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form

9 =Q f[a g

t (w )g„,a, , (n ) +A, ~ (w )g „,A, , (u )] dw

for suitable Hermitian coefficients,
We have seen that the power of ultraIocality is

far reaching, Nowhere did our arguments make
use of the covariance of the base theory, nor of
the dimensionality of space. Thus nearly every
theory has similar properties. The original uI-
tralocal theories are just single degree of free-
dom base theories, and are by now rather well
under control"; for example, even for such
models, interacting theories cannot have CCR.
Hopefully, the study of such models will assist
the study of genuine covariant diastrophic fields.

The solution of a covariant diastrophic field
such as outlined in this Letter would be interest-
ing on at least two counts. First, it would be a
true covariant theory having infinite mass, field-
strength, and coupling-constant renormaliza-
tions'; but, second, and more important, such
theories may relate very closely to their base
theories. Por example, the classical solution to
an equation like (2) is just y „(x,w) = p „(x),
namely a u-parametrized set of solutions of
the base theory. In addition, one should not over-
look the fact that. every conventional covariant
theory becomes a covariant diastrophic theory
(in one less space dimension) if just one of the
spacial gradient terms is dropped from the La-

grangrian. With this direct connection in mind
it would seem not unreasonable if interacting,
covariant field operators bore a closer resem-
blance to the bilinear diastrophic form rather
than to the manifestly inequivalent linear form of
a quasifree theory.

'Diastrophic quantum field theories were introduced
in the author's 1971 Boulder lectures L. J. 8, Klauder,
"Functional Techniques and Theix Application in Quan-
tum Field Theory, " lectures given at the Fourteenth
Annual Summer Institute for Theoretical Physics, Uni-
versity of Colorado, Boulder, Colorado, June 21-
August 13, 1971 (unpublished)j. The terminology is
meant to reQect the extension of a given (base) theory
in a new direction (loosely, a diastrophism) parame-
trized by se.

J. R. Klauder, Commun. Math. Phys. 18, 807 (1970),
and Acta Phys. Austr. , Suppl. VIII, 227 (1971).

E. L«acs, CIsmacteristic I'unctsons (Hafner, New
York, 1970), 2nd ed.

I. M. Gel'fand and N. Ya. Vilenkin, Cggeralised tlunc-
tions Vol 4: App. lications of Harmonic Analysis, trans-
lated by A. Feinstein (Academic, New York, 1964).

J. R. Klauder, J. Math. Phys. (N.Y.) ll, 609 (1970).
6Klauder, Ref. 1.

i~tegstellar CN Excitation at 2.64 mm

A. A. Penzias
Bell Telephone Laboratories, Crawford Hill Laboratories, Holmdel, New Jersey 07733

and

K. B. Jefferts
BeEl Telep'Isone Laboratorses, Murray Hill, Nese Jersey 07974

R. W. Wilson
Bell Telephone Laboratories, Crawford Hill Laboratories, Holmdel, New Jersey 07733

(Heceived 21 January 1972)

A sensitive search was made for 2.64-mm line emission from a cloud of CN, whose ex-
citation is known from optical measurements, with'essentially a null result. This pro-
vides strong support for the proposition that the excitation temperature deduced from the
optical CN lines is equal to the temperature of the microwave background.

The first confirmation of the discovery of mi-
crowave background radiation' was based upon
the optically observed excitation of interstellar

CN." It had lor;g~ been known from optical-ab-
sorption line ratios that a considerable fraction
of interstellar CN radicals is found in the first
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rotational level, at an energy above the ground
state corresponding to a wavelength of 2.64 mm.
Field and Hitchcock, ' and Thaddeus and Clauser, '
applied the existence of the CN excitation to the
microwave background radiation. They argued
that this excitation could not be maintained by col-
lisions or by transitions from higher levels, and
is thus excited directly by 2.64-mm photons.
This problem of excitation aside, background-
temperature measurements based upon such line
observations are free of the sources of systema-
tic error common to direct measurement tech-
niques. Thus such CN observations can play a
unique role in the precise determination of the
background temperatur e.

Clauser and Thaddeus' have reported observa-
tions of the excitation in CN spectra from ten
stars in various directions in the galaxy, all con-
sistent with a single excitation temperature near
2.8 K. They argued that since one would expect
different physical conditions in the various clouds
studied, the role played by collisions in excita-
tions would vary accordingly. Since no signifi-
cant variation was observed, they concluded that
the conditions within the clouds play no appreci-
able role in the excitation. In any case, the ob-

servedd

CN excitation provides an upper limit to
the isotropic intensity of the background at 2.64
mm. The only case so far found in nature where
"refrigeration" of a transition below the back-
ground temperature occur s is the 4830- MHz tran-
sition of interstellar formaldehyde in certain
dark interstellar clouds. '

These problems can be unambiguously resolved
by a direct measurement at 2.64 mm of the dif-
ference, if any, between the optically observed
excitation temperature of the CN and the bright-
ness temperature of the background behind it. '
The result of such a measurement is reported
herein.

