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ABSTRACT

We report the first observations of the 51.8u fine

structure transition p2 s 3P2-+3P1 for doubly ionized oxygen.
The observed line strength in the Orion Nebula is 5:3x10715 vatt am”2

in good agreement with the theoretical predictions of Simpson
(1975). Our observations also are consistent with the newly
predicted line position, 51.8u. The line lies close to an at-
mospheric water vapor feature at 51.7u, but is sufficiently
:““‘aisggn; so that corrections for this feature are straightforward.
Observétions.ofrthe 51.8u (0 III) line are particularly important
_ since the previoﬁsly discoyered 88u line from the same ion also
is strong. This pair of 1ine§ éhould_therefore yield new data
about densities in observed H II regions; or else, if density
data already are available from radio or other observations, the
lines can be used to determine the differential dust absorption

between 52 and 88y in front of heavily obscured regions.



) Introduction”_“,,AA

During the pastAfgw years, infrared spectral observations
_at medium resoluﬁidn“hQVévbecomé’pbssible-in the 100y wave-
b»length region of:the farvinfrafed. “This has led to the discovery
of a number of sbecttal lines that had originallj been predicted
by Petrosian (1970). Petrosian had pointed out thatr

fine structure transitions of singly or multiply ionizéd atoms
in H II regions should yieid an appreciable far infrared flux.
Simpson (1975) repeated these calculations with somewhat better
data that had become available in the intervening years, and

was able to provide predictinns fof line strengths which-~at
least for the (0 III) line at 88u--a<e in remarkably good agree-
ment with observations on a number of H II regions (Dain et.al.,
1978, herinafter referred to as Paper I).

Despite the discovery of several different infrared emissiqn
lines-in H II reyions, one difficulty in the interpretation of
data has been the lack of more than one infrared line, from any
individual ionic species. While both visible and infrared data
exist for many of the ions--(0 III) is a prime example--the com-
parison of visible and infrared line strengths is made difficult
by tie large uncertainties in the visual absorption both within
the H II region and along the path lying between the H II region
and the Earth. This is particularly obvious for the giant H II
regions which are completely hidden behind dark dpst clouds and

yet emit the strong 88u radiation described in Paper I.

From this point of view, one particularly interesting line

to observe had generally been acknowledged to be a companion fine
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},s#ructure transition of (0 III) which was believed t6 lie

near 51.7u. The precise positioﬂ'was uncertain because the

Aéﬁﬁigipﬁrgdfya#e;eagth could only be estimated by éohparing

the wavelengtng”tf ﬁltraviolet;lines o:iginating.tram upper and

“716%e§{;evélé}ggnﬁ theégup;tggviolei data seemed insufficiently

preéigé‘io permit an exact estimate of the infrare@ line position. 
Such an estimate, howevéi; was important since an atmospheric .
watér vapor fégtﬁte is known to lie near 51.7u, and could we11 
have absorbed all the flux emitted in the (0 III) line, or at
least ﬁade any interpretation of line flux quite uncertain.
Recently, however, more accurate estimates by Dr. Lawrence

T. Greenberg (1977) of the University of California at Berkeley

" have shown the (O III) line to lie close to 51.8y. This appeared

to us to be far enough away from the atmospheric absorption line

to permit successful observations. ‘We are grateful to Dr. Green-
berg for providing us with the information we needed to undertake
the measurements we repbrt here.

Observations of the 51.8y line togethervwith 88y line ob-~
servations should, in the long run, provide us with a variety of
useful data. In H II regions where the electron number density
is poorly known, a more accurate estimate should become possible
since the relative line strengths of these two fine structure
transitions are affected by the number density. When the
number density can be determined from other data, for example
through radio observations, then the relative strengths of the two
lines should allow us to make an estimate of the relative amounts

of far infrared absorption by interstellar dust. The far infrared
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_ wavelength dependence of dust absorption currently is poorly -
understood and'any-information that could provide even a rough

" estimate of ﬁhe §bds£ption wou1d be very useful.

' Observations

Observations were carried out in almost precisely the same
irway as in previously reported work (see for example Paper I).
';The NASA Lear.  Jet 30 cm telescope was employed, and our liquid
helium cooled grating spectrometer was used at an instrumental
resolving power of about 150. The system noise equivﬁleht power

13 jatt ne 0+3

in flight is approximately 3 x 10 » including all
losses due to the telescope, chopper and atmospheric effects.

The spectrometer's entrance slit dimensions determine our
beam size which extends over a 4' x 4.4' region in the sky. The
telescope's oscillating secondary mirrcr which chops the radiation

at 25 Hz provided a beam separation of 14'.

