Norman Kroll, Tsung Dao Lee and
Zumino (construction of a Lagrang-
ian in which the neutral-vector mesons
are the source of the electromagnetic
field) permits a consistent theory of
meson dominance of the currents to
be formulated. Thus the canonical
commutation relations of meson fields,
the so-called field algebra, provides
also a current algebra that is, how-
ever, more restrictive than that of Gell-
Mann and can therefore give addi-
tional consequences. Zumino dis-
cussed the nontrivial problem of ex-
tending chiral SU(2) x SU(2) to
chiral SU(3) x SU(3). In a quark
model this extension would be equiva-
lent to introducing the strange quark.
The point is that in nature chiral
SU(2) x SU(2) is a “bad” symmetry,
which breaks down to the “good”
SU(2) or isospin symmetry. On the
other hand since SU(3) is almost as
“bad” a symmetry as the unbroken
chiral SU(3) x SU(3), there is more
ambiguity in deciding how the break-
ing should occur. In the breaking
process the fields that transformed non-
linearly under the group are supposed
to turn into linear representations of
the smaller group, and this general
problem has been understood by Sid-
ney Coleman, Wess and Zumino and
was reported by the last author.

Herman Munczek (Northwestern)
presented a related, though different,
phenomenological Lagrangian based
on the meson dominance of currents.
Munczek and 1 have produced es-
sentially a theory of mixing of the
pion and the A, meson, as suggested
by the partially conserved axial-vector
current hypothesis, that uses the rho
dominance of the vector current and,
using parameters fixed by the rho and
A; meson decay widths, achieves a
finite mass difference of the charged
and neutral pions that agrees with ex-
periment,

Kinematic analyses. Two of the
results reported dealt with work that
was, in the broadest sense, kinematical;
no specific model was involved for the
interaction. The first was Pais and
Trieman’s analysis, presented by
Abraham Pais (Rockefeller), of the
Kl; decays, from which they conclude
that pion-pion phase shifts can be
unambiguously inferred from the ex-
perimental data when sufficient data
become available. The second was
Feldman and Matthews’s work on co-
variant angular-momentum analysis,
useful for Regge-pole theory, pre-
sented by Paul Matthews (University

of London). The latter work uses the
helicity projection of the Bargmann-
Wigner angular-momentum tensor,
which simplifies the work to such a
degree that they have named this
quantity “felicity.” The analog of the
helicity-flip amplitude, according to
Gordon Feldman, they intend to call
“felicity slip.”

Louis Michel (Inst. des Hautes
Etudes Scientifique) addressed him-
self to the group-theoretical character-
ization of the Cabibbo theory of weak
interactions, a problem also briefly
touched upon by Nicola Cabibbo
(University of Rome). Behram Kur-
sunoglu (University of Miami) pro-
posed a theory of leptonic multiplets
that predicts some new leptons not yet
observed. On the experimental side
Melvin Schwartz (Stanford) reviewed
the charge-asymmetric decays of
K.?, William Willis (Yale) summa-
rized the decays of strange particles
and W. Galbraith (University of Shef-
field) spoke on the decay of K;° to
two neutral pions.

Finally a new theory of CP viola-
tion in weak interactions was proposed
by Kazuhiko Nishijima (University of
Tokyo). 1In this theory the funda-
mental hadronic weak interaction is
odd under CP and has a surprisingly
large dimensionless coupling constant
of the order 10-3. The ordinary had-
ronic weak interaction is then sup-
posed to be of second order (with
coupling constant 10-%), conserving
CP, and the two-pion decay of the
long-lived K meson is supposed to be
of third order, accounting for its CP-
odd character and its reduced rate.
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The conference was organized, at the
Center for Theoretical Studies of the Uni-
versity of Miami, by Behram Kursunoglu.
The proceedings will be published by
Benjamin.

This year’s conference was the last in
a series of five; next year a new series
will begin, entitled “Fundamental Inter-
actions at High Energy.”

Lavrie M. BRownN

Northwestern University

Radiation Effects
in Semiconductors

In 1947 observations at both Purdue
and the Oak Ridge National Labora-
tory showed that germanium and sili-
con suffer profound modifications of
their electronic behavior when ex-
posed to 10-MeV deuterons or radia-
tion in a nuclear reactor. A flourish-
ing research field is now devoted to
radiation effects in semiconductors.

