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INFERENCE OF TlE ATAOSPHERIC STRUCTURE OF JUPITER AND SATURN FROM THEIR
AR INFKARED SPECTRA

Th.Encrenaz and M.Combes - Groupe Plandtes, Observatoire de Meudon

Recent improvements of infrared observations from airborne and balloon-borne
exjeriments haveopened the field of planetary spectroscopy in the far I.R. range
( AD50pL). Furniss et al (1976) have obtained the first spectrum of Jupiter between
60 and 220cm jother spectra have been recorded in the same range from the MAbA air-
borne I1.it. observatory (C-141) by Erickson et al and baluteau et al. No doubt that
new far I.R. spectra of Jupiter and Saturn will be obtained soon from the Yarth
vicinity , and in the near future from space vehicles and probes.

The purpose. of this paper is to evaluate the scientific return of such
observations in the far I.R.spectral range, and to determine which spectral intervals
are more promising to provide information about the vertlcal struuture and composition
of the: atmos pheres of Jupiter and Saturn.

Basic assumplions

At the present time, the vertical thermal structures of Jupiter and Saturn
have been mainly obtained by the use of radiative transfer calculations; In the case of
Jupiter, the thermal profile has also been derived from the inversion of infrared
data. lFor Jupiter, we have chosen 2 models, corresponding respectively to these 2
different techniques. For Saturn, we have chosen a profile obtained from radiative
transfer calculations, corresponding to an effective temperature of 90°K, this value
of Te giving the best general agreement between all the I1.R. observations of baturn.

In the far l.R.range, the expected observable components are Hq and NH_ ‘on
Jupiter, HZ on Saturn. PH,, on Jupiter, is likely to be observable, a5 well oS ynB
and NH) on Saturn. In our calculations, we took ‘into account H‘ NH, and PH,. The H
abserption is a function.of H /He, through the pressure induced spectrum due to
H.~H, and H,-lle collisions. re assumed H. /He=3, in agreement with the solar value of
u7he. The Nﬁ density distiribution was assumed to be limited by its saturation law,
wvith @ solar N/H ralioc below the clouds. Above the inversion level, the NH./i.. was
assumed te be constant, in the lack of more information about this atmospherlc reglich,
However, on Jupiter, the hﬂ3/1 ratio could be significantly reduced by photclysis
abeve the inversion level; the effects of this process on the far l1.K.jovian spectrum
are tsken into account below. In the case of PH,, Prinn and Lewis have calculated
e density distribution on Jupiter, based upon dynamical transfer processes, vhich are
in agreement with the observaiion of PH, on Jupiter a2t 5 and 10\, PH, has been also
tentatively observed on Saturn at 10 . we have assumed Prinn and Lewis ‘'distribution
on both Jupiter and Saturn. (Fﬂﬁ O L o '

Qltex

«

5

The far L.H.specirum of Juplter (fxg 2) is domln?ted by %he strong rofﬁ110n°1
spectrum of ammonia, showing a maximum absorption around 100cm (J=%). As 8 consequencec.
it can be shown that the atmospheric- layers where the far I.l.radiation comes from are.
close to the minimum of the temperature profile. Two important conclusions can be
derived: (1)The continuous H, absorption is hidden by the NHy absorption in the whole
far ).i.range, thus the- H“,he ratio csnnot®be inferred from measurements in this range:
(2)The weight functions are expected to be wide because of the NH distribution which
nay decrease slowly above the convective zone. As a consequence, The observed radiatic.:
at a given frequency, should be dependent simultaneously upon the tomperature mindmum,
the ' thermal 1apseyrate in the convectiv: zome,; and upon the tomperature structure onc
NH, distribution above the inversion level. !icover, the Xi,  density above this 19»91
‘may be strongly reduced by the effect of a possible photodissSocistion which rermains
~unknown at present time. In conclusion, the vpeetral intervals where the influence

-of these different parﬂmotnrs cpnofin separatied, have 1o be careful}J aeter"1neﬂ.
. 1) The pbsorptics tesfficien. in ihe continuum ot > 140em - (I is weaker
than at 1Ulcm ' . Tthen, the r.oliation comes fram the cunvective zone nnd there is 1o

s
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contribution from the levels close to the minimum level. The only parameter able to
modify the observed continuum is the T(I’) relationship in the convective zone. Thas,

under the assumption that NH, follows its saturation law and that the thermal lapse

rate is adiabatic, the T(!') profile in th? convective zone .can be outained from the
cbservation of the continuum at ¢/3140cm . ror the same reasons, the Al density

in the convective zone may be obtained when the temperature profile is known from

other spectral ranges.

2) The spectrum in the J&L 5 bands mainly depends upon the 2 to 4 etmospheric
S cale heights above the temperature minimum and thus, depends upon both the upper
lapse rate and the efficiency of the NH, photodissociation in this region. In parti-
Cula r, the cores of the Jé;S bands are expected to be in emission it the NH, pnhoto-
lysis is negligible and if the upper lapse rate is large. In contrast, if there is
no emission at all, this implies that NH, dissociation is important above the inversion
level. In such a case, the value of the minimum temperature may be inferred from the
pbserved brightness tempesptures in the cores of the J-bands. But if the NH photo-
dissociation appears to be negligible, it is impossible to derive more than’an upper
limit of the inversion temperature, which may exceed the actual minimum temperature
by more than 10°%K at O. Sem resolution.

A special mention has to be made to the possible detection of PH, in the far I.2.
range.Calculations show that the PH., lines are expected to be visible in absorplion,
until J= 9, with a very small half-width. Thus, their observation will probably requiy:
a high resolution ( O.lecm ), In contrast with the 5 observation, this Pll, measurement
would have the interest of sounding the region of strong PH, depletion.

The first far I1.R. jovian, spectrum has been obtained by Furniss et al (1916)

The low frequency part («{125em” ) strongly differs from our predictions; it may be 3
significantly affected by residual pollution due to telluric H_O lines. Above 125cm y
the experimental spectrum is in reasoneble agreement with atmospheric models in which
the lapse rate is adiabatic in the convective zone, the minimum temperature around 110%:
end -the upper ‘lapse rate positive. There is no need of under-nor supersaturatlon of hﬁ
to explain the observation.

Saturn : , :
The first characteristic of the far I.R. spectrum of Saturn concerns the obsrr-.
vability of NH,. Because of the low temperatures of Saturn's atmosphere, the NH, cluud
is expected to be very thick on Saturn, and the NH, vapor much smaller than on Juoxte;.
Fig.3 shows that the first multiplets of NH, are likely to be observable on Saturn.
From the obsscrvation of the NH, absorption lines, it will be possible to test the vali-
dity of the NH; saturation assumption on Saturn. ‘

As a°é6nsequence of the low NH, abundance on Saturn, it is shown ffom Fig.2

_that the far l.R.spectrum is dominatea by the H -H_ "and l_-He absorption. This continuur

can be observed everywhere from 10 to 200cm épa?t from the individual -alsorption line
due to any other minor constituent. Moreover the corresponding T., show that the conti~

‘nuum rqdlatlon comes. from the convective zone. Thus, it is ?0551%le to derive the T(1)

proflle in the convective zone from the observation of this contlnuum, ‘and from this
profile, an estimate of T can be derived, independent of the direct measurement of the

: - e . . Tl S ; .
integrated flux. Moreover, iterative methods as already used on Jupiter can give an esti

mate of the q=H_/He ratio on baturn. Tias is a major advantage of the far I.R. spectrum

of Saturn: in tﬁe case of Jupiti v, because of NH,, we are limited to the 16-40lLrange
for the determination of q and the corresponding probed region is closa to the minimwn
level, where the T(P) profile ‘is only slightly function of q.,ln ccntra t, on Saturn,

we have access to the convectlve zone where the depondence of T( ) upoanvls more signi-—
fﬂcant,,althounh stlll smallervﬁhﬁn its dependence on T .o : '

The third major interest of the far 1.R. spectrumelavs in the observqblll ty of
Pi. . Elg 2 shows that the IH. lines are clegrly visible until J = 9. Calculations show

"that it is possible to infer the PH, distribution from the minimum T ‘of the Pd, multi-

b

plets, on the basis of the T(P) profile derived from the continuum. The determination

of the PH, profile has e special astrophysical interest in the case of Saturm: it is 7
. A RPN

not known yet whether sirong dgnamlual wIGCsLsas could exist on Saturm or not. fhus, tue



determinstion of ihe PH, distribution on Saturn will be of primary interest in the
study of the Saturnian;&ynamics.
Conclusion

ifhe jovian far 1.R. spectrum depends simultaneously upon myny iniricated parva-
meters,. and the vertical structure and composition of the jovisn atmosﬁhero cannot he
‘derived unambiguously. Nevertheless, it would be of interest to peasure T, sccurately
(AT~2°x) in the continuum of the XH} spectrum for J> 6(«>140cm  J, in order tc infer
the T(P) relationship. in the convective zone. The investigation of the core of the
J45 bands et 0.5cm  resolution will provide usefull informations sbout the lower
stratosphere.

1n contrast, the scientific return of the. observation of Saturn in the far I.u
should be of highest interest. The T(P) profile below the minimup and the 4, /tle ratio
can be derived from this spectrum, at medium resolution (vzem ), without additionsal
assuriptions.Moreover the PH, distribution may be inferred from't?e minimuis Tk of the
PHB multiplets, observable ai medium spectral resolution (~ icm )



.. P | satorn |
Ficy. 1 Cehva) WMz JUPITER
ol JUPITER T
E PHs
, .. \
ed - .
SATURIN -\
/NHs
\.0 Y Nty YRR WO Mmool WY TR\
g0 lee 120 o tée %0 9 o M w2 13 W 5 e 7
1‘-‘{3.4 ' T (°K) LoG N (cmn=?) :
TR [ | JUPITER
(eK) J I.MI A MR AL
130 |—- Observalions
“‘ (Foraiss o aly
120 |-
d ‘ - & l Yo s
Fig.a 0 % e %o 260 Llemy
e V20 - -
- Te | } N
(r)iact— ; g SMTU AN
o 2 ' 1\ e
({3 oy ' : ‘ ' ‘ _ , ‘
: e r\ Ha-He
100 L ' o contineem
NHs, o [ \‘i{*—- e |
a0l | P‘ . RE “’“15‘“‘”’ i s
o {Pdy O L PR 3 & A 7 3
] A | A5 ESTRROHE R e : L
, }35&‘% . e a0 30 4o SG GO 76 ‘“éiiji-’ LN



Abstract
Far Infrared Spectrophotometry of the Giant Planets
by
E.F. Erickson, D. vGoorvitch, J.P. Simpson, and D.W. Strecker

Astrophysical Experiments Branch
NASA-Ames Research Center, Moffett Field, CA 94035

A fundamental problem of infrared astrophysics is the thermal emigsion
of Saturn and Jupiter. Airborne photometry by Aumenn, Gillecgpie, and Low
(Astrophys. J. 157,169 (1969), and by Armstrong, Harper, and Low (Astro-
phys. J. 178, LB'_)(1972)) gave a value for the ratio R of the power emitted
to the power absorbed by Jupiter of R=2.5+0.5. Observations from Pioneer 11
(Ingersoll et al., Science 188, 472 (1975)) gave a value of R=1.9x0.2. In
the case of Saturn , the observational problem is complicated by the presence
of the rings, which contribute a thermal flux comparable to that from the
disc (Nolt et al., ICARUS, in press; Rieke, ICARUS 26, 37 (1975)). Theore-
tically, internal power sources in the giant plamnets could exist due to
gravitational contraction or cooling of the primordial material (Pollack
et al., ICARUS (1977) in press). Shapes of the thermal spectra depend
exten51vely on details of the planetary atmospheres (Orton, ICARUS 26, 125 ‘
(1975)3 Caldwell, ICARUS, (1977) in press).

. A second important consideration is. the use of the planets as calibra-
tion sources for far infrared obsgervations. Mars ig a relatively good cali-
bration source because the tenuous character of its atmosphere simplifies
its thermal emission, although there is some uncertainty in the spectrum
due to uncertainty in the emissivity of the surface (Wright, Ap. J. (1976)
in rtress), and weather conditions. However, Mars is often inaccessible to.
in.rared observers, and it is frequently more convenlent to use-one of the

1t planets for calibratlon : ‘

We observed Mars, Juplter , and Saturn on each of four fllghts of the
G.P. Kuiper Airborme Observatory using a Michelson interferometer 1n early
1976. On January 20 and 26 spectra were obtained from EO -370 cm” ; and on
February 3 and 4 spectra were obtained from 100-430 cm In_this paper we
discuss the analysis of these data at low resolution (~ 7 cm l), to obtain
the brlghtnesses of Jupiter and Saturn in the vicinity of their thermal
emission maxima. The measured spectra of Jupiter and Saturn were divided by
the meagured spectrum of Mars to cancel the instrument response function,
and to first order, apsorption by telluric H-0. We corrected the resulting

~ratios for loss of energy due to diffraction in the telescope aperture,

using the 72" FWHM aperture profile measured on Mars. Multiplying these

ratios by the appropriate soiid angle ratios for the planets and the bright-

ness of Mars as obtained from the model of Wright (op clt) gave the bright-
ness for Jupiter and Saturn. The results of this analysis for the Jupl{,

.data of Ja.nua:cy 26 are shown in the accompanylng flgure.

, It is clear from "bhe i‘lg;ure that the mstrment bandpass (90- 360 cm -t

FWHM) brackets the thermal emission maximum well. Most of the features are
“due to NH3 ‘robational bands in the Jovian atmosphere, incompletely cancelled



telluric Ho0 absorptions, and noise in the measurement. The frequencies

of the NH, features are indicated by the values of the corresponding rota-
tional quéntum number, J. Integrating the brightness function to,obtaln the
total flux, we find the ratio of power emitted from 70 to 370 cm — to power
absorbed from the sun to be R=l.02, assuming an albedo of 0.45. The data
from January 21 give R=1.06. It is clear that the major uncertainty in this
result is due to the Mars model used to calibrate these data. We emphasize
that our value for R includes most, but not all, of the thermal radiation
emitted by Jupiter. A 130K blackbody emits L40% of its power outside our
bandpass. '

In the paper presented at the meeting, our Jdpiter data will be com-
pared with those of other observers and the theory of Orton (op cit); the
significance of our value of R will be discussed. Our data on Saturmn will
be compared with the theory of Caldwell (op cit).
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FUNDAMENTALS OF PH3 AND NH3 IN THE INFRARED:

CURRENT PURSUITS IN LABORATORY SPECTROSCOPY

K. Narahari Rao
Department of Physics
The Ohio State University
- Columbus, Ohio 43210

With the availability of newerl’2 planetary spectfa revealing the
presence of phosphine (PH3) as a constituent in the ~twousphere of
. Jupiter, it‘has been considered importént to eiamine tﬁe'laborétory dnta
‘in the infrared for this molecular species. A brief'disdussioﬁ will be

3 3

a few specific spectral regions where measurements which are not yet

 given of the spectra of both the PH, and NH, molecules with reference to

available in the open literature exist. The data have been obtained by
'~,employing vacuum grating SpeCtrogtaphs with a resolution of about 0.02 cm

in the near infrared where the v, and v, bands are observed and about

1 3 ,

0.05 cm-l‘at the longer wavelengths where the v, and v

2 4 bands occur.

