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FIG. 3. Drift during two minutes of the beat frequency between two masers. One small division represents 4
kilocycles per second change.

or optical maser is the precision with which an
individual maser can be reset to the same fre-
quency after its frequency has been disturbed. In
principle, there is no limit to the precision of
resettability if sufficient time is taken for the pur-
pose, and even for rather short times the limit
to accuracy of resetting determined by fundamen-
tal noise is very high. However, many practical
problems prevent any immediate approach to this
limit. For the purpose of resettability measure-
ments, two masers were kept at single mode
operation and were adjusted very close to the
threshold of oscillation. The frequency of each
maser was then reset by varying the mirror separ-
ation until the oscillation disappeared and then set-
ting the separation half-way between the two points
of disappearance. On each trial, resetting the
resulting beat frequency between the two was meas-
ured. Its variation among a number of trials was
about 500 kc/sec. This shows that a single maser
can be reset to a precision at least as good as one
part in 109, and hence distances compared over
a very long time to this accuracy. In this experi-
ment the mirror separation was varied by mag-
netostrictive effects in the separators. It is be-
lieved that further work can much improve the

long-term stability and resettability of optical
masers, although they are already sufficiently
good for many interesting measurements of length.

An experiment to detect "ether drift" or anisot-
ropy in the velocity of light of the Michelson-
Morley type previously outlined' is being carried
out to capitalize on the precision in measurement
of length indicated above. The first version of
such an experiment can be considered to confirm
the Lorentz-Fitzgerald contraction due to the
earth's orbital velocity to about one part in one
thousand. This work will be separately reported
in more detail.

*Work supported by the National Aeronautics and Space
Administration and by a Tri-Service Contract in the Re-
search Laboratory of Electronics.
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POSSIBILITY FOR COPIOUS PRODUCTION OF THE INTERMEDIATE VECTOR BOSONS*

Gyo Takeda~
Lawrence Radiation Laboratory, University of California, Berkeley, California

(Received 1D January 1963)

%e study the possibility that some of the in-
termediate vector bosons of the weak interaction
might be produced by several orders of magnitude
more than previously estimated in various litera-
ture. '

The intermediate vector bosons, 8', if they
exist at all, interact with the strangeness-non-
changing baryon current J +(hS =0), the strange-

ness-cha. nging baryon current J +(nS = +1), and
the lepton current J&(lep). Let us call the re-
spectlve coupling constants go, gl, and glep If
there exists more than one kind of intermediate
boson besides its charge multiplets, the coupling
constants may be different for the different kinds
of bosons.

The circumstances which could give rise to
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copious productions of the intermediate bosons
are the following.

(I) The nonleptonic and leptonic decays of bary-
ons and K mesons are mediated by two different
kinds of vector bosons, which we shall call the
nonleptonic boson W& and leptonic boson W&,
respectively. [We assume that (a) the weak in-
teraction currents are derived from the invari-
ance under a set of gauge transformations, and
(b) the transformations form a simple Lie group;
then we find the leptonic currents and nonleptonic
currents do not seem to be constructed if we use
the same representation of the Lie group in order
to explain the known experimental results. There-
fore, under these assumptions, more than one
kind of boson is required. $]

(II) The magnitudes of g, and g, for WL are dif-
ferent in orders of magnitude. {Any known uni-
versality of a group of coupling constants in ele-
mentary-particle physics is connected with the
invariance of the relevant interactions under a
certain group of gauge transformations. For
example, the universality of the pion-nucleon
coupling constants for differently charged pions
is derived from the invariance under the isotopic-
spin gauge transformations. And the 2 x 2 rep-
resentations of the group (with dimension 3)
give explicitly the equality of the three coupling
constants between w, $ $ and nucleons [v, = (v++ v )/
~2, v$= i(rr+- v -)/~2, m$=v, ]. In general, how-
ever, an n xn representation of a Lie group with
dimension m can contain a certain number of real
parameters if n is large enough. Therefore, if
the currents of weak interactions are constructed
by using such a representation of the relevant
group, values of two constants such as go and g,
can be different in orders of magnitude. $&4) Under
the assumption (I) the weak interaction Lagrangian
can be written as follows:

Z=g +2L'

=g (W ) 4 (AS=0)+g (W ) 4 (AS=+1)
N 0 Np p, 1 Np p,

+ Hermitian conjugates,

=g (W ) J (AS=0)+g (W ) J' (AS=+1)
0 L jL(.

+g (W ) J (lep) +Hermitian conjugates.
lep L p, p.

Here the values of the coupling constants go and
g„and the explicit forms of the baryon currents
are different for &~ and ZL. We have suppressed

the notations corresponding to various charge
multiplets of W and J for simplicity, although
they are implied in Eq. (1).