Low Cost
High
Performance
Pulse

Generator

Yes, we said high performance — rep
rates to 10 MHz, single or double
pulses, 5 ns rise time, =10V simul-
taneous outputs, width and delay to 10
ms, 250 mV triggering, synchronous and
asynchronous gating.

With the 101 you can generate stable
pulse bursts and gated digital signals.
You can count down its output for
frequency division. Trigger it from any
point on an AC line voltage waveform
to control phase of SCR's and thyra-
trons. With its fast clean pulses you
can analyze storage and recovery time
effects. With two 101's you can simu-
late beacon type signals.

New Datapulse Model 101

$395.00

Compact size and low price make the
101. an excellent tool for the instruc-
tion of solid-state circuit design, digital
logic, and other basic engineering sub-
jects. It is easy to use and rugged. It
can't be damaged, even by students,
under normal operating conditions.

If you design, apply, or study cir-
cuits, find out more about the 101.
Write for complete technical literature
or contact your nearest Datapulse repre-
sentative. Ask him for a demonstration!

PATARPULSE

DATAPULSE INC. A Subswdiary of Systron-Oonmer Corporation
10150 W, Jefferson Blvd... Culver City, California 90230
213-835-6100. TWX: 910-340-6766
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Signal Delay-Either Way

Some of our new timing logic modules have built-in
variable signal delay. We also offer signal delay in
separate modules. Either way, Hamner can help
solve your timing system alignment problems.

BUILT-IN Getting all of your timing logic signals to the
right place at the right time is easier when your instru-
ments have built-in continuously variable logic signal
delay. But the delay must be reliable, repeatable, and
independent of temperature changes and power supply
fluctuations. That requires careful attention to circuit
design. Take our new time stable pulse height analyzer,
for example. Its logic delay circuit is a ramp voltage gen-
erator using a temperature compensated constant current
source. A fast-acting tunnel diode discriminator triggers
at the selected delay point. Precision 1% components are
used throughout. The result, stability and jitter which
must be measured in tens of picoseconds. Hamner instru-
ments incorporating delay include:

NC-15 Time Stable Pulse Height Analyzer. A new single-
channel PHA with integrated circuit discriminators. DC
restoration for high counting rate operation without base-
line shift. Choice of leading edge, zero cross-over or ex-
ternal reference for time stabilization. Leading edge refer-
ence discriminator can be set low —right down to zero.
As a result, walk is less than 2 nsec for 20 to 1 dynamic
range.

NG-11 Linear Gate. A new linear gate for unipolar
signals. DC restoration on the input for outstanding per-
formance at higher counting rates. Feed-through and
pedestal are both less than 1 mv. Operates as a coincidence
or anti-coincidence gate. Gate width variable from 0.5 to
20 psec.

NL-18 Time to Pulse Height Converter. Ranges from 50
nsec to 100 usec full scale. DC coupling on the input and
conversion circuits for count rate independence. Delay-line-
shaped bipolar output with amplitude variable from 4 to
10 volts. Time resolution 10 picoseconds. Variable delay is
used between the time conversion circuits and the output
stages.

SEPARATE. For delay or linear signals or for precise

delay of logic signals, we offer these separate delay
instruments:

NA-19 Linear Signal Delay. A delay- [ /3 ()
invert amplifier for 0-10 volt linear i ey

signals. Permits delay of linear sig-
nals while gating and logic opera-
tions are completed. A single high w oo
quality delay line is used. Ten -
stock values to choose from.
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NL-19 Logic Signal Delay. A

switched cable delay with six steps (o
in binary sequence for total delay s .
of 63 nsec. Extra attention to lead 5] =
placement, board layout, assembly wee D
and cable trimming result in cable i
calibration to %30 picoseconds. Can © |
be used for delay of fast or slow St Dian

logic signals or as a calibration 5] (o4
standard for fast coincidence analy- !
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zers and time to pulse height

converters. ':‘:__-ry: _-E_:G\__:
For more information write today to Hamner Electronics
Co., Inc., 1945 E. 97th St., Cleveland Ohio 44106, Telephone:

(216) 721-8300

HAMNER ELECTRONICS CO., INC.
An affiliate of Harshaw Chemical Company
Division of Kewanee Oil Company



MEETINGS

The Santa Fe Conference (October
1967) might be taken symbolically at
least as marking the 20th anniversary
of the subject. In those 20 years many
roadblocks had to be circumvented be-
fore progress could be made.

