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y rays from nuclei bombarded by hi>:h cncrny protons (from 100 MeV to 1 GeV) lead
to mass distributions of stable nuclei where An-nuclci arc the most abundant.
With calcium an cncrny dependence is found. A few evidence for direct or semi-
direct processes are reported. „, " „,
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We have tnearaired the y rays emitted by various light and medium-mass nuclei bom-
barded by high energy protons (from 100 MeV to I 'GeV). Wo ur.ed-a 85 cc Ge(Li)
detector in coincidence with protons of the beam and in anticoincidence with
protons scattered by the target. Unfolding of the y spectra gives transition
energies to better than ± I keV and cî oss sections within ± 20% accuracy.

Large cross sections for /m-nuclei (N and Z even) are observed suggesting single
and multiple « (or 2p-2n) removal from the target. As shown by the table, in the
case of a Ca target (97% l0Ca), this process corresponds to .nearly one half of the
total cross-section. Increasing the incident energy seems to enhance the phc.no- .
menon (colunm 3 and 5).

Comparison of our 600 MeV data (column 5) with experiments performed with fast
pions on the same target (colunn 6) shows a strong similarity between these data,
except that proton eross-r.ectKms arc much smaller than pion cross-sections. On
the contrary, at lower energies, a large cross-section for ̂ HC removal is measu-
red in analogy with stopped pions.

Experiments performed on Al, Si. and Fc docs not show a sensitive dependence of
the relative cross-sections versus incident energy as on calcium. Large cross-
sections --.re measured for production of 2%g antj 20j.;c from .\i and Si. This means
that t mid t * c* removal from Al and -a and a removal from Si proceeds to lead
to'the satne .'m-nuclei. Other residual nuclei identified on Al and Si spectra are
isobai'S of the valley of stability. From this, we infer that binding energy dif-
ferences are a very important parameter of the process and that the reaction
mechanism is most probably direct since a de-excitation of the nucleus by suc-
cessive evaporation of nuclcous would hardly reproduce the strong selectivity of
residual nuclei which is observed in these experiments.

Another support for the assumption of a direct production of these nuclei is gi-
ven by the Dopplci— broadening of a few of the y rays. As an exemple, with an 0
target, two lines coming fron the do-excitation of the second level of 1 *N were
measured with widths of 20 keV and 28 kcV proportionnai to the 1632. MeV and 2312
MeV transition energies.

Many of these results strongly suggest direct or semi-direct procerscs. Confir-
mation would give hopes of studying clustering in nuclei from the abundant «
particle removal observed in.these experiments.
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nucl cur.

(0

4°Ca(3-)

39Ca

39K

38K

38Ar
3V

' 3 6 Ar

32S

28Si
2V
2°Ne

Equivalent
removed
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-3o
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Cross-section (nb)
i: ~ 1 10 MeV

P
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20

20.7

15.2

.12.7
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E )«210.McV

(4)

13.4

8.5

9..7'

8.3

10.9 '

13.6

28.4
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16.7
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E «600 MeV
P

(5)

5.2

2.9

3.2

4

'3.4

5.4

14.1

7.6

6.9

3.6
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K _=220MeV

(6) *

45.9
•

32.1

21.7

137.9

114.8

66.1

36.2

27.4

* V.G.Und et al., Vhys. Rev. Lett., 1974, ,32, p. 479.


