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ABSTRACT 
The region of the semicircular supernova remnant G109.1 —1.0 (CTB 109) is studied on the basis of CO 

observations with the Nobey ama Radio Observatory (NRO) 45 m radio telescope and X-ray data from the 
archive of the Einstein Observatory. By observing the J = 1-0 transition of CO at 115 GHz, the distribution of 
the molecular cloud associated with the remnant is investigated in detail. The resolution of the CO mapping 
observations is 30"-60" (0.6-1.2 pc), and the number of the CO spectra obtained is about 2000. The molecular 
ridge (CO arm), which was known to show an apparent anticorrelation with the curled X-ray jetlike feature of 
the remnant, is resolved into two CO filaments. X-ray spectra toward the CO arm are harder than those 
toward the surrounding region. The harder X-ray spectrum, together with the decrease of the X-ray intensity, 
suggests that X-ray absorption takes place, although there remains a possibility that hotter plasma is located 
along the line of sight toward the CO arm by chance. The hardness of the X-ray spectrum toward the CO 
arm is consistent with the column densities of the two CO filaments. However, the overall appearance of the 
remnant will not be affected very much by the absorption, because the X-ray absorption is found to be a 
minor effect. Shock-accelerated CO gas has not been observed toward the G109.1 — 1.0 region. The upper 
bound to the intensity of shock-accelerated CO gas is 0.4 K for the whole mapped region, and the upper 
bound toward 11 points observed at a lower noise level is 0.1 K. These upper bounds are below the intensity 
(1-2 K) of shock-accelerated CO gas associated with IC 443. 
Subject headings: interstellar: molecules — nebulae: individual (G109.1 — 1.0, CTB 109) — nebulae: supernova 

remnants — X-rays : sources — X-rays : spectra 

I. INTRODUCTION 

G109.1 —1.0 (CTB 109) is a supernova remnant with a semi- 
circular shape (Gregory and Fahlman 1980; Downes 1983; 
Sofue, Takahara, and Hirabayashi 1983; Hughes et al. 1984). 
The X-ray pulsar IE 2259 + 586 is located at the center of the 
remnant (Fahlman and Gregory 1981, 1983; Koyama, Hoshi, 
and Nagase 1987), and a curled X-ray jetlike feature extends 
from the X-ray pulsar to the remnant shell (Gregory and 
Fahlman 1980,1981 ; see also Gregory and Fahlman 1983). 

A giant molecular cloud in the direction of G109.1 —1.0 has 
been observed in the J = 1-0 transitions of CO and/or 13CO 
by several groups at 3-8' resolution, and the association of 
G109.1 —1.0 with this giant molecular cloud has been investi- 
gated (Israel 1980; Heydari-Malayeri, Kahane, and Lucas 
1981; Gregory et al. 1983; Tatematsu et al. 1985, 1987). The 3' 
resolution observations by Tatematsu et al. (1987) have clearly 
shown that the western chord of the semicircular shape of 
G109.1 —1.0 just corresponds to the eastern boundary of the 
main body of the giant molecular cloud. They also pointed out 
that a molecular ridge (CO arm), which extends from the main 
body of the cloud, shows an apparent anticorrelation with the 
curled X-ray jetlike feature of the remnant; the CO arm is 
apparently surrounded by the X-ray jetlike feature. Tatematsu 
et al. (1987) suggested that the absorption of the X-ray emis- 
sion by the CO arm is responsible for the anticorrelation 
between them. 

In this paper, we report detailed CO observations with the 
45 m radio telescope of the Nobey ama Radio Observatory1 

(NRO) and examination of the archival X-ray data of 
G109.1 —1.0 obtained with the Einstein Observatory. Except 
for the spectrum toward the X-ray pulsar, X-ray spectra of the 
Einstein Observatory toward this remnant have not been 
analyzed in detail. The purposes of the present study are (1) to 
know whether the X-ray absorption by the CO arm actually 
takes place or not, and (2) to search for dynamical influence of 
G109.1 —1.0 on the molecular cloud. For the first purpose, we 
compare a high-resolution CO map with the X-ray image of 
the remnant to assess the anticorrelation between the CO arm 
and the X-ray jetlike feature, and we analyze the X-ray data to 
search for evidence of absorption. For the second purpose, we 
search for Doppler-shifted wing emission in CO spectra. Until 
now, IC 443 has remained a unique example which shows 
broad molecular emission indicating shocks (DeNoyer 1979; 
DeNoyer and Frerking 1981; Huang, Dickman, and Snell 
1986; White et al. 1987). Since we know that G109.1 —1.0 is 
associated with the molecular cloud, a search for broad CO 
emission is of interest. Throughout this paper, the distance to 
this region is assumed to be 4.0 kpc (see Tatematsu et al. 1987, 
and references therein). In § II, we describe the CO observa- 

1 The Nobey ama Radio Observatory is a branch of the National Astrono- 
mical Observatory, an interuniversity research institute operated by the Minis- 
try of Education, Science, and Culture, Japan. 

