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Summary. Interstellar absorption lines of CH and CH* have
been detected toward the star HD 210121, which is located be-
hind a previously unknown high latitude cloud. The CH ob-
servations and the measured extinction toward the star provide
independent measures of the Hy column density along the line
of sight, which are compared with that deduced from CO mil-
limetre observations. The inferred CH* column density is com-
paratively small, suggesting that shocks do not play a dominant
role in the chemistry in the cloud.
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1. Introduction

The presence of molecular gas at high galactic latitudes has re-
cently been established by observations of CO line emission at
2.6 millimetre (Blitz, Magnani and Mundy 1984; Magnani, Blitz
and Mundy 1985; Mebold et al. 1985; Keto and Myers 1986).
These molecular clouds also appear as regions of obscuration on
photographic plates, and are associated with the “cirrus” emis-
sion which is seen at 100um in the IRAS data (de Vries and Le
Poole 1985; de Vries 1986; Weiland et al. 1986; de Vries, Heit-
hausen and Thaddeus 1987). They are estimated to lie mostly
within 100 150 pc of the Sun (Blitz et al. 1984; Magnani and
de Vries 1986). and appear to be condensing out of loops and
filaments of atomic hydrogen (Mebold et al. 1985; Blitz 1988).

Although a considerable amount of information is available
on the global properties and morphology of the clouds, little is
known about the physical and chemical properties of individual
clouds. The clouds have low visual extinctions Ay =1 2 mag
(Magnani and de Vries 1986) comparable to those of the classical
diffuse clouds such as the ¢ Oph cloud, which have been studied
extensively by optical absorption line techniques; yet their high
CO abundances are much more characteristic of those found
in dense clouds (Magnani et al. 1985; Lada and Blitz 1988).
Heithausen, Mebold and de Vries (1987) and Magnani, Blitz and
Wouterloot (1988) have also recently found large abundances of
H,CO and OH in a number of high latitude clouds, leading
Magnani et al. to conjecture that shocks may play a significant
role in the chemistry.

" Based on observations made at the European Southern Ob-
servatory, La Silla. Chile

Tmportant tests of the chemical processes that occur in indi-
vidual clouds can be obtained from absorption line observations
of atoms and molecules. Although almost no bright early-type
stars are available as background light sources in these direc-
tions, absorption line observations toward less bright, later-type
stars have become possible due to recent improvements in the
sensitivity of detectors. We have therefore started a program
to search for atomic and molecular absorption lines in South-
ern high latitude clouds, and report here the first detection of
absorption lines of CH and CH*. Measurements of the CH
abundance are of special interest because they permit an inde-
pendent measure of the total Hy column density along the line
of sight. Searches for the CH™ ion are important because its
abundance is thought to be a signature of shock processes oc-
curring in the cloud (Elitzur and Watson 1978: Draine and Katz
1986; Pineau des Foréts et al. 1986; Hartquist et al. 1989). In
addition, observations of Na I absorption lines put constraints
on the distance to the cloud, as has recently been demonstrated
by Hobbs, Blitz and Magnani (1986) and Hobbs et al. (1988).

2. Observations and Results

The absorption line observations were performed with the Coudé
Echelle Spectrometer fed by the 1.4m Coudé Auxiliary Telescope
at the European Southern Observatory in Chile in the period
June 26- July 2. 1987. The detector consists of a 1024 » 640 pix-
els RCA CCD chip with a pixel size of 15 ym square (Dekker
et al. 1986). The resolving power A/AX was set at 60,000, cor-
responding to a resolution of about 70 mA (=~ 2 pixels) at the
wavelength of the CH and CH* lines, or 4.9 km s~ ! in velocity
units. Early type stars with featureless spectra were used as
standard stars to correct for the pixel to pixel sensitivity vari-
ations. Wavelength calibration was provided by emission lines
from a thorium lamp. The spectra were reduced with the Eu-
ropean Southern Observatory I[HAP image processing system.
The spectra of the CH 4300.313 A. CH" 4232.548 A and the
Na I D lines at 5889.95 and 5895.92 A, were centered at 4300
A, 4244 A and 5892 A respectively. The resulting central wave-
lengths of the interstellar lines are uncertain by about 30 mA,
corresponding to about 2 km s~ 1.

