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Abstract

Cross sectionsfor the elasticscatteringof deuterms by

deuteronshavebeenmezmxmd for incidentenergyof 19.8 WV at lab

ratoryangle~from17.5dsgree6to 57 degreesat 2.5degreeintervals.

The deuteronbeamfrom the Los Alamoscyclotronwas focusedon a thin

gas targetcontainingdeuterium,and the scattereddeuteronsware

detectedin a proportionalcounter. A selsyncontrolledfoil shutter

3
mountedin frontof the counterpreventedHe , and 2 at an@es greater

1
than@ degrees,from enteringthe counter. H ~ and X3 et the smaller

an@es$ were discriminatedagainst~ usinga ten channelpulseamplitude

analyzer. Typicalvaluesof the elasticscatteringcrosssectionat

10.S ?kv~ in barnsper unit solidangle,are givenin the tablefor

severalanglesin the centerof mass system. The experimentalcurveis

symmetricalabout90 degreesin the

6 35° 40° 50° @o

~ 0.283 oe235 o.158 o.U7

centerof mass system.

70° 80° W“

0.109 0.099 0.094
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I. D-D Scatter&pg

Whilethe deuteron-deuteronscattering

complicatedthana two-particleinteraction,few

interactionis much more

enoughnucleonsare

involvedto make dataperkining to this reactionof value to the develop-

ment of a nuclearform thocry. This is made especiallytrue by the

recentadvancesin moderncomputingmethods.

knownfor

0----

1. N.P.

The differentialD-D scatteringcross section is fairlywell

bombardingenergiesbelow3.5 Mev
1,2

, and relativevalues

------ ------ ------ ------ ------ -

Xieydenlxwgand R. B. Roberts,Fbys.Rev. ~, 1092 (1939).

2. We Sleator,Jr.,and J. H. Mlliams, PhYs.Rw. ~, 1594 (194g).

------- ------- ------- ------- ------- -

have beenobtainedat 7 I&v. 3 The resultsof the measurements given here

------ ------ ------ ------ ------ ------

3. Guggenheimer,Heitler,andPowell,F’roc.130y.:OC. & m, 196 (1947)●

“----- ------ ------ ------ ------ ------

have been givenin an abstr~ctat theSeattleMeetingof the American
~

PhysicalSociety.

-0 ---- -. ”--- --- .-= ------ ------ ------

4. Stovall,JIXLred,Erickson,end FowLxr,3uU. Amer.Phye.hc. & No. 62
10 (1949).

----a- ------ ------ ------ ------ ------

11. ~n t and 12esd&

The prasentscattezQ studywas carriedout with the 10 Msv

deuteroubeamfrom the Los Alamoscyclotronfocusedinto a reactionchanhr
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about 15 feetaway

ao as to rotateto

particlesproduced

reactionchamber.

previousreport.5

-- ”--- ----

50 Curtis,I?owler,

-0 -”-. --”.

from the cyclotroa. A proportionalcounter,I!lounted

w -e fi the horizontal Plane,detectedthe

ina thlngas targetmountedin the cantarof the

The generalinstrumentationhaa beendiscumed in

For

.-

--

this experiment,however,thegas tsrgethas

a

been

----- ----- ----- ----- -----

Rosen,Rev.Sci. Inst.~, 388 (1?49).

.-- . . . ------ -0 ---- ------ -

redesignedso tl@ it ia 7 @tihes longwitha 9/16-inchx 3 l/2-inch

nylonwidow in each side of the target,throughwhichreactionparticlea

were countedfrom 17.5degreesto 57.5degrees

beam in the laboratorysydxxn. Besideshaving

degreesby slitsSM antiscatteringdiaphragms

to the directionof the

ths beam collimatedto *0.6

as it entersthe 3/M+nch

diameter2.5 mil nylon entranca window of the gas target,therewas included

insidethe target1

diaphragmto remove

detaileddiacuasion

------ *“. -

6. K. W. Erickson,

0 ----- ----

11/32inchesbehindthis nylonwindowan &tisoatLering

the deutgronsscatteredby the frontwindow. A more
6

of thisti.rgetis soon to be publ.i~hed. & the

------ -“---- ------ ------ ---

to be publishadin Rev. Sci. Inst.