157 

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



19
90

A
pJ

. 
. .

35
1.

 .
15

7T
 

158 TATEMATSU ET AL. Vol. 351 

lions and the X-ray data. The distribution of the molecular 
cloud and the negative result of a search for shock-accelerated 
CO gas are presented in § III. In § IV, we examine the X-ray 
spectra of the remnant and estimate the absorbing column 
density corresponding to the molecular cloud. Evidence of 
X-ray absorption, the true X-ray image of G109.1 —1.0, and 
the meaning of the lack of shock-accelerated CO gases in this 
region are discussed in § V. 

II. OBSERVATIONS 

a) CO Observations 
Observations were carried out in the J = 1-0 transition of 

the CO (12C160) molecule at 115 GHz by using the NRO 45 m 
radio telescope in three periods: 1986 December, 1987 April, 
and 1987 December. This radio telescope has a half-power 
beamwidth of 17" ±1" and a beam efficiency of 0.45 ± 0.05 at 
this frequency. A cooled Schottky mixer receiver was 
employed, and it provided a system temperature of 700-1000 
K (SSB). We used one of the acousto-optical spectrometers 
having 37 kHz (0.1 km s-1) resolution. Pointing of the tele- 
scope was established by observing one of the relevant SiO 
maser sources at 43 GHz every 2 hr at least, and its accuracy 
was typically 5"-10". We have mapped an area covering the 
remnant at spacings of 30"-60", and ~2000 spectra were 
obtained. The observed area and spacing intervals are illus- 
trated in Figure 1. The typical rms noise level is 0.35-0.4 K for 
the mapping observations, when the spectra are smoothed to 
360 kHz (0.9 km s~1) resolution. To investigate the existence of 
shock-accelerated CO gas, we observed the 11 additional 
points listed in Table 1 at lower noise levels. All the spectra 
were obtained in the position switching mode, and only linear 
baselines were subtracted from them. The flatnesses of the 
baselines are sufficient for a search for broad CO emission. The 
line intensity was calibrated by using the standard chopper- 
wheel method and is expressed in terms of the corrected 
antenna temperature TA* (Kutner and Ulich 1981, and refer- 
ences therein). 

Fig. 1.—Area observed in CO (J = 1-0). A, B, and C denote regions 
observed at spacing intervals of 30", 42"4, and 60", respectively. 

TABLE 1 
Points Observed at Lower Noise Levels 

rms Noise 
R.A.(1950) Decl.(1950) Levela Comment 

22h57m44?6  58°36'30" 0.10 K Not used for map 
22 57 48.5  58 36 30 0.10 K Not used for map 
22 57 52.3  58 36 30 0.10 K Not used for map 
22 57 56.2  58 36 30 0.10 K Not used for map 
22 58 00.0  58 36 30 0.10 K Not used for map 
22 58 43.3  58 43 30 0.15 K 
22 58 43.3  58 44 30 0.15 K 
23 01 36.6  58 40 30 0.12 K 
23 01 40.4  58 40 30 0.12 K 
23 01 44.3  58 40 30 0.12 K 
23 01 48.1  58 4030 0.12 K 

a At 360 kHz resolution. 