(a)

. Ammonia

, : : . : -1
Extensive scans have been made in the 3091-3591 cm ~ region where

\0

1

the major contributiorn to abéérption_iskdue to the vi and v, fundamentals.

3
~and v, bands, resPeétiyely; located at 770-1280 fm and

‘ The’v2

1420-1860 cm ~ have also been studied extending the original investigation

;by Niclsen, Garing, aqdvRao;3

(a)Johh'Curtis and ‘David’ Stout pafticipated.“,r"



The availability of these data combined with the submillimeter-
wave studies made in’USSRﬁ by using acoustic detection, prompted
Papousek and his coworkers, at Pragues, to embark on a more sophis-
ticated theoretical model which is expected to lead to an improved

set of molecular parameters for ammonia.

Phosphine

Maki, Sams, and Olson6 and Yip and ﬁao7‘havc recently studied
a few of the infrared bands of this molecule using high resolution
’spectrometers. Thé presenﬁ.exyerimepts‘in the;laboratory(b) are
and v, band

1 3
- reglon which is of particular interest to the JupiterFSPectrum and

confined to a careful high resolution study of the v

which has not been recently studied using the present day technology.

At the time of writing this abétraét, observations are still continuing

and several interesting details have already emerged. A summary of
this work will be presehted. |

A few comments will be diféqﬁea éo the development of a newer
version of the Mullikén répcrtgrto'téké_account of moderﬁ résearch

in molecular spectroscopy.

( >Da~Wun Chen Davmd Applebaum, and Wllllam Ivan01c are
participating in thLS Lesearuh.

~
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PRELIMINARY MEASUREMENTS OF THE EMISSION SPECTRUM
OF THE ZODIACAL CLOUD

D. A, Briotta* and J. R. Houck

Center for Radiophysics and Space Research
Cornell University
Ithaca, N.Y. 14853

A Hellum—cooled spectrometer was used to measure the

- emission spectrum of the zodiacal dust cloud in the 8-1iy

band (AXN = 0.44). The spectrometer used a 16 element SlAS array.
It was fed by an f/3, 17 cm Helium-cooled Cassagrain telescope
carried to a peak altitude of 266 km on 14 October 1975 by an
Astrobee F sounding rocket, The attitude control system was
programmed to scan the field of view back and forth across the
ecliptic plane while slowly scanning in ecliptic longitude from
an elongation angle of 80° to 1%5°, The peak to peak amplitude
of the resulting triangle wave pattern was 607 Despite
problems with the launch vehicle a succegsful scan across the
ecllptlc plane was completed at an elongatlon angle of 1047,

The resultant spectrum has a peak amplltude of 7.5 x 10"11
w/cme sr/u at a wavelength of 9,5u. The spectrum can be fit by
a two-component model., The major component consists of small
silicate grains, (o = 6.5 + 2.8y, T = 374 + 25°K, dilution =
2,4 1 0.8 x 1078) and a blgckbody componemt (T = 284 + T1°K,
'dllu?lon = 2.1+ 1.7 x 107°). For the purpose of this fit the
silicate material is assumed to have the same optical properties
as the particles responsible for the 10y emission feature
associated with the Trapezium infrared source. The blackbody
component may be due to scattered earth light reaching the
detectors., These results are discussed in the context of current
zodiacal light and particle collection studies.

This work was supported by AFGL contract F 19628 -73- C 0242

*Permanent address:lDepartment of Physics'and Asthnomy,
, E University of Wyoming, Laramie, Wyoming 82070
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II. STELLAR SOURCES
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THE EFFECTS OF WINDS AND CORONAS OF HOT STARS
ON THE INFRARED AND RADIO CONTINUA

by
Joseph P. Cassinelli and Lee Hartmann

Washburn Observatory
University of Wiscongin-Madison
Madison, Wisconsin 53706

Abstract

The theory of the formation of infrared and radio continua is extended
to include the effects of steep temperature gradients and coronas. . The pres-
ence of high temperature zones in the winds from hot stars has been suggested
by recent Copernicus satellite observabions. We consider models in which the
temperature is large only over a small ramge in radius. The density in the
winds of hot stars is high enough for recombination to cool the flow where
mechanical energy deposition ceases. . Excess radiation at long wavelengths
arises in the winds because of the A2 dependence of free-free opacity. We
find the coronal region causes a broad bump in the infrared continuum at about -
20-100y with a maximum excess of almost 2 magnitudes. Variations of the dis~
tribution of density with height can also cause turrover in the continuous
energy distribution, however only temperature decreases, as occurs in the
recombination region, can cause spectral gradients much steeper than the
Rayleigh~Jeans gradient.
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Spectrophotometyy of Early-Type Stars from 1.2 to 4.2 Microns

Jeffrey D. Scargle
Theoretical and Planetary Studies Branch

F.C. Witteborn, D.W. Strecker, and E.F. Erickson
Astrophysical Experiments Branch

NASA~Ames Research Center

In the znfrared many earZy—type stars show an excess of rad%atzon over that

’ expected from the photosphere of the star. In almost every case the existence of

an IR excess is coupled with the presence of emission lines in the visible part
of the spectrum. The IR continuum and the emission lines are both presumed to

arise in an extended shell of gas and possibly dust which surrounds the star. The

; mechanism fbrvthe IR excess may be free~free emission (proton-electron, H , or H;)

by the hot tonized gas, thermal emission by dust, a combination of the two, or some
other mechanism entirely.

In order to elucidate the nature of these IR excesses a number of early-type

. stdrs have been observed with the 91 em. telescope on the Kuiper Airborme
Observatory, using a cooled filter wedge spectrometer giving about 2% spectfal]
resolution in the range 1.2 to 4.2 mzcrons. The primary goal of this program is

to obtain aecurate&y calibrated speetra of infrared-excess and normal early-type

- stars. The stellar contribution to the IR excess stars can then be subtracted

to yield the shell spectrum, which can then be compared to models for the

emission process. In addition, emission lines from the shell can be studied,

although it must be remembered that at this resolution P-Cygni profiles’will be

severely washed out. ‘

o The spectra of the stare gamma Cassaopezae, P Cygn@, beta Lyrae, zeta
Ophiuchi, and XX Ophbuchz (as well as the normal AOV star atha Lyrae) were
measured during the June, 1976 szght series. Absolute calﬁbratzon was based on

- the data for alpha Lyrae and the mode?l atmosphere for this type star by Mihalas

The flux expected from the photosphere was estimated byvassumzng zero shell
contribution‘at'the VLmagnitdde bandpass (0.55 micron) and using a model :
atmosphere approprtate to the ‘spectral type of the star in questzon .The results
of this procedure will be shown and compared to models of the IR excess. In

‘several of tke stars the alpha and beta lines of the Paschen and Brackett serties
. of hydrogen are seen in emzsszon. In P Cygnt, and posszbly also zeta Ophtuah@,'

an absorptton féature appears at 3.41 mtcrons, and zs 80 f&r unzdentzf%ed
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0.85 to 2.5 Micron Spectrum of Y Cassiopeia

M. F. Campbell and R. I. Thompson, Steward Observatory, University of Arizona

A spectrum of the BOIVe star Y Cassiopeia taken on 1976 October 5 with
the Steward Observatory Fourier transform spectronometer at the Cassegruain
focus of Steward's 2.3 meter telescope is presented. The spectrum extends from
4000 to 12000 cm™! at a resolution of 2 cm~!. Similar spectra have been obtained
by Larson, Trefers, and Fink and by Maillard.

The optlcal spectrum of v Cas shows a number of variable emission lines,
principally of hydrogen. The emission lines often show a central absorption,
arid the shape is variable as well as the strength. There is also an infrared
excess relative to a nmormal BO star. - The infrared excess and the emission lines
are- thought to originate in an extended atmosphere. ' The atmosphere, or shell,
is believed to be massive because of the existence of absorption lines not
-associated with the B star, but with cooler material.

The present spectrogram shows emission lines of hydrogen from Paschen §
through P18, Bracke:t 7y through B20, and of helium at 1.0830 and 2.0581 y.
Within the Brackett and Paschen series, the lines are of approximately equal
scrength, not showing the decriment expected from applying recombination theory
to an optically thin gas cloud. The hydrogen emission llnes are structured,
showing extension on the blue side.

Comparison with an independent spectrum of the AO star o Lvra shows that
Y Cas has an infrared excess over the expected stellar continuum,

The emission line spectrum is studied by assuming the existence of an extended
-atmosphere or shell and applying recombination theory. The resultant physical
parameters are then used to derive the continuum emission of the shell.
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Aircraft and Ground Based Infrared Spectroscopy of MWC 349, MWC 297 and Lk Ha

'101 - Rodger I. Thompson, Steward Observatory, U of Arizona, Edwin F. Erickson,

D. W. Strecker and Fred C. Witteborn, NASA Ames Research Center -
I. Introduction
A co-operatiye program of combined aircraft and ground based infrared
spectroscopy of young stellar objects is being carried out in order to deter-

mine the physical conditions present in the newly formed stars. A selection
criterion of highly reddened emission line objects with strong infrared ex-
presses has been used in selecting the objects for study. Three such objects
(MWC 349, MWC 297, and Lk Ha 101) are discussed in this abstract. These ob~
jects are concluded to be newly formed luminous O or B stars that are in the
process of blowing out by radiation pressure the material from which they were
formed. At a slightly earlier epoch these stars were completely encased in
their natal dust cocoons and only detectable by thermal dust remission. These
stars have therefore just been unveiled and represent the earllest stage at
which a star can be directly observed.

II. Observations ‘

A continuously variable filter wheel spectrometer at the bent cassegrain
focus of the NASA C-141 Gerard P. Hlnper ‘Observatory was used to obtain high
altitude spectra between 1 and 4 microns. These spectra which.are essentially
free of telluric water vapor absorption have a resolution of A)MA ~ 0.02.
Spectra of MWC 349 and MWC 297 were taken during a flight on June 10, 1976 and
the Lk Ho 101 spectrum was obtained in a flight in January 1976. ‘

On June 10, 1976 ground based spectra of MWC 349 and MWC 297 were taken
with the Steward Fourier transform spectrometer at the cassegrain focus of the .
Steward Observatory 2.3 meter telescope between 1 and 2.5 microns. These
spectra taken concurrently with the aircraft spectra have a resolution of
Ak = 2em~) over the spectral range from 4000 cm~ -1 t0 10,000 cm -1, Concurrent
spectra were taken as their is some evidence (Greensteln 1973) that the line
emission strength in MWC 349 may vary significantly in less than 24 hours.
Subsequent ground based spectra at the same resolutions were taken of MWC 349
and Lk Ha 101 in September 1976 with an extended wavelength range of 0.85p to

2.5u.

The infrared spectra of these}objects are dominated by strong emission
lines of the hydrogen Brackett and Paschen series superimposed on a red con-
tinuum. The aircraft spectra of all three objects show strong emission in
Paschen o which is unobservable from the ground because of telluric water vapor
absorption. Brackett o emission is also observed inm MWC 349 and MWC 297. o

‘Brackett o was not in the spectral range of the filter wheel used in the Janu-

ary Lk Ho 101 observations.

The ground based spectra show the Brackett o« and Brackett 10- 20 lines as
well as Pg, Py and 0T A 1. 1287u in emission in all of the objects. He L
emission lines are present in MWC 349 including He I 10830 and He I 20581
which will be discussed below. The extended wavelength range of the September
MWC 349 includes higher order Paschen emission lines 1nc1ud1n§ Both Lk
Ho 101 and MWC 349 display a strong emission line at 5925 cm” Wthh corres-‘
ponds to ‘an O quintet line from a highly excited level. There also exist .
in the spectra of MWC 349 and Lk Ha 101 several unldentlfled emission llnes
III. Ana1y51s

“MWC 349 has the most extensive quantltatlve observatlonal material of
the three objects and will be analyzed in the following with reference made to

~-the other objects. To begin the analysis it is assumed that the line radiation
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arises from recombination in an H II region surrounding the hot central star.
The observed relative strengths of Ba and Pg which have the same upper level
then yield a value for the reddening of 2.1 * 0.1 mag between 4617 cm~1l and
9951 em™. Scaling of Johnson's (1968) extinction curve for Cygauss then
yields the extinction at all other wavelengths. Application of the derived
extinction to the calculated emission line spectrum yields agreement to within
15% for all of the observed Brackett and Paschen lines as well as for the Hao
and HB line strengths taken from Kuhi's (1973) optical data.  The only dis-
cordant line is Ha for which Kuhi's (1973) data gives a value o 50% below the
: predicted value. The weakness of the Ha line may contribute to this discrep-
ency.
: If a distance of 3kpc is assumed then the value of Ne2V can be calcu%%—

ted for the nebula. This value from Ba and HB yields Ne?V = 3 # 0.3 x 10%% cm®
The Zanstran temperature implied by this measurement is on the order of 35,000° K.

The Zanstran method is appropriate only in the H II region is ionization
bounded. The pressence of strong He I 20581R emission impligs that it is since
a high optical depth in the resonance He I transition at 584§ is needed. This
transition strength for normal H/He ratio 1is less than that for Lyoq; thus the
nebula is ionization bounded.

