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Abstract. Snyder et al (1969) detected HoCO through its transition 119 — 111
at 4.829 GHz in absorption in interstellar medium in a number of galactic and
extragalactic sources (M17, W3, W3(OH position), W49, NGC 2024, DR 21,
W43, W44, W51, Sgr A, Sgr B2, W33, NGC 6334, Cas A, and 3C 123). This
transition of H,CO was found in anomalous absorption by Palmer et al (1969)
in the direction of four dark nebulae. In some objects, this transition has
however been detected in emission and even as a maser line (Forster et al, 1980;
Whiteoak et al, 1983). Evans et al (1970) reported detection of HyCO molecule
through its transition 2y; — 215 at 14.488 GHz in absorption in some cosmic
objects. This transition also was found in anomalous absorption by Evans et
al (1975). Since the transition 19 — 111 is considered as a unique probe of
high density gas at low temperature, the study of H,CO in cosmic objects is of
great importance. Garrison et al (1975) investigated the problem of anomalous
absorption of 119 — 111 and 217 — 212 transitions of HoCO where they accounted
for 8 energy levels connected by 10 radiative transitions and considered a kinetic
temperature of 5 - 20 K. They found weak anomalous absorption of 119 — 111
and 211 — 212 transitions of H,CO.

Here, we have investigated the transfer of radiation in HoCO account-
ing 22 rotational energy levels connected by 47 radiative transitions in ground
vibrational and ground electronic state. Further, we considered a kinetic tem-
perature of 10 — 40 K, as the kinetic temperature in some regions may be
rather high. Thus, present work may be considered as an extension of the work
of Garrison et al (1975) where investigation is carried out in more details. We
have obtained remarkable anomalous absorption of 119 — 171, 211 — 212 and
312 — 313 transitions of HyCO. In order to include a large number of cosmic
objects, where HoCO may be found, parameters in our investigation are varied
over wide ranges.
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1. Introduction

Formaldehyde is the first organic molecule identified in some cosmic objects by Snyder
et al (1969) through its transition 139 — 111 at 4.829 GHz. This transition 119 — 111 was
found in absorption against the Cosmic Microwave Background (anomalous absorption)
by Palmer et al (1969), showing H2CO to be the first candidate for anomalous absorption
in cosmic objects. Anomalous absorption is obviously an unusual phenomenon and may
be used as a technique for identification of asymmetric top molecules in cool cosmic
objects, as the kinetic temperature there may not be sufficient to generate emmision
spectrum of the molecule. Identification of a large number of molecules in cosmic objects
would undoubtedly help in understanding the physical condition prevailing there and
the chemical processes going on. Therefore, it is of great interest to identify as many
molecules as possible in cosmic objects.

In the present investigation, we have considered HoCO molecule where we accounted
for 22 rotational energy levels of ortho-species. These levels are connected by 47 radiative
transitions. Temperature in cool cosmic objects is generally low, but in some regions may
be rather high and therefore, we have accounted for a kinetic temperature of 10 — 40 K.
We found remarkable anomalous absorption of 119 — 11; and 2;; — 212 transitions. We
also found anomalous absorption of 312 — 313 transition at 28.974 GHz.

2. Theoretical details

For a kinetic temperature 10 — 40 K in the cosmic objects, it is sufficient to account for
22 rotational energy levels of ortho-HoCO (Table 1). In our investigation, we solved a
set of statisticalequilibrium equations coupled with equations of radiative transfer given
as the following.

22 22
TLZZP” = anpji i:1,2,...,22
j=1 j=1

J#i JF#i

where n’s are population densities of the levels and P’s as the following.