The observations reported here refer to a previously un-
named high latitude cloud, which was identified on the basis
of IRAS 100 pum sky flux maps. It extends over an area of
about 10°-5°, centered at £= 56°, b=-44°. After submission
of this mnanuscript, we received a preprint by Désert, Bazell
and Boulanger describing an all-sky search for molecnlar cir-
rus clouds. Our cloud can be identific d with their cloud nr. 80
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Fig. 1. Spectra obtained toward HD 210121 in the wavelength
region of the Na I (top), CH (middle) and CH* (bottom) lines.
The abscissa indicates wavelength with respect to a laboratory
frame. The broad depression at 4233 A near the interstellar
CH™ line is a stellar Fe II line.

Background stars were selected by comparison with the cata-
logue of stellar identifications (CSI). In addition to a number
of fainter A and F-type stars, a bright B star with V=7.5 (HD
210121: «(1950)=22" 05™ 36°, 6(1950)=-3° 46' 36"; £=56°.9,
b :-44°.5) was found to lie behind the thickest portion of the
cloud. VBLUW photometric observations of the star (Lub 1979)
were performed using the Dutch 90 cm telescope at the Euro-
pean Southern Observatory, and suggest that the star is of spec-
tral type B5-6 V with a color excess E(B—V) ~0.32 mag. If the
conventional value for the ratio of total to selective extinction,
Ay /E(B - V)=31, is adopted, Ay ~ 1 mag is obtained. The
estimated photometric distance to the zero-age main sequence
star is (2104 30) pc, which is an upper limit to the distance of
the cloud.

The IRAS 100 um map shows an excess flux of about 10
MJy sr~! at the position of the star with respect to the back-
ground (which consists in part of the zodiacal light). Applica-
tion of the relation between 100 pm flux and extinction found by
de Vries and Le Poole (1985) results in an extinction Ay =1.1
mag, in harmony with the photometric estimate.

The spectra obtained toward HD 210121 in the wavelength
regions of the Na I, CH and CHY lines are presented in Fig-
ure 1, and measured equivalent widths W) are summarized in
Table 1. The observed lines are narrow and are clearly of in-
terstellar origin. The Na I D lines at 5889 and 5895 A are very
strong and show a double structure. A decomposition of the
profiles into two components gives a measured Doppler shift for
the stronger component of -(36-37) km s~ !, and for the weaker
component of -27 km s~!. With respect to the local standard
of rest, the velocities are vpsr =-4 km s~ ! and 45 km s~1, re-
spectively. Estimates of the column density of Na I from these
saturated lines using the doublet ratio method are highly un-
certain (Nachman and Hobbs 1973) and give a lower limit to
the total column density of about 8 x 10!2 cm~2. The actual
column density may be larger by an order of magnitude, and
could be determined more accurately through observations of
the weaker lines around 3302 A (Crutcher 1975). On the basis
of detailed profile fits, the column density in the stronger com-
ponent is estimated to be at least an order of magnitude larger
than that in the weaker component.

The spectra centered at the CHT 4232.5 A rest wavelength
include the line of Ca I at 4226.7 A. A weak interstellar feature
with an equivalent width of (2 + 1) mA is marginally present
at the expected velocity of the stronger Na I component. If the
detection is real, the inferred column density is N(Ca)~ 8 x 10°
cm~? for any Doppler parameter b >1 km s~ 1.

