Mev in the 0° deteoting *eglon will be aounted above

n*16e. The correction is probably good to 20~ which gives

ri$e to an additional uncertainty in the location of’the

points of not more than 8%.
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On 8ept. 2 and 3, observation were made with a thin

defining foil (1 air mu] and the correction ariaing from

the short-range disintegration partiales is not very large,

amounting to only 95 at an energy as low as 0.25 Mev.

Since the correction waa mall and should be done more

exautly at a later time, the data for the days of Sept. 2

and 3 have not been oorrected for the effect of the short

range dlsinte@ation particles.

The data shown in both Fig. 9 and Fig. 10 have not been

oorrected for the slope of the number-bias ourve of’disint-

egration .~article~. For the data taken at 900 this was not

necessary since the distribution

essentially all of the partiolea

bias. This was not true for the

direction, where the number-bias

in pulse height showed that

were counted at the standard

data taken in the forward

ourves were not as flat and

whore we have good reason to believe that some of the part-

ioles are not being oounted. While it would be pos~ible to

extrapolate the number-bias aurves to Zero phlse height and

o~tain a sort of oorreotions the interpretation df’~the

vaaues so obtained would nec’essa~ilybe ~biguous. ‘This

extrapolation would be a gue’ssat best and it is do~btful

whether it would take into aadount all of the short$range

partiolee. M oertain oases with the 2.0 om defining foil

some of the particleO do not rea~h the Chamber at ail and

could hardly be aoaounted for in such a correction.” It was

thought oetter to oaloulate the cross aacstionas ’~e~ormined

at the standard bias used in the experiment, and t%& to

determine what energy 10BS in the ohambdr wa$ mae”i$li~ to

r

.,.,
“.

‘*

.

! .:.,
.?

. . .
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give a courltablepulse at the standard bias. Prom thii3 it.

is poasibl~ (though laborious) to aalculate the solid angle

in which pdrtioles were aotually observed and to correct

the cross seotion,accordingly.

The adount of energy 10SS represented by the standard

bia~ was determined in two ways. The first was to caluul~te~.

in a favorable case, the number-bias curve expected in the

0° ohamber ’andto fit this to the number-bias curve actually

observed. :Thiswas done twice and gave reasonable values of

0.53 and 0.57 Mev. The seoond method consleted of a direct

measurement of the pulse height of polonium alphas in the

0° oolleotdr uuing 10 gas. 3i’orthis experiment, a polonium

alpha sourde was placed behind the 0° oollector plate and

the well-collimated beam of alpha partiolea entered the

oolleotor Mgion through a e!nallhole and traversed the

oollector region in a direotion parallel to the axis of the

o@mber. A number-bias curve wllrntaken with the pulse amp-

lifierrand‘the6nergy loss of the alphaB was com~uted from

the depth o’fthe aollector i%gion and the filling data. The

stopping pdwer 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 biaa which did not

ootint8ppreoiable noise dorkespondecito an energy of 0.33

Mevo EMM6 this ValUe is abmewhat lower thdn that assumed

inmaking the oorreution6 for lost partioles, the aorreotions

may, in ge~eral~ be a little too Ikrge.

I .-
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oonsistentl~ lower than IM? .$6° ohes the ratio baling 0.83

at 0.9 Mev Ltnd#.75 kAt().3WV, the enetgy for m#XimW

oross seotion. There should be a dorf~~tiorifor short-

raQge partiolas of the order of’four perodfitto the 0°

ourve in thb region of the daxinmm so the ratio Ie prob-.“t

ab~ nearer 0.78 ~Mn 0.75. ,TheMtiog ~t 0.9 W!v and 0.3

Mev are neat enough to eaoh other that &’M would be reluot-

ant to nay that the two our~es differ kl~ more than a oon-

stimt factok. In view of the uncertainty in the value of

the solid tigle anlinumber of target atoms ueed in the 90°

oaloulationbs the authors do not wish to discus~ the pos-

sibility of anisotropy until the completion of the solid

angle calculations and uther oorreotions.

II-C. Errors and Uncertainty, Errors in th6 measure-
.

ment of the cross seation involve errors in (1) the number

of disintegkatlons observed~ (2) the number of target par-

ticles, (3) the number of inoident partioles$ (4) the solid

an~le in whioh disintegrations were deteoted and (!3)Sindir-

eOtlyS the determination of the eriergy. An attempt will be

mule to assign to these quantities a ‘lprobablemerrot and

an uncertainty. The error is our best estimate of the errors

In the meastirements,aud the uncertainty ia the limit within

whioh we believe all errors lie.