(i) For optically allowed transitions

(Aij + Bij Lbg)Bij +nm, Cij i>j
Py =
Bij LubgBij + n, Cij i<j

(ii) For optically forbidden transitions

Pij = nmu, Cjj
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Table 1. Energy levels of ortho-H>CO

J ky ke| E(lem™Y) || J ks k.| E(cm™!)
1 1 1 105390 | 6 1 5 60.8605
1 1 0 10.7001 | 7 1 7 73.8907
2 1 2 15.2369 || 7 1 6 78.3949
2 1 1 15.7202 || 3 3 1 88.2382
3 1 3 22282213 3 0 88.2383
3 1 2 23.2487 || 8 1 8 92.6337
4 1 4 316729 || 4 3 2 97.9576
4 1 3 3328354 3 1 97.9578
5 1 5 43.4067 || 8 1 7 98.4197
5 1 4 458220 || 5 3 3| 110.1086
6 1 6 57.4804 || 5 3 2 | 110.1092
where A’s and B’s are Einstein coefficients,
2h18 g
Aul = 2 By By = _u By,

C’s the collisional rate coefficients, ng, the density of hydrogen molecules, and the escape
probability g for the transition is

,Blu = ,Bul = 1- eXP(—Tu)

Ty

where optical thickness 7, is

he

Ty = r(dv, Jar) [Blunl - Bulnu]

where (dv, /dr) is velocity gradient in the region. By solving these equations, populations
of the levels are calculated. Here, external radiation field, impinging on a volume element
generating the lines, is the CMB only. This set of equations is solved through iterative
procedure for given values of ng, and v = n, 1/ (dv,/dr), where n, | is density of the
molecule.

Input data required in present investigation are radiative transitions probabilities
(Einstein A-coefficients) and collisional rate coefficients.
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2.1 Einstein A-coefficients

The Einstein A-coefficients for 47 radiative transitions between 22 energy levels of HoCO
molecule were calculated by Jaruschewski et al (1986). These values are used in present
investigation.

2.2 Collisional rate coefficients

In present investigation we have used the collisional rate coefficients calculated by Green
et al (1978) for downward transition (J;, ,, — Jk,k.). For upward collisional rate coeffi-
cients, we accounted for the fact that downward and upward collisional rate coefficients
are related through detailed equilibrium (Chandra et al, 2000).

2J +1 exp(— AE)

Ckake = Tiyi) = Clny = Jhakd) 5707 Tk

where k is Boltzmann constant and AF the energy difference between upper and lower
energy level.

2.3 Anomalous absorption
Intensity, I,,, of a line generated in an interstellar cloud, with homogeneous excitation
conditions, is

I, - Il/,bg = (SV - IV,bg)(l - eiTu) (1)

where S, is source function, I, 4, the background intensity against which the line is
observed and 7, the optical depth of the line. Equation (1) can also be expressed as

Bu(TB) - Bu(Tbg) = [Bu(Tew) - Bu(Tbg)] (1 - e_TV)] (2)

where B, represents a Planck’s function corresponding to various temperatures, T3, the
background temperature, and T and T, the brightness and excitation temperatures,
respectively, of the line. For absorption against CMB, we have Tg < T3,. This obviously
shows that for optically thin case, 7, = 0 and we have Tp = Ty, = 2.73 K. Further, in
the Rayleigh-Jeans limit [#(GHz) << 21 T(K)], Equation (2) can be written as

Tg =T, + (Tbg - Tez)eiﬂ' (3)

For anomalous absorption, we have T,; < Ty and 7, > 0, and therefore, T > T¢,.
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When 7, is very large, then for anomalous absorption, we have T = T¢,. It shows that
for anomalous absorption, brightness temperature of the line lies in between T¢, of the
line and Ty (Tew < TB < Tiy).

3. Results and Discussion

In our model, free parameters are the hydrogen density ng, and . In order to include a
large number of cosmic objects, where H,CO molecule may be found, numerical calcula-
tions are carried out for wide ranges of physical parameters. In present investigation, we
have taken v = 1075, 10~* and 1072 ¢cm~3 (km/s)~! pc. The molecular hydrogen density
ny, is varied over the range from 10% to 10° ¢cm~2, and calculations are performed for
kinetic temperatures of 10 — 40 K. The results are given in Figures 1 - 3 for the three
lines.

All energy levels of ortho-H,CO are in the form of K-doublets. The observed lines in
absorption are due to transitions between the levels of doublets. In cosmic objects, the
value of Av varies from 1 to 7 km s~ and column density of H,CO is generally larger
than 3 x10'% cm~2 and therefore the value of 7 is well covered in our investigastion. With
increase of the value of 7, probability of detection of anomalous phenomenon increases.
However, in our programme we find some instabilities and consequently, the results show
either kinks or sudden change in the value. However, there should be smooth variation
of the parametres.

