! versity community.
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quent motion shows that the problem
is very sensitive to initizl conditions,
Szebehely and Peters have more re-
cently reported (Astron. J. 72, 1187,
1967) that there exists a periodic mo-
tion for initial conditions near those of
the Pythagorean problem. They also
offer a generalization of their method
to an n-body problem, allowing pre-
cise study of globular-cluster develop-
ment, in the Bulletin Astronomique
(Series 3, vol. 3, no. 1, 1968).

Neutrino Flux from Sun
Is Lower than Expected

The flux of neutrinos that originate in
thermonuclear processes in the sun’s
interior is much lower than expected,
according to recent measurements by
Raymond Davis Jr, Don Harmer, Ken-
neth Hoffman and Blair Munhofen of
Brookhaven. The experiment sug-
gests that our ideas about the sun’s in-
terior may need to be revised.
Speaking at a Yeshiva University
seminar last November, Davis said

that the total solar neutrino flux can
be estimated as less than or equal to
2 X 10% em2 secl. The theoretical
figure for this flux, based on an analy-
sis of the probable fusion processes oc-
curring in the sun, is set at 6 to 22 X
108 cm~2 sec1.

The Brookhaven group uses a neu-
trino detector that is 1480 meters be-
low ground level in Homestake Gold
Mine in South Dakota, where the cos-
mic-ray shielding is good but of course,
the neutrino attenuation is not notice-
able.

The detection of neutrinos is always
a low-efficiency pursuit, and back-
ground from cosmic rays and natural
radioactivity must be reduced to a very
low level. The reaction chosen is:
v+ CB7 = Ar87 4 e~ Argon-37 is
radioactive with a 35-day half-life.
This reaction would be initiated by
those neutrinos emitted by the sun
during the decay of boron-8, which
is a product of hydrogen fusion; they
contribute only about 0.05% of the
total solar neutrino flux but have an

A Visit to Argonne—II: Solid-State, Atomic and Nuclear Physics

Besides its high-energy-physics re-
search (pHysics TopaY, February,
page 57) Argonne National Labora-
tory has strong programs in nuclear,
atomic and solid-state physics, and it
is building a high-flux research reactor.
During a recent visit there we spoke
to some of the people in charge of
these programs.

Since Robert Duffield had just taken
over as director of the laboratory, we
spoke to Winston Manning, who has
recently served as acting director and
Is a long-time Argonne chemist. He
told us that in physics the lab’s largest
effort is in high-energy research (see
table). The table tends to understate
the effort in high-energy physics, be-
cause (a) it does not include sub-
stantial manpower on ZGS operation
and services and on design and de-
velopment (for example, 3.7-meter
bubble chamber and advanced ac-
celerator design), and (b) the ma-
chine is extensively used by the uni-
(The machine is
especially heavily used by university
scientists who are only counted if they
reside at Argonne for a substantial
time.) In fiscal year 1967 operating
cost for physical research was about
$36 million,

The Physics Division, headed by
Lowell Bollinger, has four major pro-

grams: theoretical (mainly nuclear),
charged-particle nuclear-reaction phys-
ics, neutron physics and atomic
physics. In the early days of Argonne
the division also included other groups,
Bollinger told us, but they were spun
off when they grew large; these in-
cluded reactor physics, applied mathe-
matics, accelerator design (now part
of high-energy physics) and high-
energy theory.

To do nuclear-physics experiments
there are three electrostatic accelera-
tors and a cyclotron. Last summer the
division converted its EN model tan-
dem accelerator to a model FN, which
produces 18-MeV protons mainly for
charged-particle experiments.  The
energy range of experiments with deu-
terons can be extended to 23 MeV

Number of Argonne Scientists
(Approximate): Staff and
Long-Term Visitors

High-energy physics research
(only 40% regular Argonne staff) 93

Nuclear physics 50
Nuclear chemistry 21
Atomic physics 14
Solid-state science:
Solid-state science division 54
Metallurgy division (physical
metallurgy and ceramics) 44

energy spectrum as high as 14 MeV,

The chlorine is in the form of tetra-
chloroethylene, 400 000 liters of it, and
after four months in the gold mine
argon can be flushed out of the liquid
with circulating helium and then sepa-
rated from the helium by trapping on
charcoal at liquid-nitrogen tempera-
ture. A proportional counter, placed
inside a 12-inch ex-naval gun barrel
for shielding, counts 2.8-keV electrons
from the radioactive argon to measure
the number of neutrino captures that
occurred.

