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ABMRACT

‘tilising a scattering ohamber

used by herb, Kerst~ ~rkinmn and Plain

based upon the aucoessful design

( HKPP) in the nwasuremnt of protou~

proton scattering, experimnta?. data on the scattering of protons by deutrona

have been obtained, lh.oi.noidmt protons were accelerated by the 30>l@v

‘#i600nsingenerator (nlong tank”) ~ichwea used by the %nhattan Projeat at

Los Alamoa, ~eR~XiOOo %e geoinetz?y~and ourrent, and’premmre measurements –..

were ohocked by tha comparimn of maauremmts of proton-proton scattering at

2.1 %vwith the work of HKPP. %sultx on protomdeutron scattering at 00825,

3.oH, 20089 2~cj3,3000, and 3.49 WV wero obtained. The absolute oross-seo-tiona

per uaik solid angie show the presenue at all energies studied of higher-order

w.ves than the ~phorioally symmetrical 6S-waveO A minimum intie mattering is

Aeerved near 90° at the low energies: tho minimum shift6 to larger angles

d.th increasing energy. ‘themoss-sections at all
.

@reaaing energy but the ratio of the crosakmotion

l.~ grmiudly from 203 e% 1051 Mew to 300 at 30iL9 Mevo

ikr do not sh~w the lmrge anomaly found by Ttive@
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i ntroduotion

The general theoretical interest in the scattering of light

partioles has led us to parforn a series of measurements on the soatkering

of protons by dwtrons. Tho

and Hafstad(l ~howed a large

papezw have tried to explain

ments were made by Ta80hek
(4

earlier experimental work by Tuvo, Hcq?denburg

anomaly at 830 Kev. Subsequent theoretical

this anomaly with little sucoess(2~3. Measure.

at very low energies, but.lt was decided to

perform the pre~ent e+ari1~ent6 at tho high energies available to us in the

operation of the 3.6-Mev Wisconsin generator-(nlong tank’!)designed by

{Herb, et a 6Q This generator was used by the Manhattan Projeot at Los Alamos,

and was scheduled to be returned to Nisoonsin within several months after ths
.

prasent work wa8 begun. It wa~, therefore, oonsider~d udvisable to follov:

a6 olosely u possible the mooessful experiments of Herbs Kerst, Parkinmn

n.ndplai,!’(hereafter referred to as HKPP) on the scattering of proton. by

vrotons. Several ohanges were mada in the design of’the scattering ohashor

and deteoting equipment For the sake of oapleteness we shall desoribe our

apparatus in detail.

Mechanical Details of %attoring Cheumber— —.

‘i’hescattering ohamber (Figs. 1* 2) wa6 turned from a single

pieoe of’aluminum 17.1/2 inohes in diameter. ‘i’heinside hollow YJ8S14 inohes

in diameter and 4 inche8 deep. Around the wall were several aoourately

placiedholes. The brass tube whioh held the collimating diaphragms for

defining the inoo.m.ing beam of ions, was inserted into one of these ho~e6. In

a diametrically opposite hole waa p~essed the tube whioh hold the ourrent

oolleoting oup. A port at 90° aonneoted tho ohamber to the liquid=air tra~

0000*U*****Oa*OOOO . . . . ..,*.*0.... ● . . . . ● O . . . . . . . ● ● ● . ● O . . . ● . . . .0 0. . . s ee o . . . , . .

(1 Tuve, Heydenburg an<llaf.stad,Phya. Rev. ~, 806 (1936)
(2 H. Primakoff, Phys. IZev.52,1000 (1937)
(3 Oohiai, Phy8. Rev. 52, 1~ (1937)
(4 R.T’.Tasohek, Phys.~ev. 61, 13 (1942)
(5 Herb, Turner, Hudson, and%m”cn, Phys. Rev. 58, 679 (1940)
(6 Herb, Kerst, .l%rkinsonand Plain, Phys.llev.~ 998 (3939) UNCLASSIFIED
● mOnOe***O*. ● a*. *e9*9*e. e*.**eesaO*e ● *b..0aa.ri8. Oe*..*0ec..e9 0..0.ee..*.* . ..00
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and vaauum pumpsO

wnioh the defining

. 4-

‘l!herewere four other holes,

81it systems of proportional

!.r~~oould be plaoedO

‘then~ovableproportional oounter and

UNCIL::IFIED

at 15*C 135°9

oounter8 uwd

acid 34~g9
225°#into

for“monitor=

its

IJQa 10-inch.dimeter disk which was sorewod onto a

i~~toa hole through the bottom of We ohambere The

slit system were mounted

tapcmxi plug ”fitting

axis of this tapered

uuu’tlouedabove whioh held the collimating

and eleatrioal

the scattering

of the ohamber

diaphragm syste~l and aurrant-

leads to the movable proportional

chamber through holes borod through

a 3-inoh.diameter gear was olamped

driven by a smaller gear to rotate the disk and

oaunter inside tho eoattering chamber. The larger diszmtor of the plug was

on the ineide of’the ohambor to allow the plug to be inserted in its hole

arter the disk had been sorewed on. Four springs pressing against the gear

on the bottom of the plug prevented the plug from being pushed in by atmoa.

pherio pressure whan the ohamhor was evaouated. Tho springs fitted into four

reoesses in the bottom of the duimber.