One example of an obstacle that
took about 14 years to conquer is the
false assumption that the lattice de-
fects responsible for the large-scale
changes in electrical behavior abserved
after room-temperature bombardment
were predominantly simple lattice va-
cancies and interstitials. Because of
this erroneous view, there was little
progress in identifying the defects re-
sponsible for the large number of elec-
tronic levels introduced by irradiation.
Indeed, one was bound by the false
assumption to attribute all such states
to either a vacancy or an interstitial.

The gross inadequacy of this view
of radiation damage in the diamond-
structure semiconductors was uncov-
ered principally by careful explorations
of the electron paramagnetic resonance
of lattice imperfections in electron-
irradiated silicon by George Watkins
and associates, They found that the
defects that are stable at room temper-
ature are either divacancies, interstitial
impurity atoms or vacancies bound to
impurity atoms. Studies of the ther-
mal stability of defects revealed that
interstitial silicon atoms are highly mo-
bile at temperatures as low as 4°K and
lattice vacancies keep their mobility
well below 200°K. This new insight
resulted in a drastic reévaluation of
ideas concerning defect energy states
not only in silicon but in germanium
as well, since recent infrared absorp-
tion measurements on electron-irradi-
ated oxygen-doped material have
shown that germanium vacancies are
also mobile in electron-irradiated ger-
manium below 200°K.

More tools needed. The conse-
quences of this revised point of view
are still being worked out, as the em-
phasis of the conference demonstrates.
Watkins pointed out how sparse is our
knowledge about the nature of these
composite imperfections and how
much more work needs to be done to
correlate energy-level structures and
the defects responsible for them. He
also discussed the need for additional
experimental tools to study the struc-
ture of composite defects, as electron
Paramagnetic resonance, which has
been so valuable in studies of irradi-
ated silicon, is not applicable to dia-

magnetic defects and has not been
particularly fruitful in germanium.
Two potentially valuable techniques,
the influence of uniaxial stress on both
optical absorption and photoconduc-
tivity, were considered in contributed
papers by Lin Cheng, A. H. Kalma
and John Corelli. Dale Compton and
R. J. Spry discussed another method
for defect-structure determination,
namely, recombination luminescence
at radiation defects. In all of these
optical processes the shift and splitting
of levels by application of uniaxial
stress gives information on the sym-
metry of the center in question,
Nevertheless, as Watkins points out,
utilization of this experimental infor-
mation can be improved by better
theoretical understanding of the Jahn-
Teller distortions of the defect states.

Another consequence of the discov-
ery of thermal instability of simple de-
fects is the problem of accounting for
high interstitial mobility and reconcil-
ing the very low activation energy for
vacancy motion in irradiated material
with the much larger value expected
from self-diffusion experiments. On
this point Max Swanson stressed that
because of complex formation between
migrating vacancies and impurity
atoms the state of combination of the
vacancy must be taken into account in
any assessment of the self-diffusion ac-
tivation energy and its significance for
the motion energy of a free vacancy.
Alfred Seeger and associates, on the
other hand, were concerned with the
mechanism of self-diffusion and atomic
configurations around the diffusing
species. Several interesting concepts
resulted from these theoretical exami-
nations of the problem, but the para-
dox of vacancy-motion energies ap-
pears to be far from resolved.

Defect states. Now that it has been
freed from the unrealistic restriction
that the simple defect-energy levels
should correspond to those observed
experimentally, the theory of defect
states also appears to be making re-
newed progress. H. Y. Fan reviewed
the status of the theory of electronic
states of defects, and the inhibiting ef-
fect of the early unexamined premise
was clearly evident. Recent work on
the divacancy in silicon was reported
by J. Callaway and A. J. Hughes.
They extended a method they had de-
veloped earlier for the single vacancy
to the two-center system. This ap-
proach, which involved the expansion
of wave functions and potentials in
terms of Wannier functions, yielded
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INTERSTITIAL-VACANCY PAIR made
by neutron bombardment. The neu-
tron may produce an impurity (square).

