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Detection of Long-Range Fragments from Decay of Cf***}
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Long-range products from the decay of Cf?2 have been observed by range discrimination and detection of
tracks in mica and lexan. Integrated yields (events per binary fission) of 218X 10~¢ and kinetic energies of
1.5-4 MeV/amu are indicated for fragments of B, C, N, and O. Integrated yields of 23X 107% and kinetic
energies of 1.5-2.5 MeV/amu are indicated for fragments of oxygen or heavier nuclei.

I. INTRODUCTION

XPERIMENTS with both photographic emulsions
and semiconductor detectors have established the
existence of light fragments ejected in low abundance
during the spontaneous fission decay of C{?*2.! In addi-
tion to H and He isotopes, Cosper, Cerny, and Gatti?
observed Li ions with an abundance of ~4X107% per
binary fission,® and Be ions with an abundance of
~5X10-% No “significant intensity”’ of B or C ions
was observed, but they could have been detected only
for energies >33 and >43 MeV, respectively. Further
counter experiments by Raisbeck and Thomas have
given evidence for some production of B and C.* Frag-
ments of =50 amu with abundance of >1X10~% have
been observed in the ternary-fission experiments
of Muga.®
The kinetic energies of these low-yield fragments are
such that their ranges in matter are greater than the
ranges of normal binary-fission fragments. Thus it is
possible to employ range-discrimination techniques to
separate the light fragments from the ordinary fission
fragments. In the experiments reported here, we have
used H gas as an absorber to stop the ordinary fission
fragments; then we have detected long-range products
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by observing tracks in lexan and diamond-shaped pits
in mica.® As employed here, the lexan registers frag-
ments of Z>5 (BY, C2, etc.) and the mica registers
fragments of Z>9 (F*, Ne¥, etc.). Range measurements
and detector thresholds delineate a region in energy-
mass space (described later in Fig. 5) for the frag-
ments observed.

II. EXPERIMENTAL METHOD

We have performed a series of integral-range experi-
ments in which mica and lexan track detectors were
employed to observe the yield (number of events per
binary fission) of fragments emitted from Cf?*® as a
function of range in H,. These experiments were catried
out in the chamber depicted in Fig. 1. Fragments
emitted from a Cf?%? source of ~1.5X108 fissions per
min passed through a Ni source cover of 0.52 mg/cm?,
a Mylar isolation window of 1.5 mg/cm? (consisting
of three 0.5-mg/cm? Mylar disks), and H, gas at
pressures of 0.75-2.0 atm. At the end of their paths the
fragments impinged on 1.3X9-cm strips of mica and
lexan. The angle of incidence was always >15° and
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F16. 1. Schematic diagram of the detection chamber. The Cf%?
source was covered by a Ni foil of 0.52 mg/cm?, Fragments im-
pinged on the track detectors at angles of 40°-15°, The first 7 mm
of the track detectors were shadowed from the source by the
window mount.

6 R. L. Fleischer, P. B. Price, and R. M. Walker, Ann. Rev.
Nucl. Sci. 15, 1 (1965).
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<40°. Behind the primary detector strips, additional
strips were placed to serve as blanks.

The mica strips were annealed at 600°C for 2 h and
then pre-etched in 489, HF at ~20°C for 6 h, prior to
being used in the experiments. The pre-etching caused
tracks from fission of U impurities to be developed into
very large and easily identified diamonds. The lexan
strips were not pretreated. Following irradiations of
suitable duration, usually about 10 days, the mica
strips were etched (usually for 2 h, see Sec. III) in
43%, HF at room temperature. The lexan strips were
etched (usually for 45 min, see Sec. III) in 6.2N
NaOH at 63°C to develop tracks which would be ob-
servable with optical microscopes. A trace of wetting
agent (Dow Benax) was added to the NaOH etching
solution. As most of the kinetic energy was lost before
the fragments reached the detector, it was found neces-
sary to use these long etching times and also to employ
phase-contrast microscopes especially for scanning of
mica. With the etching conditions we observe in the
mica shallow diamonds of varying size (<6 u across).
The depth of these diamond-shaped pits was observed
to be less than 2 u after a 37-min etch, and they were
too faint for quantitative counting after a 15-min etch.
In lexan, we observed conical tracks of varying length
up to 11 u. Only tracks of length >2 u were counted
because low-energy o particles may give rise to small
(=1 u) spots in the lexan.®

The registration properties of lexan and mica were
studied by exposures to beams from the Heavy-Ion
Linear Accelerator at Yale University. Beams of
Li", B4, C2, N¥, O, F and Ne® of 1 MeV/amu were
employed. Aluminum degrader foils were sometimes
used to lower the beam energy to about 0.5 or 0.1
MeV/amu. About 108-10° projectiles (measured by inte-
gral charge collection) impinged on the detector plates
at an angle of incidence of 30°. The plates were then
etched for various times, the nature of the tracks was
noted, and the efficiencies were estimated.