The strength of the OI 1.1287p line proves that LyB florescence is the
source of the strong OI 8446 line at near infrared data. Comparison of the
OI 1.1287u line with the OI 8446 line is unpublished scanner data by Grandi
(1976) indicates that the number of photons emitted by the two lines are equal
whereas the photon flux from other feed lines to OI 8446 is significantly less.
OI 8446 emission therefore occurs via L8 pumping to the upper state of OI
1.1287u. At present the excitation of the OI 5925 cm line is not understood

therefore its identification must still be considered tentative. '
Kuhi's analysis of the continuum reddening of MWC 349 ylelds a higher
value for the extinction at V by about 1.4 mag. The excess continuum red-
 dening increases toward shorter wavelengths.and is consistent with earlier
results (Thompson and Reed 1976) which implied that the infrared emitting
dust ‘was interior to the H II region. Radio mgasurements of the extent of the
H 1I reg on yielded a size on the order of IN™“ pc whereas the dust tempera-
~ture required that the dust be at a distance of 107% pc. The circumstellar
dust must be irregularly distributed therefore to allow ultraviolet photons
to escape and produce the surroundlng H II region. A similar geometry is also
postulated for Lk Ha 101. , : : v ’
Iv. Conclusions : : '
A1l of the above ana1y51s 1nd1cates that the obserVed objects are young
luminous objects with line radiation coming from a surrounding H IT region.
The extinction and infrared emission comes from surrounding dust which is part
~of - the natal protostellar'cloud of the star. The radiation from the star'has
disrupted the cloud 1nto a clumpy dlstrlbutlon of dust and gas.
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Abstract of paper for the symposium on Recent Results in Infrared

Astrophysics January 12-14, 1977 at NASA-Ames

Title: Spectral Observations of Eta Carina at 4-Microns

Authors: David K.'Aitken, Barbara ‘Jones (University College London)
J.D. Bregman, D.F. Lester, D.M. Rank (Lick Observatory)

Abstract:

The spectrum of the Eta Carina nebula has been measured in the vicinity
. of 4-microns with a resolution oka.OZS-microns.‘The spatial distribution
of the thermal continuum and Bracketto<~(n=5‘4) line at 4,05-microns was
traced across the nebula,

The central core of the nebula is marglnally resolved with a full width
at half maximum of 2,6-arcsec, The Brackett®X and 4~micron continuum profiles.
are roughly exponentlal and decrease proportxonally out to approximately
8-arcsec from the center where the continuum falls below our detection limit.
There is some indication that the line radiation persists out to l5-arcsec,

~ Comparison of the 4-micron and 10-micron continuum.ptofiles shows a decrease
in the dust temperatﬁre of at least several hundred degrees from the center
to the edge of the nebula, | ‘ | | ‘

The hydrogen line measurements yieid an essentially’extinction~free
value of the emission measure of the source, "An ionized core density of
106 f3 is derived, and a central source intensity of about 1070 sec” !
of Lyman continuum. photons 1s required to maintain the HII reg:on, This is

' comparable to the 1ntegrated luminosity of the,object,,The,source,of thg
lonlz1ng radlatlon nust be,very’hot perhaps an early type 0 star,. k
Comparlson of the Brackettc& strength thh HY’ suggests a v1sual extlnctlon

- of 3 8 to the source; .
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Airborne Photometric Observations between 1,25 and 3.25 p'of late-type stars

byr

G. C. Augason
NASA-Ames Research Center, Moffett Field, CA 94035 —

H. L. Nordh
and
S. G. Olofsson
Stockholms Observatorium, S-133 00 Saltsaobaden, Sweden

Abstract

During seven flights in April/May 1976 with NASA's Lear Jet aircraft,
equipped with a gyro-stabilized 30 cm telescope and a liquid nitrogen cooled
PbS detector, the stars o Boo (K2 III p), o Sco (ML - M2 Iab), p Gem (M3 III)
and o Her (M5 II) were observed in five photometric bands between 1.25 4 and
325 .4+ The details of the filter system are given in Table 1. The atmo-
spheric extinction in each filter has been calculated on the basis of a
simple atmosphere model (Augason et al., 1975). Noteworthy is that at the
operating altitude of the Lear Jet (~ 14 km) the transmission is essentially
100% at these short infrared wavelengths. In the last column the basic
objective of each filter is indicated.

Table 1
. _ % Atmos. Trans. ,

Filter Ac(u) M () within band-pass Comment
Fl 1.27  0.17 99.8 Continuum
F2 1.49 0.19 99.3 CN(Av = ~1)
F 3 1.75 0.31 - 99,1 Continuum
L 2.40 0.17 - 99.9 co(Av = 42)
5 3.25 0.45 99.7 Continuum

The purpose of the program was to provide data for detailed comparisons
with stellar model atmospheres and to serve as guidelines for further obser-
vatlons., To this end airborne observations are advantageous for two reasons:
(1) the trensmission profiles of the photometric bandpasses are not affected
by absorption in the earth's atmosphere, and (2) total absorptions or band
strengths of otherwise heavily obscured molecules or radicals like CN and CO
can be obtained. Although these two species can be studied at high spectral
resolution from the ground, it is difficult that way to obtain a quantitative
meagure of the total zmount. of llght that they absorb in the stellar aimo—

Before‘the flight series- the response of the‘photometer was determined
in the laboratory by measuring a well stabilized block-body source, operated
at two different temperabtures, 1000 X and 1300 K, respectively. Since the-
telescope was Tlown open port, since the atmospheric extinction wag essen-
tially zero, and since the reflectance of the aluminum coated telescope
mirrors is practically constant in the interval 1-h u, the response measured

“in ‘the laboratory should hold also in £light. - - -
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In Fig. 1 we have plobtted the obgerved relative imbensities, normalized
at 1.27 u, relative to o Boo. In view of column four in Table 1, no extinc-
tion corrections have been applied. Since o Aur and o Sco were both measured
on just one night, the corresponding curves should be used with some caution.
For the stars measured during more than one night, the mean errors in the
relative intensities range from + l’% to * 9% with an average mean error of
~ * 3%. The reduction of the blackbody measurements is not yet finished, so
the flux-curves will not be discussed here.

Since the energy distributions of labe-type stars vary strongly with
wavelength it is difficult to extract information from a diagram like that in
Tig. 1 but some comments can readily be made. Comparison with model atmo-
spheres are presently being made and the resulbts will be published elsewhere.

T I I [ )
F1 F2 F3 F4 F5
' 1k + i B B Emamte e |
) o Her
1.50+ / |
. o Sco
« Ori
X Gem
1.00 o« Boa "
o Aur
050 .
1
1.0 35

Ap)

Fig. 1 Relative intensities, normalized at 1.27 u, are plotbted relative to
o Boo. The filter positions and widbths are indicated at the top of
the figure. At the bottom of the figure the position and shape of

~the pertinent CN and CO absorptions are sketched. :

o Aur

Provided the observations are correct, the flux seems to be surprisingly low
in the filters F2 and F3. Whether this "anomaly" could be due to the fact
that o Aur is a spectroscopic binary (G5 III + GO IITI, see Wright, 195L) and
has been reported as an X-ray source (Catura et al., 1975) merits further
study. -

g Ordi and o Sco

It ig immedigtely seen that the absorption from both CN-and CO-.is much
stronger in these stars than it is in o Boo, in agreement with what one would
expect from the known temperature and luminosity sensitivity of these mole-
cules. A tendency for o Sco to be slightly redder than o Ori is also seen.
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@ Gem

The most remarksble thing is the very low flux in filter F5. (The observa-
tions of both « Boo and y Gem are good enough to make the position of this
point accurate to within * 5% We have at present no good explanation to
offer for this and we suggest that more observatbions be made longward of 3 y.

-@ Her

No spectacular features other than the redness can be attributed to this star
on the bagis of Fig. 1 and without a quantitative analysis based on an appro-
priate model abtmosphere.

Acknowledgements

We would like to thank the staff of the Lear Je'b aircraft for thelr .
great efforts. Drs. L. J. Caroff, E. F. Erickson, and F. C. Witteborn parti-
cipated as observers on some flights, which is gratefully acknowledged. Two
of us (L.N. and G.0.) were generously supported by the Swedish Board for
Space Activities through Grant DR 1148.

References

Augason, G« C., Mord, A. J., Witteborn, F. C., Erlckson, E. F., Swift, Cs D.,
Caroff, L. Jo, and Kunz, L. W., 1975, Appl. Opt., 1k, 21u6 :

Caturs, R. C., Acton, L. W., and Johnson, H. M., 1975, Astrophys. J. (ILetters),
1%, L L7, e

Wright, K. O., 1954, Astrophys. J. 119, L7l.



INFRARED NARROW BAND SPECTROPHOTOMETRY OF MOLECULAR BANDS IN IATE TYPE STARS

CURTIS P. RINSLAND AND ROBERT I'. WING

Ohio State University, Columbus, Chio
RICHARD R. JOYCE

Kitt Peak National Observatory, Tucson, Arizona

I. INTRODUCTION

Recent observations of lzC/BC ratios in G, K and M giant stars (c.f.
Iambert and Tomkin 1974; Lambert, Dearborn, and Sneden 1974) have made it
increasingly evident that many "normal" oxygen-rich giant stars have undergone
a significant degree of mixing of surface material with interior material that
has been processed by nuclear reactions. In order to study the effects of
chemical processing on the atmospheres of red giant stars we have developed a
new narrow band system for spectrophotometry of molecular bands in the near
infrared (1.5-4.1lu) region. The bandpasses for this program have been se-
lected by examining high resolution FTS data obtained using the 5-m Palamar
telescope (Connes and Michel 1974) and the 4-m Kitt Peak telescope (Ridgway
1976). Molecules containing the light elements H, C, N, and O and their
detectable isotopes will be studied in G, K, and M stars. These elements are
of critical importance in understanding the type and amount of nuclear-pro-
cessed material which has reached the surfaces of late type giant and super-
giant stars.

: This abstract will provide a discussion-of the selection of the band-
passes for the program and a description of the methods to be employed in
interpreting the data. The first observations on this system were obtained
during September and Octcber 1976 at Kitt Peak National Cbservatory.

II. SELECTION OF THE BANDPASSES

The abundant elements H, C, N, and O provide several molecules with
detectable vibration-rotation or electronic transitions_in the near infrared
‘region. We have chosen to observe the molecules 1200, 13co, N, OH, Sio,
Hp0, and Cp within three atmospheric windows between 1.5 and 4.lu. Band—
‘passes for the program are lJ.sted in Table I. :

B BAND REGION (L.5-1.754). The molecules OH, N, CO, Cp, and HyO all
have transitions in this spectral region. Also many atomic lines occur.

= The Av=2 sequence of the v:xbratlcn-rotatlon bands of OH increase rapidly
. in strength to later spectral types. Although the (2,0) and (3,1) R branch
heads are not chservable fram the ground, the (4,2), (5,3), and (6,4) band-

heads can be detected as well as many strong P branch lines. We have chosen
 to measure the (4,2) head at 6505 cm™l. It occurs bevond the Av=3 sequence
of CO and is in a reglon of nnm_mal CN absorptlon .

- The Av—-l bands of the red CN system also occur thmug"zout the H region
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and are cbserved to be quite strong in the Connes spectrum of o Ori. We chose
a bandpass centered at 6512 cm 1 to measure CN. Although CN is not particu-
larly strong within the bandpass, the region is free of strong OH P branch
lines. Our continuum point centered at 6470 cm ~1 contains a minimm of CN

as can be seen in the illustrations of Weinberg (1967) and has little OH.

The Av=3 sequence of CO is quite weak in stars earlier than about MO. In
M stars these bands are good for abundance measurements since they are far
less saturated than the fundamental or first overtone lines. Our bandpass at
6253.7 cm - measures the CO (5,2) bandhead. OH, CN, and atomic lines all
occur only weakly within the bandpass. Our continuum sideband is centered
at 6273 5 cml and is somewhat depressed primarily due to atomic lines.

We have selected a bandpass centered at 5647 cm t to attempt to measure
the Ballik-Ramsay (0,0) R branch heads of C. Although we have been unable
to identify these bands at high resolution, it may be possible to measure :
‘them photametrically in G and K stars as Alexander and Branch (1974) have done
using the Swan system Our continuum point at 5713 cm~t is in a relatively

clean spectral region.

Stellar water absorption occurs only in stars later than about M6 as can
be seen in the medium resolution spectra of Johnson and Mendez (1970) and
Hyland (1974). Several combinations of spectral points in both the H and K
regions should provide suitable water indices.

K BAND REGION (2.0-2.4u). " The most prominent features in this window are
the Av=2 bands of CO. These bands are visible in almost all late type stars
and Jncrease rapidly in strength to later types.

Three of our bandpasses serve to measure CO in this region. One point
measures the 1200 (2,0) head and should be useful in defining the marginal :
presence of CO and in measuring abundances in stars earlier than KO. In later
type stars this band saturates and is less sensitive to abundance. We have -
~ included a second 12c0 bandpass which measures primarily (4,2) band lines. It

is centered at 4232 o "L and includes a larger number of weak lines. To obtain
~an estimate of the isgtopic ablmdance ratio lzc/ 3¢, we have included a pand-

pass centered on the. 13co (2, O ‘When calibrated, this bandpass should
: provufie a measurement of the 1 / ratlo in K stars. ,

' At mtexmea:ate resolution (~10 cm'l) no useable oont:s_nmnn po:mts exist
within the CO band region. We have chosen to measure three continuum points
shortward of the CO bands and e}d:rapolate the continuum into the CO depressed
region. ;

L BAND REGION (3 3~4 1p). We measure only Si0 in th:z.s reglon. Two bard-
passes have been selected within the R branch of.the (2,0) vibration-rotation
band and one contlnumn po:mt cente.red at 2502 cm L sllghtly shortward of the
Si0 system. - S

IIT. INS’IRUMEN‘IATION

Observatlcms for this program are belng made on the 1. 3—-m Kitt Peak Na-

 tional Observatory telescope using a liquid-nitrogen cooled InSb gratmg
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spectrameter. Limiting K magnitude for the program is about 4.0.
IV. INTERPRETATION OF THE DATA '

The observational goal of this program is to define the behavior of these
molecular bands in a relatively large (200-300) sample of late type stars. We
plan to determine the behavior of these molecular band features with respect
to temperature and luminosity and will be looking for stars in which bands
are observed to be abnormally strong or weak for their spectral type. Along
with "normal" oxygen-rich stars our abserving program includes peculiar stars
such as metal poor, (N strong, CN weak, SMR, high velocity, and S-type stars.

To aid in interpreting the observational data in terms of elemental abun-
dances, the synthetic spectra program of Sneden (1974) will be used in con-
junction with model atmospheres to synthesize the bandpasses of our program.
The stars for which ETS data are available will serve as standard stars in
our analysis.

TABIE I

INFRARED SCANNER BANDPASSES
Central S
Wavenumber + Bandwidth Feature Primary Contaminants
2493.7 a4 5.5 an1 Si0 (2,0) Atmospheric NyO
2496.0 5.5 5i0 (2,0) head Atmospheric NoO
- 2502.0 5.5 Contimnm Atmospheric NpO
4232.0 7.9 1200 (4,2) 13co lines + Atmospheric lines
4263.0 8.0 1300 (2,0) 1200 1ines + Atmospheric lines
4354.0 8.4 1200 (2,0) Atmospheric lines
4386.0 8.5 Continuum —_ -
4518.5 9.0 Continum _
4757.0 10.0 Continuum
5647.0 14.0 Co BR (0,0) head Atmospherlc H20
5713.0 14.4 . Continuum - Atmospheric HyO
5956.0 10.4 ~Contintum CO. (Av=3) lines
6253.7 11.4 1200 (5,2) head Atmospheric CO2
6273.5 11.5 Continuum ,Atomc lines + 1300 (3,0) head
'6470.0 12.4 Continmmm - CN (Av=-1) lines
6501.0 12.4 OH (4,2) head ~ CN (Av=-1) lines
.65112=0 12.4 CN AV“-l L b
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OBSERVATIONS OF FIRST-OVERTONE SILICON MONOXIDE BANDS IN COOL STARS

ROBERT 'F. WING  AND CURTIS P, RINSLAND
Ohio. State University, Columbus, Ohio

RICHARD R. JOYCE

Kitt Peak National Observatory, Tucson, Arizona

I. INTRODUCTION

As a part of the program of infrared spectrophotometry described in the
accompanying paper by Rinsland, Wing, and Joyce, we have scanned the region
of the 4-u first-overtone bands of silicon monoxide in representative late-~
type stars, For 18 of the brighter stars we obtained 5l-point scans from
3.98 'y to 4.07 u a region large enough to include both the (2,0) and the
(3,1) bands of éS Observations limited to the (2,0) band were ob-
tained for 71 addltlonal stars.

