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Abstract

By use of the reactionD(d,n)He3wherethe bombardingdeuterons

were acceleratedby the Los Alamoscyclotron,monoenergeticneutronsare

238obtainedwithwhichthe fis,sioncrosssectionof Uranium in the region

of sevenMev has beenstudied. Fissionsdue to backgroundneutronsare

eliminatedby onlycountingfissionfragmentsin coincidencewiththe He3

ptiicles. Apparatusfor carr@ng out this experimenthas beendescribed
1

in the literature. Thismeasurementwith 7.2 Mev neutronsgivesthe

238valuefor the fissioncrosssectionof U as 0.81 *0.08 barns. This

determinationtogetherwithpreviousdeterminationsallowsone to draw

a curveof the

a steprise in

statisticsare

238
u crosssectionfrom one to nineMev. The data suggests

the crosssectionbetweensevenand nine Mev, althoughthe

suohthata smoothcurveis not definitelyexcluded.

Theoreticallythis is particularlyinterestingin view of the factthat

the energyrequiredto producefission(by~rsg excitationfor example)

Is in thisneighborhooil.

1
Curtis,Fowler,and Rosen,
2
Curtis,Fowler,a& Rosen,

Rev. Sci, Inst.~, 388 (1949)0

LA-71O(1%8).
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Introduction

the ener~ requiredto

Tf38IN THE

producefissionin

sevenMev it is desirablefor theoretical

seotionfor fissionwith neutronsof this

238is in the

reasonsto

ener~. For

crosssectionhas beenmeasuredfor neutronenergyof
%

7.2 Mev by the methoddescribedin LA-71O. The souroeof neutronsis

the D(d,n)He3reaotion. The bombardingdeuteronsare accelerated~

the Los Alamoscyclotronto an

flux is knownby the numberof

by a proportionalcounter. In

by the neutronbackgrod only

He3 partialesare counted. By

beendeterminedpreviouslyfor

averageenergyof 10.7 Mev. The neutron

He3 partiolesproducedwhichare counted

orderto reduoethe fissioncountsproduced

thosefissionsin coincidencewith the

238
this methodthe U crosssectionhas

neutronenergiesof 8.8 Mev, 5.8 Mev,

and 8.9 Meve The resultsof theseearliermeasurementsare giveni-n

LA-71O*
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I. APPARATUSAND EXPERIMENT

With the exceptionof a few minorchangesthe apparatuswhich
1

was usedfor this experimentis the sameas thatused prtiously. A

differentgas targetwas designedfor this expertient(Fig.1). The side

port for He3 particleshas beenextendedso thatthe windowof this port

is directlyin frontof the proportionalcounter. The firstHe3 defining

slitis installedin the sideport near the centerof the targetas shown.

In the extensionto the sideport thereis an anti-scatteringdiaphragm

about4 in. fromthe centerof the target. Thisdesignof targetreduces

the loss of the He3 particlesdue to the scatteringby the windowshoe

the windowis placeddirectlyin frontof the counter. The additiord

deuteriumgas in the path of the He? particlesmade thisdesignimprac-

ticablefor the earlierexperimerimwherethe energyof the He3 particles

was

lum

the

to

so

of

lower. As in the caseof one run in the previousexperiment,tanta-

was used in the exitport of this targetfor the purposeof reducing

neutronbackground.TableI givesthe pertinentdata with regard
3

the dimensionsof the diaphragmdefiningthe He- particles.

The proportionalcounterhas beenredesignedfor this experiment

thatthe five

the counter.

reactionchamber

thicknesseswere

mil col.leutingwire was offset

Also,a selsyncontrolledfoil

lid has beeninstalledso that

availablefor slowlmgdown the

1/4 in. from the center

systemmountedin the

100 combinationsof foil

He3 particlesso thatthe

ends of theirpathslie in the counter. Theselast two improvementsallow

3
much betterresolutionof the He peak thanwas possiblewith the former

● ● 99 ●
● .* ● 00 b.

● ● 0●0:::.

● ***’iiiiiiL‘---m
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TABLE I

oe e**

Diawhr_ for He3 Particles

Targe%aoeo,, .coe

ProportionalCounter . .

9*

● b

● *

Thicknessof Windows@ Tar~et

Entrance ● 00000040 ●

EXito. o,,, oe ● eeo

He3Porto.0d, ..e Oe.