An attempt was made to detect the long-range fission
products by measurement of the energy spectrum of
products which penetrate 18.6-cm H, (1 atm, 15°C).
The chamber shown in Fig. 1 was used with a semicon-
ductor detector mounted 9 cm from the source. It was
not possible to identify the long-range fragments in
these experiments, but it was possible to set upper limits
on yield versus fragment energy. These limits are used
for B, C, and N in Fig. 5, which will be discussed later.

III. RESULTS AND DISCUSSION
A. Registration Properties

In lexan which had been exposed to a beam of heavy
ions, we typically observed a dense region of small coni-
cal tracks with a small admixture (~1/10%10%) of
larger, more distinct cones. The small cones correspond
to primary registration of the projectiles and the more
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distinct cones may be beam impurities or recoil atoms
from reactions of the beam projectiles with atoms in the
detector or degrader foils. In mica, the primary registra-
tion gave rise to shallow diamonds with a small ad-
mixture of distinct tracks, intepreted as recoil tracks.
The sizes and shapes of the primary tracks, or dia-
monds, were observed in regions of low beam density
at the edge of the major beam spot. Efficiencies of
registration were estimated by counting recoil tracks in
regions of high beam density and determining the ratio
of primary tracks to recoil tracks in regions of low beam
density. This method is considered to have a precision of
about 50%,. More precise efficiency studies are in prog-
ress, and photographs of many kinds of tracks and
diamonds will be published in the near future.”

For mica we have found that F® and Ne?® ions register
as bright diamonds with 1009, efficiency for etching
times of 1 h or greater. Ions of O, N%, C2, and B! of
~0.1 MeV/amu register as diamonds of lesser brilliance
(less depth) with efficiencies of =509, ~25%, =109,
and =19, respectively. The diamonds from B" and C**
are so faint after a 2-h etch that it is very doubtful
that they would have been counted in the fission
studies. Also, the efficiencies of these ions (B',0%)
were 5-100 times lower at 1 MeV/amu than at 0.1
MeV/amu.

In a separate series of experiments,” we have found
that AI¥” and S® beams of energy 0.2-0.6 MeV/amu
leave 1-4-u tracks in mica. These tracks assume dia-
mond shapes after etching for 60 min. They are readily
distinguishable from the very shallow diamonds previ-
ously mentioned, especially for etching times of 10-30
min. Our interpretation of the diamond shapes is that
they correspond to a cross-sectional view of a track de-
fined by the intersection of the etched region with the
mica surface. The width of this diamond increases with
etching time, but the depth of the track does not. Ions
of Z<10 do not leave tracks which we can etch out to
their full length. They do, however, damage the mica
sufficiently to give an observable diamond of depth less
than 2 u. Tons of Al¥ and S* are capable of leaving
tracks which can be etched to depths greater than
2.7 Thus, we would have distinguished ions of
Z>13 [provided that they have enough energy
(=0.3 MeV/amu) to leave an etchable region of >2 u
in the mica] from ions of Z=8-10. Ions of Z>13
having energy less than ~0.3 MeV would register as
diamonds which would not have been distinguished from
ions of 9<Z<12.

From these registration data, we conclude that, in
mica, fragments of Z>9 (F, Ne, etc.) have been counted
with high efficiency in the fission study. Oxygen frag-
ments have possibly been counted, but with low effi-
ciency (< 50%), and fragments of Z< 7 probably makea
negligible contribution to the yields recorded in mica.

7J. Mahony, J. M. Alexander, and A. Khodai-Joopari (un-
published data).



169

LONG-RANGE FRAGMENTS FROM DECAY OF Cfz2s2

995

TaBLE I. Yield® of tracks in lexan for various etching times.