two bound states of the divacancy; it
appears that transitions between these
states may be responsible for the 1.8-
micron infrared absorption band that
has been attributed to the divacancy.
Alan Lidiard pointed out that a nat-
ural starting point for theoretical cal-
culations of defect levels is diamond
itself; not only are the calculations
somewhat simpler, but there are recent
experimental data available against
which to check calculations. Lidiard
summarized recent work by himself
and A. M. Stoneham and by M. Lan-
noo, G. Leman and ]. Friedel and
demonstrated that much progress was
indeed being made. Calculations sug-
gest that the prominent optical-absorp-
tion band in the orange that is ob-
served in irradiated diamond is due to
transitions involving a lattice vacancy.
Renewed interest in the theory of de-
fect states and recent successes (par-
ticularly in regard to vacancies in
diamond) is most encouraging and in-
dicates that a greater contribution from
theory can be expected.

Low temperature. There is also
extensive interest in the configuration
of defects introduced at low tempera-
ture by electron irradiation and low-
temperature annealing processes. For
a number of years defect-annihilation
processes that occurred at 35°K and
at 65°K in electron-irradiated ger-
manium during isochronal annealing
have been investigated; they had been
attributed to the annihilation of close
interstitial-vacancy pairs. However,
John MacKay and Everett Klontz con-
sidered the possibility that one of these
stages is caused by the release of an
interstitial germanium atom trapped at
an impurity atom. Similar processes
in silicon have been clarified by inves-
tigations of the dependence of defect
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MEETINGS

yield on the energy of incident elec-
trons and on the temperature of irra-
diation. For example, Fred Vook and
Herman Stein report two classes of de-
fects, one whose yield is exponentially
dependent on temperature and one
whose yield is independent of temper-
ature but increases with increasing en-
ergy of the bombarding particle. The
first type of defect is apparently the
result of the thermally active separa-
tion of a close interstitial-vacancy pair
after its creation, and the temperature
dependence is associated with the en-
ergy barrier that must be overcome so
that the interstitial escapes the va-
cancy. The class of defects whose
yield is temperature independent is
considered to be a more complex type
of damage (namely, clusters of de-
fects) that is produced by a high-en-
ergy transfer collision.

Advances in technique. One of the
outstanding advances in technique
that were reported uses the principle
of channeling of jons to locate im-
planted ions. John Davies, J. Den-
hartog, L. Eriksson and Jim Mayer
showed that the back-scattering in-
tensity of energetic protons incident
on the surface of an oriented single
crystal is associated with the propor-
tion of implanted ions that block open
crystallographic directions (channels)
and hence are in interstitial sites.
Other remarkable achievements per-
tain to precision determination of lat-
tice structure. Bob Buschert de-
scribed an x-ray diffraction method in-
volving a reference crystal with which
fractional changes in lattice param-
eters as small as 2 X 10-% can be de-
tected. Such high precision enables
much to be learned about the lattice
distortions produced by irradiation.
John Parsons reported an equally

sensitive  electron-microscope  tech-
nique whereby individual lattice
planes and, in favorable circum-

stances, even individual atomic sites
can be resolved in germanium crystals.
He has used this development in de-
termining the extent of lattice dis-
turbances produced by bombardment.
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The conference was sponsored jointly by
the Sandia Laboratory and the US
Atomic Energy Commission; Fred Vook
was chairman of the conference and of
its organizing committee. The proceed-
ings will be published by Plenum Press.
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Now you’ve got enough output power. 3mw (nominal). Enough for
today’s large, non-darkened classrooms. Enough for outstanding
demonstrations of physical and geometric optics principles. Enough
to make holograms quickly. Enough for interferometry and other
precise experiments.

Offering 3mw power for only $695 wasn’t all we did. We gave our
laser very good stability with regard to beam directivity, We used
a superior mixture of rare Helium? and Neon2? isotopes. We pro-
tected the internal optics, but designed the system to be opened to
show how a laser works. When you eventually need a replacement
of the long-life tube, we can repump it at a fraction of the cost. And,
tube replacement is an easy, do-it-yourself operation.

There’s an excellent text on laser principles and applications that
we include with each of our lasers. For more information send for
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