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Abstraat

Results on the absolute total and differential

cross sections for T3(d~n ) Ee4 at deutercm energies

of 1.0 Mev, 1.5 ??ev,2.C Nev ahd 2.5 Mev are reported ‘

and the use of this reaction an a neutron f$ourcmis

discussed.
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H?ELIMINARY RES?7LTSON THE CROSS SFXTION OF THE REACTION @(d ,n )Ee4

BETWEEN 1.0 YT?VAND 2.b MN DEUTERON ENERGY

Introduction

Tn ttm past measurements on the recwtion cross section of’

l)2(T,n )I+e4have been made by Bretaoher and French(1 )from about 18 kev

triton energy to about 120 Icevand by Baker, Holloway, SchrieLer, and

KinJ2 ) “from about 300 kev to about 900 kev. Both groups of experi-

menters accelerated tritons onto thick deuteriuraoxide targets, at a

time when tritium was very rare. The experiments reported sl-,owt},at

this reaction has an extremely large cross seotion amewhere near 200

kev triton energy where ~here is a resonence meximum. The Q for thi

reaction is + 17.6 l’ev.

The reaction T3(d,n~Ve4 has been studied for deuterons of

-/energies 1.0 Mey to 2s5 Yev (triton CtMrgieS o 2 Ed) both to determine

the differential and total reaction cross sectio~iiand to study the um

of this reaction as a aou$ce of high energy ne’ltrons.

Yethod

The availability of smnll but sufficient quarltitiea of kriiiucz

made the accelerationd’ deuterone of energie$ above I Y.evon to ~aseou~

tritlum seem the logical method of producing the reaction and observing

the reaokio? prodl~cts,alpha-parkl;lus and neutrons. A special targek

allcwing angular distribution measuyemmtx of alpha-particles to Le made

~3)and Fig. 1 shows the c3SSO?Iti(ik.in a small gas volume has been described

. .
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Fig. 2 is a schematia diagram of the tritium storage and handling

system used; heated uranium shavings provided a completely satief’actory

method of evolving the tritiun stored as TM..3 in the cold uranium when riotin

use, Since the total amount of ges avniln.bleat one time was only about

19 to 15 cm3 at ??TPthe meroury lift through the 500 cm3 bulb was ~sed to

ma-m a complete trnnsfer of ga8 at maximum efficiency from ureniun pump to

targut and vice versa possible. Auxiliary connections could be made to

supplies of hydrogen and deuterium :as as shown in the figure.

To guard again6t the possibility of breaking one of the thin

aluminum foils sealing the precious target gas from the ~ccolerating tl~be

vacuum and thl]slcming it, the high gas impedance tube and trip valve slwwn

in Fig. 3 wera used to conneot LarEet to accelerating t’~be. This devioe was

to work by ~,avint:the increase in Eas pressure of a broken foil Fire either an

.
ion geuge or spark plug RS shown, whioh in turn would trip the valve at the

7.

.- -

other end of the tube before an appreoinble amount of the

the high impedonce gas flow tube. The cas was then to be

uranium pump. !Jpto the present time this device has not
.

of firing under the oonditlons for which it was deuigned.

Reaction Cross Seotion

~as escaped through

recovered by the

had the necessity

Since it was known that the tritium samples contained varying

amounts of ordinnry hydrogen and since at this tinm, garly in 1947, no

sound method for analysiu existed, thL8 method of’proton-proton scatter-

ing described in LA-625(4J was devised and has been succeasf~lly user..l

sinoe this time. The tritiun concentration must be known to fix the

abaol!~teCFOSB eection for the reaotion.
.

The reaction’product observed at a given deuteron energy was
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the alphi-pertlcleemitted at the angle determined by the Proportional

counter setting, which lay betw~ea 450 and 135° in the laboratory co-

ordinate syste!n. In Fig. 4 is S?lown
.
of detector angle, to~ethgr with the

sc~ttered or recoil into the counter

alph~-particle energy &a a funotion

energies of particles which can be

at the same mgle, because the rela-

tive energy losses of’these particles in the oounLer compared to that for

the alpha-particledetermines counter voltage, gas and ampli:ier gain,

counter window Lhioknesa and tnrfletgas pressure for optiml]mobservation

of the alphas. These curves are of course different for each deut.ron energy,

but only the one for ??d= 2.9 h!evis shown, sjnce in general they are similar.

Since tran8formetlonstethe aenter of mess coordinate system are

of intereut for total yield determination and for understanding of the

(5)
renction it8elf$ the solid angle factor for trenaformation from lab-

oratory to center of masa syst*m is calouleted from

w?+re

-(%) =aross section in cm2 per mlt solid atIgh30

‘ALLAB

~
= ratio of laboratory to center of mass solid angle8

for alpha partloles.

,6 being the center

#
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‘ In Fig. 5 is shown a typical pulse height distribution

cllrveshawin~ the alpha-particle group resolution in two runs. Thfs

varies w\th deuteron energ:vand angle, of course.

The data uhown in Fig. 6 gives the laboratory system differ-

ential cross eeotions as a function of angle over the range 80 far studied.