----- -e--- ----- ----- ----- --

5
supportof the proportionalcounter therewas nxnted a verticalslit

adjustableto eitherl/lMnch or I/8-inchwidthto definethe beam of

scattereddeutaronawhichare detected~ ‘&e counter. The reactionvohme

was defined Qy this slitand the l/8-inch diameterhola inmdiately in

frontof ths proportionalcountir. Antisc-atteringdiaphr~s betweenthe
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slitsand counterapertureremoveddeuterons

Tha beancurrentwas measuredwith a Faraday
~

scatteredfrom the slit support.

cage. The accuracy of this

measurementhas been previouslychecked.‘ Immediatelyin frostof tha

--- ”-. .. -.-” ------ “----- -- ”--- --- ----

7. Erickson$Fowbr, and WovaU, to be publishedin Phys.Rev.

-. --O-* ------- --..--- -- .--.” ------- .-

proportionalmuntar was mountxla selsyncontrolledfoil shutterwith

which100 coiubinntionsof absorborecouM be selected.

Beforeand afterthe expembient, the positionof the beam

relativeto the counterwindowwus deterninsdby scanni~~the beamwith

the counterused as an ionizationchamber. The positionof the beamM

remainedconstantto 0~1 degree.

The procedurefor takingthe data was essentiallythe sameas

‘ For soatte~eddeuteronsthe absorberthatdesoribedin a previousrepoti.

foilsin frontof the counterwere adjustedwithconsiderationfor the

rangeof tritongroupswhichare producedby the D(d,p)2 r-ction. At

anglesbeyoti40 degrees,the tritongroupwas gensrellyexcluded~ the

absorberfoils;near20 degrees,however,where the ran~eof tritons

approachesthe rangeof scattereddeuterons,the foilswere adjustedso

that the triton,s~ rangeended

the counterwas such thatthe

tha counterwas abaut10 cm.

justbeycnd ths counter. The pressureof

air equivalentof the path of particlesin

The amplifiedpulsesfrom tte caantn were

analyzed ~ meansof a
●

a sampledeutsronpeak

tan chanwl amplitudedimxzhinator. Figure1 gives

obtained. The abscissagivesthe amplifiedpulse
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‘height. The odinate givesthe nunberof pulsesper twovolt inti~al

havingtne magnitudegivenas the abscissa. she the tritons were near

tho end of theirrangewhan theyentsredthe counter,the energylostby

then in the counteris higherthan thatdue to thescattereddwterow.

Therefore,the peak from the lxitongroupMes abovethat of the deuteron

group. From tha knownthicknsssof absorbersin froutof the uountw, and

from the rangoenergycurveof deuteronsad tritons,one calculatesthe

expactedpositionof the tritonpeak relativeto the deuteronpeak. For

almostall of the curvesobtainedthe calculatedpositionand the observed

positionagreedwell. Inafewcasas, howmwm, wherethe txitongroup

endedpart of theway tlumughtha counter,uncertahtiesin the thickness.

of absorbersused causadlargevariationsin the ionizationdue to the

tritonpeak. In suchcaseswherethe tritonpeakwas

tritonpulseswore countedin with the deuteronpeaks

data was latercorrectedfor the tritoncontribution,

rne:wredD(d,p)# crosssection.

not resolvedthe

and the res~ting

by use of the

The curveI!xlicatedby the Croa+rnswas obtainodby adjusting

ths absorbersto stopthe d~iteronsbeforethsy enteredtho counter.