Davis points out that these investi-
gations are still at an early stage, and
to get satisfactory statistics the ob-
servations will continue for a few years.
Other work along ike same lines is
being conducted by Frederick Reines,
of the University of California, Irvine,
in a mine near Cleveland, by Tom
Jenkins of Case Institute of Tech-
nology in a salt mine also in the Cleve-
land area, and by Reines and J. P. F.
Sellschop of the U. of Witwatersrand
in a South African gold mine.

and with alpha particles to 45 MeV at
the 60-inch cyclotron operated by the
Chemistry Division. An Argonne-
built 4-MeV accelerator is to be re-
placed by a 4-MeV proton Dynamitron
this summer; with fast neutrons pro-
duced by the new machine in the
Li(p,n) reaction, physicists will study
neutron-induced reactions, A 2-MeV
proton accelerator (that started life at
the U. of Notre Dame as an electron
accelerator and was converted to a
proton machine by Argonne) is used
mostly to study the physics of surfaces.

The division will soon install a split-
pole magnetic spectrograph developed
by Harold Enge of MIT. At the tan-
dem accelerator experimenters are us-
ing a fully automated 60-inch (152-
cm) scattering chamber. The dis-
tances from target to solid-state de-
tectors and the angles between de-
tector arms are computer controlled;
the computer makes certain logical
decisions based on a stored program.
A large angular correlation apparatus,
which holds two sodium-iodide crystals
(30-cm diameter, 20-cm thick), has a
computer to control the angle between
crystals.

John Erskine showed us Argonne’s
automatic plate reader, which scans
a nuclear emulsion in 17 min, locates
track position and sends its codrdinates
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Here are three new Hamner timing logic
modules which offer unusually high
stability, linearity and reliability. All
provide AEC compatible fast negative
and slow positive output for gating ;
Hamner Time to Pulse Height Converters,
Fast and Slow Analyzers, Linear Gates
and other instruments.

Fast Timing Discriminator ND-12

A leading edge discriminator for
derivation of timing signals from fast
photomultipliers. The minimum
discriminator threshold of 50 mv at 100
megacycles allows a substantial
reduction in walk due to input signal
amplitude variation. Minimum signal
input width is 2 nsec. Consequently, all
scintillation phosphors, fast and

slow, may be accommodated without
need for signal stretching and
conditioning circuits which might
degrade counting rate performance.

Timing Marker ND-11

A leading edge timing signal derivation
instrument for use with solid-state
detectors. The leading edges of charge
pulses are sensed by a high bandpass
ceramic core pulse transformer. The
transformer is placed to view signals
directly from the detector. When used
with geranium detectors, timing signal
walk is far less than with conventional
zero crossing techniques.

Time Stable PHA NC-15
A new time stabilized pulse height
analyzer using integrated circuits. Logic
output signals can be referenced to the
leading edge or crossover point of the _
linear signal being analyzed or to an |
external reference. Energy threshold
stability 1 mv/°C. Timing stability 0.05
nsec/°C. DC restoration is provided;
events can be analyzed at counting rates
to 500 KCPS without distortion due |
to pile-up.
For complete information on Hamner l
instruments, call your local Hamner- |
Harshaw field engineering office or write ‘
Hamner Electronics Co., Inc.,
1945 E. 97th St., Cleveland, Ohio 44106 J
|
|

Telephone: (216) 721-8300

[eznerd

HAMNER ELECTRONICS CO., INC.
An affiliate of Harshaw Chemical Company
Division of Kewanee Oil Company
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152-CM HIGH-PRECISION SCATTERING CHAMBER used at Argonne
18-MeV tandem. Computer controls detector positions, makes decisions.

to a computer. The device is suitable
for any charged particle.

Roy Ringo, Vic Krohn and Carl
Christensen are repeating an experi-
ment on the beta decay of polarized
neutrons (first done at Argonne ten
years ago) that looks for a small
failure of time-reversal invariance.
The reactionisn =2 p + e + 5. Un-
der time reversal the quantity J + P X
p changes sign (J is neutron spin, P
and p are electron and antineutrino
momenta); the experiment measures
this quantity. A related experiment
will also measure the correlation of
neutron spin and electron momentum
to determine the ratio of the strengths
of the vector and axial-vector inter-
actions in the weak interaction; this
ratio has become particularly interest-
ing lately with the development by
S. L. Adler and W. 1. Weisberger of
a theory based on the partially con-
served axial-vector-current hypothesis
that connects the ratio with amplitudes
involved in pion-nucleon scattering.