We observed the Orion Nebula during the evenings of December
6, 8 and 14, 1977, and detected the 51.8u (O III) line on all
three nights, Clear air turbulence on the last of these nights,
however, resulted in poorer signal to noise ratios for that
night than for the otherse. Even on the night of December 14,
however, there is no question at all that the 51.8y, line was
present in the strength reported. Fig. 1 shows the results
obtained on the three nights, and also includes a lunar spectrum
obtained on December 16. Atmospheric transmission data also exist

from observations of Venus, obtained in December 1876. We had



: ped to répeat these observations, but were unable‘to cafrx

iit:hem out during the course of the December 1977 series. This

E'lack'o:flaaequate callbrath“ data .is- the most sevaere 1imitation T

W:iﬁen the acruracy of the intensities we are able to quote.

Repetition of the observations should lead to appreciably more

ﬁf; relmable data. since our instrument is lnherently capable of

3 /ih1gher sensitivity than our present error estimates would suggest.

- Line Strength and Position

Aftef correction for atmospheric absorption of the con-
tinuum radiation emitted by Orion at the position of the 51.7v
atmospheric absorption feature, we find the following: at two
adjacent positions of the grating, an increase of approximately
30% above the continuum flux from Orion is observed and must be
attributed to the (0 III) line. The line strength predicted on
the basis of calculations by Simpson (1975) and knowledge of the
(O III) 88p line flux (Paper 1) would lead to a ~22% increase, which is
in reasonable agreement with our observations. Considering the
close agreement between theory and observations found for the 88y
enmission from several different H II regions (Paper I), this new
result provides further evidence that the theoretical considerations
seem to give a correct accounting of the processes in-
volved in fine structure transitions in ionized nebulae.

Based on the continuum observations previously reported by
Ward et.al. (1976), the observed line flux amounts to 5x1071° vatt am 2.
The uncertainty in this line flux is probably considerably less

than 50%. The main source of uncertainty comes from a lack of
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f*praciée‘infcrmaticnabout»theseparation;between‘the (0 III)
v3v;5;,3Q1liqe;;nd'theameSpheric 51.7u water vapor feature. Fur-
:ther ﬁneériaigty invol?éa'tha ;bsolute flux from the Orion con-
'fiquum. | | |

Our spectral bandp&ss was 0;35p, and
" the grating was stepped with a step size of 0.168y. The starting
pusicion of the grating, however, was not identical for all spec-
tral passes taken and the spectrum was therefore effectively
sampled at somewhat closer intervals than 0.168y.

Referring the position of peak emission to the atmospheric
53.1; 51.7 and 51;45u features, we find that the (0 III) line must
be close to the predicted 51.8) position, and clearly separated
from the 51.7) water vapor absorption. This latter feature
actually lies closer to 51.67u and therefore may lie almost a
full grating step from the 51.8y emission line. This is well
verified by the appearance of the raw spectra we obtain. The
51.8y feature generally appears in two adjacent grating positions,
as expected. 1In the position that lies at shorter wavelengths,.
however, the observed line intensity is lower--in agreement with
expectations derived from the lunar calibration which shows at-
mospheric absorption at this position. 1In contrast, the grating ‘
position at which the peak (0 III) flux is observed shows little
or no absorption in the lunar spectrum. These data strongly
support our contention that the (0O III) line must be well separ-
ated from the atmospheric water vapor feature, possible by as much
as a full step size of 0.168p and places the (O III) line at

51.8y as predicted.



~ Line Strength Errors

'~4The—estimation of the actual line strength is made d’fn
,ficult by the proximity of the expected 51.8y line to the at-
',mospheric water vapor absorption feature at 51.7yu. Traub and
’stieri(1976) have analyzed the expected atmospheric absorption
spectrum at airplane altitudes and find roughly equallv strong
absorption features at 51.7 and 51.4y,, 'a saturated feature at
53.1y and a weak feature at 51.1ly. All these lines are qﬁite
narrow, (n0.05y) and the probability of a chance coincidence
between the even narrower (O III) transition and one of these lines
is therefore less than one in four. We can, however, rule out
the probability for this coincidence even further.

Let us look at the schematic diagram Fig. 2. The probability
for including both the (0 III) line and the 51. 7# water vapor
absorption feature in one and the same spectral resolution element
is quite high, even though the exact coincidence of the two
lines--and therefore the absorption of radiation in this line
feature--is low.

Our observations, however, show a line flux to continuum
ratio of approximately 30% integrated over the resolved wave-
length interval surrounding the emission feature. In contrast,
the expected absorption of Orion continuum radiation is relatively
small. 1In the 0. 35 spectral band pass, absorption by the 51l.7,
water vapor feature alone is less than ~10%, and the absorption
by both the 51.45 and the 51.7, features included in a single
spectral resolution element would be below 25%. Spectra of the

Moon confirm that the total absorption due to these lines in any

spectral range covered is never greater than 15-20%.



o Therrange of elevation angles over which observations can.

