
HAL Id: jpa-00208215
https://hal.science/jpa-00208215

Submitted on 1 Jan 1974

HAL is a multi-disciplinary open access
archive for the deposit and dissemination of sci-
entific research documents, whether they are pub-
lished or not. The documents may come from
teaching and research institutions in France or
abroad, or from public or private research centers.

L’archive ouverte pluridisciplinaire HAL, est
destinée au dépôt et à la diffusion de documents
scientifiques de niveau recherche, publiés ou non,
émanant des établissements d’enseignement et de
recherche français ou étrangers, des laboratoires
publics ou privés.

Analysis of the 6Li(n, t) α reaction over the energy
range 14 to 3 900 keV

A. Lejeune, R. Sartor

To cite this version:
A. Lejeune, R. Sartor. Analysis of the 6Li(n, t) α reaction over the energy range 14 to 3 900 keV.
Journal de Physique, 1974, 35 (12), pp.895-897. �10.1051/jphys:019740035012089500�. �jpa-00208215�

https://hal.science/jpa-00208215
https://hal.archives-ouvertes.fr


895

ANALYSIS OF THE 6Li(n, t) 03B1 REACTION
OVER THE ENERGY RANGE 14 TO 3 900 keV
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Sart Tilman, B-4000 Liège 1, Belgique
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Résumé. 2014 De nouvelles données expérimentales comprises entre 14 et 3 900 keV des sections
efficaces intégrées et différentielles de la réaction 6Li(n, t) 03B1 sont analysées dans le cadre de la théorie
de la matrice S pour les réactions nucléaires. Nous construisons une expression paramétrique.
Un niveau 3/2- est situé à Eexc = 8,83 MeV avec une largeur de 1 780 keV.

Abstract. 2014 New experimental data for the integrated and differential 6Li(n, t) 03B1 cross sections,
in the range 14 to 3 900 keV, are analysed within the framework of the S-matrix theory of nuclear
reactions. A parametric expression is obtained. A 3/2- level is located at Eexc = 8.83 MeV with
a width equal to 1 780 keV.
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1. Introduction. - The reaction 6Li(n, t) a is of

particular interest in reactor physics and in neutron
spectroscopy and has been extensively investigated [1].
The compound nucleus ’Li has also been studied
in the theoretical frame of the shell model [2, 3]
and of the rotational model [4] and also experimen-
tally [5, 6]. Until a few years ago, most of the cross
section measurements were concentrated between
30 keV and 600 keV. Recently however, extensive
and precise measurements in the energy range 14

to 3 900 keV became available [7-10].
The purpose of the present paper is twofold.

Firstly, we want to analyse both the integrated and the
differential cross-sections, using the S-matrix theory
[11] ] of nuclear reactions. Secondly, we determine
the angular momentum, parity, excitation energy
and width of a resonance as yet not well-established,
at about 9 MeV excitation energy in 7Li.

2. The experimental data. - Recently, Fort and

Marquette [9] have done absolute measurements of
the integrated 6Li(n, t) a cross section from 14 to
1 700 keV. Thus, they cover all the preceding mea-
surements [1] and provide, moreover, a coherent
set of data. They generally agree with the preceding
data. Another coherent set of 6;nt, measured by
Clements and Rickard [10], is available in the energy
range 1 100 to 3 900 keV. We will use these two sets
of data since the other measurements [7] are dispersed
and imply a lot of renormalization corrections.
The data of ref. [9] have been taken as reference.

The two sets [9, 10] overlap in the energy range 1 100
to 1 700 keV. The two integrated cross-sections are
similar in shape and slope. We multiply the Clements’
results by a normalization factor equal to 1.79 to
obtain a consistent set of Uint from 14 to 3 900 keV.
The 6Li(n, t) a differential cross sections, from

80 keV up to 2.70 MeV, are available from the BNL
report [8]. The remaining problem is the norma-
lization of the dQ/dQ to the value of o-int. At each
energy, we fit the da/dS2 using the expression -

The normalization factor X Ei is then given by the
equation 

’

We can now study from the theoretical point of view
a full set of coherent data.

3. The theoretical formulae. - The values of ai»t
in the energy range 14 to 600 keV had already been
studied in ref. [1]. We keep the different channels
introduced in that analysis, namely the p-wave
5/2 - resonance channel and the two s-wave 1 /2 +
and 3/2+ non resonant channels. The extended ana-
lysis of the new cross section will, of course, modify
the values of the corresponding parameters. Figure 1
shows the integrated cross section versus energy,
from 600 keV to 3 900 keV. A new resonance appears
around En,lab ~ 2.0 MeV..
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FIG. 1. - Plot of (Tint (C. M. system) versus energy En,lab. The dots
represent the experimental results; errors are not indicated. The
full and dashed theoretical curves refer respectively to the 3/2-
and 7/2- resonances, the penetration factor in both cases

being s.

In a shell model calculation, Barker [2] found, in
this excitation region, the levels (P 3/2 -, Ex = 9 .17 MeV),
(D7/2-’ Ex = 9.61 MeV) and (P1/2-, Ex = 9.80 MeV).
However, in their experiments, Spiger and Tom-
brello [5] observed only a (D7/2-, Ex = 9.67 MeV)
level. This level has large (a, t) and (6Li*, n’) reduced
widths but a negligible (6Li, n) one. In addition, the
centrifugal barrier favours the (6Li*, n’) channel
rather than the (6Li, n) one. We observe also that the
(F 5/2 -, Ex = 6.64 MeV) has a large y2 and the (P 5/2 -,
Ex = 7.47 MeV) has a small y2 and a large y2 . A
similar situation exists in the case of the miror nucleus
7Be. This shows that the F 5/2 - and D7j2- levels have
a large overlap with the (a, t) channel. On the contrary,
the triplet P 5/2,3/2,1/2 - will have a large overlap with
the (6Li, n) channel. These dynamical considerations
lead us to believe that the new resonance is a 3/2 - one.
Nevertheless, to test the above assumptions, we have
also tried a 7/2- spin assignment.
Three choices have been proposed for the penetra-

tion factors within the framework of the S-matrix

theory of nuclear reactions [11]. We do not consider
here the factor Pl [11] since it introduces an additional
parameter, and we will only use the factors

and

where

and

The tables 1 and II show the different channels
needed for the analysis.
The approximations of the ’G matrix which have

to be used in the non-resonant channels are complex
constant backgrounds, already described in détails
in ref. [l, 11, 13].
We use the one-level approximation without back-

ground of the t matrix for the resonant channels.