The periphery of the disk inoido tho chamber

degrees. These graduations were read against a vernier

was graduated in

marked to tenths of

a degrev, The graduations vreronumbered so that

the movable ~oportional counter was on the side

the beam collimating diaphragm.

The lid of the scattering ohamber was

thiok. 1% had a gasket groove whioh oontained a

the reading was zero when

of’the ohamber opposite

made of dural, one inch

gasket of silioone material.

A tongue pro~eoting Nom the upper edge of the wall of the scattering ohamber

fitted into this .groove~ The lid had a glass window in It whiuh allowed the
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prassed($rltpthe h038 iki’%bq,iwdl of tkWiiimhr findwas sealed in vacuum-

\ ., ,., ..’.. ,,, ,;,, .,

t,o the target balm 0$ ‘zt%eeleatx*o $txiti o gmerator,,
.,. .,. >“ /, The defining &@ragms ‘wine’ ~dst%ned into

which Id-mbeam encwwdxnwd had

,.
,,

b&& side of,this’dia~a@”4 qv?d to separate the ohwnber from the target.,

To prevent the entranoe j.nto the ohsmber of ions whioh wQre soatter-.
,, .

cd by the exe ok the’seimd diap&&ms a third diaphragm with a Cl,,ll’5-inch

hole uas placed at the+end of’ Vie oollimtirqj ‘cube. Tests made with the

scattering for all kngular settj.ngq of the oounter (15° and higher]o

.
.---—.
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inside diameter whioh extcmdod out throug”lthg Glass tutioinsulator and

respeot

spot on

.gf:%c!phxtion wrreqt around the collewto?~ the oolleotor m.zpasae~ly was
,

thiok)e .4saparate lead to the for,;V*:CikPd Mgh V8.O n%nifOMS WZLSpro-

vided for evacuating the collmtor oup chmher~
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Its ineide

diametsr~

and at the

The rnovabloproportional counter was bored out of a brass blook~

diame+;orwas one inoh, and its oentral wire was 0=010 inoh In

The wire was supported at one end bye poraelain insulator,

other end passed out of the counter into a aonneotion box just

above through a kovar-glass seal. To keep the activo region of the oounter

i’romlming too J.argeand yot not distort the ~fieldnear the oenter to any

axtent the oentral wire was enlarged for about three-eighths of an inoh at

moh end by plaoing over it seotiom of stainless-steeltubing 0~025-inoh

outsiao diamdxn’~ These seotions reduood the field on the ends to too

low a value to oause appreciable smltiplioation of ions. The seotion of

bare wire in the oenter was one inoh long.

‘Thesoattered partioles entered the propmtional oounter through

*
a defining system sonsigting of two slits and a hole ~ The first slit and

defined the Spaornfrom whioh scattcu’edparticles could enter thg

while the intermediate slit cut off’particles soattered from the “

the slit systemu

TO make sure that the slit sy~tem of the counter WS pointed t

at the oenter of the chamber, it was lined up ty using a pointod

~andril which was a tight fit into the holder for the slit system and

auothsr pointed rod whioh was pre&sed into a hole exactly in the oenter o:

+he taDered plug. The alignment was checked by setting the countcm at zero

dq,greo~and sighting into Lhe ohamber and counter thro-~,ghthe bolos whioh

~ie~inethe origin~l beam of ions entering the ohambor~ During this prcmess

it was found that the axis of the tapered plu~ was 000(J?inoh off of tno

‘W~s or thq b~~.mCOl13.mt@ 8ystem, but seemed to be perpendicular to it

Ymvo?t’heless ~

.,UOO.30e0C.060 0000300000e 00~003.0000 0..*0o0eO00 0.000c.00*0 -00000.0000 00..0000

* :&vp
Fig. 3, plooo. Sse also detzil in FigO 1.

...000c0000● e . J ● e . , . 6 ● 000 a 0 0 00 9a 00 .*e a . 90 00 6 0 00.0 ● ● ● . . ● e o . . 60 . . . ● . . . ● . ● . . . ●
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‘one oemhn” of the countor slit syGtatn8eeknedto be & little ‘ualo7

:.?Maxis of the bcxamcollimating holes so the proportional counter aaaembly

‘;;2sshimmed Uo into pOS~tiOnO After the position of the counter had bsen

t~heokwlfor height, orientation and poaltime with re8pect to the %GWO of tim

~~MK gra~mtions it ImS pinned in @ace with two ‘mpored pim$ so that it QOU~d

re removes ad yet rmlaced exacrtlyat3it m80 The gritioal dimensions of the

~lit system required for conversion M thg observed yield to absolute ~gij$s.

zeotions ereo in the notation of MXPP@ the widthfi%, of the first detec’wr

slit, (nlit A, Fig. 1), the area A of the last deteotor holo (hole C, ~ig~ :)0

a

d

.

