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ABSTRACT 
A high-sensitivity search for Ha emission from a —300 km s_1 H i cloud was carried out with the Wiscon- 

sin large-aperture Fabry-Perot spectrometer. Weak emission features were found in the Ha spectra at radial 
velocities coinciding with the 21 cm emission. The features have a total level of significance of 4.3 tr and, 
therefore, appear to represent the first detection of emission from a high-velocity cloud at a wavelength other 
than 21 cm. The derived Ha surface brightness of the cloud is 2.0 ± 0.5 x 10“8 ergs cm“2 s“1 sr“1 

(8.1 ± 1.9 x 10”2 R). The source of the excitation is not known; however, the low Ha surface brightness (i.e., 
less than 0.1 R) appears to place important constraints on the ambient radiation field and gas density. Specifi- 
cally, the upper limit on the flux of Lyman-continuum photons in the vicinity of the cloud is FLC < 2 x 105 

cm“2 s”1, which is almost a factor of 10 lower than the flux estimated to be present within the Galactic halo 
and is comparable to some estimates for the intergalactic EUV radiation field. Shock models indicate that the 
ambient gas density is less than 6 x 10“3 cm”3, if the temperature of the ambient medium T < 106 K. 
Subject headings: galaxies: The Galaxy — interstellar: matter 

I. INTRODUCTION 
Although high-velocity clouds (HVCs) have been studied in 

21 cm for many years, their origin ^nd distance are still not 
known. If HVCs are located within the Galactic disk or halo as 
some observations suggest (Cohen 1981, 1982; Sougaila et al 
1985; Münch and Zirin 1961; Hulsbosch 1975), then their 
interaction with the ambient gas and radiation field should 
produce emission at other wavelengths. However, until now 
the highest sensitivity searches for emission in the visible 
(Reynolds 1987) and infrared (Wakker and Boulanger 1986) 
have been negative. The first probable detection of Ha emis- 
sion from an HVC is reported below. 

II. OBSERVATIONS 
The HVC that we observed is a large, relatively isolated 

cloud in the constellation Cetus, which has been investigated in 
detail at 21 cm by Cohen (1982). The cloud has a diameter of 
about 12°, is centered at / = 165°, b = —45°, and has H i velo- 
cities that range from —360 km s“1 to —190 km s“1 with 
respect to the local standard of rest (LSR). Cohen has sug- 
gested that a steep decrease in H i column densities toward the 
edges of the cloud may be due to confinement by an external 
medium. Lower velocity (approximately —110 km s”1 and 
—10 km s“1) H i clouds in the vicinity of this —300 km s“1 

cloud also have been interpreted as evidence for an interaction 
between the very high velocity gas and ambient material in the 
Galactic disk or halo (Cohen 1981,1982). A subsequent search 
for weak Ha emission from the lower velocity clouds produced 
a negative result (Reynolds 1987). This possible interaction, the 
cloud’s very high velocity, and an earlier report of a possible 
detection of weak Hß emission from the region by Kutyrev 
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(1985) make this cloud an interesting object for high-sensitivity 
Ha observations. 

The observations were made with the Wisconsin 15 cm, dual 
étalon Fabry-Perot spectrometer located near Madison. The 
spectrometer has a circular field of view on the sky 0?8 in 
diameter and a spectral resolving power of 25,000 (12 km s“1). 
We obtained scans of Ha for two fields within the cloud: field 1 
at a = 2h38m0, <5 = +10?5 and field 2 at a = 2h47m0, <5 = + 8?0 
(1950). Within field 1, the 21 cm line has a radial velocity of 
-337 km s“1 (LSR) and a width (FWHM) of 32 km s”\ and 
within field 2, the 21 cm line has a velocity of — 286 km s “1 and 
a width of 40 km s”1 (Cohen 1982). The velocities with respect 
to the Galactic standard of rest (GSR) are —280 km s“1 and 
— 243 km s”1, respectively. Each Ha scan sampled the radial 
velocity interval —412 km s“1 to —237 km s“1 (LSR). Thus 
field 2 serves as an “ off-source ” comparison direction for field 
1 and vice versa. This type of observation makes it possible to 
search for an Ha emission line from the cloud that is compara- 
ble to or weaker than diffuse terrestrial or Galactic emission 
that may be present (e.g., Reynolds et al. 1986). A total of 15 
scans were obtained for each field on the nights of 1988 
December 6-7, 1988 December 10-11, and 1988 December 
11-12. Scans of field 1 and field 2 were obtained alternately to 
eliminate possible systematic effects due to changing air masses 
and other atmospheric conditions. The mean zenith angle of 
the observations was 43°, and the total integration time for 
each field was 6.85 hr. The atmospheric OH emission line at 
6553.6 Â and a laboratory thorium line source provided wave- 
length (radial velocity) calibrations that were accurate to 
±0.05 A(±2kms“1). 

