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Abstract

Results on the absolute total and differential
cross sections for Ts(d,n‘§HB4 at deuteron ensrgies
of 1,0 Nev, 1.F Yev, 2.0 Mev and 2.F Mev are reported

and the uss of this reaction as a neutron source is

discussed.
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FRELIVINARY RESVLTS ON THE CROSS SECTION OF THE REACTION TO(d,n ) Fe*

BETWEEN 1.0 ¥EV AND 2.% MBEV DREUTERON ENERGY

Introduction

In the psst measurements on the reaction cross section of
Dz(T.n )Hb4 have bsen mede by Bretacher and Fronch(1 )from ebout 18 kev
triton energy to about 120 kev and by Baker, Holloway, Schrieter, and
King(z ) from about 300 kev to about 900 kev. Both groups of experi-
menters eccelerated tritons onto thick deuterium oxide targets, at a
time when tritium was very rare. The experiments reported show tlat
this reaction hes an extremely large cross section somswhere near 200
kev triton energy where there is a resonence meximum. The O for the
reaction is «+ 17.6 MNev,

The resction TS{d,n) Ve* has been studied for deuterons of
energies 1.0 Vev to 2.6 Mev (triton energiss 3/2 Eq) both to determine
the differential and total reaction cross sections and to study ihe use

of this reaction as a source of high enerzy nentrons.

Yethod

The availebillity of small but sufficient quantitiss of trilium

made the accelesration of deuterons of enerzies above 1 Mev on to v¢assous

tritium seem the logical method of producing the reaction and obssrving
the reaction products, alpha=-particlss and neutrons. A gpeclial target

allewing angular distribution measurements of slphs-particles to Le made

in a small gas volume has been described (3 )and Fig. 1 shows the essentials,
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Fig. 2 is a schematlic diagram of the tritium storage and handling

-~f -

system used; heated uranium shavings provided a completsly satisfactory
method of evolving the tritium stored as H;y in the cold urenium when not in
use. Since the total amount of ges svailable at one time was only about

10 to 16 cm® at NTP the mercury lift through the 500 cm bulb was used to
maxe a complets transfer of ges at meximun efficliency from ursnium pump to
targst and vice versa possible, Auxiliary connactions could be made to
supplies of hydrogen and deuterium gas as shown in the figure,

To guerd sgainst the possibility of breaking one of the thin
aluminum foils sealing the precious target gas from the sccelarating tube
vacuum and thas lesing it, the high gas impedance tube and trip valve shown
in Fig. 3 wers used to connect Larget to sccelerating tube. This device was
to work by traving the incrsase in gas pressure of a broken foil fire either an
ion geuge or spark plug as shown, which in turn would trip the valve at Lhe
other end of the tube before an appreciable amount of the res escaped through
the high impedence gaeas flow tube., The pgag was then to be recovered by the
uranium pump. Up to the present time this device has not‘had the necessity

of firing urder the conditions for which it was designed.

Resction Cross Section

Since it was lmown that the tritium samples contained varying
amounts of ordinary hydrogen and since at this time, early in 1947, no
sound méthod for analysis existed, the method of proton-proton scatter-
ing described in LA-625(4 ) was devised and has been succesafully used
since this time, The tritium concentration must be known to fix the

absolute cross ssction for the reaction.

Y

The rcactioﬂ~product observed at a ziven deuteron energy was

APPROVED FOR PUBLI C RELEASE
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the alpha-partlcle'omitted at the angle determined by the proportional

counter setting, which lay betwesn 450 and 135° in the lsboratory co=

ordinate system, 1In Fig. 4 is shown alpha-particle energy as a function

éf detector angla, together with the ensrgies of particles which can be

scattered or recoil into the counter at the same angls, because ths rela-

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

thke alpha-particle determines counter voltege, gas and amplifier gain,

counter window thiskmess and target pas pressure for optimum cbservetion

of the alphas. These curves sre of course different for sach deuteron energy,

but ooly the one for 5, = 2.0 Mev is shown, since in general they are similar.
Since transformetionste the c¢enter of mass coordinate system are

of interest for total yield determinations and for understandiag of the

reaction itself, the solid angls factor for transformetion (53 from lab-
oratory to center of mass system is caloulested from
A
OEM(¢) - dﬂ S1in ea:

=2 = cos (P +6,)

or,,(6) a- dn,, sin* g

w)are
CT‘(Q“) = oross section in ¢m® per unit solid sngle.

dn,
dn

22 » ratio of laboratory to centsr of mass solid angles

CM
for alpha particles,

,ﬂ be ing, the center
. 0.612 __‘1______‘“» of mess angle.
» %A ’
R o
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In Fig. & is zhown a typical pulse height distribution
This

curve showing the alpha-particle group resolution in two runs.
varies with deuteron energv and angle, of course,
Tre deta shown in Fig. 6 gives the laboratory svstem differ-
eﬁtial cross secotions as a function of angle over the range so far studied.

