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EXPERIMENTAL STUDY OF THE DEUTERON INDUCED
DEUTERON BREAK-UP AT LOW ENERGY:!

FRANCIS .OO@G*. GEORGES AMBROSINO*, DANIEL GUERREAU#**,
JEAN LACHKAR*, Montrouge

The quasi-free scattering process has been studied in the d + D->n - p+ D
wmﬁ.o&od at 6 deuteron energies between 6.77 MeV to 11.7 MeV in steps of 1 MeV. Co-
incident events between neutron and charged-particle pulses (emitted protons or deu-
terons) have been recorded at angles of ©, = @; = 19.5° and 6, = 330°. Some cal-
culations using the plane wave approximation account for the shape of the experimental
cross sections but not for their magnitude. Two kinds of nucleon-nucleon forces are used
and discussed.

It is well known that, in the d + D —>n 4 p + D reaction, the contribution of the
mb.@_-momao interaction process is weak for the deuteron-proton and neutron-deuteron
pairs [1—3]. This is principally due to the fact that the phase shifts are, between 0 and
3 MeV, slowly varying with the relative energy of the nucleon-deuteron pair. It may be
assumed that the quasi-free scattering is the predominant process of this reaction. This
process is responsible for a strong peak centred at the minimum unobserved particle
laboratory energy. In the theoretical interpretation of the experimental data the impulse
@@.@8&5@&05 is frequently used [2—7]. Corey et al. [7] have made measurements, for
this reaction, at the incident deuteron energy of 20.7 MeV. Their results have wgd
compared with theoretical calculations based on both the P. W. B. A amd the D. W. B.
A mﬁwwoxmgmaosm. The first one has been found to account, at best, for the shape of the
experimental cross sections but not for their magnitude.

It was interesting to test the validity of these approximations at a lower energy.
Two kinds of potentials were used: a zero range potential Vod(r) [Vo = —1100 MeV f m3]
and a finite range potential having a gaussian shape Vee#*[Vg = —50MeV, i =
= o..» fm-2]. Our measurements were made under geometrical conditions Srmmm the
quasi-free scattering is enhanced. We have thus recorded coincident events between
protons and deuterons at an angle of 19°30 and neutrons at an angle of 330°. The experi-
Mbwwozm\ have been carried out at 6 deuteron energies from 6.77 to 11.7 MeV in steps of

eV.

The incident deuterons were accelerated by the Tandem Van de Graaff accelerator

1 Contribution given by D. Didier at the International Symposium on Neutron
Induced Reactions, September 2—6, 1974 at SMOLENICE, Czechoslovakis.
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installed at the Centre d’Etudes de Bruéres-le-Chéatel. To avoid a large number of random
coincidences the average current was limited to 7nA. A deuterium gas target inside
a scattering chamber was used [8].

The neutron detector was set 215 cm from the target. The charged particles were
detected through a window in the gas-target holder by a surface-barrier diode (1500 pm
thick) at 10 cm from the center of the gas cell. The time-of-flight difference between the
neutron and the charged particle was measured with a time-to-amplitude converter.
The linear pulse height from the output was recorded simultaneously with the charged
particle energy. In the data reduction, these informations were used to distinguishebetwe-
en the emitted protons and deuterons. For a given energy, the protons and the deuterons
correspond to two time-of-flight peaks emerging above the underlying background. The
bi-parameter background surface was obtained by successive smoothing of the data
away from the peak regions and subtracted channel by channel from the total surface.
Then peak areas were determined. These data have been corrected for neutron attenuation
in the scattering-chamber wall and for the efficiency of the neutron detector. Moreover
the mean energy loss of the charged particles in the gas target was taken into account.

We present, in Figs. 1, 2, our experimental results related t6 the (d, n) and (p, n)
coincident spectra. The error bars are obtained by adding quadratically the statistical
and the neutron efficiency uncertainties. This last error has been evaluated to 5 %
between 2 and 12 MeV neutron energies. Between the neutron detector threshold (500 keV)
and 2 MeV it increases for decreasing neutron energies and relates a value of 20 9, at
500 keV.