b) X-Ray Observations 
We extracted the data of G109.1 —1.0, which have been 

obtained with the Imaging Proportional Counter (IPC) on 
board the Einstein Observatory, from the archive at the 
Harvard-Smithsonian Center for Astrophysics. Details of the 
Einstein Observatory are given in Giacconi et al. (1979). These 
data were originally obtained by Gregory and Fahlman (1980) 
and Fahlman and Gregory (1983) as four separate observa- 
tions (18102, 19984, 19985, and 19986). An observation log is 
given in Fahlman and Gregory (1983). They have analyzed a 
spectrum toward the X-ray pulsar, but X-ray spectra of the 
remnant, excluding the X-ray pulsar, have not been investi- 
gated in detail. We use the same X-ray data to search for X-ray 
absorption by the CO arm. We analyzed the data 18102 
separately from 19984, 19985, and 19986, because there was a 
large temporal change in the detector gain between these fields. 
We merged the data 19984,19985, and 19986 to make one data 
set. The photon counts in PH (pulse height) channels 4-9, 
which correspond to 0.63-3.05 keV in 18102 and to 0.45-2.21 
keV in I9984-I9986, were used for spectral analysis. We 
omitted the counts in PH channels 1-3 and 10-15 in spectral 
fitting, because in these channels the number of source counts 
is small and also because the instrumental spatial resolution 
becomes larger (>Z2 FWHM) in channels 1-3. The X-ray 
image of G109.1 — 1.0, background subtracted and corrected 
for vignetting, was constructed by adding all four data fields. 

III. RESULTS OF THE CO OBSERVATIONS 

a) CO Distribution 
Figure 2 is a contour map of the CO intensity integrated 

from —57 to —43 km s-1 in F^SR. Most of the CO profiles 
range from —53 to —47 km s_1, and a map of the CO inten- 
sity integrated within this narrower range is shown in Figure 3. 
Thin lines in Figure 3 represent a 0.5-4.5 keV X-ray map of 
G109.1 — 1.0. The X-ray map, which was convolved with a 
Gaussian function of width <t = 32", has a resolution of ~2' 
FWHM. On the X-ray map, the X-ray pulsar IE 2259 + 586 is 
located at the center of the remnant, and the curled X-ray 
jetlike feature extends eastward from it. The CO emission seen 
on the right side of these maps is an eastern part of the main 
molecular cloud (see, e.g., Tatematsu et al. 1985 for its overall 
structure). This outer part of the main molecular cloud appears 
conspicuously clumpy. The CO intensity is not intense (2-6 K 
km s-1) near the boundary of the main molecular cloud, and 
there is no enhancement in CO intensity along the interface 
with G109.1-1.0. 

© American Astronomical Society • Provided by the NASA Astrophysics Data System 
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R.A.(1950) 
Fig. 2.—Contour map of the CO (J = 1-0) intensity integrated over 

the radial velocity range ^lsr — ( — 57, —43) km s 1. Contour interval is 
3 Kkm s-1. 

The CO arm extending along decl. (1950) = 58°45', which 
was previously recognized as one ridge, is resolved into two 
CO filaments. These two CO filaments have different peak 
velocities of -50 km s-1 and — 48 km s~\ respectively, and 
are shown separately in two equi-velocity maps (Figs. 4 and 5). 
Five CO spectra taken along R.A. = 22h59m06s4 (Fig. 6) 
clearly illustrate the velocity difference of the two filaments, 
from — 50 km s_1 to -48 km s-1 in FLSR. Figure 4 represents 

Fig. 3.—Map of the CO intensity integrated over FLSR = ( —53, —47) km 
s-1 is shown as thick lines. The 0.5-4.5 keV X-ray map of G109.1 —1.0 
obtained with the Einstein Observatory is superposed as thin lines. Contour 
interval for the CO emission is 2.3 K km s_1. Contours of the X-ray emission 
are drawn at (7.9, 24, 39, 55, 71, 87, 103, 118, 134, 150, 166, 234, 331, 467, 660, 
932, 1316, 1859) x 10"4 IPC counts s“1 arcrnin"2. Resolution of the X-ray 
map is ~2' FWHM. 

Fig. 4.—Map of the CO emission at the radial velocity interval = 
( — 51, —49) km s~1 toward the CO arm (thick lines). Contour interval is 
1.5 K km s- x. The X-ray map is superposed as thin lines. 

Fig. 5.—Same as Fig. 4, but for FLSR = (—49, — 47) km s 1 

R.A.=22h59 m06s.4 

10 

—I I J— 
CO 

“I 1— 

58° 41' 30' 

J L. 