Degrader, cm H,, and track length, u

Etching 12 cm H, 14.2 cm H, 16.6 cm H, 17.9 cm H,
time, min 22u 24p 2Tp 22u 24p 274 22u 24p 27 >2p
40 12 1.8 02 8.5 14 0 22 027 0 1.1
80 15 56 1.8 125 45 02 43 065 O 3.6
120 17 78 25 21 11 1.5 7.5 20 0.3 8.5

a All yields are multiplied by 106,

The track lengths observed in lexan for ions of
B, C, N, O, and F are shown in Fig. 2. We have found
that ions of C? and heavier register as cones with es-
sentially 1009, efficiency. No tracks were observed for
Li’. Each of the ions is expected to have a range of =11
and =5u for 1 and 0.5 MeV/amu, respectively. Ap-
parently the complete range is being developed by a
45-min etch into a visible track for C'2, N*, O'¢, and F*¢
projectiles of 0.5 MeV/amu. However, for O'¢ and FY,
only after a 75-min etch is an 11-u track developed for
projectiles of 1 MeV/amu. For S* of 1 MeV/amu an
11-p track is completely developed by 45 min of etch-
ing.” Apparently the etching rate for the tracks de-
creases with increasing incident energy between 0.5
and 1.0 MeV/amu. Also, there is a marked drop in
development of track length for B* compared to C'2 of
0.5 MeV/amu. By 45 min of etching the tracks from
0.5-MeV C? are developed to Sy, but tracks from
1.0-MeV C* are only developed to 1 u. Only a few of the
B tracks (0.5 or 1 MeV/amu) are developed to 2 u or
greater by 45 min of etching.

In Sec. B we describe fission experiments in which
tracks in lexan of length >2 u, >4 u, and >7 u were
recorded as a function of etching time. From Fig. 2
we would conclude that ions of C and heavier of
0.5 MeV/amu would be developed to their full range
by a 45-min etch. For a 45-min etch only part of the
boron tracks would be counted as 2-u tracks and by
extrapolation Be probably would not be counted. An
increase in the etching time from 45 to 105 min would
develop most B tracks to a length greater than 2 u, but
less than 4 u. Conversely F and Ne tracks would not
develop appreciably in length from 45 to 105 min of
etching. Tracks from C, N, and O would develop ap-
preciably in length if their energy was =~1.0 MeV/amu,
but for energies of <0.5 MeV/amu, 45 min of etching
would develop the entire track. Throughout this paper
we assume that isotopes of the same element have
similar registration properties.

B. Fission Studies

In Fig. 3 the yield of events recorded in mica during
the fission experiment is presented as a function of
range (in H; gas at 1 atm and 15°C). The yields of dia-
monds in mica remained constant as the etch times
were increased from 2 to 4 h. In the lexan, however, in-
creased etching time from 40 to 120 min resulted in

large increases in the measured yields, as is indicated in
Table I to be discussed later. Notwithstanding, most of
the lexan scanning was for 45-min etches because longer
etches tend to damage the lexan surface and make the
counting more difficult. Therefore we present data in
Fig. 4 for a 45-min etching of lexan. The yields in this
figure should be regarded as lower limits, which never-
theless represent the basic features of the yield
distribution.

In constructing Figs. 3 and 4 and Table I the ranges
in Ni and Mylar have been converted to ranges in H,
by using the following factors?:

Ryu,/Rumyrar=3.7 cm/(mg/cm?)
and
Ru,/Ryxi=2.0 cm/(mg/cm?).

These conversion factors have been taken from range
data for o particles for a velocity corresponding to
2 MeV/amu. Use of the factors for 1 or 5 MeV/amu
would change the calculated ranges by only #0.6 cm Ho,.

Asisnoted in these figures, the yield decreases rapidly
with range in H; up to =13 cm in H,. Beyond that
point, which occurs at a yield of =3X107¢ in mica and
~2X107%in lexan, the yield falls off much more gradu-
ally with range, reaching a yield of =~1.5X10~7 in both
detectors at =19 cm H,. This behavior strongly suggests
the existence of long-range fragments emitted in low
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F16. 2. Projected track length in lexan as a function of etching
time in 6.2N NaOH at 63°C. Circles are for beams of
0.5 MeV/amu; squares for 1.0 MeV/amu. Open symbols indicate
pointed cones; closed symbols indicate tracks with ‘“‘rounded”
ends. (This distinction cannot be made for B! ions.) The incident
angle was 30°,

8 W. Whaling, in Handbuch der Physik, edited by S. Fliigge,
(Springer-Verlag, Berlin, 1958), Vol. 34, p. 193.
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TasiE II. Possible sources of interference.