.

L

“

ehape 50 that the VC3U9S

‘:;xathm.easurc3ment6along

tuLgLes aoroas the holeO

+a:~ueof 40796 x 3.~5 cam

of 2h and A repreacnt the average6 of a number of

the slit and diameter moa6urements at eight different

These values for ths ~eometrioal oonstxmts z.i.vea

for the quantity G SoA/RQ h (See EKPP),, ‘he mxn.urasy

of’this constant is estimtod to be 005~, where the greateek uncertainty is

contributed by the &regularity

After passing through

&as$od through a thin window of

of the hole.

the lad deteotor hole, the scattered pafiiale8

aluminum 0AOO06 centimeter thiok Anto the ‘

twari*er o the aluxainumwas coated with a ~~ solution of oolhdion in order to

Wwer the pin holes in the foil. ‘his combination aluminum=an&~ollodion win- .

{1OWis thtier t’~ one -de of ptii’~ alUWIIIUW which is without pin holes, and

xb more reliable than a window mde Of collodion a.lozae~SIAOIIQ windo~ ~Bily

w.%hatood the ?_om Xg pressure oi’khe gas indide the counter. The scattered

‘~WA.(@i8 passed through the counter in R @R.ze perpondiwlar

APPROVED FOR PUBLIC RELEASE
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.;?~=ageleaa was brought up throughths tapered plug and over to the Qmneg%ion

.

Da orItop of the 00unt~- ttiough a tube which -a~ maintained at a%mpherio

pressure. l’heconnection box at the top of the aounter, also at atmo6pherio

pressure~ was covered with a brGas plate and iaokted from the vacuwu bv a nco-.

l--!i’ei-lestrip gmh!)to The Ie,ld ~rc ma fis~ated wi%h.s COnti.hUOU3plaGtiC3tub6.

from a cmaxial oableo

outside the chamber, the electrical lead pased through a flexible

joint to another connection box whore the signal was separated from the h3gh

~.~i-WKel.yya decoupling re8i6tanoo of 10 Meg in the higlkwol~ags supDly line.

: ‘?uuukirIecaoitanoe of 100 uuf fed the signa18 to the preanplifiar.,)FYOm thero

ct’!esignal pcesed on to the amplifiers and diamriminator. ‘l’he xaa lead to the

.uuntQr ;>.cr.tthrough the tapared plug directly to a hole tijthe mxmter wall!..

?:piem of rubber tubing oonrwu%d this lead to the .Rasfilling sy8t9m externn?.

oounter which t~ttod into a hole in the wall of the

%~”with nesne~t to the proixkbeen. WG easeatidly the

xama as tha movable oountmr inside the okmber~ ~inoe it was somewhat further

-.-MYirom the center of’the chamber. the 61.itsystem was a Xittle largak’to

.

>Y?oleatreduction of its aou~~in;;ratcc

‘thetwo counters were enough alike

u~ldoould uso the same high-voltage supplyO

that they could be filled simultaneously

APPROVED FOR PUBLIC RELEASE

APPROVED FOR PUBLIC RELEASE



‘:;*,qwe~gnt of’Fx’otonWerg;?
.. —

m
9 I(Jcalibrnte the dootrostitio analy~er(7

-.,.-7 (pOn) Be7 reaotion was used. The threshold was
#

?%small arystal of LiF Ra8 plaaed on a magnetically

of the Kenerator, the

a8fiUm8dto ba 3,860 MQV8..,

operated ehutter already

installed in the target tubo of the generator. When the crystel was raised

into the y.Iotonbeam the neutrons produoed could be deteoted bya BF neutron
o

counter plaued beyond the ecatterin~ &amber.

To know accurately the energy of the ion8 inside the mattering

ohamber a oorreotion must be made for the stopping power of the aluminum foil

b

.

over the first defining diaphragm,

another LiF orystal was placed in a

ourront oolleotor guard ring. Wlen

with the orystal in the targst tube

To obtain the 8topping power of this foil

sp~cial holder at the entranoe to the

the Li (p, n) threshold is oheoked first

and then with the one i.nsidothe ahamber,

the difforenoe gives the stopping power of the foil. Measurements at tho

beginning and at the end of this experiment gavo values of 70 and 90 Kevfi

.respaotivelyafor the istoppingpower of the foil at 10S6 M@?O The inor~aso

r~s undoubtedly due to carboa deposited during tho oourso of operation. Measure-

ments on the threshaldo before and aftero the pr138en’texperiments, indicated

no noticeable ohange in the -libration of

Current Measurement

In order to oheok the effioienoy

the analyzer>

of the ourront cc)lleo%orga series

of test8~ similar to

tube ~s in8erted in

with the bra86 guard

tha exit slit of the

those desoribed by HK2P (page 1004) ware made. A brass

the luaitc sleeve~ desaribod abo~e, and wa8 in con~ct

ringe The inserted tube extended’to~ but did not touchn

oollimatoro The guard ring system end the aup were
c.c.0.5c.00e0oOO 000eoOOO.0000 m.=OOOOaDOOO*O 00903+ooc040 aOOOO~Qe~c*~ OeOo~n@*OOOOO 0

