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From observations of interstellar optical absorption lines of CN, CH, and CH' we are
able to impose upper limits, at three wavelengths, on the intensity of background radia-
tion in the interstellar medium. These limits are consistent with the existence of ther-
mal background radiation at a temperature of ~3°K, but can be reconciled with the re-
sults of a recent rocket observation by Shivanandan, Houck, and Harwit only if the in-

tense flux which they report is concentrated into a sharp line which happens to avoid
the molecular resonances, or if this flux is of local origin.

Shivanandan, Houck, and Harwit' (SHH) have
recently reported detection of intense background
radiation in the wavelength interval from 0.4 to
1.3 mm with a rocket-borne far-infrared tele-
scope. They find a total flux of 5X10™° W cm ™2
sr~!, which yields a mean intensity of radiation
1,=9.6x107" erg cm™ sec ™ sr™' Hz ™' over the
5.2X 10" Hz between 0.4 and 1.3 mm. This rep-
resents on both a galactic and cosmological scale
an enormous flux of radiant energy, far greater
than the total flux expected from all galaxies® and
nearly 100 times greater than that due to 3°K
thermal radiation over this spectral range. Since
a thermal spectrum is a critical prediction® of
the hypothesis that the ~3°K background radiation
observed at A=3.3 mm and longer wavelengths is
a residue of the primeval fireball, this observa-
tion is potentially of major cosmological signifi-
cance,

The interstellar optical absorption lines of CN,
CH, and CH+, however, impose upper limits to
the intensity of radiation in the interstellar medi-
um at x=2.64, 1.32, 0.559, and 0.359 mm*?® that
are especially relevant to this question, since
these wavelengths lie just to either side, and
very near the middle, of the far-infrared channel
of SHH (Fig. 2). Such limits derived from old Mt.
Wilson spectra, that lie somewhat below their
value for I,,, have already been presented?; it is
the purpose of this Letter to report the result of
recent observations with the Lick Observatory
120-in, telescope that further depress these upper
limits, and offer a grave obstacle to the idea that
the flux observed by SHH is of galactic or cosmo-
logical origin,

¢ Ophiuchi (V=2.57, MK-type 09.5V, bl=+23°)

is the most favorable star visible from North
America for detection of the faint interstellar
lines of CN, CH, and CH'.® By adding together
on a digital computer 25 spectra of this star ob-
tained by two of us (V.J.B. and P.T.) with the
Coudé spectrograph of the 120-in. telescope, we
have attained for these lines a signal-to-noise
ratio about five times higher than provided by a
single spectrogram. Figure 1 shows the result
of the numerical synthesis in the vicinity of the
strongest interstellar line of each of these mole-
cules. The lines shown are members of the (0, 0)
bands of the CN B®Z-X2%, CH A*A-X?[I, and CH*
AMI-X'T electronic systems illustrated schemati-
cally in the top of Fig. 1. They are all formed in
an interstellar cloud whose velocity with respect
to the sun is —15 km/sec.® Precise rest wave-
lengths are listed in Table I.

The individual spectra were all obtained on
baked IIa-0 emulsions at a dispersion of 1.3 A/
mm (the highest efficiently employed at the 120~
in. Coudé) and were widened to 5 mm in order to
store a large amount of information on each
plate. A 25-pu projected slit width was used,
which at this dispersion yields a resolving power
in excess of 100 000.

To add the spectra together, the plate trans-
mission and accompanying intensity calibrations
were first automatically measured at intervals of
one micron with a densitometer and recorded dig-
itally on magnetic tape. The characteristic curve
of the emulsion was then calculated by numerical
interpolation for each plate in turn, allowing the
required transformation from plate transmission
(density) to intensity to be numerically performed
in the computer., The second numerical trans-
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FIG. 1. The spectrum of £ Oph in the vicinity of the strongest interstellar lines of CN, CH*, and CH. Directly
above each line the transition is shown schematically on a diagram of the relevant energy levels, all of which lie in
the ground vibrational state of the molecule. ¢“g” indicates the depth of the missing lines if the intensity of radia-

tion in the interstellar medium at, respectively, A =1.32, 0.359, and 0.559 mm were 9.6 x10714 erg cm™?

sr—l Hz™L,

formation of the data, from densitometer car-
riage displacement to wavelength, was done by

Table I. Wavelength, equivalent width, and optical

depth of the —15-km/sec interstellar molecular lines
in the spectrum of ¢ Oph.