The CH A2A X2II transition at 4300 A appears strongly
in the spectrum toward HD 210121. The measured equivalent
width implies a column density N(CH)=(2.7x0.3) x 10® cm ™2
in the optically thin limit. if the oscillator strength foo = 5.06 x
10~ 2 (Larsson and Siegbahn 1983a) is adopted. Saturation cor-
rections would raise the column density to N(CH)= 3.5 X 10!3
cm™~? if the Doppler parameter were as small as b = 1 km s 1.
The observed width of the CH line is close to the experimental
resolution, suggesting a broadening parameter b < 3kms !. Its
central velocity v,sr=-7 km s~! is consistent with that of the
stronger Na I component within the uncertainties.

In contrast with CH, the CHT A'II-X!Z+ interstellar line
at 4232 A is comparatively weak in the high latitude cloud. The
inferred column density is N(CH")~ 6 x 10!2 cm "2 if foo =
5.45 x 1072 (Larsson and Siegbahn 1983b) is used. The velocity
of the CH line differs at most a few km s~! from that of the
CH line.

CO J =1 - 0 millimetre emission at 2.6 mm has been
observed in the direction of HD 210121 by Knapp et al. (1988)
using the Bell Labs 7 m telescope. The integrated antenna tem-
perature is T3 AV =(3.24+0.2) K km s~ ! with a width AV ~1.5
km s~ !, corresponding to b ~ 0.9 km s~!. The inferred CO
column density is N(CO)=as (0.5 — 1.5) x 10!® cm~2, based on
statistical equilibrium calculations for a range of physical condi-
tions. The CO line is centered at v ,sg =-6.3 km s~!, consistent
with the velocity found for the CH line.

Table 1. Summary of measurements toward HD 210121

Species ULSR W, N

(kms™')  (mA) (cm~2)
Nal.... -4, +5 34244 >8(12)

-4, +5 28843
Cal...... -5 2+1: (8.0+4.0)(9):
CH ....... -7 2242 (3.540.5)(13)
CH* ..... -4 5+2 (6.0+2.0)(12)
CO ....... -6 (1.0£0.5)(16)°

¢ Knapp et al. (1988); the notation a(b) indicates a x 10%.
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3. Discussion

The CH observations permit an independent determination of
the column density of H, along the line of sight toward HD
210121. The molecular hydrogen content of high latitude clouds
has been the subject of considerable discussion. Initial esti-
mates of Hy column densities were made from the measured
integrated CO millimetre line intensities Ico using a conver-
sion factor a=N(H3)/Ico=2.5x102° cm~2 (K kms~!)~! that
has been calibrated from Giant Molecular Clouds in the inner
Galaxy (Bloemen et al. 1986). It is not clear a priori that this
conversion factor also applies to the high latitude clouds (van
Dishoeck and Black 1987). Attempts to determine the conver-
sion factor specifically for high latitude clouds have resulted in a
wide range of values: de Vries et al. (1987) suggest a ~ 5 x 10!°
cm~? (K km s=!) !, whereas Magnani et al. (1988) find a range
a=(1-6)x102° ¢cm "2 (K km s~ !) "' centered at o = 3.2 X 1020
em™? (K km s7!)~1. If the Bloemen et al. (1986) conversion
factor is applied to the CO emission measured by Knapp et al.
(1988) toward HD 210121, N(Hz)=~ 8 x 10?° cm "2 is found.
A similar result, N(Hz)a 1 x 10?! ¢cm~2 is obtained with the
average value suggested by Magnani et al. (1988), whereas the
conversion factor of de Vries et al. (1987) gives a much lower
column density, N(Hz)~ 2 x 1020 cm~2,