Enerm of DeuteronBe= . . . . .

3
Horizontal.Sm?eadHe3 Beam~@e .

3
YerticalSmead He3 BeamAd He .

Centerof NeutronBeam h . ● . .

HorizontalSpreadNeutronBesm~ ~

VerticalSPresdNeutronBeam~ ~ n

Neutronl!lne~

●

.

● mlb ● ●:0 ● ** ● *●**
●

● *
: :0 :

9.** ● * ::
● 9* : ● *

● * ● 048 ● ** ● . . :.. . .

34.2°

3/16’1X 9/32$1

9/641t’X 9#32tt

1.74mg/cm2miua

0.0003mil tantalum
2

1.15mg/cm mica

10.7?&v

● A 2.2°

.&3.2°

● 70.5°

ek5.2°

o
● *5e3

7.2k 0.5 WV
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3 ,...
apparatus.

The peak due to Ha3 particlesemittedat 34.2degreesfrom the

targetshownin Fig. 1 is givenin Fig. 2. The orossesrepresentthe

backgroundobtained‘byplacing5.6 cm of absorberbetweenthe counterand

the targetso as to loutout the He3 peak. The biaswas set to count

pulsesin channelfourand abov% For the data obtainedheretherewas

a 1.7 percentcorrectionto the numberof He3 countsdue to background

3
and the He peakas indicated~ the crossesin Fig. 2.

The fissioncounterwas identicalto the one discussedin

SectionV of IA-71O. The sameUraniumfoilswereused in this experiment

as in the formerexperiment.Therewere 12 foilsof averagethickness

o.641 lZf#CZi2 of Urantum. The methodof determiningthis thicknessof

Uranium,as well as the checksmade for uniformityof the foils,have

been discussedpreviously(SectionV, LA-71O). The energydistribution

238
of the fissionfragmnts of U , determinedin t~s counterusingu

pulseheightanalyze:r,was similarto thatgivenin Fig. 15 of IA-71O.

However,the bias settingfor the discrimi~torwas s~ghtly~gher than

in the previousexperiment.In this e~eriment the correctiondue to

thisbias setting(thatis, the numberof countsbetweenthi.sbias setting

ati zero)was about4.4 percentas

expertient.

The electronicapparatus

3
K. W. Erickson,J. :L.Fowler,and

comparedto two

was the sameas

percentfor the former

thatused in the

E. J. Stovall.,Jr., Phys.Rev. ‘& (194$
● *lb ● ● 00 ● *e ● 9●*9

● ::: ● *:
● e.. ● 0 ::

9** : ● O
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expertientof IA-7100 The experimentalprocedureused was the sameas

thatdiscussedin SectionVIII of the formerexperimeti;thatis$ the

numberof H03 particles,the numberof fissions,and the numberof

coincidencesbetweenthemare determinedfrom1/2 hour

numberof accidental.coincidencesis obtainedfromthe

of the apparatuswhichis experimentallydeterminedby

runs. The

resolvingtime

runs in which

the fissioncounteris rotatedto suchan anglethattherecan be no

real coincidences~In t~s aqeriment the beam currentwas recorded

on a tapeby a GE recordingmicro-ammeterwhichwas in serieSwith a

currentintegrator.

Frequently

beamwas measuredby

duringthe experiment

magnetic

of theseenergymeasurements.

deuteronbeamat the pointin

produced.

1
deflection.

the energyof the douteron

TableII givesthe results

The last columu

the target where

givesthe ene~ of the

the He3 particlesare
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ENERGY

10*7OMm

10.70Mm

10J3OMev

10.60Mew

AverageEtmw : 10.70MSv

9** 9●** ●
●:0 .** . .

●:00 ::
● OO

● *O*
:* ● m

::; i:iiliib
●* 9..

● mm b ● ● 0

APPROVED FOR PUBLIC RELEASE

APPROVED FOR PUBLIC RELEASE



II. MS ULTS

The resultsof Q one-halfhour runsare givenin TableIII.

The lastcolumuwhichgivesthe numberof real coincidencesdividedby

the numberofHe3 particleshas been correctedfor as explainedin

SectionVIII of LA-71O. “The valuesof the realcoincidencesperHe3

particlehavebeenplott~ in Fig. 3 in

taken. The pointslie abouttheirmean

theoryof probability.In TableIV the

the orderin whichthe datawere

in the mannerexpectedfromthe

datahas been summarized.

