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2. Their Jength distributicn avound the mean value
(=3 microns) 1is approximately gaussianiwith no
evidence of an appreciable yield of tracks with
much shorte }encih: (Figure 1a).

3. In particular, there is no tendéncy for the tracks
to shorten as the angle with respect to the beam
increases., |

4. No new tracks have appeared on fresh surfaces ob-
tained by removing and etching thin successive layers
(*3 microns) from the surface exposed to the jons,

ITI. ELASTIC PROCESSES

'Fo??qwing these ohservations we calculated what-should be
kexpecied for elastic.séattering'processes*l A1l the ¢a1cu1ations
: were pér%brmed usipg the classical Rutherford’f&hmd?a, fdr cou~
Tomb gcatterino. This‘%OPMU]a islnot sfribtlykvalfd for elastic

scattering aL these. energies, pur(1cu1ar;y for near h ad-on

collisions wherea ohe departures from expcranenr becomO‘Jncreasing~

&

ly large, However, these dev1atvons ane JanUCh_ﬂ sense'as Lo
1ncr ase the dxsagreemenc with exporwmenL nobed boiow. Use of a
‘more camplicated but more correcu, Tormu7au1on~wou]d therefore

on]y reTnforce the conclusions of this paper. S

In agreement with the most recent experimental work,” we also
_as;umed that mica:wouid reﬁistef the following tons: 3 Mey NezO,
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tengths of ~1 micron;'~3 nicrons., aud.~o.microns.* With the
above model we predict the following experimental features for
tracks produced by elastic scatiering processes:

1. The track Tength distribution should bg similar

’ to that éhown in Figure 1b this distribution
reflects the basic properties of Ruthefford
collisions: there are many more recoils produced
at large angles than at sméi?’ang1es.' Such large -
angle events have low energy. Hence there should

. be many more shovrt tracks than lTong ones.

2. The track lengths shou?d also become ihcreasing?y
shorter -at large angles as the recoil energy,
approaches threshold.

3. Notwithstanding the above, tracks of ~3 microns
in Tength should be seen at all‘inc1ination angles
between 0° and 90°. These tracks would be pro-

i

&

‘ duced, for example, by siticon recoils emitied

45° to the beam direction, as shown in Figure 2.

ey

4, _Contrafy fo thé statement by Horn énd Von Oer%zen,
Si and Al recoils a#é Qrobab?y_much more important -
than K'and Fe recoils. . |
"It can be seen that the experimental data are comp]etelyi;
'incpnsisient with the predicted features. Although our calculations

may have to be modified somewhat in the Tight of future data on

e

*It‘shOUYd be pointed out, however, that we have noted4 that, in
our view, the registration characteristics of mica for low energy,

Tow mass fons needs to be verified before being completely accepied.




- L UPFCH reactions for seve rc1 reasons that are discussed in .

/
i

the registration characteristics of’micah we sece no way to modify

the essential quaiitative aspect of our comparison. Elastic

recoils should not be peaked in the forward direction; the ob-
served tracks are. For this reason, we believe that the inter-

+

Cphretation of Horn and Von Qertzen 1is incorreét.
IV, INELASTIC PROCESSES

It remains to find a satis’c ctory explanation for the ob-
served tracks. Inelastic nuclear processes provide a possible
- sofution to the problem. In fact, a much earlier observation of
tracks produced by incident oxygen ions of higher energy was
explained on this basis by Price and Walker 5 This pos sibitity
was rejected by Horn and Von Oertaen in 1he7r work by tne
following phrase: "compound nucleus formation above the Coulomb
barfier will give no observable tracks because the Tifetimes of
the compound nuclei are too short." Buk ff the lifetimes of

compound nuclei are.indeed too short, those of the products of

16 16 <28,

The kinetic energy of the bombarding ions is high e-

keactions such a3'80 are most cert a1n7/ nob'
hough toallow their interaction with all the major con5u1tuenﬁs
of mica (Table I, column 2). The fo?iowing inelastic prqﬁé%%ps'
‘ e

can play a role in producing tracks: (1) for small and inter=
mediate impact parameters the two nuclei may form either a complete
fusion compound nuclei (CFCMN) 6r a pariia] fusion compound nuglei
(PFCNY (2) for 1arge impact paranéters sévera? "bdrriér“ processés
?occur, in particular transfor reactiohs‘ |

For 32 MeV-oxygen jons ve can CACIJQO ‘the transfer and the




detail elsewhore®. But the CFCN reactions, on the other hand,
seem to give all the required characteristics, Consider for

' 16 .2

example the possible reaction g0 g
1. The average kinctic energy of the product nucleus
is ~14 Mev and the corresponding track 7ength'is
~3 micvonsS; ' |
2. The maximum angle of emission of the recoil is
”260;
3. By referring to Table 11 (column 4) we sce that
at a depth of 3 to 4 microns, the values of the !
cross sections are very sma]]iand therefore the
track density should drop sharply with 1ncrgasihg
dépth. ‘
The 5bove characteristics are completely compatible with
the,gxperimenta1 observatiphs; thus compound nucieus processes
provide a likely explanation of the observed tracks.
Howeyer,'it must be noted that'théfe are some difficu]ties'
with this interpretation. For one thing, it is not clear that
the observed tfaék density is compatible with the cross-sections

ca]cu]ated by Whomas]o

Unfortunate?y, the experiment of Horn and
Von Oer*zon was not done in a way that makes it possible to com- Y

pare theoretical and experimental track densities. Since.most

N}
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‘reaction nuclei are projected in the forward d1FCCu10n, it is 1
necessary to produce the reaction nuclei in a Lh1n converter film ;
placed upstream in Lhe beam and then obscrve them in a deLPCLor '

ptaced in a dCVHQt.buP uvauiony “This point is d1vcussed in f

Dot

detail in a } aper by Croza et oal.

