
SEARCH AND DISCOVERY

Stacked Injector Rings Planned for CERN PS

An improved injector for the CERN
28-GeV proton synchrotron is expected
to increase its maximum proton flux by
a factor of ten to 1013 protons per
pulse. The repetition rate will also
be increased to one per second, with
a new magnet power supply, by a
factor of between 1.5 and 3 depending
on the energy.

The new injector will consist of
four 800-MeV synchrotron rings, with
a total circumference equal to that of
one turn of the proton synchrotron,
stacked pancake fashion alongside the
big ring (figure). These slow-cycling,
strong-focusing rings will share com-
mon magnets with four gaps to each
magnet. They will be fed by the ex-
isting 50-MeV linear accelerator, which
is to be improved, and will eject their
800-MeV protons sequentially into the
main ring so that one complete turn
will be filled on each cycle. Helmut
Reich, in charge of the new booster
program, told PHYSICS TODAY that this
injection process is expected to raise
the space-charge limit on beam in-

tensity in the proton synchrotron by a
factor of ten without any correspond-
ing increase in the angular divergence
of the beam; experiments with small
external targets will therefore receive
the full benefit of the improved inten-
sity.

Alternatively the four booster rings
can be grouped into two pairs so that
their total pulse of protons can be in-
jected into only one half, or even one
quarter, of the main accelerator ring.
It is expected that bunching the pulse
like this will improve the interaction
rate in the intersecting storage rings
now under construction (PHYSICS

TODAY, February 1966, page 66).
A study of the likely radiation prob-

lem with these improvements suggests
that the design peak intensity from
the booster will not be continuously
usable; the limit on the extracted beam
at 25 GeV is expected to be 3 X 1012

protons per sec.
The magnet power supply improve-

ments should be completed by the
middle of this year; the new booster

NEW INJECTION SYSTEM for CERN 28-GeV proton synchrotron. The four
stacked rings (left) can be switched to inject either sequentially to fill the main ring
completely (a) or in two groups to fill half of the ring at double intensity (b).
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Stacked injector rings

(b)

rings will take five years to build after
authorization is obtained.

Other new equipment for the CERN
proton synchrotron include a French
heavy-liquid bubble chamber for neu-
trino physics and a proposed 3.5-meter
hydrogen bubble chamber to be built
by CERN, France and Germany.

Pulsed Radio Sources
May Be Neutron Stars

At least three radio observatories have
recently reported an entirely new type
of radio source that emits pulses with
extremely stable repetition frequency
and apparently random amplitude. It
is tempting to identify these sources as
neutron stars, postulated but not yet
observed, or as white dwarf stars.
Observations with optical telescopes
are under way to look for visible radi-
ation from these sources and to see
whether the same pulsation occurs.

The discovery was made by a
group (A. Hewish, S. J. Bell, J. D. H.
Pilkington, P. F. Scott and R. A. Col-
lins) at the Mullard Observatory of
Cambridge University by the method
that is becoming traditional for ad-
vances in radio astronomy—tracking
down an annoying source of interfer-
ence. The "interference" detected
with their new 470 X 45-meter an-
tenna array turned out to be coming
from a fixed point in the sky, there-
fore not terrestrial, and to consist of
pulses whose repetition frequency,
1.3373 seconds, stays constant to
better than one part in 107. A search
for similar sources soon turned up
three others, and the observations,
started last September, were reported
in Nature, 24 Feb. On 28 March, at a
University of Virginia symposium,
Hewish released the coordinates of
these other three sources and proposed
the names "Pulsar" 1,2,3 and 4 for
those so far discovered.

Sir Martin Ryle and Judy Bailey,
also of Cambridge, wrote in Nature,
9 March, that they had established a
more accurate position of the original
source with different instrumentation,
and they made a tentative identifica-
tion of the radio source as an 18th
magnitude blue star on a Palomar
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Now, absolute measurement
of low intensity light signals
with the EG&G Spectroradiometer System
EG&G's new series of high sensitivity
detector heads allow use of the Model
580/585 Spectroradiometer System for
absolute measurements of low intensity,
pulsed or CW, light signals. These new
detector heads, which incorporate
photomultiplier tubes, complement the
existing line of vacuum tube detector
heads by providing approximately five
decades of additional system sensitivity.

The Model 585-66 Detector Head
encompasses a spectral range from
200-750 mu (ultraviolet-visible) and
senses irradiant powers as low as 9 x 10~13

watts/cm2-mu and irradiant energies as
low as 9 x 10~13 joules/cm2-mu at 450 mu.

The Model 585-63 Detector Head is
now contained in a thermoelectrically
cooled chamber (using EG&G thermo-
electric modules) to minimize thermionic
dark current and the resultant noise.

A separate controller unit assures constant
chamber temperature. With a spectral
range from 700-1200 mu (near infrared),
the 585-63 detects irradiant powers as
low as 5 x 10~12 watts/cm2-mu and
irradiant energies as low as 5 x 10~12

joules/cm2-mu at 800 mu.