{7 A. O. Hanson, R.S,,I.M. ~. 1944
{8 17axIJyoshoupp, Stephe=~md~el18, phys~ RWO =S 1035 (l~qo)

Hanson”and Benediot, Phy30 lle~=65sss~ 1944
The former group obtii.ned10866 ~v for the thrashold while the latter
investigators found 1=W3 ?4ev0 The value 10860 lev hu been generally

used in thi8 laboratory.
cIoe0090a099ae 000o*oOOOOeOO ooooooeooooeo 0000000000000 aqooeooeooooo 000aOnOaOOoO

.
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septarazxsiyconnected to sensitive galvano~.eker8and teaks

leakage, foil scattering,and neutralization were oarried

showed that with a vacuuiiof 410°6 mm Hg around the cup,

on seconda~y electrons,

Che entrarxsoto the aup of 300 gauss and a volt~go of ~5 volt8 botmmen eup and

~unrd ring (cup negative), that the error in measurixqgthe current, introduced

q the faotors mentioned abovopwas 10s6 than 0.1 0

2w0 nethods of mmstaring the beam ourrent were em,ployedo ‘%3 genara.

tor Ourrent integrator WU6 USOd in the preltiinary uleasurenen.ts~Zt Waa Cali=

brated by feeding current from a+@&volt supply through a high refd.stame onto

Zhe Input condenser of the inte~rator. %e collector cup and oonneoting lead

had an approoiablo oapeaitanoe so that they wex’eloft connewted totha integra.

2:*Fduring the oalibrati.on~ The high.resistancebox also wa# left permanently

in plaoe. ‘he ourrent was determined by meaeuring the voltap amose a Z-meg

k’zwidor with a ty~e K potentiometore The @neg resistor had been previously

wlibrated againat precision reaistanoes and mns Inserted between the high-voltage

bll:)piyand the high rcsistancoo Thi6 sy6tem eliminated the introduction of

WYWAGOC cap?itances in paralYel with the input oond6n8er of the integrator.

‘theintegratorwas biaeed so tint it operated betwcwn ●/45ToltB and groundo

@Iib~tioR to R fraction Of a percent ~s poaelble, but vma found im be ~

necessarily refined, sinoe it was discovered during preliminary Battering

mwaeurer,entsthat ths calibration varied irregulc,r3yover the course of time

by as muoh a8 ~j/,o Since the mathod of calibration outlined above, was too

cnwlbersornefor frequent uae~ it ms dooided to uee a monitor chamber and, in

addition, *O calibrate the monitor counter with a standard Co13d8n60rand ‘Dalli,s=

&io galvanometers;J’or the greater part of mch run (angdar distributions ad a

fired oner~y), the current integrator-s uszd. Then for several angular sett=

\

;., ..e. de. eo. eO.*9ea9emaa ● * * **9***.** ● *******o*** •.9**.**~**= . *.**..***.. .eooooa

\
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j.ngaof the potaking coun~ern the LGeds and Northrup l-microforad standard

oondenaer vas oonneoted to the collector oup~ and tinecharges corresponding to

M given number of monitor counts (&OO), was measurud~ Preceding each suoh

meatiuremento the ballistic .galvanom’titerwas calibmted by oharging the standard

.-.(uqQfj~~s(.JJ’.to an acsQcYatolynxm.BunX!voltagcIand subsoqticntlydischarg~ng it

through the gal,vanometero

kk,er~torarpos6ible

per mm of’pressure)

monitor counts (per

each position

except during

to compare the number .ofmonitor

of the rotating counter and

the calibrations. It was.

\
counts [per microcoulomb

owtained with the current integrator with the number of

microcoulomb per mm of pressure) obtained with the conden8er.

ballistic galvanometers, By averaging the former values a number was obtained

which agreed within several per cent with the latter v&lues but wero consiaten%.

Iy Iav?ero For the final calculation of the number of scattered particle8 pox’
.

