
HIGHINTENSITY ELECTRON ACCELERATOR at Cornell. Marx generator (right)
erects a 700-kV pulse in about 300 nanosec. Then Blumlein transmission line (left) is
charged to 500 kV in about 1 microsec and the energy is discharged.

in the direction of the beam, the
beam can propagate without neutral-
ization of the self magnetic field and
even without electric neutralization.

Each of these propagation modes
has been observed, for example by
J. C. Ingraham and L. Bradley at
EG & G; T. G. Roberts and Willard
H. Bennett4 of North Carolina State
University, and J. Bzura, Fleischmann
and Linke at Cornell.

The technology for such beams in-
volves well known components. High
voltage is usually produced by Marx
generators or a Van de Graaff ac-
celerator. A transmission line (Blum-
lein) is charged to high voltage and
used to form a pulse of 0.25-5 MV for
20-100 nanosec. The voltage is ap-
plied to a low-impedance field-emis-
sion diode that features a thin-foil
anode. Accelerated electrons pass
through the anode into the drift tube
that usually has a metallic-surface con-
ductor, which may carry all or part of
the return current (depending on the
conductivity of the gas in the drift
tube). J. Charles Martin of the UK
Atomic Energy Authority has done
pioneering work on these techniques.

Experiments with high-current elec-
tron beams in the US are taking
place at Physics International Co, San
Leandro, Calif.; Ion Physics Corp;
Sandia Corp, Albuquerque, N. M.;
Naval Research Laboratory, and Cor-
nell. At the Lebedev Institute in
Moscow, a program devoted to this
problem is directed by Matvich S.
Rabinovich.

Now that relativistic-electron beams
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with such large electron density (1011-
1012 cm"3) and energy flux are avail-
able, one of the most interesting phys-
ics applications is the prospect for
relatively inexpensive ion accelerators.
Various methods for picking up or
accelerating ions have been proposed.

• Cerenkov radiation of plasma
waves: In the frame of reference
where electrons are stationary, ions
should radiate plasma waves and de-
celerate; therefore in the laboratory
frame ions should accelerate. This
mechanism was proposed by V. I.
Veksler.5 Veksler's theory has been
applied to data of Nablo and his col-
laborators by John M. Wachtel of the
Defense Atomic Support Agency and
Bernard J. Eastlund of AEC.6

• Rostoker7 has pointed out that
when the electron beam goes through
a neutral gas there must be a space-
charge region at the front where the
beam has not yet been neutralized.
This region constitutes a potential well
for ions, and ions produced at the
bottom of the well wall be accelerated.

• G. A. Askariyan of the Lebedev
Institute suggests that if a plasmoid (a
ball of plasma) carrying a current is
placed in the path of the beam, the
beam electrons will be reflected by the
magnetic field of the plasmoid, thus
accelerating the plasmoid.8

• An electron beam, without neu-
tralization, in a constant guide field
should have a constant density. In a
method proposed by L. Kovrizhnykh
of the Lebedev Institute, the electron
density can be increased locally by in-
creasing the strength of the guide field

locally; this would produce a potential
well for ions. Then the ions can be
accelerated with a local concentration
of the guide field produced by a
traveling magnetic-field wave.

Nablo has reported0 ion currents of
the order of 100 amperes for about 5
nanosec when an electron beam of
about 50 000 amperes is injected into
a neutral gas. He observed ion en-
ergies about ten times the electron
energy.

So far there are insufficient data to
identify the acceleration mechanism
and estimate the ultimate capability,
but the chances look good that high-
current relativistic electron beams will
lead to economic and versatile ion ac-
celerators.
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Sandia Operates Picosecond
Laser at 50-Joule Output

A laser that emits 50 joules in about 2
picoseconds is now running at Sandia
Laboratories in Albuquerque. Its
basic input is the train of pulses from
a mode-locked neodymium-doped
glass laser. Garth Gobeli, Eric Jones,
Paul Peercy and James Bushnell hope
to use the short high-energy pulse to
produce among other things thermo-
nuclear reactions.

The laser has five neodymium-
doped glass rods—a small oscillator rod
and four amplifier rods ranging from
53 to 105 cm long. The oscillator
generates a train of ultra-short light
pulses, one of which is selected and
amplified. (The final three amplifier
stages were built by American Opti-
cal Co. to Sandia specifications.)
Overall gain is 50 000 to 150 000,
with the final stage operating in the
gain-saturated mode.

(cont., p. 63)



Detector
Serial No.

437

431

441

444

450

453

449

SYSTEM PERFORMANCE

Efficiency
@ 1.33 MeV

8.95%

10.0

9.2

9.8

8.0

10.4

7.6

Resolution
FWHM

2.3 keV

2.6

2.8

2.2

2.3

2.5

2.2

WITH ROOM-TEMPERATURE

@ 1.33 MeV
FW.1M

4.5 keV

4.7

5.3

4.4

4.6

4.7

4.3

Peak/Compton
@ 1.33 MeV

29:1

26:1

22:1

29:1

27:1

25:1

24:1

PREAMPLIFIER

System
Capacitance

20pF.

21

23

12

9.5

18

15

Nominal
Volume

50 cm3

55

50

55

45

55

40

These detectors in inventory on May 9, 1969. Call for latest information.