The new detector heads are provided
with a regulated power supply and an
internal calibration feature to ensure a
stable sensitivity. Utilizing standards
traceable to NBS, a complete 580/585
Spectroradiometer System is calibrated to
its sensitivity versus wavelength thereby
permitting absolute irradiant measure-
ments of both continuous and pulsed
(as fast as 1 ns) light sources.

Energy and average power measurements
are obtained directly from the multi-
decade meter of the Indicator Unit or
from an external recorder.
Provision is also made for output to an
oscilloscope for pulsed sources.

Applications with the new high sensitivity
detector head include measurements of
phosphors, chemical reaction, electro-
luminescence, emissivity and reflectivity
of surfaces, biochemical analysis, and
other low level signals.

If you'd like more information on the
EG&G Spectroradiometer System, or
for that matter on any of our products,
such as thyratrons, krytrons, spark gaps,
flash tubes, thermoelectric modules,
transformers, chokes, trigger modules,
photodiodes, picoammeters, flash and
strobe equipment, or light instrumentation,
write: EG&G, Inc., 16lBrookline Ave.,
Boston, Massachusetts 02215.
Tel: 617-267-9700. TWX: 617-262-9317.

ELECTRONIC PRODUCTS DIVISION

EG&C's Model 580/585 Spectroradiometer features
a new IR detector head which is thermoelectrically cooled

to minimize thermionic dark current
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Sky Survey print. In the same issue
oiNature a group (J. G. Davies, P. W.
Horton, A. G. Lyne, B. J. Rickett and
F. G. Smith) at Jodrell Bank reported
that random fine structure, with peri-
ods at least as short as 1 msec, is pres-
ent in the pulses.

Observations of the original source
are being made also at Arecibo, and
all the findings of the British groups
have been confirmed.

Signals have been received by these
four groups at a total of six different
frequencies, from 81.5 to 1407 MHz.
Short pulses are detected because the
emission frequency sweeps downward
on each cycle and registers as a pulse
whenever the frequency passes
through the receiver's passband. Dis-
persion of a wide-band signal in the
interstellar medium could produce this
effect, just as radio "whistlers" are
dispersed during propagation in the
earth's atmosphere—higher frequencies

travel faster. The pulse amplitude
changes irregularly, but with a four-
minute pattern; signals are only re-
ceived during about one minute in
four. Amplitude variations of longer
time scale show up in records covering
six months.

Because there is no detectable paral-
lax as the earth moves in its orbit we
know that the radio source is more
than 1000 AU away, well outside the
solar system. If the frequency sweep
is indeed a result of dispersion during
transmission we can put an upper limit
on the distance at 65 parsec. The size
of the emitter can be estimated, from
the rapidity of pulses, to be not
greater than 5000 km.

Neutron star? Stable oscillations of
white-dwarf stars or neutron stars are
a possible explanation for these sig-
nals. White dwarfs are elderly stars
that have exhausted their energy re-
sources and have collapsed to small
sizes and high densities; neutron stars
were postulated as an alternative de-

velopment where greater densities
force protons and electrons together
as neutrons. A. G. W. Cameron
(Yeshiva University) suggested that
neutron stars may also arise as super-
nova remnants, when pulsation is
likely. But the observed period of 1
sec is too slow for the densities ex-
pected in a neutron star and too fast
for the fundamental frequency of a
white dwarf. The Cambridge astron-
omers find agreement between their
observations and the predictions if
they assume a neutron star with a
density 1013 g/cm3, but Kip Thorne
(U. of Chicago) argues in the April
Astrophys. J. Letters that this density
corresponds to an energetically-un-
bound neutron star that could prob-
ably not be formed by the natural
process of stellar evolution. Thorne
believes that unstable nuclear burning
in the envelope of a white dwarf ex-
cites harmonic modes rather than the
fundamental, and these harmonics
have periods between 0.2 and 20 sec.

Polarized Gamma Rays Made by Compton Scattering

Two laboratories, at Tufts University
and the Lebedev Institute in Moscow,
have simultaneously developed a novel
production mechanism for very high-
energy gamma rays. Photons in a
laser beam are Compton scattered off
relativistic electrons in an accelerator.
The method is likely to be of particu-
lar value because the gamma rays are
produced with the same polarization

properties as the incident laser light,
and nearly 100% plane- and circular-
polarized beams will be available for
tests of T invariance in electromag-
netic interactions and other high-en-
ergy physics experiments.

In a head-on electron-photon col-
lision the photon energy, say 2 eV, is
Doppler shifted into the x-ray region
from the point of view of an electron

travelling at close to the velocity of
light. Back-scattered photons must
be Doppler shifted again to yet higher
energy when observed in laboratory
coordinates, and the combined effect
is that laser photons become gammas
of MeV and GeV energies. The out-
put energy varies approximately as the
square of electron energy.

At the Cambridge Electron Accel-
erator Richard Milburn (Tufts Uni-
versity) has used a small 0.2-joule

SOURCE OF HIGH-ENERGY GAMMA RAYS at the Cambridge Electron Accelerator. Light from a
ruby laser is reflected at a quartz mirror to meet 6-GeV electrons in a straight section of the machine.
Backscattered gammas pass through the mirror and are counted in a total-absorption Cerenkov counter.
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