Column1 givesthe neutronenergy,column2 givesthe experimental

resolvingtimein seoomis,column3 givesthe averagevalue of the
1

coincidencesper He3 particletakenfrom the datain TableIII. In
i
J

oolumn4 thisdata is correotedfor the neutronabsorptionas explained:

in SectionVII of LA-710e In column5 the datahas been correctedfor

f the fissioncounterbias. Column6 givesthe crosssectionof $38 ae
f

calculatedfrom thisdata togetherwithits stardarderror. In Fig. 4
238

all the measurementsof the crosssectionof U have beenplotted.
4

BelowthreeMev the curveis takenfrom I&520. The pointsindicated

by squaresare thosedeterminedby use of the long electrostatic

generatorin whichdeuteronson deuteronsgaveneutronsup to an energy
4

of 5.85 !YIwo The three

as circlestogetherwith

ener~. The pointat L$

pointsrecordedin LA-710have beenplotted

the spreadin crosssectionand the spreadin
238

Msv is a re-measurementof the U cross

4.
‘J.H. ~itiS, L$?~. (:944!,

●
9 m..

● :
‘:”~~ -● * ●:0 :90 ● m. :.* ● 8

1

— —
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TABLE III

Run At Nf c Cr
Noe See. GOu.nts Co%ts Cotiidences

%
cOrr. I

1

2

3

4

5

6

7

8

9

10

11

12

I-3

u

15

16

17

18

19

20

21

22

6
1s59x 103

4
2.20 x 10 0.857x1O

1*8O

1.26

0.90

1.80

1.80

1.80

1.80

1.80

1080

1.80

1.80

1.80

1.80

1.31

1.32

1.80

1.80

1.80

1.80

1.80

1.80

1.79

1.10

0.72

1.53

1.27

1.88

1.30

1.45

1.s

1039

1.38

1.28

1.88

0.82

0.87

1.34

1.40

1.72

1.4J.

1.45

1.6Q

0.861

0.544

0.346

0.688

0.588

0.629

0e612

0.707

0.878

0.695

0.644

0.605

0.5%

0.3%

0.397

0.644

0.672

0.818

0.691

0.717

0.793

34

25

11

8

20

26

19

10

23

25

29

21

23

16

15

13

27

I-3

28

26

20

26

I-4.3*9.4 x 104

10.8h7.8

4.1* 8.4

8.2*1O.3

13.6*8.5

32.3Q0.1

IL.2~9.3

3.0* 7.3

18.0A8.41

3.9+8.1

24.2*9.5 ‘

14.9~9.2

21.7~9.8

3.2*9.8

23.6$11.8

17.6ill.3

25.0A9.8

1.2*7.7

12.0+8.6

19e6&9.3

9.3* 8.3

12.0*8.4
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TABLE III (contd)

Run At Nf
%

c Cr
No. Sec. cOunti co ts CoincidencesNp Cerr.

23

24

25

26

27

28

29

30

31

32

33

34

35

36

37

38

39

40

42

1.80 x 103

1.80

1.05

1.80

1.80

1.80

1.80

1.80

1.02

1.80

1.80

1.80

1.80

1.80

1.80

1.8o

1.8o

1.8o

1.92

1.92X 104

1.65

0.94

2.12

1*66

1.77

1.46

2.14

1.02

1.61

1.51

1.86

1.17

1.I.4

1.24

3..76

1.125

1.02

0.88

0.906 x 106 31

0.780

0.449

1.003

0.793

~.776

0.702

0.938

0.516

0.734

0.718

0.863

0.566

0.576

0.582

0.705

0.551

0.555

0.386

36

12

38

24

35

25

44

18

24

21

40

20

u

19

24

23

10

8

9.5? 8.~tilb-&

25.1* 9.5

1.1*11.1

10.6A 8.4

8.9 k 8.3

22.4k 9.’7

16.8* 9.1

19.5*9.3

11.6jjl&l

13.1*8.9

10.9 *8.4

23.929.5

21.4&9.7

8.938.3

17.8h9.5

u.8 *9.4

28.4~10.3

5.7k7.7

10.8*9.3

9*O ●9°. . ●:0 ● . . *

●
●:0. ● *

● : .* ● .*
● . . ::

● 0
● * 8** ● eo ●:0:..●*
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TABLE IV

9 *.***.. . . 7.2A 0.5

cr/Np

c 28

Average .

