possible by visual observations. Con-
ventional optical measurements are
limited in accuracy, by variations in re-
fraction by the atmosphere, to a resolu-
tion of about 0.4 sec of arc. 18-cm
microwave radiation is not affected so
much by atmospheric refraction, and
we have seen that 0.02 sec of arc reso-
lution is possible. The OH emitters
like W3, and some of the quasars are
of sufficiently small size to be good
fiducial marks for measurements of the
length of the day. The improvement
in accuracy should be from 5 msec to
less than 0.25 msec. The earth’s rota-
tional period varies with regular an-
nual, semiannual, monthly, fortnightly,
daily and semidaily components, plus
irregular variations. The increased ac-
curacy of radio interferometers would
lead to better measurements of short-
term fluctuations that in turn would
give information on the tidal motion of
the earth’s solid mantle and on fluid
motion within the atmosphere, oceans
and core.

Maser? Many of the puzzling fea-
tures of the hydroxyl emission and ab-
sorption have been tentatively ex-
plained as arising from a natural maser
action in interstellar space. The high-
intensity, narrow-bandwidth lines
could arise from maser amplification,
and the apparent small size of the OH
sources could be due to coherent,
parallel emission from a region that
is very much larger. The problem is to
devise a mechanism by which the ex-
cited states are “pumped” to produce
the population inversion that is neces-
sary before stimulated emission can oc-
cur. Radiation pumping by the ultra-
violet continuum from hot HII regions
has been suggested, but Philip Solo-
mon of Columbia University believes
that if his guess for the hydroxyl inter-
nuclear potential-energy curves is right
this radiation would dissociate the
molecule. Solomon’s alternative the-
ory is based on a form of chemical
pumping arising from formation of the
molecule by pre-association, or in more
familiar language, inverse pre-dissocia-
tion: O 4+ H — OH*. The kinetic en-
ergy of the atoms all goes into excita-
tion of the molecule. Solomon says
that when the electronically excited
state decays to the ground state, a
population inversion of the .-\—dnul_)]et
results that would give maser action.
The hydroxyl radical is destroyed by

collisions with atomic hydrogen: OH
+ H — H, + O. Solomon has calcu-
lated the equilibrium concentration of
OH from these two processes, and his
value of 10-7 for the OH/H abundance
ratio is in good agreement with the
absorption measurements.

Another explanation of the OH
emission anomalies that has been ad-
vanced—perhaps with tongue firmly lo-
cated in cheek—is that someone “out
there” is trying to speak to us. The
properties desired in an interstellar
communication network are all here;
the signals are of good intensity, nar-
row bandwidth, they fluctuate in an
apparently random manner and origi-
nate from a small region in space. Per-
haps the intensity anomalies in the
four OH lines have been deliberately
introduced to draw attention to them!

Of more serious concern to radio
astronomers at this time is the possi-
bility that they may not be able to
work at the OH frequency indefinitely.
International agreements on the allo-
cation of radio-frequency bands for
commercial use have left the 21-em
atomic hydrogen band free for scien-
tific observation—listening instead of
talking. But the future of the 18-cm
OH frequency is still in doubt.
Wouldn't it be disappointing if the
residents of a distant planetary system
were desperately trying to communi-
cate with us and all we could hear

Auger Electron Emission Can
Identify Surface Impurities

Auger electron emission can be used
to detect and identify contaminants on
solid surfaces, with some advantages
over the customary x-ray method.
Lawrence Harris, of the G. E. Research
Center at Schenectady, developed the
technique, and at the University of
Minnesota Roland Weber and William
Peria demonstrated that 1% of a mono-
layer of cesium can be detected on
substrates of either germanium or sili-
con.

The atoms of a specimen bombarded
with electrons of 2—3 keV energy may
be excited by the ejection of an inner-
shell electron, with x-ray emission if
this electron returns to its place and
the atom is left in its ground state.
Alternatively the energy may go to
ionize the atom by ejection of an outer-
shell electron; this is the Auger ioniza-
tion process.