TABLE 1

TABLE II

The expressions used in the analysis are the fol-
lowing. In the channels (a, a’), (b, b’), we take

or

In the channels

we use

or

where

and
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The real and constant quantities qn, r en’ rn, En, Kcn,
’en are defined in ref. [ 11 ] .
We do not write the explicit expressions for the

integrated and differential cross-sections because they
are too long. They were derived from the general
expression for the cross-section given in ref. [14].
There exist 16 parameters. The fit is obtained using
the least Xi squares method for both the integrated
and differential cross-sections.

4. The results. - We tried the different possibilities
i. e. the penetration factor n, or ne for all the channels
and the spins 7/2- or 3/2- for the additional reso-
nance. The comparison between the use of the two
penetration factors favours the ne one.
The two theoretical curves in figure 1 refer to the

same penetration factor 7c. The best agreement is
obtained with the 3/2- resonance shown by the full
curve. We note, however, that this lies below the

experimental points above 2 400 keV. The integrated
cross-section below 600 keV [1] is very well reproduced
using two (5/2-, 3/2-) résonances and a little bit
less by two (5/2-, 7/2-). Figure 2 shows dJ/dQ, for
E.,I.b &#x3E; 600 keV, and the corresponding theoretical
curves. Once more, the best general agreement is
obtained with the (5/2-, 3/2-) resonances. It gives
also a good fit below 600 keV.

FIG. 2. - Plot of dQ/dSl {C. M. system) versus cos0(C. M.)
for different energies En,lab. Same remarks as for figure 1.

The disagreement above 2 400 keV for ai.t and at
2 150 and 2 700 keV for da/dQ may have various
origins. One reason may be the existence of a third
resonance in this energy range. We investigated that
possibility by introducing the set of levels (5/2-, 3/2-,
7/2-). The resulting fit was not significantly better
because this 7/2- level has, as already mentioned, a
small partial width in the (6Li + n) channel. We did
not attempt other fits including new backgrounds
because on the one hand, the number of parameter
rises quickly, thus giving a non-significant result

and, on the other hand, we lack information on the
cross-section above 3.9 MeV. Another reason, might
be the rising of direct processes which cannot be
included in the present formalism.
Table III shows the main parameters values. The

values of E5/2- and r 5/2 - are not very different from
these of ref. [1].

TABLE III

5. Conclusions. - We locate the excitation energy
of the proposed 3/2- spin level at 8.83 MeV and
determine its width r 3/2 = 1 780 keV. The value
of r 3/2 is in agreement with the result of the mirror
nucleus ’Be [15] and the excitation energy Ex lies
a little bit lower than the proposed result of Bar-
ker [2].

6. Acknowledgments. - The authors wish to

express their thanks to Drs. Fort and Marquette for
an early communication of their results. The calcu-
lations were performed on the IBM 370/158 computer
of the University of Liège.

References

[1] MAHAUX, C. and ROBAYE, G., Nucl. Phys. 74 (1965) 161.
[2] BARKER, F. C., Nucl. Phys. 83 (1966) 418.
[3] ASWAD, A., KISSENER, H. R., JÄGER, H. V. and ERAMZHIAN,

R. A., Nucl. Phys. A208 (1973) 61.
[4] CHESTERFIELD, C. M. and SPICER, B. M., Nucl. Phys. 41 (1963)

675.

[5] SPIGER, R. I. and TOMBRELLO, T. A., Phys. Rev. 163 (1967) 964.
[6] VON WITSCH, W., IVANOVICH, M., OTTE, V. A., RENDIC, D.

and PHILLIPS, G. C., Nucl. Phys. A172 (1971) 633.
[7] PENDELBURY, E. D., AERE Report 0-60/64.

ATTLEY, C. A. and DIMENT, K. M., UKAE, Reports AERE-
PR/NP 14 (1968), 15 and 16 (1969). FORT, E., communi-
cation CN 26/72, IAEA Conference, Helsinki (1969).

[8] BNL 400 Report, « Angular Distributions in Neutron Induced
Reactions, vol. I, Z = 1, ~ 20 » (1970).

[9] FORT, E. and MARQUETTE, J. P., EANDC (E) 148 « U »(1972).
[10] CLEMENTS, P. J. and RICKARD, I. C., « A Measurement of the

6Li(n, 03B1) t Cross Section over the Energy Range 150 keV to
3.9 MeV », AERE HL 72/2890 (C17) (1972).

[11] HUMBLET, J., « Fundamentals in Nuclear Theory » (IAEA
Vienna) 1967, p. 369.

[12] LAURITSEN, T. and AJZENBERG-SELOVE, F., Nucl. Phys. 78
(1966) 1.

[13] LEJEUNE, A., Nucl. Phys. A116 (1968) 72.
[14] LANE, A. M. and THOMAS, R. G., Rev. Mod. Phys. 30 (1958)

257.

[15] HARRISON, W. D., Nucl. Phys. 92 (1967) 253.