The two spectra that result from the sum of the scans in each 
field are shown in Figures la and lb. The spectra consist of the 
accumulated photomultiplier counts in 4.1 km s“1 velocity 
bins plotted versus radial velocity with respect to the LSR. 
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Approximately 70% of the counts are detected photons from 
^ the sky and 30% are due to thermionic emission from the 
g photocathode. The vertical bars on each data point represent 
^ ±1 standard deviation from Poisson statistics; an inspection 
^ of the statistical fluctuations of the counts in the original scans 

has shown that the fluctuations are consistent with Poisson 
statistics. The radial velocity and full width at half-maximum 
of the 21 cm emission line in each field is indicated by the 
horizontal bar. A number of spectral features are apparent in 
Figures la and lb. The sharp increase in counts at the red edge 
of the spectra appears to be due primarily to the sum of the ± 
first-order Fabry-Perot ghosts associated with the OH 26553.6 
line and the geocoronal Ha line (6562.8 Â). The other features 
are unidentified, the two narrow and extremely faint (0.06- 
0.08 R) emission lines at —377 km s-1 (6555.1 Â) and —341 
km s-1 (6555.9 Â), for example. However, the narrowness of 
these lines (FWHM <12 km s-1) and the fact that they are 
similar in the two fields suggest that they are not associated 
with the HVC. 

There do appear to be differences between the spectra in 
Figures la and lb that can be interpreted as a slight enhance- 
ment in the signal near —330 km s_1 in field 1 relative to the 
signal at that velocity in field 2 and an enhancement in the 
signal near —280 km s_1 in field 2 relative to that in field 1. 
These differences may be seen more clearly in Figure 1c, which 
is the difference spectrum obtained by subtracting the spec- 
trum in field 2 from the spectrum in field 1. In the difference 
spectrum, any Galactic and terrestrial spectral features 
common to both fields should be absent, while any Ha emis- 
sion from the cloud should appear as an enhancement near 
— 337 km s"1 (the field 1 H i velocity) and a depression near 
— 286 km s-1 (the field 2 H i velocity). Such a pattern in fact 
does appear to be present in Figure 1c. We have fitted these 
features with two Gaussians in order to estimate the statistical 
significance of this pattern and to derive best-fit intensities and 
radial velocities. Because of the weakness of the features, their 
widths could not be determined well and, therefore, for the 
Gaussian fitting were fixed at the widths of the corresponding 
21 cm lines, 32 km s-1 and 40 km s-1 for fields 1 and 2, 
respectively. The resulting least-squares fit, represented by the 
solid curve in Figure 1c, gives ^ = 7.3 ± 2.5 x 10“2 R, = 
— 333 ± 6 km s-1, and I2 = 8.9 ± 2.8 x 10“2 R, v2 = —286 
± 7 km s-1, for fields 1 and 2, respectively. Within the uncer- 

tainties of the fit the radial velocities of the Ha features coin- 
cide with the velocities of the 21 cm lines. The absolute surface 
brightness is based on calibrations that use bright emission 
nebulae and standard stars (Scherb 1981) and is estimated to 
have a systematic error that is less than 15%. Because of the 
cloud’s high Galactic latitude, interstellar extinction has been 
neglected. The best-fit “ baseline ” (dotted horizontal line) indi- 
cates that the background continuum in field 1 is approx- 
imately 6% higher than that in field 2. This appears to be due 
primarily to a difference in the number and brightness of stars 
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Fig. 1.—The Ha spectra of the high-velocity H i cloud for field 1 {a) and 
field 2 (b). Each spectrum is the sum of 15 individual scans obtained on three 
nights. The spectra consist of the total photomultiplier counts accumulated in 
4.1 km s -1 velocity bins plotted against radial velocity with respect to the LSR. 
The radial velocity and full width at half-maximum of the 21 cm emission line 
in each field is denoted by a horizontal bar. The field 1 spectrum minus the 
field 2 spectrum (c) is shown with an expanded vertical scale. The solid curve 
drawn through this difference spectrum is a least-squares, two-Gaussian fit to 
the data (see text). The dotted horizontal line is the best-fit “baseline.” The 
vertical bars on each data point represent ± 1 standard deviation from Poisson 
statistics. 

within the two fields. These Ha results plus the 21 cm data 
from Cohen (1982) are summarized in Table 1. 