Our present experimental knowledge on the mag-
nitudes of g is summarized as follows': From
the rates of the nonleptonic hyperon decays, we
obtain

(g~)'-10 ' for W
N

(2)

From the rates of the P decay of nucleons, the
p. -e decay, and the leptonic decays of hyperons,
we obtain'

)$ 10-1$
0 lep

(+ $)$ 10-1$
lep

(g g )$&10 "for W .
1 lep

We now ask if there is a possibility that such a
W& has been already found. It is important only
that we know the magnitude of the product g~,
but not g, and g„separately, for 8'&, while for
WL we obtain the near universality of the coupling
constants

2 ~ 2 p 2

0 lep 1

Cross sections for W productions by collisions
between two strongly interacting particles are
estimated to be smaller than cross sections for
usual reactions by a factor of =10 '~'. However,
if pg» gy or gg» go for S'~, this factor becomes
go' or g, ' instead of 10 '~, and a large S~ pro-
duction cross section is expected.

Because of glep 0 for S~, S~ decays exclusive-
ly into several strongly interacting particles but
not into leptons. If go»g» R~ decays mostly in-
to a system of particles with the total strangeness
S = 0 such as 2v and KK and will be found as a
sharp resonance in the ~ - m or K-K scatterings.
On the other hand, if g, »go, 5'& decays mostly
into a system with S =+1, such as a nK or mK,
and will be found as a sharp resonance in the vK
or ~K scatterings. In both cases the resonance
must appear in a J= 1 state.

Difficulty in identifying such a resonance as
the 8'& is twofold. First, the strangeness is
conserved to a very good extent in the over-all
processes (W& production and its subsequent de-
cay). The degree of violation of strangeness
conservation is only of order g~$/g0$ or g0$/g, $,
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depending on whether po»py or py»+0 Second,
the parity nonconservation in the decay of W&
cannot be observed in its main decay processes
going into two spin-0 particles such as 27), nK,
and KK. Thus one has to look for the parity non-
conservation in less frequent decays of S'~ going
into more than two particles.

Presumably one of the easiest ways to identify
a resonance as the 8'& is to look for the parity
nonconservation in the production processes of
W&. For example, one can measure a polari-
zation of a particle such as A in its production
plane, when it is produced together with the
resonance. A nonvanishing polarization' of A

mould prove the resonance is the 8&.
If either g,' or g,' is large and much larger

than 10 '~', this will lead to parity nonconserva-
tion in any strong interaction processes, because
the same processes can proceed through the weak
interaction with appreciable amplitudes. If g,
»g„parity would be strongly violated in proc-
esses not involving strange particles. On the
other hand, if pg &)@0 violations would show up
strongly in processes involving strange particles.
Present experimental evidence for parity conser-
vation7 in strong interactions could give us upper
limits on the magnitudes of go and g, . Although
it is hard to make an accurate estimate of them,
we shall tentatively put the limits as follows:

go & 10 2 and g~ & 10 ' for W~. (5)

Unless the value of either g02 or g,' is near the
foregoing upper limit, the production cross sec-
tion of W& is still small and it will be hard to
find the resonance corresponding to the 5'&. A
possible candidate for WN is, for example, the
reported E~ resonance with a mass 730 MeV and
a narrow width (I'& 20 MeV}.' We shall call this
resonance E&*. If it turns out to be a real reso-
nance with J=1, it could be the W& mediating
the nonleptonic weak interactions. Furthermore,
if one observes a nonvanishing polarization of
A (or Z) in its production plane when it is pro-
duced with a K&*, this would strongly suggest
K&* is the W~

A rough estimate of the ratio R of R&* pro-
duction cross sections to that of K* in various
experiments is R &10 '. Theoretically 8 would
not be very far from the ratio of the K&* width
to the K* width (=50 MeV). If we express the
K *K~ coupling by the following Lagrangian,

z=(4~)"g (K ~) Ks ~
1

+ Hermitian conjugates, (6)

the width for K *-K+v decay is given by

1(K *)=g,'(4q*/3M').

Here q is the momentum of K (or ~) in the K&"
rest system and M is the K&* mass (~730 MeV).
Thus we obtain the following value of A:

8 =g (4q~/3M )(50 MeV) ' = ~g,'.
From A & 10 ' and Eq. (8), we obtain

g '&0 5 (g '&2x10»).
This value of g~' is barely consistent with Eq. (5).