" be carricd out from the Loar Jot lies in the interval between

sﬁ;§14',and‘26'. In a typical flight during the series conduct:d
Fihabegém§h§'19?7_ we covered roughly half this :ahge, a fange
vnxienponding to a difﬁefance_of aboﬁt one air mass. On the
'vfiiéhts of‘néc. 6, 8 and 14, the ranges were respectively 18°¢-22°,
115°-22° and 17.5°-22.5°. The water vapor content of the atmo-
i'V'a‘plmi:'e of course varies as the aircraft flies its course, and
L‘henca the atmospheric water vapot content along the line of
,Sight need hot honotonically decrease as Orion's position rises
above the horizon. Nevertheless, we plotted our data as a
- function of increasing horizon angle for each of the three
nights on which Orion was observed. We obtained 5, 6, and 4
scans of the source, respectively on Dec., 6, 8 and 14, 1977.
This series of plots shows no systematic trends with
increasing horizon angle--neither in the strength of the water
vapor absorption feature nor in the strength of‘the O IIl line.
We interpret this result in the foliowing way: the ab-
sorption at the center of the water vapor bands is nearly
saturated and will not change a great deal when the water vapor
content above the plane decreases slightly. The contribution
to the total absorption in the wings of the line decreases
somewhat, but this decrease is too small to be noted in the

presence of random variations in atmospheric water vapor content.
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The discovery of the 51 Bu (O III) line has, we beliave,

'ffconsiderable signiricance for future observations in the far

ared. . We had found, in Paper I, that the asu line intonn
:served'in meny H IT regions 1ie close to velues that 1'

»a{scan bo predicted on the basis of radio ohservations of these

; Lnebulae. Discrepancies were found. however--particularly for

the Galactic center regions SgrA and SgrB2. According to

o Erickson et al. (1977), some amcunt of absorption might be

expected even at wavelengths as long as lOOu for Scrﬁz; and
"if this turns ocut to be correct, it should be possible to combine

- radio data on conditions in the ionized gas, with 51.8:and 88y

~line observations; to estimate the relative absorption of dust
at these two far infrared waveleagths. Such observations c-.ald
beFQaluablerin”determining whether the far infrared extinction

" of dust follows a A %, a 2”2 dependence, or neither of these.
‘Currently there is essentially no concrete information available
on this wavelength dependence. Such data are required to permit
better estimates of cloud temperatures, and to promote better
understanding of the nature of dust in dense interstellar clouds.

For regions that are not heavily obscured, the two far

infrared lines can be used to determine the concentration of
electrons more accurately. 1In particular the differences in
observed line intensities and calculated intensities computed
on the basis of radio data can be used to obtain a measure of
clumping in the H II domain. This comes about because of col-

lisional deexcitation of the ions, which depends on the electron
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;qfdihsity'né. Ih éontrast, radio free-free emission is pro-
-2
e

"7 portional to n_? integrated along the line of sight. The dif-

férgﬁcq pé#miﬁs an estimate of the clumpiness of the region.

The good agreement obtained between theoretical and observed
,»1ingé;:xepgth§iin'§he Qricn Nebp1;, in fact suggest that the
i&lnmpiﬁess'of the nebula is not extrem&. Otherwise our observed

5 line stren&ths could not be readily predicted on the basis of

“’;tﬁdio continuum intensities alone.

We want to'expreSS our indebtedness to Dr. Lawrence Greenbevg

  for telling us about his unpublished estimates of the new line
fﬁfifxt p@sition for the (0 III) transition. Charles Duller and Robert
Mason of the NASA Ames Airborne Science Division arranged for
solutions to a number of practical problems that might otherwise
have marred our flight series, and we thank the staff of NASA
Ames for the support offered during these flights. The support
group from Informatics, Inc., was very helpful during data
reduction. This work was supported by NASA contract NGR 33-010-145.
Dennis Ward acknowledges a National Kesearch council of Canada

Postdoctoral fellowship.
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'eslshow a distinct peak. The error

the sizes of the dote on all three curves.,

rsﬂareuemalle tthan;
n . the’top three curves. differences obtained from one observing
| to the next - .can be attributed to slight changes in

V:the‘gtatiﬁg pesitibns>on~d1fferent days. These can be calibrated

1't more accurately by reference to atmospherlc water vapor
V_ZVW” € ismc.e we were unable to obtaln data on the
”?i;full set of atmospherle callbratlon flxghts on which we had
eiplanned. this callbratlon cannot be fully carrled out with
. : Jthe present data set, and provides the single most important

limitation on our accuracy.

Fi.g. 2. Schematic diagram of the atmospheric absorption spectrum
at airplane altitudes, taken from computations by Traub and

Stier (1975). We also show the spectral resolution of our
instrument, the grating step size and the expected (O III)

line position.
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