The observations were made -in September and October, 1976, with the
1.3-m telescope at Kitt Peak National Observatory and the InSb grating spec-
trometer originally built for aircraft solar eclipse observations by D.N.B. .
Hall and recently rebuilt for stellar and nebular work by Joyce. '

Observations of the first-overtone SiO bands have been reported by Cuda-
back, Gaustad, and Knacke (1971), Wollmen et al. (1973), Beer, Lambert, and -
Sneden (1974), and Hinkle et al. (1976). These studies, however, dealt with
small numbers of stars, and little is known about the variation of Si0O band
strength with spectral type, luminosity class, or metallicity. ~Also, little
information is available as to other absorption features which might affect
photometric measurements made in this region. We therefore decided to con-
ducta survey of ‘cool stars before selecting bandpasses for the program de~
scribed in the accompanying ‘paper. .

The region near 4 1 is nearly free of terrestrial water absorption but
is pervaded by weak lines of nitrous oxide. One objective of our survey was
to measure the NyO absorption at different wavelengths and air masses and to
determlne how much can be tolerated for a given photometric accuracy.

1I. SCANS OF THE 3. 98-4., 07 - u . REGION

‘ Several brlght stars were scanned from 3. 98 to 4,07 u. Integrations
were made at 51 points separated by approx1mately 1 eml or 16 R; the 0.5 mm
extt slot gave -a bandpass of 88 K or 5.5 cm~

< Giants. _Figure 1 shows the;spectra obtained for 5 giants of types K2 to
M8 and luminosity classes III and II., The data are presented on a magnitude
scale, on the instrumental system; the fall-off of all the spectra toward
‘longer wavelengths is due largely to a local feature in the transmission
“function of the filter used to block spectra of higher orders. The noise.
level can be judged from the fluctuations of adjacent spectral points, since
.the bandpass is about five times the step size; while‘the“oncertainty in the
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photometric standard o Lyr, two M
supergiants, and the Mira variable
R Cas near minimum light. The posi-
the Si0 (2,0) and (3,1) bands. Instru- tions of Brackett o and the (2,0)

head of the isotopic mdlecule
2951160 are indicated.

Fig, 1 - Scans of six‘giant stars

wavelength scale of each'spectrum is about equal to the step interval. - The

-~ 810 bands are not definitely present in o Boo, but they appear clearly in o

(M2 Iab), 119 Tau (M2 Ib), RW Cyg (M3 Ia), and u Cep (M2 Ia).

Tau and strengthen with advancing type until at least M5. A general increase

~in Si0 strength with decreasing temperature was also found by Wollman et al.

(1973), who measured the (3,1) band. Surprisingly, our spectra show weaker
S10 features in RX Boo (M8) than in o Her (M5), whereas Wollman et al. found

 RX Boo to have a stronger (3,1) band" than ‘any star of earlier type. " Other
~giant stars which we have ‘scanned in this manner are o« Cas (KO III), a UMa

(KO III), and & Oph (0.5 11D).

M Supergiants. Simllar scans were obtalned for the supergiants o Orl'f 
The first
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three of these show stronger Si0 bands than giants of similar temperatures,
but the very luminous star @ Cep has remarkably weak bands. This is shown in
Figure 2, where yu Cep is compared to o Ori. Very likely the bands in p Cep
are filled in by emission from the circumstellar envelope. This explanation
was also proposed by Wollman et al. (1973) to account for their inability to
detect SiO in the luminous stars NML Cyg and VX Sgr.

Mira Variables. Four Mira variables were scanned: R Cas (pure M), x Cyg
(mild S), R Cyg (nearly pure S), and W Aql (pure S). At the time of observa-
tion, R Cas was close to minimum light (Ve 13.0), at which phase its spectral
type is M10 by definition (Wing and Lockwood 1973), 1Its spectrum (Figure 2)
shows very strong Si0 (2,0) and (3,1) bands and, in addition, a band approxi-
mately midway between them. The latter feature also appears in several spec-
tra of Miras obtained by Hinkle et al. (1976) and was identified by them as
the (2,0) band of the isotopic molecule 298i1%0. The S stars R Cyg and W Aql,
both at advanced phases, also show strong Si0O features, probably including
the isotopic band, but their spectra are rather noisy. Our spectrum of x Cyg,
taken at an intermediate phase, also displays strong Si0 features but with
little evidence of the isotopic band. The observations of Hinkle et al. show
that the Si0 bands in Miras are strongly variable.

III. ADDITIONAL MEASUREMENTS OF THE (2,0) BAND

For 71 additional stars, measurements of the (2,0) Si0O band were made
with integrations at a smaller number of wavelengths, Most of these stars
were observed on an 8-point program, and a few were observed at just the 3
points finally selected for the program described in our other paper. Many
of these stars were observed repeatedly to help in the establishment of a
photometric system, A first look at these data allows the following con-
clusions to be drawn:

(1) In K stars of all luminosities the S$i0 bands are weak and difficult
to measure at this resolution, '

(2) All M giants have detectable Si0 bands; they are invariably quite
strong in stars of types M4-M6, : '

(3) M supergiants usually show stronger S10 bands than giants of the
same temperature; u Cep, mentioned earlier, is an exceptiomn.

. “Weé hope -that further trends, 1nélud1ng the dependence of “S10 band
strength upon metallicity, will become clear once. the formal reductlons of
~the material have been carried out,
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Airborne Infrared Spectra (2900-5600cm'1) of Stars and Planets - Lewis L.

Smith and Theodore Hilgeman, Research Department, Grumman Aerospace

Corporation, Bethpage, New York 11714

Inf;ared spectra have been obtained on several stars and planets using a

Michelson interferometer mated to a Grumman designed £/23 30 cm folded Dall-
Kirkham telescope aboard a NASA Lear Jet flying at an altitude of 13.7 km.
The spectra of ¥ Ori, Mira, & Tau, and Mars in the region 2900-5600 cm"l are

discussed.

The absolute flux is obtained by dividing the observed stellar spectrum by a
lunar spectrum, multiplying by a calculated relative lunmar flux curve assum-
ing a 350°K blackbody and an albedo of 0.08 (Russell et al, ApJ 198, 141,
1975) and fitting the flux at 4545 cm~l (2.2 m) to the measured K magnitude.
This technique does not correct completely for the telluric bands that are
saturated such as €O, at 3550-3750 cm~l, hence this region has therefore
been left out of the figures. A correct analysis for telluric COy and H20k
has to be done by a line by line atmospheric modeling program and this is

now being developed.

Figure 1 is a spectra of o Ori (K = -4.00) on 5 Feb 1976 at 13.3 en”l reso-

lution (solid lines). The ordinate is the absolute flux in Janskys (10'26 ’
watts/meterszlﬂz) and the abscissa is in wavenumbers (cm'l). A theoretical
model atmosphere with Te = 35000K, log g=0 by Fay and Johnson, (ApJ 181,
851, 1973) (dashed curve) has been fit to the observed data and shows good
agreement with the depression caused by the hot CO bands in’ the reglon 4300-
4400 cm~l, Our observations disagree with the model in the region 2900-
3500 cm”! and this discrepancy may be important to further theoretlcal work,
Figure 2 is a spectrum of Mira (K = -3,0) for 12 Feb 1976 at 13.3 cm™* reso-
lution (solid line). A theoretical model by Auman (ApJ 157, 799, 1969)
(dashed curve) with Te = 2000°K, log g = -2 has been fit to the observed
data and shows good agreement with the hot steam bands centered at 3700 and
5300 cm 1, but has too much flux in the region 3900-4500 em~l. This is to
be expected as no CO band absorption was included in the model. Figure 3
is a spectrum of o Tau (K = -2.81) at 7.3 cm‘l resolution on 6 Feb 1976 with

- the first overtone bands of 12C 160 and 13C 160 shown. The line identifi-.

cations are facilitated usihg sinc apodization, though the line shapes are
distorted. Mars (K = -2.0) is shown in Fig. &4 for 11 Feb 1976 at 13.3 em”!
resolution. - The C02 bands at 4800-5100~cm'1,- Hy0 bands at 3800-4000 Cmfl,
and water of hydration bands at 2900-3750 em~L are shown. A line by line
modellng program will provide an analysis of these bends.; This modeling 1is -
necessary as the vibration-rotation lines of CO are saturated in both the
telluric and Martian spectra, and therefore add in a,non-linear way.

This work has been partially supported under NASA contract NAS 2-8664.
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Spectrophotometry of OH 26. 5+0. 6

W. J. Forrest*, F. C. Gillettf, J. R. Houck*, J. McCarthy,

K. M. Merrill* J. L. Plpher'm, R. C. Puetterff, R. W. Rus’sell”l,
B. T. Soifer |, and S. P. Willner |

ABSTRACT

Observations of OH 26.5+0.6 (= CRL 2205 = UOA 19), a type II OH source,

from 2.1 to 40 y are reported. The observations from 4 to 8 p-and from 16 to

40 p were made at the Kuiper Airborne Observatory; the 2 to 4 y and 8 to 13 b
observations used ground-based telescopes at Mt. Lemmon and Kitt Peak. The
spectral resolution was AA/A = 0,015 for A < 25y and AA/X = 0.08 for A > 25 p;

7" to 30" apertures were used. Airborne observations were made in the spring
of 1976; ground-based observations were obtained between 1974 May and 1976
June.

The' results are presented in Fig. 1, which shows the spectrum
obtamed in the spring of 1976. The spectrum approximates a 375 K black-
body at all wavelengths. The largest deviations from a smooth continuum ’
are the strong silicate absorptions centered at wavelengths of 10 and 18 y.
The 18 j absorption appears weaker relative to that at 10 i, than would be
expected from spectra of lunar or meteoritic silicates. Two much weaker
features at 2.5 and 3.1 p are tentatively identified as absorption by CO and

H,0, respectively, in a stellar photosphere. If these identifications are

correct, a minimum of 70 magnitudes of visual extinction would be required
to explain the observed redness of the 2 to 4 p continuum. In order to make
these features more prominent, Fig. 1 also shows the 2 to 4 p spectrum

de-reddened by an amount corresponding to a visual extinction of 105

magnltudes

 In addition to the data in Fig. 1, the earlier. ground-based observatiohs‘
showed that the source is variable on a time scale of months. 'Furthermor"e',
when the flux is at its lowest level, the 10 y absorption is. relatively deeper '
and the 2 to 41 contlnuum is redder,. : : :

e

Cornell University

T~K1‘ct Peak National Observatory, operated by AURA ‘Inc. ,. under contract ’
- with the National Science Foundatlon R :

* 3
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The observations of O 26.5+0, 6 suggest a model of the source as a
central variable star surrounded by a cloud of gas and dust that is reradiating
the stellar luminosity at infrared wavelengths. The type II OH classification,
the variability, and the lack of nearby young objects suggest that we are
observing a star in the late stages of stellar evolution undergoing large mass
loss., As the stellar luminosity decreases, the temperature of the surrounding
dust decreases. The emission from the dust then decreases the most at the
shortest wavelengths and in the center of the 10 y absorption..

Various parametirs can be derived from the observations and the
model. If the kinematic distance of 2 kpc is correct, the luminosity is about
3x 10% L and the mass loss rate is 1.5 to 4 x10°° Mg 'yr"l. If a typical
size, 3 x 1016 cm, for the OH source represents the size of the shell, the
time scale is 103 yr and ~ 2 x 10-2 Mg of gas and silicate dust have been
ejected into the interstellar medium. '

Presumably the dust in OH 26.5+0. 6 is typical of oxygen-rich material
in the interstellar medium,r The observations show that such material has a

significant opacity at wavelengths shorter than 8 p.

 ACKNOW LEDGEMENTS

Airborne Infrared Astronomy is supported by NASA grants NGR 33-010-081
at Cornell University and NGR 05-005-055 at UCSD. J.P. acknowledges
financial support from an NSF grant. The UCSD-U. Minn. Mt. Lemmon
Observatory is supported by grants from the NSF and NASA. . ’



35

Abgstract
The Spectrum of IRC 10216 from 2.0 to 8.5 Microns
by

F.C. Witteborn, D.W. Strecker, E.F. Erickson, S.M. Smith, and J.H. Goebel
NASA-Ames Research Center, Moffett Field, CA 94035

Spectra of IRC 10216 covering the ranges 2.0 to 4.1 and 4.4 to 8.5
microns were obtained using cooled filter wedge spectrometers with the
Kuiper Airborne Observatory (KAO) at 41,000 feet. The transmission of the
short wavelength system, used on January 5, was calibrated by obtaining
spectra of aTau on the same flight. The long wavelength spectra, obtained on
January 23, can be compared with spectra of Mars taken during the same f£light.
However, because of uncertainties in the emissivity of Mars in the 4-8 micron
range, the instrument function and a typical atmospheric transmission func-
tion were determined on a later flight by taking spectra of the sun with the
same instrument from the same altitude. In this case the solar intensity
was reduced by stopping the KAO telescope down to 3" diameter and by using a
spectrally calibrated neutral density filter with a transmission of about
10~3. The spectral resolution of the spectrometers is about 2%. Absolute
flux calibrations and a more refined correction for atmospheric absorptions.
are planned but not yet completed. ‘ ‘

The spectrum is featureless except for an absorption near 3.1 microns
reported previously by K.M. Merrill and W.A. Stein (P.A.S.P. 88, 294, 1976)
and an absorption near 7.8 microns which may be of terrestrial origin. The
4.5 to 8.5 micron portion of the spectrum shown in figure 1 is narrower
than a blackbody and peaks at 6.6 microns. A 440 %K blackbody is shown for
comparison. Also shown is a spectrum of a model dust envelope calculated
by T.W. Jones and K.M. Merrill (Astrophys. Jour. 209, 509, 1976).  The model
chosen for comparison is for a graphite outer shell radius 80 times that of
the underlying star (whose temperature must be somewhat lower than the
2400 K used as an example by Jones and Merrill). Its optical depth T is
0.5 at 10 miecrons and varies inversely as the radius within the shell. In
this model the short wavelength radiation from the warm interior is obscured
by the cooler dust outside, since the opacity increases with shorter wave-
lengths. The long wavelength dependence of the emissivity (A™+) or steeper
tends to further narrow the spectrum below that of a blackbody. M.F.
Campbell, et al. (Astrophys. Jour. 208, 396, 1976) have reported measurements
consistent with an emissivity varying as A7 at long wavelengths. = The rela-
tively narrow peak of the continuum reported here is not consistent with the
direct addition of the 375 K and 600 K blackbody clouds used to model the
© lunar occultation measurements described by R.I. Toombs, et al. (Astrophys.
Jour, 173, L71, 1972), however, dual or multiple cloud models may still be
necessary to explain data outside the 4.5 to 8.5 micron range.
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Hydrodynamic Calculation of Collapsing Interstellar Clouds

by H. Gerola, IBM Thomas J. Watson Research Laboratory and A.E. Glassgold, N Y. &urrpv

We have developed a spherical hydrodynamic program for

studying the evolution of interstellar clouds which include

the thermal and chemical phenomena associated with interstellar
molecules. One objective is to understand the relationship
between the various chemical, thermal, and dynamical time

'scales in collapsing clouds. Another objective is to obtain

£he emissivitives of such clouds at different wavelengths,
and to determine how they might be observed.