‘aicrocoulombper mm of

W<?.listic~alvanometer

time did not permit a

pressure, the current integrator and the condensor-

reaults wore averaged. This procedure ws adopted ~ince

tho~?oughinvestigation of’either method. It is felt

~;hatthe problem of ourrent measurement is the greatest single 8ource of error

;i~ the determination of’the-absolute cross sections. fi reasonable estimate of

the probable error in the uurrent

The number of 8cattWf3d

‘.nsdetermined by multiplying the

mensuremcnt is 2=/0~

particles per microcoulomb per mm of pressure

ratio of detector oounts to monitor counts by

:,hevalue of monitor counts per microcoulorubper mm of pressure, obtained as

outlined in the preceding paragraph. Since the monitor was located at l~”, its

oounting rate was very high and the accuracy in the ratio of detector to monitw
9s ●OO ● *

oounts was limited by the counting rate of the detcctoro Aa menti%I&~~&ve~ ~c , ,::

● 0 Q:* :00 ●:0 :ee ● e

the runs were made at oomtrint energy. ‘JJIerelative cross seat~ons:o~t:$,p%rt+n. . .

cul.ea’energy are more accurate than+~
o! ‘~:;
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absolute values, sinoe errors in the determination of’the %iorocoulombsn

the “mm of pressure” are eliminated.

Oaa Systez-1

The scattering chamber was filled with the scattering gas to a pressure

of approximately 1 em i?gthrou@ a pa13adiutispiral whioh was direotly hqate#O

The pressure in the chamber was measured with a mnomater of %cm-diameter glass

tubing~ attached directly to the chambero The ApiGzoD B oil used in the mane-
.

meter wqs outgaaaed by torching during evacuat~on? A microscope with a micr-

meter sorew was mounted on a swinging vertical bap so that~ with the aid of

fidud.al marks, the levels of the oil in bothmms of themanameter oouldbp read

to anaoouracy of 001 mmo A8 the difference in oil levels was usually 150 mm.

the pressure could be read to anacauracy ?f 001~ %. A thcnvnometerwas

placed on top of’the scatter~ chamber to give the dumber temperature

.
A stainless-steelliqui&air trap, ?Wached to the ohamber, was ao~

. at+antlyin use. Because of rapid conduction by the hydrogen scattering ga~o the

level of’the liquid air changed rapidly and had to be refilled every houre ‘lhe

ptessurb in the chamber varied by 8everal niillime~ersas the ~iquid.=dr level

changed. Consequently, pressure readinga wer+ taken immediately preoeding and

foII@.rig eaoh mqaaurapent at a parttoular a&le and energys and the pres-e ..

-1

.

.

(oorreotedfor temp~ratiu~:to O°C) ~$ taken to correspond to the mid.=+timeof

each mewjuresnento %e e~t~t~ aacuraay in the pressure values is 005%0 WS

figure inoludos possible errcx% introduced byassumirag that the oildeneity?a8

008%0 wlmrsas the actua3 density was found to vary i’rom(?~e%at 21j0Cto 00m

at 15°0

Te8tB were

uhamber was isohted

.:

nwdo to dete mine the ef’f’eotof impurities-
7 Sinae the

for five or six hours during emh run, masurqqbf.qf ~:”:**:“.
*iO-
9 ● * ● :0 ::

scattering of the jpoton beam were qade wibh the ohambr evacuated ~ride~e~tc%k$seeS.-

k

●** ● ●** ● ●
● ● ● ●*8
● ● **

● O*
: ● 99

r------” ● 9 ● ● 0
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with the liquid air trap in oporation- These measurements showed that imp-i-

tioe built up by gassing of tho chamber contributeda negligible amount to the

gas-filled yield. The palladium tube was tested for a possible contribution

during a simulatcilfilling$ with negative rosultse Before changing from hydro=

gen to deuterium gas, and vice versa,

several times with the new gas before

ness of this procedure was adequately

the palladium tube and ohamber were flushed

meaammnents were begun. The effectiv+

checked by the absence of reooil deukerons

when bddrogen W6 8ub6$itutad for deuteriuao

Reoordin A~atue

The premnt experiment were begun qhortly after the completion of a

newlO=ohannel amplitude reaorder designed by W
Y
nds of the Electronics group

This instrument was ~~ilable and proved %0 he a +horougtiy r~~~able and ex*rem*

Iy useful recording device for our ineasuremcmt~~ The details of this multi-
,. 10

cdvmneled difiorisd.natorwill ba desoribed”in detail in a future publication ,

but in essence it oonsists of 10 discriminator and scaling unitise ‘i’hcdisorimi=

nators are suooeseively biased by eqml inorememtae &oh channel is umneoted

with its neighlxw~ by antLco$.noidence oircuits and an inooming pulse is regis-
.,.

tered in that dumnel yhioh ie in anti+oo%oidenoe with the following ohannel

(except for the tenth ohannel which re~ordq all pulses higher than its bias

settingO) One, therefore, obtains a %lifferentlalbias ourve” for the incoming

pulseso The Width of thq ohanne$q oould be seleoted to be i?,5, or 10voltsB and

the minimum bia”son the 8@i of ohannel.sqould be varied. With these two adjust=

mants it was possible, in & simple manne~, to ad$ust the resolution of the ine.~

meat to our ~rtioular requirementn30

The tirae-sqvingfeatures of the 10-ohannel discriminator are immediately
● ● 0s ● ● *9

obvious for the p-d scattering measurements since both saaktered ~@%o& bd ;
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. rectoildeuterons enter the detGotor ah angles below $)0°~ The relative and

abeolutiepulse amplitudes of the two groups varies from angle *O angle as will

be shown him (Fig. 3).