The values of o(8,) are obtained from

Ng sin 6,

O:x (ea’Ed) gNdNT

where
= lsboratory coordinmtse systesm anple of observation

%
et the deuteron energy E;$
= number of alphes during a run or per microcoulomb

Ny
of deuterons,
Ny = number of deuterons during a run or per microcoulombd
of charge} )
Ny = number of tritons per cms of tarpet ras}
2
g = 73 - 2D  1s the counter geovetry f‘acyor(6 ‘, where
R.b
na « area of counter hole, radius a;
2b = width of defining slit; oD
. LL’
R = distance from hole to intersection of normsl to hole ——
) . s
with axis of deuteron beams —
Nl
‘I[
~C
N
)

B = distance from hole to slit.
In Fig. 7 are shown the center of mass coordinate system
-

differential oross sections plotted at the appropriate angles in the
Although the data is still somewhat scanty, the angular

o same system,
distribution is definitely not symmetric about 90 degress in the center
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of mass system. If & fit is made to a power series in cos g one firde a

reasonably adenuate representation of the data given by

(Y = AEY +B (E) cos f +« "(E) oos2 £
indicating an intersction betwsen 5 and P wave. Until more data is
obtained one can approximately fix the total reaction croes section by

intepration of the theoretical curve for o(ﬁ\ s Lles,

|

Og, (total) w2n | sin £ o (£) da g «2n [z ARG « 2/3 (g )]

which gives the following values at 1 Mev:
91.0(8) = 0.0103 & 0.0017 cos # + 0.0056 cos? £
Op (1.0 Mev) =~ 0,16 + 0.02 barns}

at 1.5 Yeov:
01.5(;{\ = 0.0104 3 9,9012 cos £ + 0.N045 cos2 f
Op (1.6) = 0,16 4 0.02 barns;

et 2.0 Nov:
9y o) = 0.1088 + 0.0061 cos £ + 0.0090 cos? £
9p(2.0) = 0.15 & 0.02 barns;

at 2.5 Nev:
02.5(15) « 0.0074 + 7.0042 cos £ « 0.01 cos?® g
P T(Z.S ) = 0,135 4 0,03 barns.

The measurements at 2,5 Me'; are the least satiafactory and the total

cross section derived from them is undoubtedly inaccurats. The total

APPROVED FOR PUBLI C RELEASE
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cross sections are plotted at the corresponding triton energies in Fig.

8, together with the resvlts of Bretscher and French (13 and of Baker,
Holloway, Schreiber and Xing<z) « The theoretieal curves plotted,are
Breit=Wigner fits to either one or both ssts of data, end indicate the
importance of knowing the width of the resonance. The target shown has

had considersble use as & thick target with deuterons incident on the gas

at about 600 kev and being complstely stopped in the pgas;, if one assumes that
the broad resonance of the earlier two sets of meesurements combined is
correct the integrated néutron yield from the thick targst per microcoulomb
of deuterons is in fair agreement with the calculated, whereas the narrow
resonance assumed by Bretscher pgives s value of yield less than half thet
observed. The messursments are being ocontinued into the low energy region, but
at values below about 600 kev the straggling and window thickness begzin tn
nake s:uch measurements poor,

Since the cross sections at enorgiea-above 1.0 Veav deuteron energy
sre still reesonebly large, in fact considerably betisr then the correspond~
ing D%(d,n Y HeS cross seotions, thin targets of tritium gas meke a satisfactoery
_neutron source of energies variable betwsen about 13 ¥ev and 18.5 Mev on the
Los Alamos elsctrostatic generator. Absolute flux measurements sre immadiate~

ly possible with the present target from tre relation

dn,

o, (8,) = o5.(6.) :1_5: = kan oy, (6)

and the relationship between neutron and alpha sngle

sinQ—\/Eo" *\/Ma 1 6
n — Iﬂn bAr) Sin G,

APPROVED FOR PUBLI C RELEASE
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- where E = (176 4 B4) - E, (8 )

and where

d0, _ ' Cos(¢+6a) sin* @,

dn, = "7 cos(#-6,) sin*e,

Fig. 9 shows the realtionship between E, and &, as a function of
deuteron energy; Fig. 10 gives ¥ n as o function of ea for different
Eq and also shows 8, as & function of § for various values of Ed’ The

neutron energies have been calculated from

1/2
E -.5%_ Eq(2.50 4 coszen) 4+ 14.02 4“?% {112.1 4.-%‘%Ed(5 + coszen)}cos s

sssuming & Q = + 17.5 Mev. 1In this case it is preferable to use the

) equation above thean the nomographs of McKibben(S‘

since the large Q
makes it impossible to read neutron energies with any accuracy from the
ususl type of chart.

One feels reasonably well aasﬁrod that the neutrons are mono=
ergic in this reaction, st least to energies well above 3 Ne¢ deuteron
energy, since there are no indications in other work of excited states of
red at such low snergies. The alpha=particle group observed in this work
appears sharp, but the 'presence of pulsss from scattersd deuterons, protons
and tritons does not allow examination of .the whole energy spectrum of the
alphas in this experimental arrangement,

It is not feasible with the present alphs=perticle counting

.. feometry to observe at laborastory angles below 45 degrees or above 135

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

P
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within the sbove angular range to allow sxtension of the measurements to

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

total cross section with good accurecy.
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