Bollinger told us that Argonne has
one of the largest and best known
groups of nuclear theorists. In the
past the shell model has been empha-
sized, starting with the pioneer work
of Maria Mayer and David Inglis.
Now the big push is into the nuclear

many-body problem. Stanley Cohen,
Fritz Coester, Benjamin Day, Malcolm
MacFarlane and James MacKenzie are
all working on this approach.

In atomic physics Joseph Berkowitz
and William A. Chupka have been
studying  photoionization  effects.
They have a high-intensity vacuum
ultraviolet light source to photoionize
various vapors that are then detected
by a mass spectrometer.

The Solid-State Science Division,
headed by Oliver Simpson, is working
on defects in graphite, color centers in
alkali halides and in a variety of other
areas including low-temperature re-
search. Argonne is one of the few
labs that can make definitive measure-
ments down to 30 millidegrees (by
adiabatic demagnetization), Simpson
said. They have just built a high-
capacity dilution refrigerator that may
cool to 10 millidegrees. Groups are
measuring specific heats and Fermi
surfaces below 4°K and down to 0.3°K
and are measuring sound attenuations
down to 0.03°K.

One very active group is studying
the characteristics of radiation-induced
defects in graphite. About four years
ago Gerhart Hennig of Argonne de-
veloped the etch-decoration technique
to determine the sites of individual

AUTOMATIC PLATE READER scans plate, locates
track position and sends coérdinates to computer.

vacancies at the surface of graphite
crystals.

To reveal the graphite vacancy, you
need a trick, Simpson explained.
Those carbon atoms near a vacancy
do not have their valency saturated,
so they are chemically more reactive
than the other atoms. By burning, one
makes the surface depression grow.
Then one evaporates gold onto the
surface to decorate the wvacancies,
Since carbon and gold have little affin-
ity for each other, the gold atom will
tend to nucleate at the defects. Then,
because gold is heavy and has lots of
electrons, one can see the defects with
an electron microscope.

Recently George Montet of Argonne
extended the technique to reveal va-
cancies in molybdenite (Appl. Phys.
Letters 11, 223, 1967).

To form the vacancies one can heat
a large sample of graphite to about
3300°C and then cool it. This
quenching technique introduces wva-
cancies. To study them one cleaves
off a flake and then does the preferen-
tial etching. From a plot of the num-
ber of vacancies as a function of
quenching temperature one can de-
termine the energy of formation.

In graphite, unlike metals, one can
use this technique to find the displace-
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Yes, our MR Recorder often

seems like many instruments at work
(and the specs tell you why)

DESCRIPTION: SARGENT MODEL MR QUANTITY RECORDED: mV,V, paand  ELECTRICAL RANGE: twelve LIMIT OF ERROR: 0.1% or5 av,
RECORDER—automatic, self-balancing, ma—selected by panel switch. pre-calibrated ranges by switch whichever is greater.

10-inch potentiometer recorder. selection — 0.5, 1, 2, 5, 10,

Includes special high gain amplifier, 20, 50, 100, 200, 500, 1000, 2000.o

and high stability solid state Variable range expansion from 100%

reference power supply requiring no (off) to 40% of selected range with

standardization. Line operated. continuously adjustable dial.

ZERO DISPLACEMENT: calibrated SOURCE RESISTANCE TOLERANCE: ELECTRICAL FILTERING: four position ~ PEN SPEED: 1 second for full

ranges of 10, 100, 1000 and 5000 of 50,000 ohms in most sensitive range, switch to reject transverse and scale transverse.
the selected units, upscale or increasing with increasing range. common mode A.C. superimposed on

downscale. Continuously adjustable the D.C. signal, without loss of sharp

reading dial for 0 to 100% of balancing characteristics,

selected range.

DAMPING GAIN ADJUSTMENT: CHART DRIVE: twelve synchronous CHART TAKE-UP: automatic | SYNCHRONIZATION: chart drive ma
automatic with range change; panel speeds—0.5, 1, 2, 4, 10, 20—by dial by motor with preset turque'-or be synchronized wit-hceiternail y
dial for fine adjustment—particularly ~selection, inches per hour or per by-pass for free end chart tear off. systems connected to rear panel, and
for low resistance systems like minute by panel switch. Magnetically operated by the chart drive switch
thermocouples. braked in “off" position. Free clutch £ :

Or chart drive may be operated

system scans chart with rapid drive; from an external switch.

averages 50 feet per minute in
forward or reverse directions.

This gives you some idea why the SARGENT MODEL MR RECORDER can
do the .w_ork of several less versatile recorders, manual potentiometers
or precision meters. To get the complete picture, write for Bulletin MR.