position and width aould

measurements;~erenndeo

‘Ph~ proper settings @ tie amplifier gain and channel

be determined in a matter of minutes before actual

Siaoe the two groups oould be adequately re801ved at

most angles a higher accuracy is aohieved by this method of reoording over a

single disoriminatw for the same totil n~ber of ~owt~~ ‘nothcr Simplifica- “

tion was introduced by obtaining the background f~r each group. At low aooe3w-

r’akingvoltages, %his background was more or less randomly distributed. At

higher energies (about 3 Mev), an appreciable kaokground$ generated by protons

striking the colliswi%or slitss was observed which had a distribut~on whioh was

“ high in the lower dmnnels and rapidly decr&sed. B&akgrounds were measured

after eqch rw’with the mattering dumber ovaeuated at the same angular, ampli..
*

fier, and discriminator settings whiahw-ere u;ed in the iioat%eringnea.eummxrba~

. 11
!i!hslinear amplifiers u8ed with the movable deteator and the moni=

tor Oounter had a ri8e time of 0.5 microseconds and were stabilized by i.nvers~

feedbaoko The low-frequenoy respons+e was limited to allow quiok recovery (with-

in several mioroseoonds). SinQe the monitor counter deteoted the ho groups of

particles at opnstant aq@itud~s for a ~iven energy setting, its pulses were
Y

recorded with two ‘in$egral b$as}’discriminators. Bias ourvee were takenat eaeh

.
energy and the ho @oxp8dwer$ifqxnd to have exoell,entplateaue~ Yho two dt.e-

uriminatorswere then se+ on the de%teron,pkxteaus,one a+ the middle and the

other at a lower biaq a84a oheok for drift of the plateaue

v Proton=@roton *att8rin~

* In the notation of HKPP, the yield of deteoimd particles 5.sgiven by
● 0
● .
::
● *
● O

●**

●
●

● *
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Y = N n a G\sin43 (1)

where N is the number of inoidont particles, n is the number of scabtieringpar-

tioles per om~, and ciis the scattering cross seotion [in laboratory coordinates)

per unit solid mgle at theangl.e & The i%otor Q/sin#l defines the target

volume and deteotor sfficiencyo In vim of’the short time available for the

present experiment it was conaidared advisable to oheck our exporimontalarrano

gement and procedures byneasuring proto+prokon scattering for comparison wibh

the careful experiment of HKPPO By these xuoasuremantsit wae felt tat sy8ix3ma-

ti.cerrors WOUM be discovered quickly. Ono serie8 of suoh measurements were

made before the proton-deutoron tests, and a scoond set of data wa8 taken after

completion of the latter mecvnzrements~Theme results are aummarizod in Table 10

The inoidant~protonenargy was 20(3!3lMevP L%xmmmenta wade at different pre-
,

sures gave identical results for the yield per mmo Measurements were also made
.

with mgul~r settings on both $ide8 of the incident beam, but no eystematie

difference WAS obsorvedo The first set of data was taksn u8ing the ourrent inte.

gxator~ The second set waB taken using +hq condenser-ballistic galvanometers

monitor oountor method of aurrmrt measuresmnto in addition to t~e”current int~

grator~ the final resulte were evaluated as described in the section on “ourr~.

measurements.” For a direct comparison, with the data of HKPP, our ylelde wore

dividodby lo&30, whioh is the ratio of o~ value Qf G to the value of (3given

by Mppo .
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Angh 15

Yield/pC/mm 5.Q?

Correoted
yield 3*O5

HXPP yiteld 2091

Percentage
difference + 473

Yield#’pO/mm 4.90

●

.

Correolxxi
yield 2092

HKPP yield 2.91

Percentage
difference +003

dinates)J

Row three

gives the

30

.=917-

!TABLE10 (a)

20 25

2.38 10!31

19i@ lq08

lal+O~ 1.039

*1 034 *309

(b)

20 29 30

2.32 10?6 1..46

1.3% 1Ops 00866

10405 10039 00855

-108 +100 *103

●O ●:. ● mb ● ** ● 90 ● O
● ● . .

9 *a. ● *
● e ::

● : :0
● ●:0 : ::●:0 :.0..

00732

00”743

l+o b5

0.887

00526

00525

35 40

1022 30009

00725 00600

Q0743 Oo@+

.204 0007

Comparison of protomproton scatterq yields at 2e08Mev with the

yields obtained by UPP. The upper sqt (A) was measured before the

protobdeuteroa expo iments,
!’

the lower sot (b) after the completion of

the latter n!pas~eqe~tso ).