In Harris’s technique the kinetic en-
ergy of all electrons leaving the sur-
face is measured over the range 0—2
keV, and that part of the energy
spectrum due to the Auger process is
examined and correlated with the
known Auger spectra of the elements.
The electron energy is analyzed in an
electrostatic selector with focusing at
127 deg, and the signal is detected by
an electron multiplier. The Minne-
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ENERGY DISTRIBUTION OF AUGER ELECTRONS emitted from pure
beryllium bombarded with 695-eV (blue), 1310-eV (black) and 1910-eV{red)
electrons. The two vertical arrows show Auger levels.
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Can the

versatile EG&G
Spectroradiometer
solve your
problems in

light measurement?

Absolutely.

For scientists, the versatility of the EG&G 580/585 Spectro-
radiometer has made it the ideal system for many different
applications. It can measure continuous and pulsed light sources
as fast as 1 nseec, with a spectral range from 200 to 1200 mgy, over
six decades of incident light energy and power. The 580/585 can
perform absolute spectral measurements, with direct meter or
recorder output, of:

e Average power of continuous light sources

e Average power of a train of light pulses

¢ Integrated energy of pulsed light sources as fast as 1 nsec

e Peak power and pulse shape (with an oscilloscope).

The complete system, with detector head, monochromator
grating, and input optics, is calibrated against standards traceable
to NBS. The detector head is also calibrated as a basic radiometer
and can be used for absolute measurement of narrowband light
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sources, The system operates on a 110v line for laboratory appli-
cations and on an internal, rechargeable battery for field use. A
unique compensation system negates the effects of ambient light
and allows most measurements to be made under normal labo-
ratory conditions. In addition, 2 new wavelength transducer
accessory is available to complement the new Y-axis recorder
output of the indicator unit. This new accessory provides an
X-axis recorder output allowing a complete X-Y plot of ampli-

tude vs. wavelength to be plotted directly on a standard X-Y
recorder.

A typical 580/585 Spectroradiometer system is priced at $5830
with 2-4 week delivery. A detailed data sheet and application note
are available. Write: EG&G, Inc.,, 161 Brookline Avenue,
Boston, Massachusetts 02215. Telephone: 617-267-9700. TWX:
617-262-93117.

A\ EG:G

72 « NOVEMBER 1967 =+ PHYSICS TODAY



SEARCH AND DISCOVERY

energy electron diffraction (LEED)
apparatus.

Auger emission is not the only pro-
cess producing secondary electrons at
the surface, as can be seen in the fig-
ure, which shows curves for 1910-,
1310- and 695-eV electrons incident on
pure beryllium. The major process,
elastic scattering with little or no loss
of energy, yields the very big peaks,
which are useful in defining the energy
scale of the spectrum. Reflection with
energy loss caused by plasma oscilla-
tions of valence electrons in the crys-
talline solid gives rise to peaks that ap-
pear at characteristic energies below
each large peak. Auger emission can
be easily identified as the peaks show
up at energies that depend only on the
material being studied and not on the
bombarding energy.

In this way the presence of surface
contaminants introduced on silicon and
germanium has been confirmed, and
sulfur has been detected on the surface
of nickel samples at a bulk concentra-
tion of less than 10 ppm. Conven-
tional x-ray analysis becomes more
difficult with light elements because
there is a decrease in x-ray fluorescence
compared with heavier ones. This de-
crease is due to a parallel increase in
Auger emission, and Harris's method
is superior to x-ray analysis for these
lighter elements, from lithium to oxy-
gen. The apparatus is claimed to be
both simpler and cheaper than the
equivalent x-ray spectrometer.

New CP-Violation Experiments
Reported: Theory Still in Doubt

Since the discovery three years ago
(by James Christenson, James Cronin,
Val Fitch and Rene Turlay) that the
product of the charge conjugation op-
erator (C) and the parity operator
(P) is not conserved in the weak in-
teraction, particle physicists have been
trying to find out how and why this
occurs. The latest experiments on the
decay of the K.? meson, reported in
Phys. Rev. Letters, 23 Oct., seem to
show a charge asymmetry in the lep-
tonic decay of K.".