We observe, in the experimental spectra, a strong peak centred at the minimum
laboratory energy of the unobserved particle. The measured full-width at half maximum
has been found to increase slowly with incident energy.

The solid lines are related, in Figs. 1, 2, to our theoretical calculations. They were made
using a similar method to that proposed by Corey et al. [7]. The adopted hypotheses
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Fig. 1. Analysis of the proton spectra from a D 4+ D break-up reaction at 6 deuteron
energies. The experimental data are given by the dots and errors bars. The solid lines give
the predictions for the spectra according to thé calculations outlined in the text. The
respective values for the normalization coefficient deduced are indicated in the figure.
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Fig. 2. Analysis of the deuteron spectra from the D 4 D break-up reaction. For the rest,
the legend is the same as for Fig. 1.

may be summed up thus: The P. W. B. A without including any final-state interaction

was adopted. The spacial deuteron wave function was a Hulten function. The in-going -

and out-going wave functions were antisymmetrized relative to the interchange of two
nucleons assuming isospin conservation. All the calculations were made in the laboratory
system. With central potentials, the isospin, spin and spatial parts of the ten matrix
elements were separated. The various reaction probebilities were then deduced: T®(0),
TO(1), T®(2), T®(1). They are defined by the spin value (0, 1, 2) of the exit channel
and by that of the neutron-proton unbound pair (triplet or singlet). They are presented,
in Fig. 3, for a 10.7 MeV incident deuteron energy and for the (d, n) coincidence spectrum.
Near the deuteron energy of 2 MeV we observe a serious decrease of the matrix elements
T®(1) and T®(2). The cross section is given in (n-charge particle (cp)) coincidence by:
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Fig. 3. P. W. B. A reaction probabilities for (d, n) coincidences at a 10.7 MeV deuteron-

energy. The finite range potential is used.
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M, ITE = L (70} + 3|TO(L)2 + 3|TO(1) 2 + 51TW(2){2],
Ly 9
f

where M is the nucleon mass, Ey the incident deuteron energy and gep the related state
density. For the (d, n) coincidence spectrum, the agreement of the shape of the calculated
cross sections with the experimental one is fairly good in the whole energy range. On
the other hand, for the (n, ) coincidence spectrum, the agreement is better when the
energy increases. Moreover a gaussian N-N potential gives a more reliable description
of the reaction.

The ratios N of the experimental peak cross section to the calculated one have been
deduced, for the two investigated potentials. The values of these two ratios are given
in Figs. 1 and 2.

The quasi-free scattering process has been studied from the d + D—>n 4 p + D
reaction at 6 energies between 6.77 MeV to 11.7 MeV in step of 1 MeV. It has been
proved that even in this energy range the plane wave approximation accounts fairly well
for the shape of the experimental cross sections.

REFERENCES

[1] Chemarin M., Burq J. P., Cabrillat J. C., Ille B., Nucl. Phys. 4 202 Aﬁwﬂwv,

71.

[2] Von Witsch W., Ivanovich M., Rendic D., Sandler J., Phillips G. C,,
Phys. Rev. 2 (1970), 2144,

[3] Chemarin M., Thése LYCEN 7275 (1972).

[4] Von Witsch W., Mutchler G. S., Phillips G. C., Miljanic D., Phys. Rev. C &
(1973), 403.

[5] Valkovic V., Gabitzsch N.,, Rendic D., Duck F., Phillips G. C., Nuel. Phys.
A4 182 (1972), 225. ,

[6] Andrade E., Valkovic V., Rendic D., Phillips G. C., Nucl. Phys. 4 183
(1972), 145.

(7} Corey B. E.,, Warner R. E., Bercaw R. W., Nucl. Phys. 4 174 (1971), 468.

[81Cogu F., Ambrosino G., Guerreau G., CEA Report (to be published).

Received September 91, 1974.

63