Possible source of spurious events

Reason for rejection

1. Neutron activation of U impurity in:
(a) the Mylar window

(b) the track detectors

(c) the chamber walls

2. Cf?* contamination inside the chamber

3. Recoil of light atoms from the Ni or Mylar as a
result of collision with the fission fragments.

4. Registration of decay o’s or of <40 MeV fission
o’s either directly or by production of heavy re-
coils

5. Holes in Mylar window

6. Existence of etchable tracks in the detectors
prior to the experiment

Observed yields in mica would require impossibly
large content of U in the window. Front-end shadow-
ing rules out window as source of events.

Blank tests and the reproducibility of the yield
versus range curve at five different pressures rule
this out.

Precluded by the reproducibility of the results at
five different pressures.

No detectable « radioactivity inside the chamber
for the reported experiments. Source cover, window,
and chamber were changed several times. Repro-
ducibility of experiments.

Test for scattering from Mylar window. Kinematics
rule out Ni. Ratio of number of lexan tracks to mica
tracks.

Registration tests employing He? beams from the
Yale Hilac and natural o source show that the regis-
tration efficiencies are too low to explain the ob-
served yields.

The reproducibility as well as the absolute yields
and shape of the yield versus range curve rule this
out.

Blank tests and reproducibility among the experi-
ments preclude this as a source of the long-range
events.

yield from the Cf?%?, which can be observed beyond the
edge of the integral range distribution of normal binary
events. Naturally, such an interpretation is valid only if
the various phenomena which might lead to similar
tracks or diamonds can be ruled out.

The possible sources of these spurious events which we
have considered appear on the left in Table I1. Opposite
each of those entries are indicated the observations
which argue against those phenomena as being responsi-
ble for the long-range events. Some of these observa-
tions are discussed more thoroughly in the Appendix.

In summary, the data available to us are as follows:
(a) Registration characteristics and thresholds for mica
and lexan (see Sec. III A). (b) Integral range curves
(Figs. 3 and 4). (c) Yield versus etching time for the
lexan (Table I). (d) Maximum residual energies after
penetrating 18.6 cm H,. These data can be used to con-
struct a picture of the energy and mass distributions of
the long-range fragments. Figure 5 summarizes the
results of such an analysis.

In Fig. 5, vertical lines have been drawn at the Z
values corresponding to the detector thresholds, namely
Z=9 for mica (with some possibility of detection of
Z=8) and Z=35 for lexan, with some possibility of in-
complete registration of boron. (Only tracks of >2u
were counted.) The lowest energies which we could de-
tect correspond to registration of a 2-u track in mica or

lexan after penetration of 13 cm H, (total range of
15 cm H; or equivalent to 4.8 mg/cm? Al). The corre-
sponding energies (for products of equal neutron and
proton numbers) have been taken from the range-energy
curves of Northcliffe.? The high-energy limit for mica
detection (9<Z<12) is fixed by the fact that less than
1077 fragments per fission penetrate more than 19.6
cm H, and then register a 2-u diamond. (For O this
range is 20.5 cm H, because the efficiency is <509 for
0.1-MeV O ions.) The high-energy cutoff for mica
(Z>13) is fixed by the fact that no ‘““tracks” are ob-
served in the region of 14 cm H,. Mica scanned after a
15-min etch revealed no tracks; and after a 37-min etch
revealed only flat diamonds of <2-u length. Low-
energy fragments of Z> 13 may register as diamonds in
the region of 14 cm H,, but the absence of “tracks”
eliminates the possibility of high-Z fragments (13, 14,
15, etc.) of 19 cm range in H,.” This gives rise to the
high-energy cutoff shown for Z>13. The high-energy
boundary for detection in lexan is not clear, because
track-length development is not complete for B, C,
and N of =1 MeV/amu. We turn to the data from
semiconductor detectors to set an upper limit on the
energies of B, C, and N fragments of yield <10~7. We

have set an upper limit of 10~7 for the yield of fragments

9 L. C. Northcliffe, Ann. Rev. Nucl. Sci. 13, 67 (1963).
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with energy greater than 25 MeV after penetrating
18.6 cm H,. This corresponds to eneriges 40, 47, and
54 MeV for B, C, and N, respectively. The yield shown
in Fig. 5 for the region of Z29 is that observed in mica,
namely 3X107¢, The yield for 5<Z<8 is obtained by
subtracting the yield observed in mica from that ob-
served in lexan, namely 21X1076—3X10% or 18X 1075,
These assignments depend only on the detector
thresholds.