In addition to integrating the mass and momentum conservation
equations, we solve the heat equation for a suitable composite
heating and cooling model, as well as, the rate equations de~
fining the currently accepted gas-phase in,mblecule chemistry.
Interstéllar dust grains provide the sites for forming H2
molecules, cooling warmer gas by collisions, heating the

gas through photoelectrons, and attenuating interstellar UV

radiation.

For gravitationally unstable clouds, a core-envelope density
distribution evolves in the characteristic free fall tlme

[t +(3ﬂ/32Gpo)1/ . where po is the initial denSLty],

51m11ar to the results obtained by eariler workers. The
evolution of the temperature profile is senéitive to the
heating model, and the details of the calculated ve1001ty
distribution have 1nterest1ng 1mp11catlons for the 1line
radiative transfer p:oblem in interstellar clouds. The

- chemical development is strongly'influénced by the dynamical

evolution. For:example, the relatively long initial time ‘
scale for the development of molecular hydrogen is considerably

'j5horténed;‘substantial‘conversion~from atomic to molecular
SO o . 6 - ; ' .4
"hydrogen- can occur 1n~%10 y for a cloud of mass M=2x10 MO,

The formation of substantlal co abundances may take longer,
‘e.g. 2- 5x106y dependlng on the chemlstry. Considerable CI is



formed in the interior of the cloud, and the exterior regions
are dominated by CII.

The occurrence of large amounts of caxbon in non-molecular

form raises interesting possibilities for observing collapsing

clouds in the infrared. The details of the calculated density
and velocity distributions will also affect the emissivity of
collapsing clouds at radio frequencies.
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The Calculated Infrared Appearance of Collapsing Protostellar
Clouds

H.W. Yorke
Max-Planck-Institut fiir Physik und Astrophysik,
Fbhringer Ring 6, 8000 Miinchen 40, FRG.

Introduction:

The presence of powerful infrared sources imbedded in dense
molecular cloud complexes have often been interpreted as massive
protostars or early-type main sequence stars surrounded by thick
circumstellar shells of dusty material. Here, the optical and
ultraviolet radiation from the central source is absorbed by the
dust and reradiated at longer wavelengths. Recently, Yorke and
Kriigel (1975) and (1976) have presented the results of time de-
pendent hydrodynamic calculations for the dusty envelopes of mas-
sive protostars (50 Mg and 150 Mg), starting from the time of
initial grav1tatlonal collapse and continuing until the matter
in the envelope has become tenuous enough for a compact HII re-
gion to form. In the early phases of evolution after a starlike
nucleus has formed at the center of the protostellar cloud, the
infalling material acted as a false photosphere, absorbing all
radiation at the near infrared and optical wavelengths. At first
the evolution of the envelope was qualitatively similar to a
series of Kahn's (1974) steady-state solutions for cocoon stars.
The inner edge of the cocoon was located about 1014 cm, which
was the radius at Wthh graphite particles melt. Later, a dense
shell (n zrv 107 em~3) developed at approximately 1017 cm due to

the radiation acceleration on the dust particles. Inside this
outer cocoon, the infalling gas became increasingly dust deplet-
ed with the passage of time.

In the following, the detailed radiatidn transfer problem,
including scattering is solved numerically for spherically sym-.

. metric protostellar clouds during various stages of collapse.

For these calculations the density distributions of gas and. dust
as calculated by Yorke and Kriigel (1976) using a two-f£luid hydro-
dynamic code to describe the birth of a massive star in a dense
dusty cloud are used. At each point in the envelope-the grain
temperature, spectra, and angular distribution of the radiation
are solved simultaneously assuming radiative equilibrium. The
spectral as well as the spatial distribution of the radiation
flux over the entire disk is presented for a 50 Mgy and a 150 Mg
protostellar cloud at various evolutionary stages up to (but not
including) the development of a compact HII region. In both cases
the envelope surrounding the accreting protostar (which in later
stages is a main sequence star) is always opaque to the stellar
protons, and the resulting appearance is that of an extended in—

frared source. Furthermore, it is shown that a double peaked in-

frared spectrum becomes more and more pronounced during the later
stages of evolution afterxr the formation of an outer dust cocoon

‘,at rnu1017 cm.

Details of the numerical method, as well as the extinction
cross sections and albedo for the type of dust grains used are
given in Yorke (1976).
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The IR Appearance of the 50 M_ cloud.

We consider the evolutionary sequence of a collapsing 50 M
protostellar cloud with an outer radius ryax = 8x1017 cm. After®
1.02x1013 s the.central core has accreted 7 My and has a lumi-
nosity of L = 104 Ly, over 80 % of which arises at the accretion
shock front. As can be seen from the spectral distribution of the
luminosity Lv = 4nmr2 FV = (41T)2 r2 H displayed in Fig. 1, the
protostellar cloud at this stage appears as an extended spot of
temperature T~ 50 K with a slight excess at wavelength around
20u. This excess comes from the central part of the disk which

-has the character of a heavily obscured source at a somewhat

higher temperature. In Fig. 1 we display also the spectral distri-
bution of the luminosity L, at a later stage of evolution. At

t = 1.12%x1013 s the core has a mass of 16 M, and a total lumi-
nosity L = 3x10% Les 16 % of which arises from the accretion
shock. The hydrodynamic calculations show also that a shell of
material has formed at r = 1017 cm due to the outward motion of
the dusty gas. Here, the double-peaked nature of the vadlatlon
flux has become quite apparent,

At t = 1.17x1013 s the core is a 17 Mg main squence star of
luminosity L = 2. 5x104 Leg- The outer dust cocoon has become more
pronounced. In Fig. 2 the spectral distribution of the luminosity

‘integrated over the entire disk is displayed. For comparison, the

normalized fluxes from the center of the disk (p—o) and from a
region off center (p = 1.8x1017 cm) are also given. At this point

. the hydrodynamlc calculations were stopped. One expects a compact

HII region to form inside the outer cocoon within several 103 years
when the density has decreased sufficiently. It should be noted
that only one third of the 50 My of the original protostellar
cloud contributed to the final mass of the resultant main sequence:
star. For the 150 Mg protostellar cloud, this ratio was even lower
(24 %). :

Further results and their implications w1ll be presented
during the Symposium talk. :

Refererices

Kahn, F.D. 1974, Astron. Astrophys. 37, 149. )
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_ Figure Captions

P Fig. 1: The spectrum of a 50 Mg ccllap51hg protostellar cloud at

two different evolutlonary times, t = 1.02x1013 s and
-t = 1.12x1013 s.

Fig. 2:LThe spectrum of a 50 Mg protostellar cloud immediately

proceeding the development of a compact HII region -
(t = 1 17x1013 s) . ,
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DENSITY AND TEMPERATURE GRADIENTS IN SGR B2, Lawrence J. Caroff, MASA

Ames Research Center, Moffett Field, CA. Westbrook, et. al (1976) have
recently presented a moderately high spatial resolution map of the
:moZ_ecuZar cloud Sgr B2 in the thermal comtimum at 1 rm. Under the
dssumption that Sgr B2 1,s spherically symmetric, this map and the map

of Seoville, Solomon, and Penzias (1975) 1,n the 1-0 line of 2’300 can
| be combined to give the three-dimensional density and tempefature profiles
of the dust in the inner pabt of the cloud assuming that L"fE' obtains.
At the present time the data do not merit a det_d'iled empirical fit, éo,
the density and temperature are taken to be proportional to r-d and

r—ﬁ , respectively. A straightforward, though somewhat cOmpﬁcatec?
analysis gives X slightly larger than one and g = 5/'4.‘ This value
of f tis somewhat larger than suggested by theory ‘(eg Seoville and |
Kwan 1976). | Non-LTE effects will be discussed qualitatively as will the
effects o.f’density and tempei’ature gradients on ’the interpretation of the

recently-obtained far-infrared spectrum of Sgr B2 (Erickson, et al, 1977).

Erickson, E.F., Caroff, L.d., Simpson, J.P., Strecker, D.W., and
Goorviteh, D., 1977, "The Far Infrared Spectrum of the Core
~of Sgr Ba2," preprint. o . o

Seoville, N.Z., Solomon, P.M., and Penzleas,'A.vA;_; 1975, AE'J 201, 352.

Seoville, N.Z., and Kwan, J., 1976, Ap J_ 206, 718.

‘ Westbrbok’, W.E., Wermer, M.W., Elias, VJ.H., Gezari; D.Y., Hauser, M.G.,
Lo, K.Y., and Neugebauer, G., 1977, "One-Millimeter Continuwn
. Bmission Studies of Four Molecular Clouds," preprint.



An interpretation of the Becklin-Neugebauer

object and related infrared point sources

P. J. Bedijn,l) H. J. Habing,z) and T. de Jong3)
2)

1)

Sterrewacht, Leiden, The Netherlands, Joint Institute for Laboratory

Astrophysics, University of Colorado and National Bureau of Standards,
Boulder, Colorado, on leave of absence from Sterrewacht, Leiden, The

Netherlands, 3)Univers:i_teit van Amsterdam

Some 15 infrared point sources have been discovered with spectral
characteristics much like those of the Becklin~Neugebauer object in Orion
(for a compilation of information see Wynn-Williams, Proceedings of the IAU
Symposium on Star Formation, Geneve, Switzerland, September 1976). It has
frequently been suggested that these sources are protostellar objects,
although detailed interpretations have not yet been given, except by Larson
(M.N.R.A.S5. 1969, 145, 297). Basically different interpretations have also
been suggested.

We have made extensive radiative transfer calculations on a simple
model and are able to predict spectra that accurately fit all existing
observations of the best observed of these point sources. Our interpreta-
tion is as follows. 1In the final stages of the formation of massive stars
there is a certain period when the star has already reached the main sequence,
but cloud material is still falling in. Gradually the inflow stops and an
H II region develops, signalling the end of the accretion phase. Around this
time strong OH masers appear (Habing, Goss, Matthews, and Winnberg, Astron.
Astrophys. 1974, 35, 1). Gas dynamical calculations for this late-accretion
phase have been made by Yorke and Kruegel (private communication).: We
suggest that the group of infrared point sources mentioned in the beginning
are actually stars in this late accretion phase and that in a short time they
will develop supercompact H II regions such as have been found, e.g., near
NGC 7538. : ' :

7 The model that we use for our calculations is a much extended version
of that of Larson (loc. cit.). - It consists of three components: (1) a point
source of luminosity L and mass M; (2) a cloud of approximate size 1016 cm,
collapsing in free fall onto the star; (3) a surrounding molecular cloud.
The surrounding cloud is too cold to emit significantly at A < 20 ym, but
it absorbs heavily at these wavelengths.

We calculate selfconsistently the temperature distribution and the
emitted infrared spectrum of the grains in the collapsing cloud, and then we
let this spectrum be "reddened" by the surrounding molecular cloud. The
most critical parts in the calculatlons are

(1) the assumed absorptlon characteristics of the adopted grain species,‘

(2) the matching procedure of the (nbnlinear) model spectra to the
observations.
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With respect to the grain properties we adopted’ two types of grains:
spherical graphite particles of 2002 radius and spherical silicate grains of
500 & radius. We used the best absorption properties available in the liter-
ature, Applying our model calculations also to infrared spectra of late
type giants to study the silicate absorption properties we found that we had
to increase the silicate absorptivity below 7 um. JIndependently this latter

‘conclusion has also been reached by Jones and Merrill (Ap. J. 1976, 209, 509).

For the band profile around 9.7 um we used the shape given by Gillett and
Forrest (Ap. J. 1973, 179, 483).

To mimic the grain mantles that probably exist in the surrounding
cloud, we took the combined silicate and graphite extinction law and added,
to a variable amount, a generalized extinction law, for which we used

van de Hulst's curve no. 15.

With respect to the fitting procedure we had five free parameters
available, divided over two separate parameter spaces. Several of these

 parameters are however restricted by circumstantial evidence, such as measure-

ments of the total luminosity, including the far infrared, and of the para-
meter Av/TlOu' :

As an example we show in figure 1 the observation for the Becklin-
Neubegauer object, together with our best spectral fit. The upper curve
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Figure 1

represents the spectrum of the collapsing cloud, the lower curve the same
spectrum modified by the surrounding molecular cloud. The luminosity of the .
stellar object is L = 1.8 x 10M La and the mass in flow rate equals

2.2 x 1076 Mg, provided that the stellar mass is 11 My and the dust-to-gas
ratio (by mass) equals 8 x_lO'3 in the collapsing cloud. = The extinction
by the surrounding cloud A, equals 59™ and Av/rmu = 23. Unfortunately



we did not include in our calculations the ice absorption band around 3.5 pm,
but estimates indicate that enough cool material is present in the outside

 cloud to explain the observed strength of this band.