Suffice it to say here tha




with an assumed effective finteraction Tenyth of 3p, the predicied
“track density calculated from the cross-sections given in Table IT
) :

s 100 times the observed density of ~5 x.?06 t/cm
This Ipwer density could be easily explained by the fact
that mo§fwof the jnﬁeraction tracks are produced in the 1ntefior
of the sample and then projected forward, Théy cannot therefore
'be revealed by etching the external surface as was done by Horn
and Von QOertzen. However, if this were the correct explanation
then we would éxpéct to see an increase in the track density'as
small amounts of the surface were removed and then re-attacked.
No such {ncvease was observed By us when we.perfo?med this exper-
iment on the Horn and Von Oertzen sample. It must be admittéd,
however, that this is a difficult experiment since the amounts

of mica removed are very small. It is also difficult to inter-

pret because the cross-sections drop vrapidly with increasing depth -

~due to the energy loss of the incident particles.

e also consider it possible that the actual flux value was
. ' : y;
Tower than that quoted by Horn and VYon Oertzen (~7()]l
In mica samples irradiated either with the same flux of 11 MeV

6

a-particles” or in a flux Fifty tihes smaller of Tow energy oxy-

r . U 0 ", LY 0 .
gen ions”, we observe interaction track densities in excess of

]07/cm2 as opposed to the value of 5 x 106/cm2 observed thcg The

differences are difficult to interpret, however, bécause of the
different experimental conditions.

V. CONTAMINATION OF THE IHCIDENT BEAM

~

The above difficulties make 1t impossible for us to conclude

7
R

that the tracks seen by iorn and VopsOerizen are “"coriainly” ihe

ions/cmg),”



result of compound nucleus reactiong. Another explanation is that

the accelerator beam could be conta%inated with unidentificd heavy

jons having the same magnetic rigidity but a_hﬁgher rate of primary
Sonization than the nominal fons,

’The‘track density and the quoted flux value would imply a
degree of contamination of ~10"8. Such a value 1§ very small com-
pared to the one (~]0"4) observed during similar ivradiation with
the WILAC Berkefey acce?erator? and therefore 15 not, a priori,
improbable, Furthermore such “contamination" tracks should be
essentially observed.on the surface exposcd to the ion beam (see
“reference 6, p. 4) and the spatial distribution of the tracks
éhou?d be narrowly peaked in the forward direction becagse the
beam divergence js usually very small. Therefore 1t is difficult
to.rule out the possibi?ity that the tracks observed by Horn‘and
Von Dertzen.have been produced by contaminant jons by the inci-
dent heam™. |

It might be argued that the angular épread of the beam is
too narrow to be compatible with the observed rather broad dis-
tvibution of tracks. -To counter this remark we haVe p?ot%ed on
Figure 3 the azimuthal distributions of tracks of ~3 microns in
Tength produced by arsenic dons of 16 MoV accelerated fpr another
ﬁurposeg in the same accelerator, It is clear that the spatial
distribution of the avsenic ion tracks is much broader than 1°

“and quite comparable to the one corresponding to the tracks

*Such a contamination could be also responsibie for the tracks obe
served Jater by tlorn znd Von DertzZen in olivine crystals irradiated

with 32 Mey sulfur ions end attribuled by them to elastically

¢ gy 4 L . Y
scottered {ron nuclei®,




observed by Hovrn and Von Oerizen.

: . . . N
As discussed in detail by Crozaz SD,EJ;(» it 1s not @

completely trivial matter to prove thal any observed {racks are
due to interaction nuctei and ndt To béam contaminanté, an
essentia?'sét of experiments must he'performéd using different
thicknesses of “converﬁgr“ materials ﬁlaced upstream from the

detector,
VI, CONCLUSTONS
The tracks observed by Horn and Von Oertzen are certainly '
not duc to elastically scattered recoil nuclei. They could be

- produced either by compound nucleus reactions or by contaminant

ions present in the incident beam.




As discussed in detail by Crozaz ot a].b, it is not a

completely trivial matter %o prove that any observed tracks are

dueé to dinteraction nuclei and not to beam contaminants, an

essential set of experiments must be performed using different

thicknesses of "converter" materials placed upstrecam from the

detector,
VI.  CONCLUSIONS

The tracks observed by Horn and Von Oerizen are certainly
not due to elastically scattered recoil nuclei. They could be

produced either by compound nucleus reactions or by contaminant

0

ions present in the incident beam, : -
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' TABLE 1

. ) ‘ ' ¢ " o+
. Cotlomb barrier . %cn “e
]'U" "tS ‘ % ] @ ¢ +
arge (in MeV) (in mb) - (in microns)
]6 ! . o
0 3.0 Ak
g0 ! 470 3 - 4.5
27 ' : q . . .
'ISM 19.3 . 303 . 0.8 - 2.7
.28 . s .
1431 20.7 210%% 0.15 -~ 2.7
40 "
]9< 26.4. 45% 0 -2
S 56 | : R
. 4 e \
2_6Fe 33.2 < 1EE 0 |
[ |
? |
|
*Values calculated for 32 MeV oxygen ions by Thomas' . Ea |
*Values obtained by applying the method of extrapolation pro-
v " ‘ . R |
posed by Yhomas].. |
+wc‘{s a critical depth below which the values Ofdpp are reduced
L R A cn | ;
at Yeast by a factor of 100.  The first value has-been deduced o
directly from the classical expression for dopo @nd the second
cone has been.obtained from the data of Thomas 1 C.
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