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

error arising from the statistical nature of the number of

.
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distntegriktj,on$observed varied from 3 tn 65 fak-”~- Q%&@bt . .. -..:

the data of.Aug. 20 and 21, for whioh the best o~t~bli!$h!yl

points have’an error of 7X and the poorest 12 and 24$$ WW

peotively. ~It .1sprobably dafer to &dd 15 to this “WmlT

duo to the fact that the background rate may not havo be~n

entirely stbtiatical but aubjeot to wider Xluotuatton8* At

energies abbve 0.73 ?dev~the background measured in hydrogen .

introduces W additional error, vhioh might amouxitto 6% in

the cross section at the highest energy and oomespondingly

less at lower energy. NO oorrecti~n wm a~plied for the

slope of the number bia8 om?ve in the $0° Urec?tion ~in~e It

was not considered necessary. If any such oorreetion had

inareased the number of

oorreotion~ were ap~lled in

disuus~ed on page 35 of

been applieti,it could only have

disintegrations by about 1%. NO

the 0° direction for the reasons

this report. It does not Beem sensible to discub$ “whati8

meant by uncertainty in statirjtioal measurements when the

standard edror is quoted. A reasonable value of the un-

certainty in the oorreotions oan be arrived at by doubling

the error8 for the fluctuation of background and pOSBib10

slope of tile number-bias curvej and trebling the error in

the correction for the hydgrogen background.

The errors in the determination of the number of target

~artlcles are the same E3B those given in the 230 report in

which an error of 1.1% was assigne& and the uncertainties

due to the measurement of the phy~lcal depth ’ofthe ohamber,

the temperature and pressure measllrements~and the deter-

mination of gas purity amounted to 4+5%s 0~5,%and l*O$S

respectively :~
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The m6aWreIMnt of the number of Incident particles

WaSIprobably the most indireot’of any of tile quantities

enterlna the calculation of the cross section, It involved:

(a) the re$ding of the ionization carrent in the target

chamber during the disintegration run, (b) the determination

of the relative ionization curve used, (c) the determination
.’-

at foil maXimum of the relatlonfshi~

particles ~nterlng the chnrnber with

between the number of

soreen A in place to the

ionization’aurrent with screen A removed, (d) the measure-

ment of the tranwnisaion of !screen A, (e) the measurement

of the ratio of the ourrent sensitivity of the pliotrc)n with

a 1016 ohm’ input resistor used in (c) and *ith a 109 ohm

input resistor used in (a), and (f) the dctormlfiation of the

nonlinearity of’ the pllotron oircuit.

The errors in (a) Bre considered negligible since the

30 beam wab fairly constant and hence the average o? the

pliotron mbter readln~s (taken every 10 seconds) gave a good

approximation to the actual ionization ourrentsc

From W! examination of the constancy of shape of the

relativo ionization curves taken in various runs, the error

involved ih (b) is estimated to be 2~ above an 6YJe%qgyof

0.4 Mm and larger at lower energies, increasing to 55 at

0.25 Mev. ‘ The uncertainty ts estimated to be 5~ in the

high ener~ range) Inoreaaing to 18% at the lowest energy.

One error In (o) 1s that artsing from the fact that the

ign$zaitvn: current and the counting rate were not measured

a~mtiltaneopely~ but were taken alternately ass rapidly as

.
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I pos~ioie. An estimate of 2% for thi~ error !kkso~”~d~n&d’- ,
, .

;*, I
by examining the individual ratios in each series of ex-

changes for :Intcrnalconolatency. This 2% alao inoludes

the error Id reading the pliotron meter. In addition to
.’

..-” I
the above error, there are two involved in the correction

I for the courltslost due to the finite resolving time of

I the am~lifier and in the correction for the loss of small

I :)’Q8et3. Sirlceneither correction was large, the eryor

~ introduced by them Is taken &a 15 and 2~, respectively.

(

Sinoe tne measurement of (o) iB of a statistical nat-

1 dre$ an uncertainty La difficult to aasign. The only Bouroe

I of gross error could have been a sudden ohange in the ohar-

.1 acteristicg’of either the pliotron or amplifier, RzuiSinoe

J

I
both Instruments were in oonBtant use, any such ohan~e?

I
. . unless it wdre momentary, would almost ~urely hav’ebeen

s I deteotedo Ho evidence for any moh behavior was ever seen..

A very rauojdctive e~timate of the uncertainty ia 7$6;>

(d) Th6 tranmnission of screen A was measured five

;,
~ times by a comparison of the ionization ourrent of the 30

~
beam with atid without the soreen. The extreme values were

1/12.2 ahd 1/13.1 with an ikwetage value of 3./12.6. The

probable erkor estimated for eaoh determination &,@5% whi~h

gives a probable error in the average of 2S. This measure-

ment was made with B somewhat larger beam than that used in
*.