58° 45' 30" 

58° 44' 30" 

58° 43'30" ^ 

58° 42' 30" 

-58 -54 -50 -46 -44 
VLSR (km s _1 ) 

Fig. 6.—Examples of the CO profiles observed toward the CO arm 
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the CO intensity integrated at the velocity interval ^lsr — 

(—51, —49) km s_1, and Figure 5 represents the intensity at 
the interval 1^SR = (—49, — 47) km s-1. The southern CO fila- 
ment has a curled shape (Fig. 4), whereas the northern CO 
filament has a rather straight shape (Fig. 5). The west part of 
the northern CO filament [R.A.(1950) = 22h58m20s-59m00s] is 
observed over the range kLsR = (—49, —45) km s-1. The 
extents of these two CO filaments are 2'-3, (2-3 pc) in width 
and ~ 14' (16 pc) in length. The two CO filaments extend from 
the common root [R.A.(1950) = 22h58m20s-58m40s, 
decl.(1950) = 58°44'] to the common top, a CO peak 
[R.A.(1950) = 22h59m50s, decl.(1950) = 58°45']. Since the two 
filaments extend from the main molecular cloud, which is 
associated with G109.1 — 1.0, they are thought to be located 
within or just near this supernova remnant. These CO fila- 
ments are surrounded by a curled X-ray ridge or the X-ray 
jetlike feature (see the fifth contour of X-rays in Fig. 3) as 
pointed out by Tatematsu et al (1987). In particular, the CO 
peak is located just toward a relative depression of the X-ray 
intensity centered on R.A. = 22h59m9, deck = 58045' with a 
diameter of 4', and the root part of the CO filaments is located 
toward a relative depression at R.A. = 22h58m4-59m0, 
deck = 58042,-47,. The anticorrelation is generally good except 
for the point R.A.(1950) = 22h59m4, deck(1950) = 58041', where 
both the X-ray and CO emission are weak (see also Fig. 2 of 
Tatematsu et al 1987). 

To obtain the column densities and masses of the two CO 
filaments, we use the CO and 13CO data obtained with the 
Nagoya 4 m radio telescope (Tatematsu et al 1987). Although 
their integrated CO map (see their Fig. 2) does not resolve the 
CO arm into the two filaments, radial velocity of the 13CO 
emission helps us to identify which part of the CO arm on the 4 
m telescope data corresponds to either of the two filaments. 
The northern half of the CO arm on the 4 m telescope data 
shows the 13CO emission at a radial velocity of —48 km s-1, 
whereas the southern half shows the emission at — 50 km s ~1 

velocity. We have selected three observed positions for the 
northern filament and one position for the southern filament to 
obtain the representative values of the column densities of the 
CO filaments. The H2 column densities toward the northern 
and southern CO filaments are estimated to be 8-10 x 1020 

cm-2 and ~2 x 1020 cm-2, respectively. Here we adopt the 
standard method assuming local thermodynamic equilibrium 
(LTE) to estimate the 13CO column density, and we convert it 
to the H2 column density by multiplying by 5 x 105 (Dickman 
1978). The common root part of the two CO filaments has 
almost the same H2 column density as the northern CO fila- 
ment. The CO peak has an H2 column density of 2 x 1021 

cm-2. The average H2 number densities in the northern and 
southern CO filaments are estimated to be 100-150 cm-3 and 
30 cm-3, respectively. We assume now that both the CO fila- 
ments have a depth along the line of sight of 2-3 pc, which is 
the same value as the width of the filaments as resolved with 
the 45 m radio telescope. The H2 density of 30 cm-3 estimated 
for the southern CO filament is lower than the value > 102 

cm-3. This value may be lower than that needed to col- 
lisionally excite the J = 1-0 transition, even when radiation 
trapping is taken into account. The density in the southern 
filament might be underestimated; e.g., the true depth may be 
smaller than the assumed value, or the filling factor of CO 
emitting gas for the 4 m telescope beam may be smaller than 
unity. The diffuse parts of the northern and southern CO fila- 
ments, excluding the CO peak, have a length of 12 pc, and their 
masses are estimated to be 500-700 M0 and 100-150 M0, 

Vol. 351 

respectively. The CO peak has a mass of 900 M0 within the 
half-intensity contour of the column density map (4Ï5 or 5.2 pc 
in diameter), and the average H2 density is estimated to be 130 
cm-3 by assuming that its shape is spherical. We adopt here a 
mean molecular weight per H2 molecule of 2.76 mH for mass 
estimation. The values quoted here are lower limits, because 
gases in atomic form are not included. 