The region selected for this work is in the di-
rection of the star BD+66'1675 because it has
the highest concentration of CN of the stars
studied. Munch obtained CN spectra for this
star as well as two other nearby stars. From
Munch's spectra, Clauser and Thaddeus' deduced
an excitation temperature of 2.39+0.43 K in the
direction of BD+ 66'1675 and 2.45+ 0.63 K in the
direction of BD+66'1674, about 1 arc min away.
Within the error limit imposed by the spectral
resolution, the velocities of all the features are
the same, indicating that a single cioud covers
the region. The question of the angular extent of
the cloud is very important because the sensiti-

vity of our experiment depends upon the antenna
beam being filled by the CN cloud.

Our measurements were made using the 36-fi-
diam parabolic antenna of the National Radio
Astronomy Observatory' (NRAO) at Kitt Peak.
Its beam diameter at 2.64 mm is approximately
1 min of arc. Our receiver is a single ended di-
ode mixer with a single sideband noise tempera-
ture of approximately 2000 K. The i.f. passband
is centered at 1390 MHz, and no effort has been
made to suppress the response at the image fre-
quency, 2780 MHz below the line frequency. The
multichannel line receiver provided by NRAO for
line studies with this antenna has two filter banks,
both centered at the same frequency hand operat-
ing simultaneously. The one used for this mea-
surement has fifty channels, 250 kHz (0.66 km/
sec) wide, spaced 250 kHz apart, while the other
has forty channels approximately 1.6 MHz wide
spaced 1 MHz apart.

Two preliminary experiments were performed
in order to pinpoint the expected frequency spec-
trum of the CN emission as well as its angular
extent. The first was a measurement of the CN
lines in a dense, strongly excited' molecular
cloud associated with the Orion Nebula. From
our observations we determined the laboratory
frequency of the strongest CN transition by ap-
plying a Doppler correction obtained from a pre-
cise measurement of the shift in the 110201.4-
6Hz line of "C"0in the same cloud. The fre-
quencies of the weaker hyperfine components of
the CN transition were also determined in this
way. Although no measurements were planned at
these other frequencies, one has to avoid them
when selecting a comparison band for frequency
switching.

The second set of observations was the 2.6-mm
CO line in the direction of BD+66'1675, Since
the dipole moment of CO is 0.1 0 compared with
-2 D for CN, the slower spontaneous emission
time of the former makes it much easier to ex-
cite by collisions with neutral particles. Thus,
CO in a cloud of -10' hydrogen molecules per cu-
bic centimeter is collisionally excited, while
molecules with dipole moments near 1 D require
a density in excess of 10' for strong excitation.
We have found CO emission in the direction of a
number of dark clouds. Toward BD+66'1675 we
found CO lines corresponding to at least 'four dif-
ferent velocities, one of which, the most intense,
has a velocity corresponding to that of the optical
CN absorption in the direction of this star. ' The
CO line was found with approximately the same
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intensity 1 min of arc away from the star posi-
tion in all directions, confirming the extended
size of the cloud. The corresponding ' C 0 line
was also measured at the central point, with an
intensity about one third that of the "C"0 line
and a linewidth of approximately 400 kHz, i.e.,
almost two channels wide. Since we expect the
CO and CN to be coextensive and the CN to be un-
saturated, we expect the line shapes and veloci-
ties of the CN and "C"0lines to be the same.
Subject to this condition, we estimate the overall
uncertainty in our determination of the expected
line frequency to be 100 kHz.

The direction CN measurements themselves
were straightforward. They were made by syn-
chronously switching the local oscillator 5 MHz
such that the line appeared alternately in two lo-
cations in the high-resolution filter bank, yield-
ing tmo independent measurements for each inte-
gration. Seven integrations, each I h in duration,
mere carried out, four at one average. ,setting of
the local oscillator and three others at a frequen-
cy 1 MHz higher. Unfortunately, at this latter
setting the expected line was near a defective
channel during half of the switching cycle so only
eleven of the fourteen independent measurements
were taken for data.

For each measurement, the 1-h integrated out-
puts from the two channels in which the line was
to appear was averaged and the average of adja-
cent channels was subtracted. These eleven dif-
ferences were 0.07, 0.05, —0.08, —0.04, —0.045,
0.14, 0.025, —0.055, 0.04, 0.22, and 0.07 K.
The average of these results is 0.036 K with an
rms variation of 0.037 K. This fluctuation level
may be compared with 0.032 K computed from
the noise temperature of the receiver. We also
tested for the possibility that we missed a por-
tion of the line because our determination of the
expected frequency was off by more than our es-
timated error limit of 100 kHz. This was done
by obtaining averages, as before, for lines cen-
tered one 250-kHz channel above and below the
derived frequency. In these two cases the final
averages were 0.038 and 0.013 K, respectively,
indicating that no stronger line exists within a
frequency interval 3 times as great as our maxi-
mum expected error.