The CH observations may discriminate between these dif-
ferent results. Extensive absorption line observations of diffuse
clouds by Danks, Federman and Lambert (1984) show a linear
correlation between the CH and H, abundances, which is well
understood by gas-phase chemistry models. Application of their
relationship gives N(Hz)~ 1.1 x 102! cm~?2 for the HD 210121
cloud. If the relation derived by Mattila (1986; 1988) for darker
clouds is used, N(Hz)~ 9.6 x 102° cm™2, consistent with the
value found using the Danks et al. relation. However, both sets
of observations show a scatter in CH column density of about
a factor of two around the average relation. Also, they refer to
clouds that are in a different environment than the high latitude
clouds, although it appears that the empirical results for diffuse
clouds, dark clouds, and lines of sight toward globular clusters
are very similar. On theoretical grounds, the CH/H; ratio is
expected to depend on the physical conditions in the cloud. In
particular, the CH/H; ratio is predicted to be lower in regions
with a higher than average radiation field, a lower gas—phase car-
bon abundance and/or a lower density. Since the radiation field
incident on high latitude clouds is probably lower than average
(see below), the empirical relations may slightly overestimate
the amount of H, in the clouds. In spite of these uncertainties,
the H, column densities inferred from the CH measurements are
most consistent with those obtained from the CO observations
if the larger H,/CO conversion factors are used.

A third estimate of the H, column density is obtained from
the measured extinction toward the star, using the relation be-
tween total column density Ny = N(H)+2N(H;) and visual
extinction Ay determined for diffuse clouds by Savage et al
(1977). 1If the extinction were normal in the direction of HD
210121 with Ay /E(B - V)=3.1, Ny ~ 1.6 ~ 102! cm~? is ob-
tained. A very rough estimate of the atomic hydrogen column
density can be obtained from the H I 21 cm survey of Heiles
and Habing (1974), which shows a peak antenna temperature
of about 25 K at the position and velocity of the cloud. The
inferred column density in the 36’ beam for a linewidth AV =2-
10 km s~ ! is (1-5)x10?° cm~2. For comparison, the measured
H column density in the direction of the relatively nearby star
7 Aqr (HD 212571) is about (4-5)x102° cm~2 (Lockman et al.
1986). Thus the atomic hydrogen column density contribution
is likely to be small, and N(H;)~ (6 — 8) x 102° cm~2 is found.
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The effect of a possibly abnormal extinction curve on the
inferred column density is difficult to assess, but it is unlikely
to be larger than 50%. It is concluded that the best estimate of
the H; column density toward HD 210121 based on the various
methods is N(Hz)~ (8 + 2) x 1020 cm~2.

Table 2 compares the inferred molecular column densities
in the high latitude cloud toward HD 210121 with those mea-
sured for the classical diffuse clouds toward ¢ Oph and ¢ Per.
In addition, the observed abundances for the translucent molec-
ular clouds toward HD 169454 (Jannuzi et al. 1988) and HD
147889 (Crutcher and Chu 1985) are listed. It appears that both
the CH absorption line and the CO millimetre emission line are
somewhat stronger toward the high latitude star compared with
¢ Oph and ¢ Per, but not as strong as those found toward the
more reddened stars HD 169454 and HD 147889. The result
that CH is not highly overabundant in the HD 210121 cloud is
consistent with the fact that Hobbs et al. (1988) did not de-
tect CH toward stars behind the high latitude clouds MBM 12
and 16. In contrast, the CHT abundance is considerably less
in the high latitude cloud compared with the ¢ Oph cloud and
the translucent clouds, and is comparable to that found in the
¢ Per cloud. Although the amount of CH" is still more than
can be explained on the basis of steady-state chemistry only, it
suggests that shock processes are responsible for the production
of a smaller fraction of the molecules containing heavy elements
in this high latitude cloud than in the classic diffuse and translu-
cent clouds.