An eastern molecular cloud centered on R.A.(1950) = 
23h02m, deck(1950) = 58°40', which was first detected by Tate- 
matsu et al (1987), is thought to belong to the G109.1 —1.0 
region because it is located near the remnant shell and also 
because its radial velocity ( — 49 to —46 km s-1) is close to 
those of the CO filaments. The velocity gradient in the EW 
direction reported by Tatematsu et al (1987) is confirmed in 
the present, higher resolution study. 

b) Search for Shock-Accelerated CO Gas 
The CO spectra obtained in the CO mapping observations 

have line widths of a few km s~1 FWHM in general. Such 
narrow CO emission probably comes from unperturbed gases. 
Only toward a molecular clump centered on R.A.(1950) = 
22h57m7, deck(1950) = 58°43' did we obtain relatively broad 
CO spectra having line widths of 4-7 km s “1 FWHM, but the 
line shape and line width of the CO spectra are typical of the 
dense part of the giant molecular cloud rather than indicative 
of shock-accelerated CO gas (see Tatematsu et al 1985). The 
velocity difference of 2 km s-1 between the northern and 
southern CO filaments are too small to be attributed to the 
dynamical influence of G 109.1 —1.0. The rms noise level for the 
whole mapped region is typically 0.35-0.4 K at 360 kHz (0.9 
km s-1) resolution. 

To obtain a better constraint, we observed 11 additionally 
selected points (Table 1) at lower noise levels. We selected 
positions near the edge of the molecular cloud which seem to 
have been struck by the supernova remnant; four points were 
selected on the eastern molecular cloud and five points were 
selected near the edge of the main molecular cloud. We also 
observed two points at the root part of the CO filaments. 
Figure 7 shows CO spectra smoothed to 360 kHz (0.9 km s" ^ 
resolution. The rms noise level toward the 11 selected points 
is 0.1-0.15 K. The baselines of the obtained spectra are suffi- 
ciently flat. None of the spectra show any indication of broad- 
line emission. 

Shock-accelerated CO gas is absent in the G109.1 — 1.0 
region in the present CO study. The 3 cr upper limit to the 
intensity of shock-accelerated CO gas, which is expected to 
have a line width of > 10 km s_1 (4 MHz), is ~0.4 K for the 
whole mapped area and ~0.1 K toward the selected 11 points. 
These values are smaller than the CO intensity (T** = 1-2 K) 
of the gas accelerated by IC 443 (Huang, Dickman, and Snell 
1986). The beam size and spacing intervals employed here are 
comparable in a projected linear dimension (parsecs) to those 
used in a survey of broad CO emission in IC 443 by Huang, 
Dickman, and Snell. It seems that the CO cloud associated 
with the supernova remnant does not necessarily mean the 
existence of shock-accelerated CO gases. 

IV. EXAMINATION OF THE X-RAY SPECTRA 

The purpose of the analysis was to search for the absorption 
of X-rays by the CO arm as suggested by Tatematsu et al 
(1987). The X-ray spectra were extracted from six areas (Table 
2 and Fig. 8). The observed X-ray spectrum, which has been 
only background subtracted, is harder toward the CO arm 
than in the cloud-free directions (not shown). 

TATEMATSU ET AL. 
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TABLE 2 
Areas for X-Ray Spectral Analysis 

Area R.A.(1950) Decl.(1950) Diameter Comment 

PI   22h59m42s 58°45:0 6'00" 
P2   22 59 58 58 38.9 600 
P3   23 00 35 58 46.7 600 
P4   22 59 40 58 51.3 600 
Q1   22 58 37 58 44.2 600 
Q2   22 58 53 58 50.5 600 
Background   22 57 08 58 36.8 1040 18102 
Background   23 02 24 58 36.4 1040 19984,19985,19986 

The harder X-ray spectrum may imply either hotter tem- 
perature or larger absorbing column density. Spectral fitting 
was performed by using the usual method of reduction for the 
IPC data (e.g., Leahy et al 1985). The X-ray spectra back- 
ground subtracted were fitted to model spectra convolved with 
the detector response; the model spectrum was the optically 
thin thermal spectrum of Raymond and Smith (1977) with 
absorbing column density. The data quality is not sufficient to 
give meaningful results by varying both temperature and 
column density as free parameters, because the effects of these 
two parameters are highly coupled. The molecular cloud (CO 
arm) corresponds to a local minimum in X-ray surface bright- 
ness, and fitting with a fixed temperature would be helpful to 
know whether the CO arm absorbs X-rays or not. 

