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If fractionally charged quarks exist as the-basie triplet
responsible for approximate SU(3) symmetry, we expect
at leaet one of the querks to be stable in ordinary mat-
ter, except for the uﬁlikely event of annihilation
against an antiquark.‘ The stable quark will, particu=-
larly if negative, attach itself to a nucleus in matter,
and since its charge ccannot be neutralized by integer .
charge particles, a éiece of matter con%aining a quark

or antiquark will alwa&s ha#e‘a chafée te/3 above respec-

tively below the nearest integer charge value,

Such deviations fromﬂintegerlcharge value can in prin-
ciple be demonstrated by standard methods of measuring
charge, provided the sensitivity is sufficiently high
to separate integer and fractional charges. One such
method is the Millikan 011 drop method, which can de-
tect deviations from integer charge in droplets containing
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about 10 nucleons, However errors due to varying

dropletsize, Brownian motion, and convection currents make



the method'of qﬁestionable value., More modern @ethéds;
use a suspension of the material to be mgasuredéin a
vacuum by the effect of magnetic field on a diaﬁagnetic
material [1] or superponducting material [2] to avoid
many of the defects of the Millikan oil drop method and

to increase the sensitivity. Such methods claim to detect
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a fractionally charged particle in 10 nucleons, and

by repeated such measurementé a sensitivity of 1021
nﬁcleons‘per quark may eventually be attained. However
the limited choice of materials suitable for such methods,
and the lack of knowledge about éuark'content originally
present in the raw material and the chemical behaviour

of the quarks during the complicated manufacturing
process,make it very hard to estimate what the quark
content should be. It is however also possible to use
the magneﬁically suspended material as a platform on

which other more suipable materials can be floated and

their quark content investigated.

Many investigators [3] have made a quark search by at-
tempting to enrich the original quark content in various
materials by physical.or chemical means, to a level
where the quark content is moré easily measurable, e.g.
using a mass spectrometer., Such methods often claim
very high sensitivities, of the order of 102h nucleons
per quark, but are subject to an uncertainty in the
expected enriéhment factor which depends on the unknown

chemical properties of atoms in which a quark has been

absorbed.,

Most investigations of this kind have been made up to



now in terrestrial matter, where the quark content may
either be due to the remmnants of free quarks present at
the creation of the universe; or to production by high
energy cosmic rays in‘the atmosphere., In both cases the
distribution of the quark in the earths crust depends
strongly on chemistry and geophysics, and is very un-
certain., It is therefore very difficult to draw co?clu-
sions oh the non-existense of quarks from the negative
outcome of an experiment to measure fractional charges

in terrestrial matter, If we make the assﬁmption that
quarks produced in cosmic rays have a tendency to accu-
mulate in the sea water of the oceans, because of its
high index of refraction, and that this accumulation

has been going on for a substantial fraction of the age
of the earth, say 2-109 yvears, then 1 kg of seawater
is expected to contain less ﬁhan 1 quark if the quark
mass is above 3 GéV/c2 and the production cross section~
10-32 cm® above the threshold energy. None of the pre=-
sent methods have approached this sensitivit&.

The cross section limit has been assumed to be ~10-39 cm ,
as has been predicﬁed by the statistical method br extra-
polated from the known antibaryon production cross sec-
tion., This limit to the cross sections has been approached
experimentally in the more sensitive expefimental search

for quarks at accelerators (4],



THE METHOD

Work is proceeding in Lund for the development of a
direct method of measuring the charge of water droplets
with a sensitivity sufficient to distinguish between
neutral and 1/3 elementary charge droplets. The method
makes use of a vertical fountain of fine water droplets,
of uniform size, in a strong electric field, To avoid
spreading of the water jet it is kept in a vacuum.