Our results show that the transition 159 — 111 can be seen in anomalous absorption at
ng, ~ 103% cm~? and kinetic temperature of about 30 K. The transition 2;; —2;5 can be
seen in anomalous absorption in a bit dense and rather cool cosmic objects. Besides these
two transitions, already observed in anomalous absorption, we found that the transition
312 — 313 at 28.974 GHz can be seen in anomalous absorption at np, =~ 1045 ¢cm—3 and
kinetic temperature of about 20 K. Thus, detection of these three lines in anomalous
absorption can provide information about density as well as kinetic temperature in the
region.

4. Conclusion

It is interesting to note that anomalous absorption of three lines 179 — 1171, 211 — 232 and
312 — 313 can provide information about density as well as kinetic temperature in the
region. Thus, not only one line 179 — 111, but other two transitions 2;; — 212 and 312 — 313
of H,CO can also be used as probe of high density gas at low temperature. Further, the
anomalous absorption can be used as a technique for identification of Ho CO in the cosmic
objects.



6 Suresh Chandra
Acknowledgements

We are grateful to Prof. Jayant V. Narlikar and Prof. Dr. W.H. Kegel for their encour-
agement.

References

Chandra, S., Kegel, W.H., 2000, Astron. Astrophys. Suppl., 142, 113.

Evans II, N.J., Cheung, A.C., Sloanaker, R.M., 1970, Astrophys. J., 159, L9.

Evans II, N.J., Zuckerman, B., Morris, G. and Sato, T., 1975, Astrophys. J., 196, 433.

Forster, J.R., Goss, W.M., Wilson, T.L., Downes, D., Dickel H.R., 1980, Astron. Astrophys., 84,
L 1.

Garrison, B.J., Lester Jr., W.A., Miller, W.H., Green, S., 1975, Astrophys. J., 200, L175.

Green, S., Garrison, B.J., Lester Jr., W.A., Miller, W.H., 1978, Astrophys. J. Suppl., 37, 321.

Jaruschewski, S., Chandra, S., Varshalovich, D.A., Kegel, W.H., 1986, Astron. Astrophys. Suppl.,
63, 307.

Palmer, P., Zukerman, B., 1969, Astrophys. J., 156, L 147.

Snyder, L.E., Bhul, D., Zuckerman, B. and Palmer, P., 1969, Phys. Rev. Lett., 22, 679.

Whiteoak, J.B., Gardner, F.F., 1983, Monthly Notices Roy. Astron. Soc., 205, 27.



BASI BTEX guide

O 1 1 0 1 1 1 1
2 3 4 5 2 3 4 5 2 3 4 5
3 T T T
/ 10 - i
N /
1 2P S
S~ 5 —/\
i 1k i
0 FremTET TS

n n 0 n n n n n
2 3 4 5 2 3 4 5 2 3 4 5
Iog(nHzlcm's) Iog(nHzlcm's) Iog(nHzlcm'S)

Figure 1. Variation of brightness temperature Tp (K), excitation temperature Te, (K) and optical
depth 7 versus hydrogen density ng, of the line 119 — 111 for kinetic temperature T = 10 - 40 K. Solid
line is for v =1073 cm~2 (km/s) ! pc, the dashed line for v = 107% cm~2 (km/s)~! pc and the dotted
line for v = 107% cm ™2 (km/s)~! pc
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Figure 2. Variation of brightness temperature Tp (K), excitation temperature Te, (K) and optical
depth 7 versus hydrogen density ng, of the line 211 — 212 for kinetic temperature T = 10 - 40 K. Solid
line is for y =1073 ¢cm~2 (km/s)~! pc, the dashed line for v = 107% cm~3 (km/s)~! pc and the dotted
line for v = 107% cm™2 (km/s)~! pc
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Figure 3. Variation of brightness temperature Tp (K), excitation temperature Te, (K) and optical
depth 7 versus hydrogen density ng, of the line 312 — 313 for kinetic temperature T = 10 - 40 K. Solid
line is for y =1073 ¢cm~2 (km/s)~! pc, the dashed line for v = 107% cm~3 (km/s)~! pc and the dotted
line for v = 107% cm™2 (km/s)~! pc