First, we fitted the X-ray spectra fixing the temperature at 
kT = 0.9 keV. The value 0.9 keV was determined by the results 

23h01m48!H 

2^0^44^ < 
cr 

23h0P40^4 

23h01m36!?6 

5üoü3'30" 

22h58mOOsO 

22h57m56s2 . 
< 

22h57m52s3 * 

22h57m48s5 

22h57m44s6 

Visr (kms-1) 
Fig. 7.—CO profiles obtained at lower noise levels. Spectra are smoothed 

to 360 kHz (0.9 km s-1) resolution for showing flatness of the baseline well. 
The CO emission at ^lsr — 8 km s 1 represents a local molecular cloud. 

of two-parameter fitting and by the restriction that the H 
column densities in the cloud free directions (P2-4, Q2) be 
consistent with an upper limit of 5 x 1021 cm-2 estimated 
from the optical reddening of stars in this region (Crampton, 
Georgelin, and Georgelin 1978; Gregory and Fahlman 1980). 
The results of fitting are shown in Figure 9. The column 
density was estimated by minimizing the x2 value. The 68% 
and 90% confidence levels are generated at /2 in + 1 and /2 in 
+ 2.7, respectively (e.g., Lampton, Margon, and Bowyer 1976). 

The derived H column density is larger toward the CO arm. 
We also fitted the observed X-ray spectra at several fixed tem- 
peratures other than 0.9 keV. When the X-ray spectra were 
fitted by fixing temperature at kT = 0.7, 1.1, and 1.3 keV, we 
also obtained the same tendency in absorbing column density 
(not shown). When kT < 0.5 keV or kT > 1.5 keV, the x2 

values were too large to accept. 
Next, by fixing H column density at 3.5 x 1021 cm-2, we 

fitted the observed spectra. The excess of temperature toward 
the CO arm was estimated to be 0.2 keV. This value is not very 
large, and the harder spectrum can be attributed to tem- 
perature variation over the remnant. In this case, the harder 
spectrum toward the CO arm is interpreted as chance coin- 
cidence : since dense interstellar gases tend to decrease the tem- 

— CO Vlsr =(-53-47) km s“1 

G109.H.0 — X-ray 
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18102 19984, 19985, 19986 

18102 19984, 19985, 19986 

Fig. 9.—Results of the X-ray spectral fitting. The spectrum of the thermal plasma of Raymond and Smith (1977) at kT = 0.9 keV is assumed. H column density is 
estimated by minimizing the x2 value, and 90% confidence level is generated at ^in + 2.7 (Lampton, Margon, and Bowyer 1976). The data set 18102 (left panels) and 
the data set combining 19984,19985, and 19986 (right panels) are processed independently, avoiding the influence of temporal variation of the detector gain. 

perature of adjacent gases, hotter plasma cannot be physically 
related to the CO arm. We do not exclude the possibility of 
temperature variation, but the absorption model seems much 
more plausible when we take into account the anticorrelation 
of X-ray surface brightness with the CO distribution. 

v. DISCUSSION 

a) Evidence for X-Ray Absorption and the T rue 
X-Ray Image of the Remnant 

We found an excess of absorbing column density toward the 
CO arm through spectral fitting at fixed temperature. The 
present results of the spectral fitting are thought to be reliable, 
because the independent data showed the same tendency: the 

column density toward the CO arm (PI and Ql) is consistently 
larger than that in the cloud-free direction (P2-4 and Q2) in all 
the four panels when we adopt the best-fit values (Fig. 9). The 
detector-gain calibration and background subtraction seem 
satisfactory because we have obtained consistent results from 
18102 and I9984-I9986, although the IPC detector gain varied 
between these fields and different areas were used for back- 
ground subtraction (see Table 2). Furthermore, the results do 
not depend much on the temperature assumed in fitting, 
because the spectral fitting at 0.7, 1.1, and 1.3 keV showed the 
same tendency as the fitting at 0.9 keV did. In Figure 9, the 
excesses of the H column density toward PI and Ql are 1- 
4 x 1021 cm-2 and >4 x 1021 cm-2, respectively. These 
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values are compatible with the estimates of the H column den- 
sities toward the CO peak (PI) and the root part of the CO 
arm (Ql) of 4 x 1021 cm-2 and 2 x 1021 cm-2, respectively, 
from the CO/13CO data of Tatematsu et al. (1987). (Now the 
column densities of molecules are expressed as the number of 
H atoms for comparing with the X-ray absorbing column 
density.) 