In Table 10 the first’r~ gives the aagul.arsetting (laboratoryooor.

the seoonp row is ~ho yield per miurocoulanb per mm of pressure at O*CO

show tho y$qlds uorreoted by the fa~tor 1s680, wMM the fourth row

data obtained $yLiKPP. Tho I@st row Indioatesthe percentage diffe~enQesO
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Table 10 From the estimatee given above for the accuracy in the determination of

Nc n, and G, one obtaina a probable error of 202%in the determination of MM30

The number of oounts taken at each setting in the seoond experiment was in the neigh..,/

borhood of 8000 leading to a total probable error in the yield of Z05YOQ The

agreem~entbetween those twQ independent measurements of the proto~proton scatter-

ing i~ very aatiefacrtxwyo

Data was tuken at angles beyond 4P (up to 70° ) and was found *O agree

well with the measurements below h~” ~

bo satisfactoryfor the larger angular

soatteringO

Proton.1.)euteronSoatterin&

indicating that our instrumentationwould

range oovered in the pr~totideuteron

$

In the measurement of proton-deuteron scattering, soattered protons and

reooil deuterons enter the detecting oountere Xt i8 Ilectassarytoseparate the two

groups in order to determine the angular oross seotioneo As mentioned aboveOthi8

separationwas accomplished by means of Q 10Dchannel amplitude recorderO ‘lypioal

results obtained with this devioe are shown in Figo 30 The braoketed numbers

represent the amplifier gain. higher numbers referring to higher gain settingso

Bearing these numbers inmindowo pan see the genaral trend of’the smpXitudeR of

the two groups. The counter depthis small uompared with the partiole range at

low araglcx?

ton pulse.

the proton

increasing

0 the douteron pulse is roughly twioe as large as the pro=so that at 15 *

‘he deuteron energy falls off relatively more Rapidly with angle than

onsrgyo 60 that both groups increase in amplitude the deuteron group
(

more rapidly. A maximh separation in the groups oocurs @ about 55°0

Beyond this point the proton pulses cv+xtintw to inorease, but the deuteron pulses

begin to decreaae as the residual deuteron range (beyond the counter windcn$

beoomes smaller than the counter depthe At about 7@ the proton anq.~qcyon.:.
● ***

groups overlapo with tlaolatter disappearing rapidly beyond this an~io~~-TkO@.~o

-“

● O*
●
●
●9
●
● ☛✘

● 0
● *
.*b
● *
● m

●
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proton pulses oontinue to inorease

An additional point of’interest is

in amplitude to ll~” beyond whioh they deoreaseo

the counts observad in channel 6ati 55°~ These

correspond to protons saattered from hydrogen aoatamination in the deuterium gaso

(The apparent narrowness of the deuteriumgroupat 5$ is fiotiti.ous, sinoe ohannel

10 actually r000rd8 all ~mplitudos greater than those whioh would fall in ohan=

nol 9.) Mass-speotrographioanalysis~of the denateriumgas gave a composition of

99.l%daterium and O+#JhydrogenO

If ~ is the angle of scat%eriug of the proton in oenter of mass ooor.-=

dinates, and ~and e are the corre8pond5.ngangles in the labora~ory system of

the soattered proton and recoil douteron, one obtains the following relationships

c= n/2 . j3/~ (2)

sin (A’= d = (1/2) sin JJ (3)

To convert the laboratoryangular moss 8eobioas ob+~ined from the

yields by equation [3), to angular wotia seotxions in the center of ms$ syotem, one

and

has

where

Combining this equation with equation (~) one finds

ap) = C(fi 00s (p. $ ) ~sin $) \ (sin#”

sh@3 CS($ ) 18 @V’6nbyequation (1), one obtaims

a(~)= (l\NnG) Y(4f) F($)

Similarly, f’romthe deuteron yields,

2

99*
●

●
●

● 9

(4)

(9

9e* ● ● m* ● 00 ● *

● *** ● .
● ●
● & :0 ::: ● 0.:e ● *9 ● ** :*O ●*

~ (,&o= (1/NnG)Y(e) F(s)

~flnalysiswas made at the Metallurgical Laboratory in
@j~*~ j.

Chica~oO ●e ●** 9 ● ● 9*
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l?(e~= (1/- tan e (7) “

The conversion factors F(4 and F(e) were evaluated from these equations

and are listed in Table 110 Those results were used to oonvert the measured yields

to cross seotion6 par unit solid angle in the oenter of mass ~ystemo The value of

(NnG)
-1 .& ~m20

for 1 microcou.lomband 1 mm of oil pressure is O.?&x10

●

&

e IT

p 350

F@) 000670

126

14909

1.919

20

@

0.0910

2705

20.9

002240

150

16!+o~

10691

27.5

125

001302

YABLE II

39

%09

005235

38

1*

001953

55 62.5 85 95

79.2 83.8 114.9 124.9

55 62.5

70 55

0.3570 0.4803
●

Conversion factors for determining of abaolute cross per unit solid angle

in the oenter of ma88system from the observed yields of protons and

deuterms. Ihe angles ~ancl e tirethe laboratory angles for the proton8

and deuterons, the values ofpare tho oorreepoading center of mass angles.