. w
air

Molecule Line (fx (mf\) T
CN R(0)  3874.608% 8.40 0.513
R(1)  3873.9982 2.74 0.148
R(2) 3873.3692  <0.43  <0.022
P(l)  3875.7632 1.49 0.079
CH Ry(1)  4300.321°  20.8 1.542
Ry(1)  4303.947° <0.44  <0.021
cut R(0)  4232.535°  26.9 2.609
R(1)  4229.337C  <0.59  <0.028

4F. A. Jenkins and D. E. Wooldridge, Phys. Rev. 53,

137 (1938).

D1, Gers, Z. Physik 118, 27 (1941).
CA. E. Douglas and G. Herzberg, Can. J. Res. 20A,

71 (1942).
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sec™!

similar digitizing of the Fe comparison spectra,
using the strongest interstellar lines of CN, CH,
and CH' as reference wavelengths. With the data
in this form, final synthesis of the spectra was
then a simple matter of numerical addition.

Numerical integration over the lines shown in
Fig. 1 yields the equivalent widths listed in Table
I. The upper limits of 0.43, 0.44, and 0.59 mA
for the equivalent widths of CN R(2), CH R,(1),
and CH™ R(1) are in each case three times the
standard deviation of the grain noise, and are the
crucial data on which the conclusions reached in
this Letter are based. A new interstellar line re-
vealed by the plate synthesis at A =4232.08 A un-
derscores the conservative nature of these limits,
since its equivalent width is 0.68 mf&, or only
slightly higher than the CH" R(1) upper limit.
[This line is probably 14232 of C**H*, It falls at
precisely the expected isotope shift -0.26 f&, and
yields an abundance ratio C'2/C'® that agrees with
the terrestrial value 89.7]

Calculation of excitation temperatures requires
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correction for the finite opacity of the interstellar
lines. The curve of growth for interstellar CH'
in the spectrum of ¢ Oph has been recently ob-
tained by Herbig,® and it is reasonable to assign
his CH* Doppler linewidth parameter, 5=0.85
km/sec, to CN and CH as well, on the basis of
their common radial velocity. Taking this value
of b, the curve of growth analysis then yields the
line strengths (optical depths) listed in the last
column of Table L

In the absence of additional interactions (colli-
sions, resonance scattering of starlight, etc.),
polar molecules such as CN, CH, and CH" will
rapidly (in less than 10° sec) come into equilibri-
um with thermal background radiation, and the
rotational or excitation temperature,

Tij =huij/k In(s /7), (1)

calculated from any two optical absorption lines
must, on thermodynamic grounds, be the temper-
ature of the radiation. Here hv;;=E;-E;, where
E;>E; are the rotational or (in the case of CH)
fine-structure energies of the electronic and vi-
brational ground state, s is the ratio of theoreti-
cal line strengths for an optical line arising from
level i to that arising from j (i.e., the ratio of the
sums over initial and final states of the square of
the transition matrix element), and 7 is the cor-

responding ratio of observed line strengths.

For isotropic but nonthermal background radia-
tion and in the presence of additional interactions,
Tij in general will be a complicated function of
the various transition rates. It remains, howev-
er, a rigorous upper limit to the brightness tem-
perature T B(Vij) of background radiation at the
frequency Vij as long as ¢ and j are connected by
an electric dipole transition. The frequency
range over which this limit holds is the very nar-
row Doppler width, Av/v=Ax/x=v/c~1075 of
the rotational transition.