A detailed account of the model calculations may be found in the Ph.D.
thesis by P. J. Bedijn (1977, Leiden University).
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The Energetics of Molecular Clouds
by
‘Ne Jo Evang II and G. N. Blair

The University of Texas at Austin
Austin, Texas 78712

and

S. Beckwith ,
California Imstitute of Technology
Pasadena, California

We have begun a program to collect complete molecwlar line, radio con-
tinuum and infrared data on a group of relatively simple, nearby molecular
clouds. We have also developed "first order'" techniques to analyze the
physical properties of the molecular clouds and the energetic relations
between the gas and the dust content of the clouds. These include estimates
of the kinetic temperature, gas density, gas cooling, and dust cooling rates.
The gas and dust cooling rates are then compared to heating rates due to
nearby stars and imbedded infrared sources. In this paper, these techniques
will be applied to the §255 and S140 molecular clouds. Both clouds are
regions of extended CO emission and both contain a single strong infrared
source not associated with any HII region. The most salient results are the
following. 1) The primary energy flow is in the infrared through dust
emigsion at a range of temperatures. 2) The gas cooling rate is much less

" than the dust cooling rate. 3) The primary heat sources in the 8255 cloud
are nearby stars; in the 8140 cloud, an embedded infrared source is probably
more important for heating; in both clouds the infrared source %s responsible
for at least local heating. h) A large far-infrared flux (~ 10° Jy) is pre-
dicted from both molecular clouds. 5) Both clouds show a strong enhancement
‘of molecular density, as well as temperature, centered on the strong infrared
source. : ‘ :



Strong Far Infrared Emission From A Compact_éource In S140

P. M. Harvey, M. F. Campbell, and W. F. Hoffmann

Steward Observatory, University of Arizona

Far infrared observations of S140 have been obtained on the NASA C-141
Kuiper Airborne Observatory. Mapping at 90u (65-200u) with a 40" beam and
photometry at 40, 53, 100, and 175y are described. Previous radio and near
infrared observations of S140 have found an extended molecular‘cloud with
a strong 20 infrared source embedded near one edge of the cloud adjacent
to the bright rim of nebulosity which coﬁstitutes S140. We have detected
one compact far infrared source which is apparently coincident with the
near infrared object, the high density core of the molecular cloud, and an

HZO maser. The observed flux densities of this source at various wavelengths

‘are: 6780 Jy at 40u, 8190 Jy at 53u, 8590 Jy at 100u, and 5440 Jy at 175y,

all of which have neglibible statistical uncertainty and * 25% absolute
calibration uncertainty. The object appears unresolved with a 40" beam at
100u, and unresolved or marginally resolved with a 17'" beam at 53p. - At an

assumed distance of 1 kpc the infrared luminosity is N2 X 104 Ly, comparable

to that of a BO main-sequence star. A very low upper limit to the radio flux

of 5% lo-sty from this region has preViously been established, however,
suggestlng that this object may be quite similar to the BN object in Orion
belleved p0551b1y to be a pre- -stellar source. No other far 1nfrared sources
were detected in'a 7' x 7' area centered on the peak down to a 1limit of

300 Jy (10) at 90u. This work was supported by NASA grant NGR 03-002-390.
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"Far infrared observations of molecular cloud. S 140 and the

Galactic plane"

ROUAN D., LENA P., PUGET J.L., DE BOER K., WIJNBERGEN J.

Universi+é Paris 7 et Observatoire de Meudon,
Space Science Group, University of Gronlngen

Observations were performed during April 1976, with a
32cm open- port airborne telescope. Two filters were used of
respectively |14-196y and 72-94ym bandwidth. The diaphragm was
6.3 arc min. and the beam chopping frequency was 37 Hz. Calibration

was based on observation of Saturn.

{. The S 140 region

The S 140 region was observed in the area where a strong
molecular emission (CO and H,0) &nd a near . infrared point source

2
have been previously discovered(l)'(Z). We have detected , at the

same location, a far infrared emission giving the following fluxes

in the two bands :
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A dust temperature of 35 K can be derived from the ratio of these

two measurements assuming than dust absorption efficiency varies as

A_Z beyond 70um. This femperature is in good agreement with fhe
CO brightness temperature of 27 K if one follows proposed models
of -molecular clouds (J). The total infrared flux is 2.1 [0 ~13 W cm—z,

a.very .close value 1o the oné derived from the near infrared luminosiTy -

of the point source (Mv = - 6.5).

“With reasonable hypd%hesis'On grain composition and dust to gas

ratio we find from the far infrared flux an opacity of |5 mag. This

“value is in good agreement with the ones deduced from co meaSuremenTs’

and near infrared photometry of the ponnT source. (respectively
Av =22 and Av = 30 mag)

The S140 area offers thus a cI8551ca| plcfure of a dense

molecular cloud with embedded young stars.
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2. The diffuse emission of the galactic plane 50

The galactic plane was scanned in fthe 72-94um band at
£i( 28° , a place close to the maximum of the CO emission prevtously
meas ured t4) (f(g 1Y, Although the guide star did not allow a

complete crossing of the pfane, a positive defection is reported.

The measured flux is 1.4 1074 wmn2 sr”! (tig. 2).

The good agreement beTWeen column densities derived from
C0(4‘) (5)

tracer of the total amount of matter along the line of sight,

in the inner galaxy, and leads us to take NH =1.5 1023 cm.2 as. the

, X = ray and ¥ -ray data confirms that CO is a good

best estimate of the column density at b = 0, b= 28°. 1f the
dominant contribution to The 70-+95um . radiation comes. from dust
within Hll regions at Tyolcai Temperafure of 70 K, the total |nfrared

iuminosity would be of about 2.8 IO W ocm ~2 sr l‘ This value does not

agree with the 3]0 =3 W cm "2 that can be derived from the known
distribution of HIl regions (6). On the other hand, if one looks for
the minimum temperature which all the dust present in the line of

sight must have fo account for the observed flux, the value

Td = 22° K can be-deduced from a semi-empirical relaTion(7)
giving the total infrared luminosity per-atom of Hydrogen :
265,108 7478 W/ Hoatom
_ IR ' ' .
; . TP Hoo o 2=30 o
The total infrared Juminosity is then L = 4,10 W/H atom a+
IR

£ = 30° . Thus, even with the most economical energy balance in
terms of absorbed stellar radiation,we must conclude that our Galaxy
has a total infrared luminosity of the-order or larger than its

visible: luminosity.

REFERENCES

BLAIR, G.N., and VANDEN BOUT,P.A., 1974, Bull.AAS, 6, 452.

BLAIR, G.N., PETER, W.L., and VANDEN BOUT,P. A. 1975, Ap.J.(Letters)
200, L 161. T SRS T
GOLDREICH,P. , and KWAN 1. 1974‘ A§)J.189"441'

~GORDON,M , and BUKTON W.,~1976 Ap.J.: (1n press) )
R&TER-C 1976, communlcatlon at the A P.S. Meetlng, May 1975,
Washlngton D.C« o L , ;
MEZGER,P. 1974, in "Interstellar Medium", Editor: K.PINKAU.
RYTER,C., and PUGET,J.L. 1976, submlttedito Ap.J.



chopped
beams
N

Fig.1

Orientation of the galactic plane scans.
aa' bb' the extreme positions of fhe cenfer of -the chopped. beams.

G is the guide star,

Gray areas show known sources : HIl regions, dark cloud BI33.

FLUX
(arbitrary units)

ab

ba

: _10’ : ) | Ovo
. Fig2

Averaged scans in directions ba and ab.



52

L

Discovery of a Far Infrared Source in W45
with a New Balloon-Borne Helium-Cooled .4-meter Telescope

M. F. Campbell, P. M. Harvey, W. F. Hoffmann, University of Arizonaj; M. R.
Jacobson, D. B. Ward® » M. 0. Harwit, Cornell University (*now at Unlver51ty
of Groningen); P. A. Aannestad, Arizona State University

On August 5, 1976, a new 0.4-meter, balloon-borne liquid helium-cooled,
multichannel far infrared telescope made its first £light from the National
Scientific Balloon Facility in Palestine, Texas. It achieved a sky back-
ground limited performance with a far infrared photoconductive detector at
100 microns at an altitude of 100,000 feet. The initial survey sensitivity
was 150 Janskys per vHz. A small portion of the sky was surveyed with a 12'
beam, including a few square degrees along the galactic plame. Accurate de-
termination of positions was made possible by a photometer, sensitive between
.4 and 1.0Y, at the focus of a 10-cm Newtonian reflector, boresighted to the
main telescope. By detecting and identifying stars as faint as eighth mag-
nitude, we computed scan trajectories accurate to 5' of arc azimuth and 7'
of arc in elevation. OQOur data analysis disclosed strong signals at 100i on
three consecutive scans at the same sky position, correspondlng to the radio
source W45. h

The telescope, measured 2770 Jy on the central scan at 18 53T0+0™ 3,
+7°48'+7'. The calibration is based on a retractable black body operated
during flight. This calibration is consistent with a subsequent 100U meas<
urement of W45 from the NASA Kuiper Airborne Observatory. 1In Westerhout's
survey of the plane at 1.39 MHz 1n 1958, the region labeled 45 is a faint ex-
tension of the plane, covering 2° in galactic latitude and O. 8% in galactic
longitude, with a slight central peak. Later measurements by Altenhoff, et
a12 assigned the central peak a diameter of 10' of arc and peak flux densi-
ties of 5 and 4 Jy at 1.4 and 5.0 GHz, respectively. Quite recently, Price
and.Graf3,,observed a peak flux of 2.4 Jy at 10.7 GHz in a region about 2' of
arc wide in R. A., with a hint of structure — two components separated by .7'
of arc in R. A. The AFCRL survey4 denotes the source as 2284, with 435 Jy at
20 and 103 Jy at lly.  Finally, the Sharpless HII reglon 76, with a diameter
of 7' of arc, ig in the region.

Analysis of the data for additiomal sources is underway.

11Westerhout, G. 1958, B.A.N., 14, 215

.2A1tenhoff We J., Downes, D., Goad, L., Maxwell A., Rinehart, R., 1970,
Astr. Astrophys. Suppl., 1, 319,

3Graf, W., Price, K. M., 1976, private communication.

“Walker, R. G., Price, S. D., 1975, AFCRL=TR-75-0373.
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Fabry-Perot Observations of the SIII, 'Dz-

at 9069 % in the Orion nebula.

3P1 Transition,

H. Olthof
Max-Planck-~Institut fiir extraterrestrische Physik
8046 Garching, W.-Germany

C. B. Cosmovici

Instituto di Fisica, Universita di Lecce, Italy

Abstract

Ionic forbidden line emission resulting from magnetic dipole
transitions in thé ground state are an important tool to study‘
the density, temperature and abundance structure. In particular
for regions, which are obscured by large amount of absorbing
material the infrared observations provide the only way to

derive abundances.

For SIII the important lines in the infrared originate from the
', (9069, 9534 R), the B, (18.7 p) and the 3P, (33.6 p) levels.
Recently, Baluteau et al. (1976) have reported the detection of
the 18.7 p line in the Orion nebula.’During the nightS of 9 and

10 October 1976 we have studied the 9069 R line at different po-

sitions in the Orion nebula. For this purpose a tilting Fabry-

‘Perot interferometer was mounted at the Cassegrain focus of the

182 cm teléScope‘of the university of Padua at Cima Ekar (Asiago) .

The detailSranut this‘instrumentyare given by Barbieri et al. (1974,

1976) . A blocking filter with width of about 20 ® around 9070 R
was~used to isolate the Fabry Perot transmission~peak, which by
means of tilting in a parallel beam'scans the spectral;regibn
between 9080 and 9060 R. The width of the Fabry Perot filteryfor
vertical incidence is 0.7 8. The tilt of the filter causes a de-
crease of transmission accompanied by a braodening of the beam
width.‘Théktotal area under the transmission profile remains
practically constant (Eather and ReaSOnet, 1969) . During our

observations we have used a beam of 38 arc sec. '
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In a similar way as described by Barbieri et al. (1976) we have
calibrated the system by observing standard stars and derived

a relation between the I magnitude and the count rate of our

SSR photon counter connected to a cooled Ga-As photomultiplier.
Although we have measured several positions in the nebula, we
will here concentrate on the brightest part which is located

one beamsize in the western direction next to the trapezium.

-10 2 _ -1

In this beam we have observed a radiance of 2.1 x 10 W cm~ sx
averaged over our 38" beam. This is at least one order of magnitude

less than has been predicted (Olthof, 1975).

Three effects may.play a role here. In the first place we did not
correct internal absorption at this wavelength. However, according
to Costero and Peimbert (1971) we would not expect this to have an
effect of much more than a factor 2. In the second place the sulphur
abundance may be overestimated in the theoretical estimates. A
similar suspicion has been put forward by Baluteau et al. (1976) .

In the third place SIII may not be the most important stage of

ionization of " sulphur. If large amounts of SIV are present,

observations at 10.5 p could bring clearification.

References
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High Resolution Mapping of the Orion Nebula Region at 30, 50, and
100 Micromns.

M. W. Werner, E. E. Becklin, I. Gatley, and G. Neugebauer, Caltech.

The central ~ 4' x 4' region of the Orion Nebula-OMCl
complex has been mapped with 20" resolution in well-defined bands at
30, 50 and 100 u from the NASA C-141 infrared observatory. These
data provide detailed information about the distribution of matter,
luminosity, and temperature in this region. The principal results are
the following: A) At all three wavelengths, the surface brightness
peaks sharply at the position of the infrared cluster, which includes
the Becklin-Neugebauer and Kleinmann-~Low objects, to the northwest
of the Trapezium. The total 25 to 130 p luminosity from a 30" region
centered on this peak is 4 x 0% L. B)  This emission peak is
resolved spatially at all three wavelengths, with a characteristic
half-width of 35". . C) The color temperature of the emission at
the peak is ~120 K. The temperature decreases uniformly away from
this peak as expected for a dust cloud heated by a central lumino-
sity source. D) At all three wavelengths, the surface brightness
of the emission in the direction of the H II region is measured to
be less than 10%Z of the peak surface brightness. The color temper-
ature of this emission is ® 200 K. E) At 50 u and 100 u » there is
a strong suggestion of a ring of emission surrounding the H II
region, which is well-correlated with the position of optically

‘visible ionization fromts. F) The previously identified bar of
emission associated with the ionization front near 02 A Orionis

is not resolved at any wavelength and is smaller than 30" in NW-SE
"extent. G) The total 25-130 u emission from the region mapped

in ~2 x 10° L. The infrared cluster and the Trapezium cluster
appear to make roughly-equal contributions to this luminosity.
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Far Infrared Lamellar Grating Observations of
Jupiter and HII Regions.

J.L. Pipher, J.G. Duthie, M.P, Savedoff
The University of Rochester, Dept. of Physics & Astronomy, Rochester, NY 14627

A lamellar grating interferometer has been used successfully
on the ¢ rard P. Kuiper Airborne Observatory to obtain spectra at
wavelengths longer than 50U of Jupiter and several HII regions. -1
We have improved the resolution of our Jupiter spectra to 1.6 cm 7,
using the Moon as a standard, and the HII region spectra are all
at resolutions of 13 cm™1 (regions well-studied include the
Kleinmann-Low Nebula and W51; preliminary data on NGC 7538, DR 21,
M 17 and W 3 have been obtained). In our wavelength interval,
the main opacity in the Jovian atmosphereis the. rotational spectrum
of NH3 plus the tramslational continuum due to Hj. Theoretical
spectra of the Jovian atmosphere are compared against our obser—
vations and discussed. The HII region spectra are discussed and
compared with models based on comparison of our data with that at
other wavelengths.
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MEDIUM RESOLUTION SPECTROSCOPY OF NGC 7027 FROM 16 TO 38 MICRONS
J. McCarthy, W. Forrest and J. R. Houck

Center for Radiophysics and Space Research
Cornell University
Ithaca, N.Y.