In an experiment at the Brookhaven
AGS Jack Steinberger and his collab-
orators (Sheldon Bennett, David Ny-
gren, Harry Saal and John Sunderland

of Columbia University) found the
decay rate of K, = 7~ 4 e+ + , was
a trifle larger than that of K0 = »+ +
€ + p. The difference between the
two rates divided by the sum of the
two rates was (2.24 = 0.36) x 103,

In an experiment at the Stanford
Linear Accelerator Melvin Schwartz
and his collaborators (D. Dorfan, J.
Enstrom, D. Raymond and S, Wojcicki
of Stanford University and D. H.
Miller and M. Paciotti of the Univer-
sity of California, Berkeley) the de-
cay rate of K.® = 7= + put + , was
somewhat larger than K.* = z+ + ,~
+ v. The same ratio in this case was
(4.05 = 1.3) x 10-3,

The Steinberger and Schwartz ex-
periments are the last in a series of ex-
periments to complete the phenomeno-
logical description of CP violation in
K-meson decay. As a noted theorist
told prysics Topay, “In a certain sense
the experimental physicist has now de-
livered the theorist the finished prod-
uct, and the theorist must formulate a
behind-the-scenes theory to explain it.”

After CP violation was uncovered
in K." decay, people started looking for
violations in other weak decays, such
as that of the lambda or sigma. None
have been found so far. Many theories
have been advanced, but they were
necessarily speculative since details of
the K.” decay were largely unknown.

One such theory, proposed by Jer-
emy Bernstein, Gerald Feinberg and
T. D. Lee, says that the electromag-
netic interaction strongly violates both
C and T (time reversal) invariance,
and this shows up as a small CP vio-
lation in K.” decay. The theory sug-
gests that the neutron has an electric
dipole moment. Both Norman Ramsey
and Clifford Shull recently reported
their attempts to find such an electric
dipole moment, but within experi-
mental error the value was zero (PHYS-
1cs ToDAY, Sept., page 64). The
theory, however, may still be viable.

Neutral K mesons exist in two
states: K© with positive strangeness
and K" with negative strangeness. In
decays, however, one sees K,° (short
lived) and K.° (long lived). Until
the Christenson experiment it was be-
lieved that K.? was a 1:1 mixture of
K and K° The experiment found
that a decay forbidden by CP invari-
ance, namely K;® = z+ + 77, did in

fact occur, but only weakly. This
meant that K. was actually some more

complicated mixture of K° and K", but
the deviation from 1:1 was not known.

Phenomenology. Shortly afterward
C. N. Yang and T. T. Wu developed a
phenomenological framework for de-
cribing the CP-violating decay. A
parameter e describes the composition
of K, and K.¥ in terms of K® and K9;
¢ measures the extent to which K,? is
not an eigenstate of CP. Two other
parameters 5 _ and »p, measure rela-
tive decay rates. |y, _|* is the ratio of
the probability for K, = z+ + » to
the probability for K,* = »+ + »~.
[00|* is the same ratio, except that it is
for decays into two neutral pions. If
CP violation were due only to the
composition of K.% then 5, _ = 50

The Christenson experiment deter-
mined |5, _| but not its phase. Then
the phase of 5, was determined in
experiments by Val Fitch and his col-
laborators at the Princeton-Pennsyl-
vania Accelerator, by Carlo Rubbia,
Steinberger and others at CERN, and
by M. Bott-Bodenhausen and collab-
orators at CERN,

Late last year Jean-Marc Gaillard,
E. Manning and collaborators at
CERN and James Cronin and collab-
orators at PPA (pHYSICS TODAY, March
1967, page 83) determined |7/

The Schwartz and Steinberger ex-
periments determine the phase of 74
and |e|. The phase of e was previously
known quite accurately from theory;
so now all the Yang-Wu parameters are
available for ambitious theorists.

The experiments of Cronin and
Gaillard also showed that [y =
[, _|; that is, the structure of K.° is
not the sole cause of CP violation.

It has been known for almost ten
years that in strangeness-changing
weak interactions the A I = 1/, rule
works pretty well; that is, the change
in isotopic spin I during a reaction is
at most 1/,. But even then particle
physicists knew that although A I =
1/, decay is dominant, there is some
A I =1/, behavior.

Two effects. Thus it now appears
that the CP violation in the weak de-
cay of K.% occurs from two effects:
(1) K., and K,? are made up of a
peculiar combination of K° and KO
(2) There is a A I > 1/, weak inter-
action in the decay of K.? into two
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