Tests in a forevacuum indicate that by this means the
dimensions of the jet does not increase appreciably in
a several meter high jet. A better vacuum has however
to be achieved before a strong enough electric field will
be sustained across the deflection plates, and this has
not vet been attempted. With an electric field of

10 kV/cm and a transient fime of 1 second in the field
the expected deviation is 3 cm between neutral and

e/3 droplets, large compared to the dimension of the

water jet (<< 1 mm) .

Assuming that this method can bé made to work it should
be possible to test several grams of water per hour for
fractional charges, and provided that background effects
can be avoided to set limits on the quark content in
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water of the order of 10 nucleons per quark, without

the need of chemical enrichment processes.

THE PROPOSAL

Although the method is not yet operational we would like

to propose that one of the intersections of the ISR



which are not used for other experiment be surrounded

as closely a possible with tanks of water, in which
fractionally charged particles originating from the inter-
action fegion would slow down and accumulate. Ideally
the thickness of this water shield should be large com-
pared to the interaction length of the quarks and to

the range of the bulk of the quarks. This would corre-
spond to a water layer of about 100 g/cm2 thickness and
a total weight of about 4 tons. With amounts of matter
of this order it would be necessary to use some sort of
chemical or physical enrichment process to reduce the
amount by a factor of 1000 before our proposed detec-
tion method can be applied. The enrichment is however
more modest that in most other methods and we would hope
that theoretical studies of the chemical and physical
processes performed in parallel with the development of
the experimental technigues would reduce considerably the

uncertainty in the enrichment factor.

We propose to expose the water during the first year of

ISR operation.

As to the detailed arrangement of the water shield we
would like to subdivide it into tanks both radially and
in angle, so as to get information on the spatial dis-
tribution of the apparent fractional charges. Although
in principle we would like to surround the intersection
as completely as possible, compromises by a factor of
two or so would clearly not be serious in view of the

many other uncertain factors in the experiment.



SENSITIVITY

If the efficiency of the detection scheme is 100 per cent,
and no background present, 200 days of the ISR runs at

the design luminosity should produce one fractional charge

- 2 . . AP
10 ha cm production cross section, A limiting
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s 2 . ; .
gsensitivity of 10 cm production cross-section is
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therefore probably a conservative estimate, The possi-
bility to detect a fractionally charged droplet depends
to a large extent on the various background effects which
can occur in our method and which as yet have only been
considered theoretically., The main effect is believed

to be due to the water droplets which change their charge
during the transit through the electric field by picking
up stray charges from cosmic ray ionization or from
spurious discharges, Such droplets will however follow
different trajectories from fractional charged droplets
and although the deflection at one particular point may
be the same, they can be identified by é more detailed
study of the droplet trajectory. Droplets carrying unit
charge but of higher than normal mass should also be
distinguishable by their pathological trajectories.

As the detection method is limited to droplets of low
charge, a few electron charges, the efficiency will be

lowered, if the charge distribution is wide,

These background effects cannot be avoided entirely,but it
is possible to improve fhe background rejection By come-
bining our method with for example the magnetic levita-
tion method, Droplets which from their deflection in

our apparatus are Jjudged to be fractionally charged can



be collected on graphite grains for a further verifica-

tion of their charge.

CONCLUSION

At the present status of the development of our method,
our ISR proposal has to be tentative. It has however at
least a potential sensitivity which is superior to any
other method we know for detecting quarks., The neces-
sary installations at the ISR could be very simple and
would be confined to one of the 4 intersections which

are not used for experiments during the initial period of
ISR operation. The possible interference with the need
of access to the intersection of the ISR machine group
for maintenance and other purposes would of course have
to be studied but we feel that suitable compromises could

be arrived at if necessary.

We believe that more definite information on the feasi=~
bility of the method will be available before the ISR
comes into operation. With proper planning the installa-
tions necessary for the experiment can be done in a very
short time., Irrespective of our proposal it would also
be of general interest to irradiate a large amount of
matter for a prolonged period of the ISR, which can be
searched by a variety of methods for exotic objects,

such as quarks, monopoles, or as yet unsuspected

particles.
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