Results

A eeries of runs were made to scan the energy interval 008 to 3.5 Uev to

me if any pronounced dependence on energy was to be observed.
●** 8*8 .*

The d(&&&& ‘~ :. ~ {
● ● *

●0 ●:* :00●:* :00 ● 0

● ☛☛☛
● **9*
● * ● 8* 9
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energy appaars to be gradual~ so that final re8u.ltswere obtained at interval~ of

..ppi’oximately500XV0 These results are summarized in Table III. The yields have

been corrected.for background and for hydrogen contamination. The latter correction

;;ASmade for all.deuteron angles and for proton angles greater than Ij5°~ At lower

.Mgies. the protorn-ecatterodhy hydrogen and deutorium ware indistinguishable=

iiocorrectiorlwas made at these angles, but since the scattering by the two nuclei

is oi tno same order d’ mafxitude~ the neglection introduces trivial error~ No

geometricalcorrection have been applied to the orose sectiom; suoh corrections

“;:~ulaincrease the value at 15° (for the protons) a few per cwrt~ but u’ouldbe

negligible at higher ctngleo. The energy values are believed tiobe correct to

*3O Kev relative to the value of 10860 Mev for the threshold of the Li(p~n) re=--

action which was used to calibrate the ermgy.soale~ The entrance foil was taken

to be 80 Kev equivalent at 201 Mev, since the rate of depo~ition of carbon on this

foil was Unkncwno ‘l!he estimted acouracy of ~30 Kev also inelu.desthe uncertainty

itiihe linearity of the electrostatic@analyzese Counts of 2500 or more were takenat

each setting so that the statisticalweight of the yields is 2~or bettere leading to

* probable error of the order of ~~when the uncertainty in the determination of NnG

ix included. The last run

generator difficulties and

background was fairly high

at 5.49 Mev is oonGiderably less accurate as a result of

the failure to take a background run at this energy. ‘The

and an estimate of it was made for this set of data.

However, it is felt that the accuracy of tlxisrun is probably not greater than 10%,

The data taken at l.qlti2.08, 2053, 3000, and 30@ I%SVare shown in FigO & where

o[~) is plotted against ~ 0 The excellent agreement between the cross seotions

nbtatied independentlyfrom the deuteronand

The presence of nuclear scattering

At angles beyond 45° it represents the major

proton yields may be noted.

is quite apparent from these curves.

fraction of the scatter+a$ S:-S:Sa@@nc.
● .

The increase of cross section at large angles and the shifting of thdl@& ~.q9Qw.,...i : ~“ ~~

tti?::”% ::

chat higher order waves than the 8pherioally symmetrical S
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‘he ratios o=?%’<e

given in Table IV

obeerved cross sections to ‘u%herford cross seotions are

for several ang3e80 A detailad theoretical examination Of

the results of the

TABLE IV SCAT’IWRINGANGLE ~

4 1051

$

Ratio of obsorvod scattering cross sootions ‘to
Rutherford oro8s 8eotions for various energies
and angleso

pre8ent experiment have been made by Dr. C. Le Crj.tohfield;his analysis will

be published in a separate paper.

As was mentioned in the introduction to this papmr. TWO, HeydenbWg~

and &fstiad obtained very anomalous results in the proton.deutron 8cattering at

830 kwwhimh subsequent theoreti.oalwork by frimakoff
(2}

and ‘00hai(3)attempiX$d

A..to explainO he presen~ data do not agree with these previous resultso b

Table V our ineasurementsexpressed as %atio to %therfordtt may be compared

with the earlier wmko The theoretical walues ofR calcul,atedby Primakoff

are in fair agreement with the present measuremcinkat the larger angless but

give too high values at low anglesO

k conclusion we take pleaeure in acknowledging the helpful suggestions

and interest of Drso A. On hnson, JO LO &Kibb~O Co IL ‘furrierand J.H. Williams.

This ap~rlmexat oould not have been cgmpl~ted within the short time availabl~

without the generous assistance of Dr. A. Hemmindinga? and bsm’so EG Klemas

R. Perry ~nd LoW. Soagondollar in taking data and operating the eleotrostatie

generator. tieare

~lisassistance in

indebted to Mr. E. 1?.Dexter of the ‘Iectronioa soup for

periodically oheokingcthe oporation of the 3.O.ohanneldisurimin t
~MC~hr,@

,.-.~
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TABLE V

F 220fj0 29Q9° mJ9° 125° 1400 150°

0(}’] 2.98 10W 00439 00210 CI.247 “b.261

R 00997 1012 10’52 3004 l+~G6 5301

(a) Results of present experimental 82~Kev

P 30Q 45° 59° 110° 120° 150°

R 2 5 8 70 124 2275

R theory 2 4 -? 35 l+o 61

(b) Results obtained by Tuve et al (tabulated by Primakoff)

at 83o KevO

?roton-deuteron scattering results at 825 Kevo The ratio of observed

cross section to Rutherford cross section is given in rows labelled RO

.

UNCLASSIFIED
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