The Gaussian fitting routine indicated that each of the two 
features in Figure 1c has about a 3 <j level of significance pro- 
viding a total significance of 4.3 <r. The level of significance of 
the Ha emission signature in Figure 1c was estimated indepen- 
dently of this fit by examining the total number of counts 
within 23 km s-1 velocity intervals centered on the H i velo- 

KUTYREV AND REYNOLDS 

TABLE 1 
Ha and 21 Centimeter Parameters of the Cloud 

21 cm Ha 

^hi J'lsr A ^1/2 / Flsr 
Field a1950 <51950 (1019 cm 2) (km s A) (km s ^ (R) (km s ^ 

1   2h38mO +10?5 7.4 -337 32 7.3 ± 2.5 x KT2 -333 ±6 
2   2 47.0 +8.0 7.6 -286 40 8.9 ± 2.8 x 10"2 -286 ± 7 
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cities; this sampled the peaks of any associated Ha emission 
^ lines. The resulting difference between the counts in the two 
^ velocity intervals was about 2.5 <r for each of the three nights of 
S observations and 4.3 a for the sum of the three nights, which is 
^ in agreement with the Gaussian fitting routine. 

III. DISCUSSION AND CONCLUSIONS 

The Ha data presented above indicate that the Ha surface 
brightness of the —300 km s_1 H i cloud in Cetus is < 0.1 R 
with a best-fit mean value of 8.1 ± 1.9 x 10-2 R 
(2.0 ±0.5 x 10“8 ergs cm“2 s“1 sr“1). This surface brightness 
is approximately a factor of 2 below the lowest upper limit 
derived previously for the Ha surface brightness of other HVCs 
(Reynolds 1987) and is about a factor of 3 below the value 
associated with the tentative detection of Ha emission from the 
intergalactic H i cloud in Leo (Reynolds et al. 1986). It also is 
much less than would be expected (»2 R) if the H/Í detection 
reported by Kutyrev (1985) were correct. 

The source of excitation and the origin and location of this 
cloud (and of HVCs in general) are uncertain. Cohen (1982) has 
suggested that the Cetus cloud is debris produced by the tidal 
interaction between our Galaxy and the Magellanic Clouds, 
which would place the cloud at a distance d < 10 kpc from the 
Galactic disk. The very low Ha surface brightness implied by 
the observations presented above appears to place important, 
new constraints on the cloud’s environment and thus its loca- 
tion. First, the observations provide an upper limit on the flux 
Flc of ambient Lyman continuum (LC) photons. Since each 
hydrogen recombination produces on the average 0.46 Ha 
photons (Martin 1988; Pengelly 1964; case B, T ~ 104 K), the 
Ha surface brightness Ia of the cloud due to incident ionizing 
photons is given by 

= 4.6 x 10-7Flc R , (1) 

where ^LC is in units of photons cm 2 s 1 and /a is in rayleighs 
(R). Therefore, since /a < 0.1 R, FLC < 2 x 105 photons cm“2 