This givesthe

remotecontrol

background run

bEICkgl?OIUlddue

counterbackground.Since the absorbarswere sdjustwlby

whiletho cycloironbeamw~s held constant,and sincethe

was takeninmdit?telyafterthe pezikrun, the shiftin

to chang!agbeamconditionswas miuimized. For the co@i-

tionsused in this experiment,the background@or the peak was, on the

average,8.3 percentof the peak counts. A numberof checkswere tried
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at

by

test the validityof the backgrowxlcorrections.For pairs Of runs

certain angles,the pressureof deuteriumgas in the targetwas changed

as much as a factorof two. Althoughthe bacmti ralativeto pock

variedby a factorof two, the crosssectionobtainedfrom the datawss

the sameto withinthereproducibilityof the measurements(theorderof

2.5 percent). In anothertest,runswere made at certatianglesin which

the thicknessof absorberin the path of the scattereddeuteronswas

decreasedfrom27 cm air equivalmt to 17 cm air equivalent.Urxierthese

coalitionsthe number

percent.

Immediately

of countsin the peak remainedconstantto

aftereachrun, the energyof the deuteron

abouttwo

beam was
K

determined~ magneticdeflection.z Duriagthe courseof the experiment

the beemenmgy variedby *2.8 pe?cent,but all.tha data was correctedto

the aveirageenergy. For thiscorrection,the rate of change of cross

sectionwith ener~ was estimatedfrom interpolationbetweendat~ from

lowerenergy
2
and the Prmmt data. Since the maximumcorrectionfor

energywas only2.5 percent,thisprocedureintroduceda negligible error.

Figure2 is a plot of the differentialcrosssectionin the

centerof mass aystenas

mean squaredeviatim of

This is aboutthe spread

cal error,the variation

a functionof centerof mass angle. The mot

the pointsfrom the smoothcurv9is &2.5 percent.

ax~ectadfrom the considerationof the statisti-

of the beamposition,the randomerrorin current

determination,and uncertaintyin measuringthe kcxound. Systematic

errors, suchas errorsin aligningthe slits,measuringdistances,arxl

.
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curremt measurements, amount to 2.5 pem twit.Combiningthis error

radw errorof the points,we estimatethe curvein Figure2 is

goodto* 3.5pe?wmt.

The curvethrough

d4gre9s,whichis a further

designatedby SOLM circles

for the scattereddeuterons

the pointsis accuratelysymmetricalabout90

checkof consistencyof the data. The points

were obtaind by openingthe firstdefiniagslit

from 1/16’inchwide to 1/8 inch. The fact that

the pointssa

is a cheekon

also ilxlicatel

obtainedlie on the smooth curve thmngh the previouspoiuts

the reliabilityof the slitmeasurements.The latterpoints

that a

systemby 33 peroent

regionof the curve.

decreassof the angularresolutionof the counter

has no observableeffeoton the data even in the steep

III. Conclwlions

The prelhinary resultsfrom photographicplatedeteotionat @

degrees,60 degrees,and 80 degr+esusinga 10 NeJ beam8agreewith the

-.

8.

.-

------ ----

Roam Talhadge,
(1949\*

----- ----

-. --,. ---- ----- --

and Williams,Bull.Amer.Phys.

--- ”-. -. ”--- -“--

------ ----

SOC.&, No.3, 16

----- -. --”

10.8 him data witbimthe limitsof error. Overthe angularregion of the

measurementsthe scatteringis almostentirelyn~char~ Calculatedcoulcmb

scatteringat 35 degreesamountsto 4.7 percentof thetotal differential

scatteringcrossseotionfor 10.8 WV. For comparisonthe D-D scattering

2at 3.5 Mev is includedin Figure2. The differentialcross section is

somewhat lowerfor the higher energy data;at 90 degreesthe ratiocxfthe



-9-

crossseotionat 10.8 Mev to thatat 3.5 Mev is 0.523. For 10.8 WV

scattering the cross seoliionremains more nearlyconstantover a wider

angularregionnear .~ degreesthanfor 3.5Mev scattering.

.



-lc -

Fig. 1 - Distributionof @Lses fromproportionalcounterdue to

deuteronsscattsredat 32.5degrees. The crossesrepresent

the Ix!Mcgroundobtainedby stoppingthe deuteronsbeforethey

reachthe couater+

Fig. 2 - Differentialcrosssectionfor deuteronscatteringin the

centerof mass sy3tem0
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