Lo |
®
SA R G E N T SCIENTIFIC LABORATORY INSTRUMENTS

E. H. SARGENT & CO.

4647 West Foster Avenue Chicago « Anaheim, Calj irmi
4 . , Calif. «» B
Chicago, lllinois 60630 Dallas « Denver « A
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SEARCH AND DISCOVERY

ment energy, the average amount of
energy required to knock an atom out
of its lattice position. Montet, for ex-
ample, bombards a sample with mono-
energetic electrons and determines a
threshold displacement energy as a
function of angle.

The high-flux reactor that Argonne
is building is expected to produce 5 X
1015 neutrons/cm?/sec. The light-
water “flux-trap” reactor, to be called
the Argonne Advanced Research Re-
actor (affectionately known as A*R?),
is scheduled to cost $25 million and to
be finished in 1971. A2R2 will op-
erate at 100 thermal megawatts.

Milton Levenson, project manager,
explained that A2R? will be very simi-
lar to the High-Flux Isotope Reactor
at Oak Ridge (pHYSICS TODAY, June
1967, page 23), but the Argonne re-
actor is primarily intended for basic
research rather than heavy-isotope
production, and hence will have many
more experimental facilities,

Within the central annular core a
water-filled region will slow down and
trap neutrons from the surrounding
fuel. Neutron density will be highest
in the central flux trap. In the beryl-
lium reflector that will surround the
core, one fifth as much neutron flux
will be present.

The reactor will have eight horizon-
tal beam tubes tangent to the core and

LATTICE VACANCIES IN MOLYBDENITE are revealed by etch decoration.
atoms nucleate at vacancies, which show up on electron photomwmgraph Centers of
the small triangular depressions appear to correspond to surface vacancies.

all will penetrate the beryllium reflec-
tor. Neutrons and gamma rays that
penetrate the samples used in experi-
ments can then be measured outside
the reactor. Two of the tubes will
pass all the way through the reactor
vessel and the beryllium reflector,

Within the flux trap 9 vertical irra-
diation facilities will be available.
Originally these 9 positions will be
filled by two static sample thimbles,
five hydraulic and two gas rabbit facil-
ities (to move sample containers in
and out of the reactor while it is run-
ning), according to Donald Connor,
who has been looking after the needs
of future experimenters at A2R2,

One will also be able to irradiate
samples in the beryllium-reflector
area, which will have four hydraulic
and two gas rabbit facilities, two static
thimbles and 26 spare holes for verti-
cal thimbles in various flux regions.

When AZ2R? is finished it will be
used by Argonne staff and faculty
members from Midwestern universi-
ties and colleges for research in nu-
clear physics, chemistry, materials
science and solid-state physics.

The excavation for the reactor is
finished; the pressure vessel and some
components are being fabricated, and
Brush Beryllium recently finished
pressing and firing one of the largest
single pieces of beryllium ever made.
The hollow cylindrical reflector is 150
cm across and 60 cm high.—cB. O
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plug-in

TDR and sampling

TYPE 152 SAMPLING UNIT

ANE TME EIEAIN 111§ LECTOME TER
VERTICAL UNITS/DIV

t OFFSET
i

FO;ITTON - —|

ﬁm_.._@ J
Tektronix

Type 152

H 140-ps TDR System Risetime
M 90-ps Sampling Risetime

B Rho and Voltage Calibration
B Two Internal Pulse Sources

The Type 1S2 Sampling Plug-in converts
any Tektronix 530, 540 or 550-series oscillo-
scope to a time-domain reflectometry meas-
urement system. It also has the ability to
make many general sampling measurements.

As a TDR, the Type 152 has a system rise-
time of 140 ps and is calibrated in rho (p)
from 0.005 p/div to 0.5 p/div. The horizontal
is calibrated from 1 cm/div to 100 m /div for
dielectrics of air, TFE and polyethylene. A
10-turn dial reads directly the one-way dis-
tance to the test-line discontinuity. Two
pulse outputs provide either 50 ps T; at
250 mVinto 50 2 or1 ns T, at 1 V into 50 o

The 90-ps risetime, 5 mV /div deflection fac-
tor, 100 ps/div sweep and built-in triggering
capability make the Type 152 useful for
many other sampling measurements.

Type 152 Sampling Plug-in . . . . . . $1375

U.S, Sales Price FOB Beaverton, Oregen

For a demonstration, contact
your nearby Tektronix field
engineer or write: Tektronix,
Inc., P.O. Box 500, Beaverton,
Oregon 97005.

PHYSICS TODAY ¢ MARCH 1968 « 77