The somewhat larger column densities of CH and CO com-
pared with the classical diffuse clouds most likely result from the
facts that the total column density of molecular gas is somewhat
larger in the direction of HD 210121, and that the high lati-
tude clouds are exposed to less intense ultraviolet radiation than
clouds in the galactic plane (van Dishoeck and Black 1988a, b;
Lada and Blitz 1988). Steady-state models of the HD 210121
cloud have been constructed using the techniques described by
van Dishoeck and Black (1986, 1988a). The results of a model
with a density ny =500 cm~2, temperature T=40 K and a scal-
ing factor Iyy =0.5 with respect to the radiation field of Draine
(1978), are presented in Table 2. Large column densities of CO
and CH are readily obtained in these models. In particular, if
the carbon depletion factor éc is taken to be similar to that
found for diffuse clouds, the models overproduce CH by a fac-
tor of about 2. The observed CH abundance thus suggests that
carbon may be more depleted from the gas phase in the high lat-
itude cloud. A similar conclusion was reached by van Dishoeck
and Black (1988¢) for translucent clouds, who discuss this re-
sult in more detail. The combination of a lower radiation field
and a smaller gas-phase carbon abundance could also explain
the relatively large OH abundances found by Magnani et al.
(1988) in high latitude clouds: a lower radiation field destroys
OH less rapidly through photodissociation, and also results in
less C*+ throughout the cloud. the other principal destroyer of
OH. Predicted OH and C; column densities for the HD 210121
cloud are included in the table. The computed atomic hydrogen
column density 1s N(H)< 10%° ¢cm 2, somewhat below the (un-
certain) estimate from the 21 cm emission line. However. if the
cloud has not yet reached full chemical equilibrium and if it is
formed from mostly atomic gas, the steady state models would
underestimate the amount of atomic hydrogen (Wagenblast and
Hartquist 1988).

© European Southern Observatory ¢ Provided by the NASA Astrophysics Data System


http://adsabs.harvard.edu/cgi-bin/nph-bib_query?1988A%26A...203L..23D&amp;db_key=AST

FTI98BARA © ZZ03L7.-Z3D0

L26

Table 2. Comparison of the HD 210121 cloud with other clouds®

HD 210121

Species ¢ Oph? ¢ Per? HD 169454° HD 147889¢ Model®
Hg eun..... (0.6-1.0)(21) 4.2(20)  4.8(20)  (1-2)(21)  >2(21) 8.0(20)
H......... (1-5)(20)  5.2(20)  6.5(20)  >9(19) . 6.8(19)
CH....... 3.5(13) 2.5(13)  2.0(13)  4.6(13) 8.0(13) 4.1(13)
CH* ..... 6.0(12) 2.9(13)  3.5(12) ... 3.0(13) ..

CO ....... (0.5-1.5)(16) 2.0(15)  7.0(14)  (1-9)(16)  >1(16) 7.4(15)
OH ....... .. 4.8(13)  4.2(13) ... . 2.0(14)
Cyprrnnnn. 2.4(13)  1.9(13)  7.0(13) 1.2(14) 5.4(13)
Ay (mag) 1.0 0.9 1.0 3.5 ~4 1.0

@ The table lists the column densities in cm~2. ® Observed values taken from van Dishoeck and
Black (1986). © Jannuzi et al. (1988). ¢ Crutcher and Chu (1985). ¢ Model for the HD 210121
cloud with ng =500 cm™3, T=40 K, Iyy =0.5, and a carbon depletion factor 6c=0.1 with respect

to the solar abundance of 4.7x 1074,

4. Conclusions

The observed abundances of CH and CH* toward HD 210121
suggest that the chemistries of these species in the high latitude
cloud do not differ significantly from those occurring in classi-
cal diffuse or translucent clouds. In particular, the measured
moderate amount of CH' does not support the suggestion that
shock processes are mostly responsible for the high abundances
found for some other molecules in high latitude clouds. Differ-
ences in molecular abundances in high latitude clouds compared
with classical diffuse clouds most likely result from a reduced
intensity of the ultraviolet radiation field, from slightly larger
total Hy column densities, and possibly from different gas phase
elemental abundances. More extensive absorption line obser-
vations of CH, CH*, CN and Na I toward other high latitude
stars, which lead to similar conclusions, will be presented in a
subsequent paper.
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