By reference to Table I and Fig. 2 we can attempt a
further breakdown of the yields observed in lexan. This
further breakdown depends on the track-length observa-
tions in lexan versus etching time. These assignments
make use of a more delicate feature of track registra-
tion. In Table I, we list yields of tracks of length
>2pu, >4u,and >7 pu as a function of degrader thick-
ness and etching time. B ions of 0.5-1 MeV/amu give
tracks which may grow over the 2-u borderline, while
C2) N“, and possibly O ions of ~1 MeV/amu may
grow from <4 u to 4-7 y. Tracks from O'® may develop
across the 4- or 7-u borderline; tracks from F¥ and
heavier ions are not expected to|increase in length across
either the 2- or 4-u borders as etching times increase
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from 45-105 min. They may, however, grow over
the 7-u borderline. Therefore, we can assign to species of
oxygen or heavier, those tracks of >7gu, namely
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2.5X107%, Also we can assign to C, N, and O those
tracks which grow with etching time to 4-7 u, namely
4-8X 1078, Similarly we can assign mainly to B (with
possible contribution from C of =1 MeV/amu) those
tracks which grow from <2pu to 2-4p, namely
3-7.4X1075. Of the very-long-range events, observed
at 17.9 cm H,, 7.4X 107 of the total 8.5X10-% appear
to be from boron. Of the events observed at 12-14.2 cm
or just beyond the ordinary products, 4-8 X107 of the
total =21X 108 appear to be from carbon, nitrogen, or
oxygen, and 2.5X10-% appear to be from O or heavier
species. This analysis of track length in lexan versus
etching time should be considered to be preliminary be-
cause of statistical limitations and the present lack of
knowledge of track registration at energies other than
0.5 and 1 MeV/amu. Nevertheless, elemental yields of
the order of a few in a million are indicated for frag-
ments of B, C, N, and O. The mica detection does de-
mand an integrated yield of 23X10~® for oxygen or
heavier species, as mentioned before, which is consistent
with this analysis of lexan detection. The absence of
mica “tracks” excludes yields of > 1077 for Al or heavier
species with ranges of ~19 cm Ho.

The over-all picture of light-fragment production
from Cf2% decay is as follows: (a) Cosper ef al.? report
Li and Be yields of ~5X107¢, (b) We report B, C, N,
and possibly O with integrated yield of ~18X108
probably divided rather evenly between B, C, and N.
Raisbeck and Thomas also report observation of B and
C.* (c) We report an integrated yield of 23X 10~¢ for
species of 8<Z<13. (d) Muga® reports a yield of
>1X 10~ for species of Z=~25. These fragments would
not be distinguishable in our work from the products
cited in (b) and (c), because their ranges would be
rather short (=14 cm H,).

It is interesting that Muga reports an additional
group of fragments from U%® fission with mass about 32
and energy about 90 MeV. We have looked for this type
of fragment in Cf?*®* decay, and we can set an upper
limit of 107 for the yield. This finding is consistent with
Muga’s study of Cf2%2. Currently we are studying U?*®
fission with the same techniques.
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APPENDIX
A. Front-End Shadowing

As is indicated in Fig. 1, the geometry of the track-
detector experiments is such that fragments originating
in the source or source cover are collimated so as to
strike the track-detector strips >7 mm from the front
edge. Fragments originating at the Mylar window could
register at a position >3 mm from the front edge.
Scans of the mica detectors at 5 mm from the front edge
allow us to set a limit of 3)X1072 on the yield of events
with their origin at the Mylar window. From this
datum, we conclude that neither activation of U im-
purity in the Mylar window nor Cf?5 contamination on
the inside of the Mylar window could result in the dis-
tribution observed in mica at long ranges.