s“1. This flux limit is consistent with existing estimates of the 
intergalactic (QSO) flux of ionizing radiation, which range 
from 104 photons cm“2 s“1 (Cowie and McKee 1976, and 
references therein) up to 2 x 105 photons cm“2 s“1 (Paresce 
and Jacobsen 1980). Since these estimates predict 0.005 R ^ 
/a ^ 0.1 R for intergalactic H i clouds (eq. [1]), it is possible 
that the Cetus HVC is far from the Galactic plane and excited 
solely by the intergalactic radiation field. On the other hand, if 
the cloud is close (d < 10 kpc) to the plane, then escaping LC 
photons from OB stars and a shock formed by the interaction 
of the cloud with low-velocity gas in the disk or halo could be 
additional sources of excitation. Based on the standard picture 
of the Galactic disk Bregman and Harrington (1986) have esti- 
mated that the LC flux escaping into the halo is 1.8 x 106 
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photons cm“2 s“1 (or larger). This estimate is almost a factor 
of 10 larger than the upper limit set by the Ha observations, 
indicating that the Cetus cloud may be in a shadow, or that the 
interstellar medium is much less transparent to LC photons 
than Bregman and Harrington have assumed. Furthermore, if 
the cloud were located within the Galactic disk or halo, an 
interaction with the ambient gas should produce shock-excited 
optical emission provided that the cloud’s velocity is super- 
sonic (i.e., the ambient gas temperature is ^ 106 K). The inten- 
sity of this shock-excited Ha depends upon the density of the 
ambient gas and the velocity of the shock (HVC). Therefore, 
since the Ha observations limit the intensity of such a shock, 
an upper limit can be placed on the density of the ambient gas. 
To estimate the Ha surface brightness of the shock as a func- 
tion of ambient density we used the plane-shock model by 
Hartigan, Raymond, and Hartmann (1987), which can be 
extrapolated to low ambient densities (J. Raymond, private 
communication). For a shock velocity of —310 km s“1 (mean 
LSR velocity of the two fields) or —260 km s“1 (mean GSR 
velocity) consistency with the Ha data requires an ambient gas 
density n < (4-6) x 10“3 cm”3, respectively. A model of the 
distribution of the mean gas density with distance z from the 
plane (Reynolds 1989), which is based upon observations of the 
dispersion measures of pulsars, suggests that such densities are 
reached at | z | > 2-3 kpc. Finally, if the Ha emission is due to 
H-recombination within the HVC, then the cloud’s emission 
measure EM = 0.22 ± 0.05T* 9 cm“6 pc (Martin 1988), and its 
rms electron density <nf>1/2 « 1.0 x 10”2T^45^0'5 cm“3, 
where T4 is the temperature in units of 104 K and dl0 is the 
distance in units of 10 kpc. Since the corresponding mean 
density of neutral hydrogen <nHI) «lx lO”2^^1 cm“3, the 
Ha data suggest that a significant fraction («30%-50% for 
d10 = 2 kpc to 10 kpc and 7^ = 1) of the gas in the HVC may 
be H+. The recombination time, t = l/aHnc « 1 
x 107T4 36d?o YL therefore, limits the time since any transient 

ionization of the cloud may have occurred. 
In summary, a high-sensitivity search for Ha emission from 

a —300 km s”1 H i cloud has shown that the Ha surface 
brightness of the cloud is <0.1 R. The data indicate a mean Ha 
surface brightness of about 8 x 10“2 R at the 4.3 <r level of 
significance. The source of this excitation is unknown; 
however, the observations place significant limits on the 
ambient radiation field and gas density, which provide some 
new constraints on the nature and location of the cloud. 
Further optical emission line observations of this cloud and 
other HVCs, particularly with higher sensitivity techniques, 
would seem to be very desirable. 

This work was supported by the National Science Founda- 
tion through grant AST 8813467 and by the International 
Research and Exchanges Board, Princeton, NJ. 

REFERENCES 
Bregman, J. N., and Harrington, J. P. 1986, Ap. J., 309,833. 
Cohen, R. J. 1981, M.N.R.A.S., 196,835. 
 . 1982, M.N.R.A.S., 200,391. 
Cowie, L. L., and McKee, C. F. 1976, Ap. J. (Letters), 288, L33. 
Hartigan, P., Raymond, J., and Hartmann, L. 1987, Ap. J., 316,323. 
Hulsbosch, A. N. M. 1975, Astr. Ap., 40,1. 
Kutyrev, A. S. 1985, Astr. Tsirk, No. 1396, p. 3. 
Martin, P. C. 1988, Ap. J. Suppl, 66,125. 
Münch, G., and Zirin, H. 1961, Ap. J., 133,11. 
Paresce, F., and Jacobsen, P. 1980, Nature, 288,119. 

Pengelly, R. M. 1964, M.N.R.A.S., 127,145. 
Reynolds, R. J. 1987, Ap. J., 323,553. 
 . 1989, Ap. J. (Letters), 339, L29. 
Reynolds, R. J., Magee, K., Roesler, F. L., Scherb, F, and Harlander, J. 1986, 

Ap. J. (Letters), 309, L9. 
Scherb, F. 1981, Ap. J., 243,644. 
Sougaila, A., York, D. G., Cowie, L. L., and Blades, J. C. 1985, Ap. J. (Letters) 

293, L15. 
Wakker, B. P., and Boulanger, F. 1986, Astr. Ap., 170,84. 

A. S. Kutyrev: Sternberg State Astronomical Institute, Moscow University, U.S.S.R. 

R. J. Reynolds : Department of Physics, University of Wisconsin, 1150 University Avenue, Madison, WI 53706 

© American Astronomical Society • Provided by the NASA Astrophysics Data System 


	Record in ADS