PRINCETON
GAMMA-TECH

Box 641, Princeton, N. J. 08540, U.S.A.
(609) 799-0345. Cable PRINGAMTEC.

Please send details on • Ge(Li) detectors; • X-ray spectrometers;
• surface-barrier detectors.

Name

Address

City State Zip
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Here's an exciting new light
sensitive device from RCA—the
C70133B, an RCA QUANTACON
photomultiplier—that can open
up for study events never "seen"
before.

Gallium Phosphide boosts the
single electron resolution of this newest
QUANTACON photomultiplier as much as 10
times over that of tubes using conventional
dynode materials. As a result, it is possible
for this device to discriminate between light-
producing phenomena that generate one, two,
three, or four photoelectrons.

Gallium Phosphide QUANTACON photomulti-
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pliers are at the forefront for applications in
scintillation counting, biochemistry, and nu-
clear physics. C70133B offers greatly im-
proved low-light-level performance.

C70133B is a high-speed RCA QUANTACON
photomultiplier with an irradiation area of 15.9
square inches. This 5-inch device is an im-
portant tool for scientists studying low-light-
level phenomena.

For more information on this and other RCA
QUANTACON photomultipliers, see your local
RCA Representative. For technical data, write:
RCA Electronic Components, Commercial En-
gineering, Section F-159-P, Harrison, N.J.
07029.



SANDIA LASER has emitted 50 joules in about 2 picosec. Overall gain is 50 000 to
150 000. The mode-locked neodymium-doped glass laser has four amplifier rods. Ta-
ble at left is 4 meters long; two tables at right are 3 meters long.

The total light-path length through
the laser is about 18 meters from the
lOO'r reflector of the oscillator to the
output face of the last laser rod. The
pulse length is measured by a two-
photon fluorescence system.

The laser has a beam divergence
(quoted by American Optical) of 1
milliradian and an output diameter of
3.8 cm.

In the fusion experiments, the
Sandia group hopes to generate ther-
monuclear neutrons by focusing the
laser on a solid LiD or LLDT surface.
Gobeli says that with a nanosecond
pulse striking a solid target, the front
surface evaporates so fast that the re-
sultant plasma, formed in front of
the target, shields it from some frac-
tion of the incident energy; so one is
uncertain how much energy is actually

Vela Pulsar Slows, Speeds Up,
And Then Slows Down Again

If some observers were surprised to
find pulsars slowing down, they must
have been utterly astonished to learn
that the pulsar in the Vela remnant
(PSR 0833-45) apparently sped up
between 24 February and 3 March,
and then slowed down again. Paul
Reichly and George S. Downs of the
Jet Propulsion Laboratory (Interna-
tional Astronomical Union circular no.
2140) report that during the seven-
day interval the pulsar period de-
creased by 134 nanosec and then re-
sumed its former rate of increase.

So astronomers have one new
puzzlement about pulsars.

deposited. With picosecond pulses,
however, one can be fairly certain that
the energy is deposited in the target.
The longer pulses are good for making
lots of plasma, but at Sandia the
emphasis will be placed on producing
neutrons, Jones explains.

Nikolai Basov and his group at the
Lebedev Institute (PHYSICS TODAY,

November, page 57) have done simi-
lar experiments with solid lithium
deuteride and believe they have ob-
served thermonuclear neutrons. The
group is now rebuilding its laser.

The Sandia experimenters also plan
to use their laser for studying radia-
tion damage, attempting to observe
photon-photon and electron-photon
scattering, producing precisely vari-
able shock waves and studying their
effects on materials.

IN BRIEF

The University of Bochum in West
Germany has ordered a 9-MeV tan-
dem accelerator from Radiation Dy-
namics, Inc., at a cost of just over $1
million. The research program on
nuclear structure will be directed by
D. Kamke.

A 2-MeV Van de Graaff accelerator
has been passed from Illinois Insti-
tute of Technology to De Paul Uni-
versity last summer. It will be used
for undergraduate and graduate
teaching and research projects under
the general direction of Thomas
Stinchcomb, chairman of the De
Paul physics department. •

Overall length
11-25 inches

Cool only the sample
(not the cavity)
in ESR/EPR studies
down to 4°K
New CRYO-TIP?' sample cavities
cut cooldown time to 30 minutes

Air Products now has a full line of
cylindrical TE0 M cryogenic sample
cavities designed by Strand Labs
which can be used with any stand-
ard-model, variable-temperature
CRYO-TIP® Refrigerator in low tem-
perature (4° to 300°K) ESR and EPR
studies. Since only the sample is
cooled, the microwave cavity remains
at room temperature. It does not un-
dergo the impedance change or me-
chanical strain associated with con-
ventional methods of cooling the
whole cavity.
These cavities, adapted for use with
the CRYO-TIP Refrigerator, are avail-
able for 9.5, 24, 35, and 70 gHz
microwave studies. Provisions can
be made for matrix isolation and UV,
optical, X-ray, or electron beam ir-
radiation along the axis of the sam-
ple cavity. Cryogenic adaptors are
also available for other types of
cavities.

Write for full details on Air Products'
complete line of CRYO-TIP Refriger-
ators and accessories.

ADVANCED PRODUCTS DEPARTMENT
Allentown, Pennsylvania 18105
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