Although the mica exhibited a distinct front-end
shadow as just described, the lexan revealed many short
tracks (1-3 u) in the shadowed region. These events
probably result from C*2 and O jons ejected from the
window. The total number of these events corresponds
to a yield of 3)X10® scattered atoms per fission. This
yield is comparable to the yield of long-range events
shown in Fig. 4, but most of the scattered C* and O
atoms are expected to have low energies. Thus we expect
that the number of tracks from scattered C? and O
will decrease with range in H; much more rapidly than
shown by the data in Fig. 4. We have performed another
kind of shadowing test for scattering to confirm this
expectation. This test is described in Sec. C below.

B. Blank Tests

In each of the experiments, both the back surfaces of
the primary track detectors and the second detectors
placed behind the primary detectors served as blanks
for comparison with the primary detector.

The “tracks” in lexan and the diamonds in mica from
these blanks were randomly distributed and the number
of events did not differ significantly from those of
etched blanks which had not been used in any irradia-
tions. This random distribution of marks can account
for =29, of the events corresponding to a range of
14 cm H; and =159, of the events corresponding to a
range of 18 cm Hi.

C. Scattering

We have considered the possibility that “knock-on”
C, O, or Ni atoms (atoms ejected from the Ni source
cover or Mylar window by a collision with the heavy
fission fragments) could explain the long-range events
which are observed. The maximum energy that a Ni
atom can obtain from a 105-MeV fragment of 100 amu is
98 MeV, which corresponds to an average range of 12.5
cm H,. This maximum range cannot be reconciled with
the shape of the curve in Figs. 3 or 4.
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The possibility of scattering from the window has
been explored in a separate experiment in which a
lexan strip of width v% in. and thickness 3 mg/cm? was
placed on the top of the Mylar window. This strip
passed through the center of the hole, directly over the
Cf source. Under the ideal conditions of a point source
this would have produced a shadowed region into which
fragments emitted from the source could not pass. If,
however, atoms of C or O scattered from the window
were responsible for the observed long-range events, the
yield of such events should not be reduced by more than
15% by the inclusion of the -in. strip. Atoms scattered
from the window would, of course, not be restricted to
head-on collisions. In this experiment, the yields in the
shadowed region of both the mica and the lexan were re-
duced by a factor of 6 lower than shown in Figs. 3
and 4. The appearance of some events in the shadowed
region can be accounted for by the fact that the source
is not a point source, but has extended itself into a some-
what larger area than the original deposition area
of 0.1 cm?

The geometry of the scattering test does not allow us
to exclude the possibility that the long-range events re-
sult from scattered O atoms originating in the source or
source cover. However, the test excluded scattering of
oxygen from the Mylar window which contains a much
greater number of O atoms than the source or source
cover. Thus it seems unlikely that scattered oxygen
originating near the source can be responsible for the
long-range events.

D. a-Registration Tests

We have performed several experiments to determine
the registration efficiency of fission « particles (<42
MeV, yield 3X10~%) and « particles from radioactive
decay (<6 MeV, yield 3X10%). For energies <6 MeV,
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TasLE III. Effect of He ion registration on observed yields.

Maximum
contribution to

o energy Registration yield in Cf22

Detector (MeV) efficiency experiment
Mica 42 <4X10°6 <1.2X10°8
3 <4X 10710 <1.2X10°8

Lexan 42 <1.3X107% <3.9%1078
3 <8.3X107* <2.5X1077

natural a sources were employed. The Yale Hilac sup-
plied He? beams for the studies at higher energies. The
results of these registration experiments are summarized
in Table III.

E. Hole Tests

The reproducibility of different experiments rules out
the possibility that one or several small holes in the
Mylar window could explain the abundance of observed
long-range fragments. Such holes would be expected to
lead to “hot spots” on the detectors. It might be con-
sidered that the Mylar is a mesh of small holes leading
to a high transmission of fission fragments. In this re-
spect, we note than an over-all yield of ~10~¢ as ob-
served in the mica requires a transmission of >10-2
through each of the three components of the Mylar
window. However, since 0.5 mg/cm? of Mylar is equiva-
lent to ~2 cm of Hs, the random superposition of three
such disks would lead to a yield curve quite different
from that in Fig. 3. Finally, it should be pointed out that
if all spurious effects other than holes are ruled out by
the various tests and observations recorded here, then
the difference in yields between mica and lexan rules
out the possibility that the tracks in lexan could be the
result of transmission of ordinary products through
holes in the window.