Because of g, »go', K&* decays mostly into a
K+ v and with much less probability (~g,2/g, '
=4x10 ~'} into 2v, 3v, and so on. Therefore,
the chance for this R~ to be observed as a v —~

resonance is very small.
Another candidate for W~ is the reported /*~0

with a mass =560 MeV and a narrow width (I' & 15
MeV). " In this case we must have go'»g, ', and
the W& decays mostly into 2m (it cannot deca, y in-
to a K+v because of its small mass). However,
the condition go'& 10 ' [Eq. (5) j may be hard to
reconcile with this possibility.

Although no established J= 1 resonance with
such a small width as to satisfy Eq. (5) is known
at present, it should be re-emphasized that pos-
sible values for g,' and g, ' have the large range
given by Eqs. (2) and (5) and the W& can be pro-
duced much more copiously than previously ex-
pected.

The author is very much indebted to Professor
D. H. Miller, who asked him whether the K&*
can be the intermediate vector boson, and to
Professor %. Rarita for his reading of the man-
uscript and valuable advice. He wishes to ex-
press his deepest gratitude to Dr. David L. Judd
for his hospitality at Lawrence Radiation Lab-
oratory.

*This work was performed under the auspices of the
U. S. Atomic Energy Commission.
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PION RESONANCES, REGGE POLES, AND THE CHEW-FRAUTSCHI SATURATION PKKCIPLE

Louis A. P. Balfzs
Institute for Advanced Study, Princeton, New Jersey

(Received 16 January 1963)

In two previous papers, ' hereafter referred to
as I and II, respectivly, self-consistent calcula-
tions were made for the I=1, )=1 and I=0, i=2
resonances in low-energy m - m scattering. These
did not entail any phenomenological parameters.
Taking a crude model of inelastic effects, we
shall see that the positions of the resonances are
virtually unaffected by such effects, whereas their
widths are considerably narrowed. This brings
the width closer to the "experimental" value' for
the P wave. If we then take these resonances,
make some simplifying assumptions for the Pom-
eranchuk Regge trajectory, 3 and impose the Chew-
Frautschi saturation condition, ' we can carry out
a fairly simple self-consistent calculation for the
high-energy total cross section g&. If we repeat
the calculation with this value of cr~ in the crossed
channel, but this time without imposing the satura-
tion condition in the direct channel, we find that
the condition is nevertheless still satisfied to
within a few percent. Its original use is thus justi-
fied a posteriori.

(a) We shall begin by summarizing some of the
results of I and II, whose notation we shall use
throughout. Using the N/D method, an effective-
range approximation to the distant singularities
is set up by making an appropriate approximation
for the kernel of the numerator function Nfl(v).
Since the nearby part of the left-hand cut can be
shown to be unimportant, this gives

&I (v)=A
I f(v0)+(v-v0) Qff 0 0 f lx. '+v'

where the x~ are given by the kernel approxima-
tion. In what follows we shall take, as in II xy
= 0. 16 and g = 0. 02 if n = 2, and x, = 0.17, x~= 0.07,
andx, =0.012 if n=3. The F(&)1 andA(&)1(v0) are
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determined by requiring that the partial-wave
amplitude A(&)i(v) ~v for small v, and that Eq. (1)
gives the same first (n - l) derivatives of A (&)1(v)
as are given by

(v)=—Jt"&"I A ', 1+2, ~q Il+v+ Il l v'+ I&

(l)I mv ~ I ' v'& ll, v j
(2)

at some point p~ in the nearby left-hand region.
As in I, we shall always take p+=p0=-2. With
n = 2 for the P wave and n = 3 for the D wave, a
coupled P-D calculation can be carried out, in
which it is required that the calculated P- and D-
wave resonances have the same positions (vR) and
widths as the ones contributing to ImAI in Eq. (2).
Using delta-function approximations, this gives
vRI'1'=4. 8, vR = 5. 0 (mass=685 MeV) for the P
wave and vR'I"2'=4. 4, vR =9. 2 (mass =892 MeV)
for the D wave. The partial-wave cross sections
in the Breit-Wigner approximation have half-
widths of about 160 MeV in each case. In the case
of the P wave, the corresponding "experimental"
mass and haU-width, as inferred from pion-pro-
duction experiments, are 725 to 770 MeV and 30
to 100 MeV, respectively. ' For the D wave, the
mass inferred from the Regge-pole hypothesis is
of the order of 1 BeV. '

To see how inelastic effects would modify the
above results, we shall take a black-disk model
above the ~ - w threshold vI, which is where we
may expect such effects to become important. 7

Such a model is known to be a reasonable one for
~ -N and N -N scattering at intermediate ener-
gies, and so we may expect it to apply in this
case also. It is equivalent to putting

R (v) =1+8(v- v )8[v- (I/r) I,l I (3)

where R& (v) is the ratio of total to elastic partial-