(o) in orde~ to increase the precision of the ouXP~t read-
.-’

inge. Ther6 is the unlikely possibility that the tran~~~?!- ;

. sion was a funotion of the beam intenf$lty~ pos~ibly beo~us~

Oer wits the amount of’ ionization QINr@lt. Moo@d$q@Y~ Qfie ,..,
.: 1“
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XIt!MLSUr01N3nt of the tramsmissioh -s’ ~~e’’’~n~ide~t “WI~- _%”~hY~i&

measurement (Q). f3iIICJathe ke~din-~””li~ t%’etip~~ e--- —

Painfully bmall~ this znmsurernmt was of law pfdci’ai’dfi”’%it‘- “

&ave 8 valUe within lo% of the value measut%d at high b&m

which was within the estimated error of the’measurement.
,, ,...

The unoert~inty in the measurement of the transdis’~ion of’

~creon A was estimated to be within 10%.

The meamrement of the ratio of the currkntitaensitiv-

itiee (e) kas made three times during the aoursd o? the

ex?erimenta. The maximum deviation from the at6ra& value ‘

wag 5.7$. IThis is not as conslstenta result as “was obtained ‘

for the Balm measurement in oonneotion with the’230 work.

This may”have beeh caused by changes in huniiditywhiah

ohan~ed the leakage resistance and the?refor’e th6 owrent

sensitivity. On the other hand, sinoe these measurements

were interspersed with the disintegration experiments, the

avera~e value is a good representation in epite of the flue.

tuations. ‘The probable error in thi$ measurwnedt is est-

imated to be 45 and the uncertainty 9X.

Meaeakement (f) ia estimated to introduce dn error of

aoout 1.6~arid has an uncertainty of 3$.

Since”for measurementiin the 90° direction the solid

an~le has not been finally oaloulated and since in the for-

ward direction, beoause of the ,pre~enceof khort-range part-

icles, the’solid angle is ah M yet unknown funation of energy;

no attempt will be made to a“ssignerrors to the determination ‘

Of solid ah~le. TM measutiements of’’the dimensions of the ‘
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Xxoept for the ratio of ou?wnt senaitivitiea, the

transmission of the ~creen and the determination of the non-

linearity ‘ofthe pliotron~ the measurements of the oross seu-

tlon on any oWL:utay are @ntirely independent of the meaeure-

mpnta on o;ther days~ The value of the averagd energy to

whioh the :cross seotlon measurements correspond ia~ however,

taken from:the oompiled data of 3?Lz.4. The fact that”the
1’

ke parate m@lsureEMnts are!M agreement shows tln still pro.

b~bllity OF large accidental errors. The transmission of the
I

screens thb ratio of current serisitivitie8and the nonlinear-

ity of.the’pliotron have also been measured a number of times “
I

pfewiously;under variou6 Olrc”xnetancQswith results not much

d~fferent ~rornthe values used in this determination of the
I

c~oas’seot).onyso that as far as the order of magnitude is

concerned);the valu s of these three quantities have been

established by a large number of measurement~ extending over

a long period of time. The chance that these could be much

1A error IL alao small.

~he error in the determination of the incident energy

was estimated as 3.5 percent in the 230 report. This es-

timate was based on errors of 1.4 percent and 2 percent in

the determination of the position of the curves of the dis-

tribution bf pulse-heights for the polonium ~pha~ and the

230fEJrespbctively,and on tinerror of 1 percent in calcu-J

lfitingthe.energy loBs of the pol%@!Mh

get ohambed. In the 30~experiment the

alpha~ in the tar-

basis for’the deter-
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mination of an absolute energy aoale depehd’~d’ o~”the same
i - .-:

factors whiah were subject to the same errors. In addition}

there is ah error of about 20 Kv due to the experi:lental

diffiaulty!fn setting the secant foil to setter than 0.5

degree. However, since a large number of absol~te energy

measurements have been used to determine the secant foil

curves of Pig. 4, the absolate ener,gyvalueb assigned to the

oross section nwas’urementsare pro>=bly at least as ‘~oodand

possibly 3dtter than in tho 230 measurements where each ?oint

on the curve was determined by but one energy measurement.

The ws”rkcovered by this report was carried:oat’under
Contract 3?o.OEMsr-793(Symbol No.E-48) and guppl?nent NQ. 1
of the same oontract (S@bol Yo.%H2) between t~e 0!3RD
and Purdue Researah Faumiatim In co-operation with ?urdue
Universityjand under Contract No. W7405, enJ-146 between
IWhattan Distriot and the Purdue Research Founciatian.
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