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IMPROVED EVALUATION OF THE DIFFERENTIAL CROSS SECTIONS

OF THE 3H(d,n)4He REACTION FOR DEUTERON ENERGIES

BETWEEN 3 AND 7 MeV

by

M. Drosg

ABSTRACT

For deuteron energies below 7 MeV, the evaluation of the differential cross sections

of the 3H(d,n)4He reaction was improved by including three associated ‘He particle

excitation functions between 4 and 11 MeV. Above 7 MeV, the scale agrees within error

limits with that of a previous evaluation, and no energy-dependent systematic deviations

between measured and predicted values are observed. However, deviations of up to 20%

from the Liskien and Paulsen evaluation are observed.

——— ——— ———. ——— ——_—

1. INTRODUCTION

The status of the neutron production cross sections by

the hydrogen isotopes was reviewed only recently.l The

original evaluation by Liskien and Paulsenz covered

charged- particle energies up to 10 MeV. In a previous

evaluation,3 unified cross sections for 3H(p,n)3He,

2H(d,n)3He, and 3H(d,n)4He were derived, which ex-

tended the energy range to about 17 MeV. In the case of

the 3H(d,n)4He reaction, the energy range covered by this

evaluation was 5 to 19 MeV. This evaluation relied

strongly on previous experimental data between 7 and

16.5 MeV.3

The three excitation functions’ included here cover

deuteron energies from 4 to 11 MeV. They were not used

by Liskien and Paulsenz or in the previous evaluation.3

Their inclusion is valuable because they give information

on energy-dependent systematic errors and provide

back-angle data for the angular distributions. Thus, the

previous evaluation 3 was noticeably improved below 7

MeV and its range was lowered to 3 MeV.

11. METHOD

The three excitation functions included here were

measured by the associated-particle method via the I

reaction 3H(d,a)n for the a-particle angles of 18.0, 27.3

and 37.0°.4 An angular uncertainty of 0.10, a scale error

of 3’?40,and a typical differential error of 4Vo are given for I
these data. By comparison with the predictions of the

previous evaluation,3 a scale difference of 2.80/o was

determined, which is within the error limits given. All

three excitation functions have the identical scale dif-

ference (above 7 MeV). This is very important because it

shows that both the data and the previous evaluation

(above 7 MeV) are trustworthy. Deviations below 7 MeV

(Fig. 1) can be3explained by the lack of reliable data at

these energies.
For this evaluation the following conditions had to be

met.

(1) The three experimental excitation functions must

be reproduced within their error limits, also below
■

7 MeV.

1
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Fig. 1.

Excitation functions of the reaction ‘H(d,a)n for the three lab

angles 18.0, 27.3, and 37.0°. Data points are from Ref.4. The
full curve is from the present evaluation, the dashed curve is

from Ref. 2, and the dashed-dotted curve shows the deviation

of the previous evaluation’ from the present.

(2) Other experimental data, especially the data of
Bame and Perry,s must be consistent with the

solution.

(3) The Legendre coefficients, the 0° cross sections,

the 180° cross sections, and the integrated cross

sections must vary smoothly from the

well-established values at 7 MeV to the values of

Liskien and Paulsenz at some energy below 4

MeV.

However, complications arise

(1)

(2)

(3

III.

from the fluctuations in the excitation functions,

which are not purely statistical as can be seen in

Fig. 1;

from the Legendre presentation of the Bame and

Perry data,s as the lack of high-order coefilcients

makes the distributions not enough forward

peaked, as was pointed out previously;3 and

from the presence of a resonance near 5-MeV

deuteron energy corresponding to the 19.9-MeV

level in ‘He.c Therefore, no simple interpolation

between 7 MeV and the lower energies is possible.

RESULTS AND DISCUSSION

Using the three criteria of Sec. II, the new evaluation

must extend down to 2.7 MeV to smoothly join the

Liskien and Paulsen values.z However, the difference at 3

2

MeV is still small, as can be seen in Table I. Table I gives

the new recommended Legendre coefficients and the new

scales between 3 and 10 MeV. The values at 7.0 and 10.0

MeV are identical with those of the previous evaluation.3

The other distributions above 7 MeV are slightly

changed because of the inclusion of the three excitation

functions. The changes are, however, much smaller than

the uncertainties. Only the changes below 7 MeV must

be considered.

Figure 2 shows the energy dependence of the inte-

grated cross section and of the differential cross sections

at 0° and 180°. For comparison, the values of Liskien

and Paulsenz are given also.

Figure 3 compares the predictions for the angular

distribution at 5.5 MeV. When matching the distribu-

tions at 0°, the maximum deviation from Lkkien and
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Fig. 2.
Energy dependence of the integrated, the 0°, and the 180°

cross sections of the reaction 3H(d,n)4He. The full curves are

the present results and the dashed curves are from Ref. 2.
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Fig. 3.

Normalized angular distniucion of the ,3H(d@)4He reaction at

5.5 MeV. The full curve is the present result, the dashed-dotted

curve is the previous solution, and the dashed curve is from

Ref. 2. The data points are from Ref. 4.

Paulsenz is 10.6?40 at 180°, and from the previous

evaluation,3 is 4.6% at 1060. The latter is within the

estimated uncertainty of +3%.3 At 6.5 MeV, the max-

imum deviations are 20’%0 at 180° for Liskien and

Paulsenz and 2’70at 104° for the previous evaluation.3

Like the other charged-particle data of the 3H(d,n)4He

reaction, these data also have a lower scale than the

recommended scale of the previous evaluation.3 How-

ever, the difference is not important. The combined scale

difference (combined with the data of Table XVIII of

Ref. 3) is (1.49 + 0.75)V0, which is within the scale

uncertainty of 1.5?40of the recommended data. As was

pointed out before,3 this scale difference could be re-

moved by raising the high-energy part of the efficiency

curve. However, such a procedure would not be consis-

tent with the neutron-detection efllciency curve derived

independently.3

The use of the three excitation functions with no

obvious energy-dependent systematic error allows us to

transfer the scale from above 7 MeV to lower energies,

so that a 2% scale uncertainty for 4 MeV seems realistic.

The scale uncertainty of the low-energy data of Liskien

and Paulsenz is given as 4%. Therefore, the errors

increase below 4 MeV because of the necessity of a

smooth transition from the present evaluation to the

low-energy part of Liskien’s and Paulsen’s evaluation.2

This not only affects the scale uncertainty, but will also

increase the differential error from +20/0 for energies

above 5 MeV to *3% at 3 MeV.

IV. CONCLUSION

The inclusion of three excitation functions over the

rather wide energy range from 4 to 11 MeV was very

important for three reasons.

(1)

(2)

(3)

Above 7 MeV, it independently confirmed the

previous evaluation.3

For energies between 4 and 7 MeV, it gave enough

additional information to improve the evaluation

and to reduce the uncertainties there.

Like the other charged- particle data, it indicated

that the scale of the recommended 3H(d,n)4He

data is slightly too large, although within the

uncertainties.
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