NGC 7027 was observed on two nights, 1976 May 18-19 and
20-21, using the 36" telescope of the KAO. A medium resolution,
two-channel, Helium-cooled grating spectrometer was used to
observe the bands, 16-23u (AN = O.Su% and 20-38u (AN = 1.2u),

A nearly flat smooth continuum over the en ire b nd was
observed with a peak intensity of 7 x 10-1L w/cm KL between 20
and 254,

The 8~14u spectrum of 7027 has several spectral features,
The strongest of these is a broad 11l.3n emission band which has
been tentatively identified by Gillett as due to carbonate
grains, Laboratory measurements of the carbonate grains that
are most likely to be abundant, MgCOz, CaCOz and FeCOsz, have
been made by Angino and Morandat et al,, using various suspension
and pellet techniques, Penman has calculated the emission
coefficient for small grains on the basis of Mie theory and the
bulk dielectric coefficients, These investigations predict a
longwavelength (22 to 35u) carbonate lattice resonances, which
are in general stronger than the 11,34 resonance, Our spectrum
does not show any isolated emission features in the 22 to 350
range. This result will be discussed in terms of a smeared out
feature or features and alternate mechanisms for generating the
longwavelength continuum.

No evidence of the 25,87y fine structu{g line of OIV was
observed. A three ¢ upper limit of 2 x 10~ W/cm set By
our data. - Simpson had predicted a flux of 3,8 x 10~ w/c
This difference can be reconciled by a sllght increase in the
assumed electﬁon density, Our spectrum is consistent with
ne > 2.5 x 107 cm” 4Scott et al., have derived a value of
' (5 0+ 0.5) x 10 Trom hlgh resolutlon 5 GH, observa-
tlons.

This work was supported by NASA grant NGR 33-010- 081

_Anglno, E.E. Am Mlneraloglst 52 137 ( 967)

Morandat, .J., Lorenzelli, M.V,, and Lecomte J. Journal de
Physigue 28 152 (1967) , _ : ,

,~Penman,fJ.M. ,Preprlnt.
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4.8 y Spectrophotometric Observations of NGC 7027 and M82

R. W. Russell, B. T. Soifer, and S. P, Willner

- Department of Physics
University of California, San Diego

ABSTRACT

4-8 y spectrophotometry of the planetary nebula NGC 7027 and of the
nucleus of the galaxy M82 is presented. The data were obtained with the Kuiper
Airborne Observatory and the UCSD liquid nitrogen~cooled filter wheel spec-
trometer with a resolution AA/A of 0.015, utilizing an arsenic-doped silicon
photoconductive detector operated at 4 K. All phases of the spectrometer
control and data acquisition, processing, and real-time display were accoms=
plished by the onhoard Data Acquisition System, under interactive control by
the observers. The observations were made with a 30" aperture and a 2' beam
separation. From an altitude of ~ 12,5 km, there was about 6.5 p of residual
water vapor along the line of sight. Data reduction and first order corrections
for telluric absorptions were accomplished by comparison with observations -of
the standard star ¢ Boo.
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Fig. ‘1. 'The 4-8 y spectrum of NGC 7027, Identified fine structure lines
of Mg IV, Mg V, and Ar II are noted.
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The data on NGC 7027 are displayed in Iig. 1, where the following
identifications of atomic lines are marked: Mg IV at 4,49 4y, Mg V at 5.61 y,
and Ar Il at 6,98 p. In addition to these identified features, there is a new
feature at 6,23 y, which is broader than the instrumental resolution, All of
these features are superimposed on a continuum which is an order of magni-
tude above the expected level of free-free radiation. The continuum rises

steadily to a broad peak at about 7.7 o
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"Fig. 2. The 2-13 y, spectrum of NGC 7027. Atomxc transﬂ:wns and possible

dust emission features are noted,

From Fig. 2, where we have included ground-based data from 2-4
(Merrill, Soifer, and Russell 1975) and from 8-14 | (Gillett, Forrest and
Merrill 1973), one can see that the 7.7 |, peak is too narrow for a single black
body distribution. If the infrared continuum is due to emission from dust, as
is generally accepted, the 7.7 p feature should be attributed to a peak in the
emissivity of the dust. Gillett et al., (1973) have proposed carbonates as
possible constituents of the dust based on the presence of an 11.3 |, emission
feature seen in their data as reproduced in Fig. 2. Because terrestrial car-
‘bonates show an even larger peak in their emissivity (Hunt, Wisherd, and
Bonham 1950) at 7 u than at 11. 3 4, it would appear that'_either carbonates are
not respohsible for the 11. 3 u feature or, if they are, the wavelength of peak.
emission is shifted (possibly due to compositional differences between the

material in NGC 7027 and Lhe comparison mate11als) :

The 6.2 y, emlssu.on/feature_ is broader than the instrumental resolution,

 and is therefore either a combination of atomic lines, a molecular band, or a
~solid particle resonance feature.

‘The same 6.2 |, feature was detected in the
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spectrum of the galaxy M82, Since the excitation conditions in the two nebulae
are drastically different, the simplest interpretation is that the feature is due
to solid particle emission.

Emission features at 3.3 y and 11.3 p, as well as that at 6.2 y, are
observed in both NGC 7027 and M82. The ratios of their strengths (after
correcting for the large extinction to the nucleus of M82) are the same in both
objects, supporting the view that they are emission features in the dust.

The atomic lines seen in Figs. 1 and 2 are particularly useful in
analyzing the properties of the central star and the nebular jonic abundances.
In particular, Mg V represents the highest ionic state thus far identified in
NGC 7027. Due toits high ionization potential (109. 3 eV), the intensity of the
Mg V line is sensitive to the temperature of the central star. Assuming that
all uv photons with an energy greater than 109 eV are absorbed by Mg IV ions,
and the stellar luminosity is given by the observed infrared luminosity, a
lower limit of 125,000 K is determined for the temperature of the central star.
In fact, oxygen is probably a significant competitor for the uv flux, and a
correction to the uv flux estimate of a factor of 25, the cosmic abundance ratio -
of oxygen to magnesium, results in I'gyy,. ~ 200,000 K. This can be regarded
as a crude upper limit to the stellar temperature. .

Ionic abundances can be calculated from the intensities of the various
infrared lines. Such abundances are particularly useful as there is negligible -
reddening at these wavelengths, and,for the ions considered here, the line
strengths are only weakly dependent upon the temperature and density. The.
observed ratio n{Mg V)/n(#H 1I) is 1.7 x 10"5, or 0.6 of the normal cosmic Mg
abundance. The relative ionic abundances as a function of ionization potential
deduced from optical observations (Kaler et al. 1976) suggest that there should
be much more Mg IV than Mg V. It thus appears that Mg is considerably over-

~abundant in NGC 7027. The observed Mg IV line at 4.49 ;, is much weaker than

expected, probably owing to a wavelength coincidence with a narrow telluric

absorption line,
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ORIGIN OF 40-350 MICRON FLUX IN SOURCES ASSOCIATED WITH HII REGIONS.

J.P. EMERSON

Department of Physics and Astronomy
University College London

Gower Street )
LONDON WClE6BT
ENGLAND

The 40-350 micron photometric observations (obtained with the UCL 40 cm
balloon borne telescope) of almost fifty sources associated with HII regions
are used to investigate the location,composition and temperature of the emitting
dust.The possible locations considered are inside HIT regions and inside the
surrounding molecular clouds.

Comparison of infrared and radio observations with fluxes predicted from
model stellar atmospheres indicates that there is dust inside the HIT regions
with an optical depth for absorption of Lyman continuum photons of about one.
This is broadly consistent with gas to dust ratios about equal to that in
the interstellar medium, although some details are unclear and will be discussed.

The temperatures of ice(or ice covered cores), silicate and graphite grains
which are required to explain the 40-350 micron emission as arising from dust
mixed with gas, in the same ratio as in the interstellar medium, are evaluated
using gas masses derived from radio continuum observations in the case of
HITI regions, and from the formaldehyde absorption line in the case of molecular
clouds. This approach minimises the dependence of the output prameter on the
input parameters.

The temperatures derived are compared with temperatures derived from multi-
band. photometric observations. Graphite grains have too low an emissivity to
produce the emission from either location. Ice grains (or ice mantles) in HII
regions = (T&80 K) best match the multiband results. Ice in molecular clouds
would have to be at about 40 K and silicates at about 60 K , both lower than
suggested by the multiband results.

The similarity of radio and far infrared positions and maps also suggests
dust in the HII regions.

It is concluded that the majority of the radiation from the 40-350 micron
‘objects associated with HII regions can be attributed to thermal emission from
ice grains (or ice mantles) at about 80 K mixed with ionized gas ' and with a
gas to dust ratio similar to that in the interstellar medium. No indication
is found, for these objects, of a substantial contribution ( compared to that
from the HII reglon) to the flux from molecular clouds.




INFRARED EMISSION AND PROPERTIES
OF DUST OF GASEOUS NEBUILA

Vahé Petrosian and Roger A. Dana
Institute for Plasma Research
Stanford University

and

L. J. Caroff
NASA-AMES Research Center

The infrared emission from HII regions and other nebulae provides
useful information on the properties of dust grains associated with
these nebulae. 1t is the purpose of this report to present simple
analytic results from radiative transfer in dusty nebula which relate
the observationsl characteristics (such as the infrared to optical
and radio flux ratics, the gas density, infrared spectrum and half-
power angular sizes at various wavelengths) to physical parameters
such as dust-to-gas ratio, infrared and optical opacity of the
grains, and the gas and dust distributions, etc.

These relationships will be presented and the extent that they
can be useful for the determination of physical parameters will be
discussed.

A statistical analysis of the data on the infrared emission of
galactic and extragalactic HII regions has been carried out. The
results show that because of the existence of many independent vari-
ables it is difficult to draw a definite conclusion on the properties
‘of dust grains except for sources with well known spectra taken over
a wide range of wavelengths, :

The particular problem which we. shall address is the meaning of
the presence or absence of a corrolation between infrared and radio
flux densities (DeJong, et al 1975, Felli, et al 197k, Kazes, et al
1975, Mezger and Henderson 1967, Schraml and Mezger 1969, Shaver and

Gross 1970, and Walker and Price 1975) and the low level of observed

infrared fluxes from extragalactic HII regions (Strom, et al l97h)

. This work was partially supported by the NASA-AMES Unlver51ty
Interchange Agreement NCA2- 0R7u5-6l3
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ON THE ENERGY BALANCE OF THE INFRARED RADIATION IN
PLANETARY NEBULAE, GALACTIC AND EXTRAGALACTIC HII REGIONS

K.V.X. Iyengar and K.S. Krishna Swamy

Tata Institute of Fundamental Research
Homi Bhabha Road, Bombay 400005, India

ABSTRACT

Most of the planetary nebulae, galactic and extragalactic H II
regions emit lot of infrared radiation over and above the free-free
emission from the ionigzed gas. It is generally believed that this excess
of observed infrared radiation arises from the thermal re-radiation by the
dust grains. The energy input to the grain ultimately has to come from
the central star. 1In these nebulae considerable portion of the stellar energy
is converted into the emission lines and lyman ~{ (Ly «) radiation. Therefore
it is reascnable to assume that the heating of the grain arises mainly from
the absorption of these Ly { photons. If this is the heating mechanism of the
grain, then one expects a linear relation between the radio flux and the
infrared flux. In the present paper, we present calculations on the expected
relation between the radic flux and the infrared flux based on the particle
models and Iy « heating mechanism. These are then compared with the ohserved
relation for the three types of objects. ‘ '

The model and the method of calculation are essentially those of
Krishna Swamy and O'Dell (1968) and Krishna Swamy (1969). The Ly A flux is
caiculated from a knowledge of the radio flux. Since the composition of the
grains in these nebulae is still far from clear, we perform the calculations
for two types of possible grain models, namely, graphite and silicate. For
silicate model, we have used as representative the results for two rocks viz.
14321 and 12009 of Apollo samples (Perry et al. 1972). The calculations are
performed for typical graphite &and silicate grains of radii 0.02 and 0.2/
respectively. We have used an electron temperature of 12,000°K for all
planetary nebulae and 10,000°K for all galactic and extragalactic H II regions.

For planetaries, we have calculated the expected infrared fluxes
using the radio flux at 10GHz (Higgs 1971). Since Cohen and Barlow (1974)
have given their infrared observations in terms of absolute magnitudes, we
have converted our calculated infrared fluxes to absolute magnitudes using
their tabulated distances and the calibration.  In Figures 1 and 2, we show a
comparison of the observed and the calculated absolute magnitudes at 10 and 18/
for the graphite model. The results are shown for two values of F(z 3 1)
equal to 1 and 30. Here f represents the path length of Ly .{ photons
(0'Dell 1965) whose value lies roughly in the range 1 to 30 (Capriotti 1967).
As can be seen from these figures that the agreement is quite good. This
means that the Ly «{ heating of the grain is sufficient to explain the
observed infrared radiation from planetary nebulae. It is also found that
the observations fit better with the graphite model than with the silicate
model and that the grains are present in the ionized region. The ratio of
dust to gas (Md/Mg) for the graphite model lies roughly in the range 10!

tole’h.

Far Galactic HII‘regions, the calculated infrared fluxes were
always found to be smaller than those of observations for both the graphite
- and silicate models. Therefore, we introduced a parameter M, a factor by
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which the Ly o flux is to be increassd to bring an agreement with the
observations. In Figures 3 and 4, we have compared the expected relation
between the radio flux at 11 cm (Altenhoff et al. 1970) and the infrared
flux at 11 and 20 for different velues of M with F equal to 30 for

the graphite model, with the observed relation of Strom et al. (1974). To
get an agreement between the calculations and observations, one requires
M:=3 to 5. This is consistent with other investigations based on the total
infrared luminosity. The extra flux has to come from the direct absorption
of the ionizing stellar continuum. However, at the present time, it is very
hard to construct a meaningful physical model as there are too many variable
parameters connected with the model grains: Such as the type of grains,
single, mixture or composite type and their composition, their size distri-
bution function; the wavelengih dependence of . their refractive index etc.
Hope fully such a calculation will be feasible, when more information becomes
available of the physical and chemical nature of grains present in the HII
regions.

Using ¥ = 5 and F = 30, which gave a good fit for the Galactic HII
regions, we have calculated the sxpected relation between the radio flux
(Israel and Van der Kruit 1974) and the infrared flux for extragalactic HII
regions. These are compared with the few available infrared observations of
extragalactic HII regions of Strom et al. (1974). It is shown that their
infrared observations are consistent with the expected infrared fluxes for
these objects.
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Comparison of the observed and calculated absolute
magnitudes at 104+ for the graphite model for
F=1(a) and F = 30 (b) respectively.

but
Same as Fig., p,for 184( .

Comparison of the Radio flux at 11 cm versus m(11AL)
for graphite model with F =30, M= 3 (1J), M=7 (4)
and observations (@ ). The line shown in the figure

is that drawn by Strom et al. to pass through the
observational points.

Same as Fig. 3, but for 204L . M =1 (4), M =3 (O).
M = 7 (4) and observations (0).
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Airborne Far Infrared Observations of the Galactic Center Region.

