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ON THE POSSIBILITY OF DETERMINATION OF THE TRITIUM
DISTRIBUTION IN TITANIUM-TRITIUM TARGETS

PAVEL OBLOZINSKY, IGOR RIBANSKY, Bratislava

The spectroscopy of a-particles, resulting from the T(d, n) He4 reaction
is suggested as a method for determining the tritium distribution in a tita-
nium layer target in the 14 MeV neutron generation. Experimental possibili-
ties are discussed.

INTRODUCTION

The T(d, n) He* reaction is commonly used in the generation of 14 MeV
neutrons. Tritium atoms, absorbed in the titanium (zirconium) layer of the
target, are bombarded by a deuteron beam from the accelerator. The cross
section of this reaction is equal to its maximum value (approximately 5 barns)
at about a 130 keV energy of deuterons [1]. As a consequence of both non-
-uniform tritium loading in the layer and energy loss of deuterons in the target.
this reaction does not take place in the region of maximum concentration
of tritium with incident deuteron energy E; ~ 130 keV. This fact influences
both total yield and energy distribution of neutrons. The non-uniform tritium
loading in the titanium layer has been investigated by measuring the total
neutron yield at different deuteron energies as well as for the different target.
positions with respect to the deuteron beam axis [2]. Fig. 1 gives the distribu-
tion in one target thus determined.

The spectroscopy of a-particles resulting from the T(d, n)He? reaction
could be utilized for the determination of tritium distribution in a titanium
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Fig. 1. Tritium distribution inside the titanium-tritium target.
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layer target. The basic cosiderations concerning to this method are the subject
-of this paper.

DESCRIPTION OF THE METHOD

Let us consider deuterons striking the target surface at the angle ©;, and
the part d/ of the target layer in the depth 1. We will investigate «-particles
emerging from the target at the angle 0, i. e., with respect to the deuteron
beam axis at the angle ©® = 6, + 0 (Fig. 2). The energy £ of x-particles
generated in the layer dI depends, in general, on both @ and the energy of the
interacting deuterons Ey(l). It is possible to choose @ so that the energy E©
will not depend on the depth (@ = 87°, £ — 3529 4 3 keV if the incident
-deuteron energy is 150 keV [1]).
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Fig. 2.

After leaving the target, the a-particles have the energy

lfcos &,

By =BY — | =% az, M)

where dey/dx is the rate of the energy loss of a-particles in the target material.
The latter can be expressed according to the Bragg rule [2]

dey , 48 dey 3C(1) dey @
dr 48 4 30() \ de | + 48 + 30 \ dx /o .
deq deq .
where {—] and are the rates the energy loss of a-particles in titanium

dz | dz /1
and tritium, respectively; C(l) is the loading ratio, of tritium in titanium
in the depth [, i. e., the number of tritium atoms absorbed by one titanium
atom in the depth I. o

It is clear from equation (1) that there is an unabmiguous relation between
the energy of a-particles and the depth I, with @ —= 87°.
It is assumed in the following considerations that -
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1) The deuteron flux ®; does not depend on the depth I

2) The deuteron flux @4 contains a negligible portion of D; ions

3) The multiple scattering of deuterons in the target material has only a very
-small influence on the energy £ ;

4) The titanium density gr: is independent from the loading ratio C(l), i. e.,
the expansion of the titanium lattice is negligible. .

. Let us consider again the part dl of the layer in the depth I. The number

mw_.e-wg.s&mm arising in this part and emitted within the solid angle A2 at the

angle 0; is

DaAQ0(Ea(l) () Al = No(Ba(l)) dB(l), (3)

..%m.ﬁ.m o(Bq(l)) is the differential cross section for the T(d, n)He? reaction,

Ey(l) is the deuteron energy in the depth ! and N, (E,()) is the number of
a-particles with the energy K, in the depth I; the deuteron energy Equ(l) is

.given by

tjcos 6y

deg |

E) = BY — | de, @

‘where E{ is the incident deuteron energy, des/dz has the same meaning

as in Egs. (1) and (2); n(l) is the number of tritium atoms in the unit volume.

According to the assumption 4):

oriV
(1) = )
n(l) T dm

o), o (5)

where Ay is the atomic weight of titanium and N is Avogadro‘s number.
The relation (3) can be rewritten in the following form

No(Ball)) = ®adQ——" u(l). (6)

As it follows from Eq. (1) dEx({l)/dl equals the specific energy loss given by
equation (2).

.Both the cross section ¢(Fy) [1] and the specific energy loss of deuterons [2]
as well as of the a-particles [3] are known functions. The quantities By, No(E,)
can be obtained by means of a-spectroscopy. Substitution of (2), (4) and (5)
m.cao (1) and (6) gives thus the system of two equations for which the numerical

.solution with respect to C(l), depending on [, describes the distribution of

tritium in the titanium-tritium target.
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DISCUSSION

The experimental determination of the tritium distribution C(l) in the
target by this method depends on the validity of the assumptions mentioned
above. "
L. If one assumes the deuteron current to be 10-5A and the total neutron

yield 108 neutrons/4rx sec (the usual parameters of neutron

the decrease of the deuteron beam due to the T(d, n)He* reac

The other decreasing effects can also be neglected.

2. The neutron generators with the high-frequency discharge as a deuteron

- source give the deuteron beam containing ~ 10 ¢/, od Dy-ions [4]. The
influence of this portion of D; can be neglected if we take into account;
that molecular deuterons interact with half their energy when the crogs
section sinks rapidly and that they lose their energy in front of the target
layers, where C(l) is low, very quickly. The Dj portion can be completely
eliminated by use of the magnetic separation.

8. The influence of the multiple scattering of deuterons on the energy B
of neutrons emitted at the angle @ = 98° wag investigated in paper [7].
The calculated half-width of the corresponding energy spread for a thick
target at E;” = 160 keV is equal to the value of o 100 keV while the -
kinematic spread of the energy of neutrons is only ~ 30 keV. The experi-
mental results obtained in paper [7] give a value which is little lower than
the theoretical one. The kinematic spread of the a-particle energy at the
angle © = 87° is ~ 6 keV [1]. One can thus expect that for such a class :
of a-particles the energy spread due to the multiple scattering of deuterons .
is considerably less than that for EQ at 98°. .

4. The loading ratio C for Ti lies within the range 0.2—2.3 [5]. The consequence
of this fact is the deformation of the titanium lattice, i. 0., oy depends on C.
The characteristic value of this deformation is the expansion of the lattice
by about 15 ¢ for 0 = 1.5 [2].

The proper choice of the time interval
tant experimental requirements. The value of 4¢ is limited by the requirement
that C(l) has to be constant during the measurement and thas the x-particles

ooﬁbew@amvmmzmmomobawrmmr.O:ewmwcarmn hand the geometry must verify
the assumption £ ~ const.

generators);
tion is 10-

At and the geometry are very impor

If one considers the parameters of the neutron generators mentioned above
one can assume At = 10 sec being the interval in which the quantity CO(l)
changes very little [6]. It can be shown from kinematics that within the

angle interval of 0.5° around @ = 87° the assumption E{” »~ const. holds goo

According to the simple calculation under the condition defined above, one.
can expect the area of the a-spectrum of the order of 105,

108

Experimental preparations for the verification of the described method are
in progress.
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