The valuesofc$(f)a)are obtained frcm

where

eu . laboratory ooordinnte syal%rnan~le of observation
at the deuteron energy Ed;

!’/a. number of alph~s during a run or per microcoulomb
of’deuterons;

Nd = number of deuterons during a run or per microcoulomb
of charge;

3 of taryet Ke8;‘T = number of triton8 per cm

77d2*”2i3 is the oounter geozetry faotor‘6), where
9’T

0“

na 2 -—-- .r.-..—L. *---- 3>..

2b

R.

t differential

8ame system.

distribution

u area OL coun~er nom, raalus a,

s widLh of defining slit; e

= distanoe from’ hole to intersection of normal to hole
with axis of deuteron beam; z

+.
. distance from hole to slit. b~

Fig. 7 are ahcnwlthe center of mass coordinate system

z
8r08s sections plotted at the ●ppropriate angles In ths ~

Although the data is still somewhat.scanty, the angular q

i8 definitely not symmetric about 90 degrees in the center
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of mass system. Tf a fit is made to a power series in cos d on. finds a

reasonably ade~uate repreaentntion of the data given by

indicating m interactionbetween S and P wave. I’ntllmore data ia

obtained one can approximately fix the total reaction cro68 8ection by

integration of the theoretical curve fora{j#), i.e.

whiah gives the following values at 1 Mev$

‘J1.Q(A) = 0.0103 6 000017 COO ~ + 0,9066 COS2~

CT (1.!3Uev) x 0.16 + 0.92 barn8;

at 105 Mevt

‘M@ * 0.0104 + !-)*f1012Cos Jd4 c!.m-)45COS2 $

OT (1.5) = 0.16 + 0.92 barns;

at 2*O WV:

a2CO(A ) = 0s~089 + 0eO061 008 ~ + 009090 00S2 j?f

‘T(2.9) = 0.15 + 0.!22barns;

st 2.6 Mev:

~2*5(b) - 0.0074 + ‘3.0042C08 ~ + 0.01 C0826

UT(2*5 ) = 0.135 t 0Q!)3.barna.‘
.

The masurementa at 2.5 h!evare the leaat satisfactory and the total

oross section derived from them Is undoubtedly imccurnta. The total
“

!.
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cross sections are plotted nt the corresponding tritnn energies In Fig.

(1)8, together with the results of Bret8cher and ~onoh . and of Baker,

Holloway, Schreiber and King
(2)

. The tkeoretienl curves plotted,nre

Breit-Wigner fits to either one or both 8eta of datn, and indicate the

importance of knowing the width of the resr)nanoe. The target shown has

had oonsidereble u8e a8 a thick target with deuteron8 incident on tho gas

at about 600 kev and being completely 6topped in the Kasj if one assunwu that

the broad resonance of the earlier two eets of measurements combined ia

correct the integrated neutron yield from the thick target ~r microcoulomb

of deuterons is in fair agreement with the calculated, whereae the narrow

reaouanoe

observed.

at valuea

make 8’lCh

are still

assumed by Bretaoher give8 a value of yield lees than half that

The measurements are being oontinued into the low energy region, but

below about 600 kev the stra~gling and w~ndow thiehe88 beg!n tn

mea8urement6 poor.

Since the cross sections at enerties above 1.0 %!evdeuteron energy
.

reasonably large, in faot considerably better than the aorreupond-

ing D2(d~m~ H93 aroes seotions, thin targets of tritiun gas make a sntisfnctory

neutron eouroe of energiee variable between about 13 MV and 18.5 Vev on ~ha

L08 Alam08 electrostatic generator. Ab801ute flux measurements are immadiete-

Iy poa8ible with tliipreeent target from the relation

(f%)
dfl

adT
E adT (6”) ~

n

and the relationship between neutron and

=k (e )an ‘dT ~

alpha angle

sin 6“

J,.

+-” 11 “-l
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where
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E = (1706 + Ed) - En (en)
a

and where

Fig. 9 8how8 the realtionship between En and Flna8 a fun.otionof

deuteran energy$ Fig. 10 gi~s kan as a funotion of ea for different

Ed and also shows ~ as a function of ~for various value8 of Ed. The

neutron energies have been caloul~ted from

4=
1/2

En=& Ed(2.~!)+ W?32en) + 14.02 +
{
112.1 +% Ed(5 + coa2~]

}

C08 en,
25 T

8ssuming a Q - + 17.6 Mev. In this case it i8 preferable to use the

(5)
equation above than the nomography of McEibben since the large Q

makes it impossible to read neutron energies with any ●couracy from the

usual type of chart.

One feels reasonably well a88ured that the neutrons nre mono-

erfic in thin reaction, at least to energie8 well above 3 Vev deuteron

energy, 8ince there are no indication in other work of e?clted st*te8 Of

pe4 at such low energies. The alpha-pnrticle group ob8erved in this work

appears sharp, but the ‘presence of pu18e8 from 8catterod deuterona,

and tritons does not allow examination of.the whole energy spectrum

●lphas in this experimental arran~emant.

protons

of the

It is not feasible with the present alpha-partiole aounti.ng

~eomatry to observe at laboratory angle8 below 45 degrees or abow 135

degrees, but neutron detectors can now be calibrated on an absolute ucale

>
. .

.!
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within the above angular range to allow extension of the iue.asuramntoto

cover nearly all of 145 degrees which should be sufficient to fix the

total cross section with good accuracy.
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