I. Gatley, E. E. Becklin, M. W. Werner, and C. G. Wynn-Williams, Caltech.

Maps of a region 10' in diameter around the galactic center made
from the NASA Kuiper Airborne Observatory simultaneously in three wave-
length bands at 30 1, 50 p, and 100 p with ~ 1' resolution are presented,
and the distribution of far infrared luminosity and color temperature across
this region is derived. The position of highest far infrared surface bright-
ness coincides with the peak of the late-type stellar distribution and with
the H II region Sgr A West. The high spatial and temperature resolution of
the data is used to identify features of the far infrared maps with known
sources of near infrared, radio continuum, and molecular emission. The
emission mechanism and energy sources for the far infrared radiation are
analyzed qualitatively, and it is concluded that all of the observed far
infrared radiation from the galactic center region can be attributed to
thermal emission from dust heated both by the late-type stars and by the
ultraviolet sources which ionize the H IT regions. A self-consistent model
for the far infrared emission from the galactic center region is presented.
It is found that the visual extinction across the central 10 pc of the Galaxy
is only about 3 magnitudes, and that the dust density is fairly uniform in
this region. The absorption efficiency _of the grains is found to wvary as
,k-l out to 100 u. An upper limit of 10’ Lg is set on the luminosity of any
presently unidentified source of 0.1 to 1 u radiation at the galactic center.

¥
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PRELIMINARY RESULTS OF A BALLOON-BEORNE OBSERVATION OF THE FAR 1INFRA-
RED GALACTIC DIFFUSE EMISSION BETWEEN 1=38° AND 1=55°,- G. SZRRA
(Centre d'Etudes 5Spatiale.des Rayonnements, Toulouse, France), J.D.
PUGET (Observatoire de Paris-Meudon, Meudon, France), and C. RYTER
(Centre d'BEtudes Nucleaires de Saclay, Gif sur Yvette, France).

A far infra-red instrument operating in the bands 2\=75-95 mm and A=
115~196 pm has been designed to detect low brightness extended
sources. Given the characteristics of the bolometers, a fieid of
view of ~ 0,7° is required to archieve the required sensitivity.

The orientation of the gondola is locked on the Earth magnetic field,
at an angle adjustable by telecommand. The altitude angle of the
telescope (with respect to the vertical) is set before the flight.
The azimuth angle is swang *10° with respect to the reference azi-
muth at a fregquency A~ 0.2 sec™1, In this way, a zone K 20° wide

- is progressively covered in the sky by the rotation of the Earth,

with an increment 0.02° bDetween scans.

The instrument was launched on Sep. 23, 1976, from Aire-sur-Adour,
France, and reached ceiling altitude at 2115 UT, The galactic plane
was continuously observed beiween 1=38° and 1=55°, in scans orien-
ted at an angle 75-80° with respect to it. VWe report here some .
results of a preliminary analysis of the data obiained in the long
wavelength range, A=115 to X=196 pum.

The signal produced by the galactic plane emission is detectable

by eve in most of the survey by summing up 16 scans in a "stack".
The drift during such an elementary observation due to the rotation
of the Earth is~0.3°, compatible with the angular reszolution.
Averages over four such stacks, representing five minutes of
observation, are displayed in figure 1 as the solid line. Theyrepre
sent the 115-196 ym brightness,Iyg, at ©=0. ~ ~

It isevident from the picture that far IR emission takes place
quite continuously over the galactic plane in the surveyed area,
giving further support to the observations of a diffuse IR emission
at 1=2,.5° (Pipher 1973), at 1=0-15° (Low 1976), and at 1=29° (Rouan
et al. 1976). The prominent HII regions W49 and W51 cannot account
by themselves for the observed distribution. Furthermore, the lon-
gitude distribution of ionized hydrogen, revresented by the light
Iine (Lockman 1976), is not reflected by the IR distribution.
‘Finally, if the radiation in the long wavelength band were largely
contributed by dust at the temperature t=x70° usual in HII regiomns,
the total radiated power would be prohibitively high, :

The direct observation of a diffuse galactic far IR emission is no
unexpected finding. Puget et al.(1976) and Ryter and Puget (1975)
have shown that several unrelated observations did point to the
~existence of a strong diffuse gealactic emission produced by the -
- dense interstellar medium, as it is traced by the carbor monoxide

(C0) 2.2 mm emission. Indeed, it can be shown that the dusi able

‘1The two-channel detector was kindly -supplied by the Space Research
Laboratory, Rijsk University (Greningen, Holland), by courtesy of
Professor R.J. van Duinen and Dr J.J, Wijnbergen.
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Figure 1.- Observed far IR
emission, Iyp, of the ga-
lactic plane in the 115-196
band, as a function of
the galact%s longltude, o -
The total 0160 antenna
temperature (dotted line,
Burton 1976), and the total
H 166 antenna temperature
(light line, Lockman 1976),
are given for comparison.
All quantities are in arbi-
trary units. Note that the
galactic far IR emission
is not dominated by the H-
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to heat the molecular clouds at the temperatures observed in the

- CO 1line may be detected by its own far IR radiation.

The antenna temperature of the 120160 emission {taken from Burtcn
1976, averaged over 1° bins) is displayed in figure 1 as the dotted
line° Some correlation with the far IR radiation profile is evident,
and quantitative estimates can be made. The far IR radiation of
molecular clouds _is best expressed as a 1am1n081ty normalized per

-hydrogen atom, LfR , deduced from the comparison of the IR bright-

ness, IJR, and the matter column density on the line of sight,

Ng = 2N H y as : : k
W = T § /v 1)

where_f represents the fraction of the power radiated in the 115-
4196 am band, and depends on the temperature. Although the final
data reductlon is not completed at the time of writing, a provisio=-

- nal value of LfR can be quoted, with an error which should not

exceed a factor 2~3, We find
T= 20 K
T = %0 K

=30

g = 1 x 107°Y w(H atom)-]

Hoa2x103° 0 . o, (2]

The temperature T 30 K is a likely upper 11m1t set by the

75-95 um band, and a temperauure significantly below 20 K would be
insufficent to even accounu for the radiation in the long wavelength -
band .

The values quoted in equatlon 2 are conblstent with those ‘deduced by
Ryter and Puget (1976). It can be shown that they are at leastone
order of magnitude above that could be expected if the dust were
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solely heated by the general stellar radiation field. It is neces-
sary that the molecular clouds in general are heated by some
powerfull mechanism, and the most likely one is the presence of
young, still undetectable stars. A star formation rate per unit
mass of interstellar gas can be deduced in this way, and it is found
to be quite high, perhaps one order of magnitude above the value
deduced from star counts in the solar vicinity. The reasons for the
discrepancy are not very clear at present, but there is a strong
suggestion, arising both from CO observations and from far IR
observations, that the star formation rate in the Galaxy may

quite higher than usually accepted.
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Infrared Polarimetry of Galactic Nuclei, R. F. Knacke, SUNY, Stony Brook.

Polarization observations of extragalactic sources can provide insights
into the nature of the radiation processes in these objects. We are con-
ducting a program of infrared (2-15u) polarization measurements of the
galactic nucleus, external galaxies, and other extragalactic cbjects;and
can now report on results of some of the observations. The instrumentation
consists of conventional infrared photometers converted to polarimeters by
the addition of wire grid polarizers. At present the observations are
limited to the ground-based infrared wavelength region, but they could be
extended to the airborne infrared to 50u and possibly beyond with available
polarizers.

Galactic Nucleus

The center of the Galaxy (Sgr A) has strong wavelength-dependent
polarization between 1 and 14p. Polarization maps of the infrared sources
are shown in Figures la and 1lb, where the polarization strength is propor-
tional to the length of the lines and the orientation gives the direction of
the E-vector. '
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At 2.2y the polarization direction is nearly parallel to the direction
of the galactic plane (shown as the dash-dot line). -Since this is also
parallel to the predominent direction of visible polarization by interstellar.
grains, we believe that the 2.2y polarization is also due to grains in the
spiral arms., At 11.5u the direction is predominently perpendicular to the
plane, although it varies across the infrared sources. This polarization
~ probably originates in or near the infrared objects at the galactic center.

The polarization is largest in the "silicate" feature at 9.8u; the
polarization-wavelength curve (Figure 2) looks like the: (inverted) silicate
absorption feature in Sgr A. This shows that the polarization is caused by
aligned silicate grains. ’ - '
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At the hydrogen density of order_ O4cm_3, determined from CO obser-
vations of Sgr A, a field of oxder 10 gauss is required to give the
infrared polarization from Davis-Greenstein alignment. More efficient
alignment mechanisms could reduce the required magnetic field.

‘A limit on the 9.8y absorption strength can be derived from the wave=-

1ength.depende§ce Sf EEe ratio of polarization to optical depth. We find
ay S 3 x 107 em” g 7, in rough agreement with the K derived from

polagization in the. KL nebula and from spectroscopy of HII regions. This K
shows that the absorption strength is weaker than in most terrestrial
silicates or that the silicate is contained in a matrix of other material.
The grain silicate may resemble carbonaceous chondrite minerals or an
amorphous silicate recently studied by Day (Ap.J., in press).

The 2.2y polarization requires a spiral arm field on the order of 10-20
microgauss, to give the required grain alignment,assuming conventional
paramagnetic grain models. This field is an order of magnitude stronger
than indicated by Zeeman observations. The same difficulty is well-known
in studies of visible interstellar polarization, but occurs here at the long
wavelengths and over the entire line of sight to the galactic center. Either
more efficient alignment mechanisms or cooperative magnetic effects in the
grains are indicated. AR :

Extragalactic Observations

The most clear-cut case of non-thermal polarized infrared emission
occurs in BL lLacertae. The visible emission is known to be non-thermal,
highly variable, and polarized between 2% and 19%. We observed polarization
in BL Lac at 0.44p, 2.2y, and 3.5y in nearly simultaneous observations (Table 1).

POLARILATION CF BL LACERTAE

Dnée {ut) «

1976

wavelength (u) Flux piép ER Y]

& June -
30 June -
11 June
14 Sune
14 June

17 June

2.2
Cas
» 2.2:
G, 44 Iny
3.2 »

k4 ()

0.17 4 .
0.33 ¢

0.20 ¢

.26 2

03

04

<03

oLk

5.7 1 0.9
10,42 1.9

10,0 ¢ 0.4

IRFRTE

6.6 £ 1.7

6.8 £ 0.4

151 ¢ 5

©162 ¢ 5

1714

15246

mE s

176 273

¢ in wnit

5 of 1077 wa ¥ gyt




A76

Except for the first entry in the Table, the polarizations are
uniform in magnitude and direction. This provides strong evidence that
the same mechanism, synchrotron radiation, is operational from the visible
to the infrared.

A less clear-cut case is the Seyfert galaxy, NGC 1068. The ultraviolet
and visible continua are strongly polarized. R. W. Capps has recently
remeasured the 10y polarization and found agreement with the earlier
results (Table 2) of Knacke and Capps (Ap.J., 192, L19} who argued that
non-thermal emission is indicated by the infrared polarization. However,
Angel et al. (Ap.J., 206, L5) argued that the visible polarization is due
to scaEEé;Ehg. In that case a dust grain mechanism might be suggested for
the infrared polarization also.

PorarizatioN oF NGC 1068 axp tHE BN OBJECT

No. of
Obser-
Object M) vations P + 8P(%) 6 % 84(°)
NGC 1068..... 3.5 10 3.2+0.4 88%+5
10.2 (Dec.) 15 2.2+0.6  (52+16)*
10.2 (Feb.) 6 2,3+0.5 8447
18.4 2 <4.0(29)
BN........oos 3.5 (Dec.) 2 9.441.5
3.5 (Feb.) 3 9.440.4 11442

It is evident that both dust and non-thermal emission can produce
infrared polarization in extragalactic objects. We are continuing these
observations to use polarization as a probe of the radiation mechanisms.



7

INFRARED EMISSION FROM NGC 1068

Roger A. Dana and Vahé Petrosian
Institute for Plasma Research
Stanford University

The infrared spectrum of the Seyfert galaxy NGC 1068 has recently
been extended into the far infraved (30-100u) by Ricke and Low (1975)
and Telesco, Harper and Loewenstein (1976). These observations show
a sharp turn-over in the spectrum at 100p and roughly a power law
spectrum between 10 and 100i.. Together with the millimeter upper
limits of Kellermann and Pauling-Toth (1971) and Elias, et al (1975)
and the near infrared observations of Jameson, et al (1975), Simon and
Dyck {1975), and Neugebauer, et al (1971), the qualitative shape of
the infrared spectrum is now apparent.

Using approximate solutions of radiative transfer (Petrosian and

‘Dana 1975) and of infrared emission (Dana and Petrosian 1976) we

examine the possibility of dust emission as the source of the infra-

red radiation. Wehionstrain our models to match both the HB lumino-
sity (LH = 3 x 10 ergs/sgc, Shields and Oke 1975) and the infrared
luminosi'ty (LIR = L.75 x 10 2 ergs/sec, Telesco, et al 1976). We also
require that the Strdmgren radius be 50 pe. Thus most of the line )
emission will come from a region ~ 1’ in diameter (~100pc for D = 22 Mpc)
as observed by Shields and Oke (1975).

For an assumed spectrum of ionizing radiation (or a parameter Yoo
the ratio of the number of hydrogen ionizing photons to the total
number of photons from the central source), the ratio L, _ / L R fixes
the dust optical depth at optical and ultraviolet wavelengths. ' The
spectrum of the infrared radiation then depends on the radial variation
of the dust density and on the ratio of infrared emissivity to ultra-
violet opacity of the dust grains, or a parameter Q - defined as

Q =k (A) fen(A)s Ay = 912k

K (xo) is the opacity of dust at the Luman limit and e
“infrared emissivity of dust and is defined as

IR(X) is the

: 2 j
eIR(k) = na (2na/)\)
For normal interstellar dust, Q is of the order of unity.

Our fits assume that the dust is optically thin in the infrared.
Only in the case that the dust is optically thick over a significant
portion of the infrared spectrum will self absorption affect the dust
temperature because dust heating is domitated by absorption of ultra-
violet photons. A silicate absorption feature is present (Kleinmann,
et al 1976) with an optical depth 0.4 < 7(9.71) < 1.2, but we have
neglected this . in our calculations. . .
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In general we find it difficult to fit the 100u data along with
the data at shorter wavelengths with reasonable dust distributions.
Even neglecting the difference between the observations at 100 p and
the model predictions, we find that in order to obtain the high
observed intensity at 40 to 50p from dust located so close to the
central source, we must postulate the existence of grains which cool
off very efficently via infrared emission. In other words, the derived
parameter Q is unreasonably low.

The required values of y , j, dust-to-gas ratic and the dust and
gas distribution for the best fits will be presented.

This work was partially supported by the NASA-Ames University
Interchange Agreement NCA2-ORT45-613.
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