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EVIDENCE OF QUARKS IN AIR-SHOWER CORES*
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In a study of air-shower cores using a delayed-expansion cloud chamber, we have ob-
served a track for which the only explanation we can see is that it is produced by a frac-
tionally charged particle.

It is well known that a considerable number of
experiments using high-energy accelerators or
low-energy cosmic radiation have failed to find
the quark. ' However, much higher energies oc-
cur in cosmic-ray air showers. Moreover, sev-
eral groups have reported the occurrence of very
large transverse momenta in interactions in
these showers. ' ' These momenta imply the
operation of a very strong force and this might
be the quark-quark interaction. Accordingly, we
have looked for quarks in air-shower cores using
a delayed-expansion Wilson cloud chamber. " In
one year from July 1968 we found four tracks
whose appearance was that expected for a quark
of charge ~e. ' Several alternative explanations
could be ruled out. For instance, the appear-
ance of the tracks could not be due to a statisti-
cal fluctuation in the number of ions produced
because the numbers involved were much too
large. They could not be due to the Chudakoff ef-
fect because the track length at half-minimum
ionization was greater than 10 cm in all cases
and greater than 20 cm in one case. They could
not be due to poor illumination because adjacent
tracks were well illuminated. Another possible
explanation of a track having half the normal spe-
cific ionization is that it is due to a particle that
traversed the cloud chamber before the clearing
field mas removed. It mould then be possible for
ions of one sign to drift out of the illuminated re-

gion while ions of the other sign remained in that
region. However, it is also obvious that the ex-
tra time spent in the chamber before&-'the clearing
field was removed would increase the diffusive
width. In subsidiary experiments we had deter-
mined the rate of increase of the width with de-
lay time and also measured the mean ionic mo-
bility in the argon-alcohol-water gas mixture.
Using these results we were able to show that
this explanation also was unlikely.

In this Letter we report an event which we be-
lieve greatly strengthens this conclusion.

Figure 1 shows the left-hand view of a stereo-
scopic pair of photographs of part of event 66 240.
Tracks 1 to 5 form part of a "beam" of nine par-
allel tracks passing through the chamber. These
tracks are typical of the tracks of singly charged,
relativistic particles. The diffusive widths of
tracks 2, 3, 4, and 5 (measured on the original
negatives with a Leitz scanning microscope with
2-,' && objective and 10X micrometer eyepiece)
were 1.72, 1.74, 1.73, and 1.74 mm, respective-
ly, with a standard deviation of 0.02 mm. In ad-
dition to these, we have the track labeled R
which is parallel to the beam direction. The dif-
fusive width of R is the same as the other five
tracks, namely 1.73+0.02 mm. It is well within
the illuminated region, from top to bottom of the
chamber. There are mell-illuminated tracks be-
hind it, in front of it, and on both sides of it.
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ment, to the particle beam in the air shower and
(b) give a measured width of 1.73+ 0.02 mm com-
pared with width derived from the necessary
time in the clearing field plus the 100-msec de-
lay between field removal and expansion of 2.59
mm. We believe these to be impossible and the
only other explanation we can see is that the
track is due to a fractionally charged particle.
The ratio of the ionization of this track R to the
tracks of singly charged particles is 0.48~ 0.05.
The number of droplets counted along track R
was 110.. Only sections not containing 5 rays
were counted. We estimate the number of 5 rays
along R to be 3 and along an equal length of track
3 to be 9. The response of our air-shower array
puts the core of the shower on the cloud cham-
ber. The energy of the primary particle' was
-3.5x10' GeV; the core structure is consistent
with its being an n particle.

If the onset of quark production and the appear-
ance of high transverse momenta in air showers
are related (as seems probable) then this onset
occurs at -100000 GeV. This suggests a rather
large mass for the quark.

We are indebted to our scanners Miss R. Rob-
erts and Miss A. Castleman, to Mr. A. Bakich
and Mr. D. Nelson who ran the air-shower array,
and to Professor H. Messel and our colleagues
in the School of Physics for help and criticism.

FIG. 1. A Wilson cloud-chamber photograph of event
66240. The cloud chamber was expanded 100 msec
after the arrival of the air shower. The photograph
was taken 200 msec after the expansion. Tracks 1
through 5 are part of a parallel beam of singly charged
relativistic particles. Track R is parallel to this beam
but is appreciably less ionizing. Track h extends from
well behind to well in front of track R.

For a particle to have produced this track by the
field-doubling mechanism it would have had to
(a) be parallel, within the errors of measure-
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