The selection rule for the ground states of CN
and CH* is AJ=z1, while for CH, rather well
represented by Hund’s case (b), the selection
rules are AK=0,+1, AJ=0,+1.2 Thus, the ob-
served line strengths 7 of Table I provide upper
limits on the background intensity at the millime-
ter and submillimeter wavelengths 2.64, 1.32,
0.559, and 0.359 mm indicated in Fig. 1. The
requisite theoretical line-strength ratios s are
obtained for CN and CH" from the Honl-London
relations®; for CH the calculation is slightly
more elaborate since due account must be taken
of the slight departure of the ground-state cou-
pling scheme from Hund’s case (b). For these
ratios, and for the brightness and excitation
temperatures which then follow from Eq. (1) and
the data of Table I, we find

CN R(1)/R(0): s=2, TB(2.64 mm) < T10=2.82°K; (2a)
CN P(1)/R(0): s=1, TB(2.64 mm) <T10=2.91°K; (2b)
CN R(2)/R(1): s=3, T,(1.32 mm) < T, <4.74°K; (2¢)
CH Rl(l)/Rz(l): s =1.524, TB(O.559 mm) < Tla_a, u <5.43°K=~9/5 [ case (b)]; (2d)
cHY R(1)/R(0): s=%, TB(O.359 mm) <7, <8.11°K. (2e)

The weighted mean value for T',,(CN) obtained
from (2a) and (2b) is T,,=2.83°K, with an uncer-
tainty that we estimate to be 0.15°K, The grounds
for believing that this is the actual value of the
brightness temperature of the background radia-
tion at A=2.64 mm, rather than only an upper
limit, have been discussed elsewhere.*® The
most compelling evidence is the invariance of
T,,(CN) in the direction of at least nine stars,
and its precise agreement in the two best cases,
that of £ Oph considered here and ¢ Per,* with
the series of direct measurements of 7T made
by Wilkinson and his collaborators®® at A=3.3 mm
and longer wavelengths.

[

Equations (2c)-(2e), however, are the principal
object of our attention here. These yield as up-
per limits on the intensity of background radia-
tion 7,(1.32 mm) <1.92X107*, 1,,(0.559 mm)
<2.00x10~* and [,,(0.359 mm) <6.19x10~* erg
ecm™ sec™! sr~! Hz™!, which are higher than the
intensity of 2.83°K thermal radiation by factors
of 5.1, 77, and 1x10% respectively. An increase
in signal to noise by these respective factors for
the CN, CH, and CH" lines would thus be neces-
sary in order to detect the missing lines, if the
background radiation is indeed thermal. For CN
this could be achieved by an extension of the
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FIG. 2. Limits on the intensity of radiation I, in the
interstellar medium. The scale is linear, and thus the
area under the line AA’ represents the flux of 5x10™°
W em™2 st~ 1 observed by SHH.

present tecnhique, and for CH it might barely be
possible with photoelectric detection and very
long integration times. We note, however, that
the radiation from galactic dust is likely to be
comparable with 2.83°K thermal radiation at x
=0.559 mm, and perhaps two orders of magni-
tude more intense than such radiation at x=0.359
mm.

Figure 2 shows these upper limits on a linear
scale, and the point I,,(2.64 mm)=0.370x10~*
erg cm™? sec ™' sr~! Hz™' deduced from the
mean value 7T,,(CN)=2.83°K. The flux 5X107° W

cm ™ sr~! observed by SHH is represented by the
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area under the line AA’., Since its mean value is
nearly five times greater than, in particular, the
CH limit at A=0.559 mm, we are forced to con-
clude that this flux, unless concentrated into a
sharp line which by coincidence avoids the molec-
ular resonances, is of quite local origin (i.e.,
does not extend as far as the —15-km/sec cloud
in front of ¢ Oph). We underscore the fact that
all the limits which we obtain from interstellar
molecules, however, are compatible with strictly
thermal background radiation at 7= 2.83°K.

We thank the Director of the Lick Observatory
for the generous grant of observing time on which
this work is based.
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