Correoted

Correoted

Barns

● ☛

for

for

● ●

B* ● O**** ● *O* . 14.2* 104X 104
-6

NeutronAbsorption . . .. 15.1k 1.5 x 10

FissionCounterBias

● ● ● ● ●

● ☛✌ ●

●b* ● 9
● CO

9*. D
●

● 0 ●:* :00

● ●

●:0 ● *@ ● 0
● 90

● +
● * ::

: ● *
● *9 :9*●*

15.8& 1.6 X 10
-6

●

. 0.81 * 0.08

MiiM
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5
sectionas determinedby Warren~er. The new value of the cross

sectionat 7.2 Mw (0.81*0.08 barns) is plottedas a circlewith a cross~

The mostprobablecurvethroughthe set of pointsis a stepcurvesimilar

to the one shownas a solidline. However,the uncertaintyof the measure-

ment is suchthata continuouscurveas shown~ the dashedline is not

excluded. If one calculatesthe relativeprobabilityof the solidcurve

and the dashedcurveon the basisof the distanceof the pointsaway from

the two curvesin termsof the standarderrorsof the measurement,then

one fiwh the stepcurve (thesolidcurve)is aboutfour timesmore

probablethanthe dashedcurve. The stepin the crosssectioncurve,

seen in Fig. 4, occursat aboutsevenMm, whichis
238

for ~ray fissionforU . Apossible explanation

thatfor neutronsabovesevenMev thereis, besides

aboutthe threshold

of this stepmay be

the captureprocess

whichleadsto fissionin the lowerener~ region,the possibilityof an

inelastic scattering of the neutronswhichalso leadsto fission. Of

course,moreaccuratedata is neededto fhmly establishthis point. Zf

thislatterprocessis true,however,one mightexpectthe numberof

neutronsproducedper fissionto be bigherfor higherener~ neutrons

(SW in the regionof 141WV) due to this inelasticscatteringprocesa.

It may evenbe expectedthat the fissionprocessitself

for fissionproducedby inelasticscattering.Thismay

differencein distributionof the fissionfragments.

~
Warren&er, IA-719(1948)

●m* ● ●9* ●*.●m●o- ● ● . ● ● ●

may be d~ferent

showup as a

60000
● ● m ● * ::

● : ● 0
● 0 ●:0:00● 00 :00● 0

~: ‘m
● 9* ● b ● *

:o?~ . . ::

APPROVED FOR PUBLIC RELEASE

APPROVED FOR PUBLIC RELEASE



* u u . a u z : i i

--
-

“0
-.

9
W

*”
O

u
@

b
r

I
,

,
●

6
,

6
,

,
●

*:
O

:
●

*
●:

6
●
,*

9*

D

●
*9

*.
9.

*9
.

●
.

●
00

●
●

*9
●

00
●

0
●*

.
●

●
*

●
:

-1
:

:
0

+
●

*
.
*
.
.

.
-
.

:
:

(p
●

9*
9*

●
0

●
*b

●
00

●:
e

:..
●
.

*

i--4

) I I I

~

●
00

●
..*

..
m ●

em
”

co
-

:
●

0
●

09
:a

l$
t.

u

A
P
P
R
O
V
E
D
 
F
O
R
 
P
U
B
L
I
C
 
R
E
L
E
A
S
E

A
P
P
R
O
V
E
D
 
F
O
R
 
P
U
B
L
I
C
 
R
E
L
E
A
S
E



L -L.REC.FRCM ...... - =

/
REC------ NO. REC --------

I

● 0 800 ● *9 ● ● 00
● 0 800.’0
● * : ● ,
● *em : ●:00
● 0000

9* ● 9* ● . . . . . .:. .*
●

● ● ● 00 ● **●9* 8 ● ● ●°:
● ● *9

● ●°:
● **

● : ● ***● :: ● 0: ● 9O
● m* *e* ● 090

f
APPROVED FOR PUBLIC RELEASE

APPROVED FOR PUBLIC RELEASE