While our positive residual may reflect the
presence of a small amount of excitation above
the background, we regard our answer as essen-
tially a null result supporting the conclusion that
CN in dark clouds is in equilibrium with the back-
ground radiation. A quantitative evaluation fol-

lows.
If 4T~ is the difference between the antenna

temperature at the line frequency and an adjacent
frequency, we then have

1
hv

k[exp(-hv/kT„)- 1]

k[ exp(-h v/k Tbg) -1] (1)

where g is the beam efficiency of the antenna,
0.6 in our case; 7 is the opacity of the line av-
eraged over the signal channels; Tpy the excita-
tion temperature of the CN computed from the
ratio of the population in the J= 0 and J= I states,
i.e., 2.39 K; and Tpg is the equivalent black-body
temperature at this wavelength.

Also, the opacity of CN at 2.64 mm may be
computed from the relation

8@g v'hv

Now N„ the column density of CN in the J=O
state, is computed from the 80 mA equivalent
width of the R(0) line to be 1.7X10" cm . A„ is
1.31 X10 ' and f is the fraction of the intensity of
the total J=1 to J=O transition in the line under
investigation. f has been experimentally deter-
mined to be approximately —,

' from our measure-
ments of the relative intensities of the lines, in
good agreement with theory. For 4v, me take
500 kHz, the spectral width of our measurement,
rather than the narrower width of the line itself.
From the above relation we then obtain 0.8 for T.

Upon substitution in Eq. (1), we note immediate-
ly that in the absence of background radiation we
would obtain a AT~ of 0.24 K, 6 times our prob-
able error of 0.037 K. Our measured AT„of
0.036 K corresponds to a difference of 0.14 K be-
tween T» and T~g. Taking the value obtained for
T„by Clauser and Thaddeus we have

Tb =2.25",", K (95Vo confidence) ~

The uncertainty in our measurement and the
0.4-K uncertainty in the optically determined T„
contribute approximately equally to the error.
This result is in good agreement with the 3.3-mm
result of Boynton, Stokes, and Wilkinson, "2.46
K with a 0.4-K rms error, and with the result
of Blair et cl."who found a. flux corresponding to
an equivalent black-body temperature of 3.1,'p K
in the spectral range between 6 and 0.08 mm.

We feel that the best value for the temperature
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at this wavelength comes from the determination
of T„determined from the weighted average of
all the stellar CN lines, notably those in g Ophi-
uchus and f Perseus. This conclusion has been
strengthened by our demonstration of the essen-
tial equivalence of Tpz and Tbg in the cloud we

have investigated. However, the possibility of a
small amount of excitation, to a temperature of
the order of 0.1 K above the background must be
considered. Such an excitation could be accom-
plished by collisions with neutral hydrogen atoms
if their density were of the order of 10' cm '.'
Such a density is consistent with our CO data on

a number of dark interstellar clouds. " It should
be noted, though, that the cloud in front of BD
+66'1675 has highest optically observed CN col-
umn density. If this reflects a higher volume den-
sity than the g Ophiuchus cloud, say, then the ef-
fect of collisional excitation would be proportion-
ally less in the latter case. It is perhaps signifi-
cant that we have not been able to observe "C"0
line emission in the direction of & Ophiuchus.
From the ratios of equivalent widths in the opti-
cal CN lines, we would expect a "C"0 column
density toward f Ophiuchus about one tenth that
toward BD+66'1675. That such a column density
is normally observable is demonstrated by our
ability to detect the corresponding "C'60 line in
the latter star. The absence of a CO detection
toward & Ophiuchus could, of course, also be due

to small angular size of the cloud, i.e., filling
only a small part of our antenna beam, rather
than a lack of sufficient collisional excitation.

It is a pleasure to acknowledge the many con-
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We report an investigation of the production channels of the AS region of the r+~ ~
mass spectrum from the reaction x P—Px+x x at 18 and 20 GeV/c. Evidence that the
A,S has a substantial branching ratio to S& is obtained; its mass and width are measured
as 1658 +8 MeV and 58+&& MeV, respectively. To satisfactorily describe the data an
additional peak is required with mass 1830 MeV and width 1SO MeU.

A peak at about 1650 MeV in the n'n'm mass
from the reaction m'p -pn'm'm has been report-
ed in several experiments, ' the majority of which
interpret the peak as a resonance, the A3, with a

width of more than 100 MeV. Crennell et al. ,
' in

a study of this reaction in n p scattering at 6
GeV/c, observed a broad (130+30 MeV) enhance-
ment in the A3 region which they find can be ex-