We wonder how G109.1 —1.0 would look if the X-ray emis- 
sion were not absorbed by the molecular cloud at all. Correc- 
tion for the X-ray absorption by the CO arm will fill up the 4' 
diameter relative X-ray depression corresponding to the CO 
peak and the X-ray distribution like a “ bay ” corresponding to 
the root part of the CO arm. Absorption by the CO peak (H2 
column density = 2 x 1021 cm-2) and the root part (1 x 1021 

cm-2) may decrease the X-ray intensity by 47% and 29%, 
respectively. We assume here that there are foreground diffuse 
interstellar media having an H column density of 3 x 1021 

cm-2 between the object and us. The decreases estimated here 
are upper bounds, because it is possible that the CO filaments 
are located within the remnant. Since the anticorrelation 
between the CO arm and the X-ray jetlike feature is not com- 
plete (§ Ilia), and the southern CO filament has a small column 
density, absorption will not explain the whole X-ray weak 
region surrounded by the X-ray jetlike feature. Whether the 
X-ray map is corrected for absorption or not, the X-ray blob at 
R.A.(1950) = 23h00m, decl.(1950) = 58°38', which is a part of 
the X-ray jetlike feature, is thought to be the most conspicuous 
feature next to the X-ray pulsar. It is likely that the observed 
X-ray map represents the true image of G 109.1 —1.0 basically, 
although the absorption by the CO arm has a minor effect on 
the X-ray map. The X-ray appearance of G109.1 — 1.0 will be 
mostly explained in terms of a combination of the X-ray 
pulsar, the semicircular X-ray shell structure, the additional 
X-ray blob, and the effect of X-ray absorption by the CO arm. 

The origin of the additional X-ray blob must be discussed. 
Here we present two possible explanations. First, the X-ray 
blob might be related to the activity of the X-ray pulsar, 
because they are close to each other. Gregory and Fahlman 
(1980,1981) proposed that the X-ray jetlike feature represents a 
jet ejected from the X-ray pulsar. This model is analogous to 
the X-ray jets observed toward the SS 433/W50 system 
(Seward et al 1980; Watson et al 1983). We are not sure 
whether the whole curled X-ray feature may represent a jet 
from the X-ray pulsar or not, because the curled X-ray feature 
(except for the conspicuous X-ray blob) cannot be discerned 
from the X-ray shell easily. The X-ray data do not show any 
trace of a counter blob, although there is no CO cloud absorb- 
ing X-rays. Thus, the blob is likely to be one-sided. The X-ray 
blob may represent an episodic ejection from the X-ray pulsar 
or gas illuminated by some kind of beam from the X-ray 
pulsar. Second, the X-ray blob may represent a local excess of 
the emission measure of postshock gases resulting from a 
density fluctuation in preshock gases. The X-ray intensity 
toward the X-ray blob is larger than in adjacent regions by a 
factor of 2-5. If the X-ray blob is spherical, its emissivity will be 
5-20 times larger than the average value within the remnant. 
Since the emission measure is proportional to the square of 
electron density, a diffuse cloud having a somewhat (2-5 times) 
larger density than the average preshock density (of order 0.5 
cm~3) may have produced a feature like the X-ray blob after 
the passage of the blast wave. The density in the preexistent 
diffuse cloud would be less than several cm-3, because the 
temperature of the gases in the X-ray blob must be greater than 

106 K, to which the IPC detector is sensitive. If the diffuse 
cloud had been spatially located near the X-ray pulsar, it 
would be dispersed completely by now. Thus, in this model the 
X-ray blob should be located near the shell. One may attribute 
the origin of this preexistent cloud to a part of the tenuous 
skirts of the CO arm, because in general interstellar clouds 
have a density structure that decreases outward. 

b) Lack of Shock-accelerated CO Gases and the Physical 
Condition of the Molecular Cloud 

The results of the present CO observations give no indica- 
tion of shock-accelerated CO gases associated with 
G109.1 —1.0. On the other hand, IC 443 is known to exhibit 
shock-accelerated CO gases (DeNoyer 1979; Huang, 
Dickman, and Snell 1986; White et al 1987). On what condi- 
tion might shock-accelerated CO gases be observed? One 
might think that we cannot observe accelerated CO gases as 
shifted components in radial velocity because the motion of 
shocked gases on the surface of the main molecular cloud is 
perpendicular to the line of sight. However, positions C, D, and 
E of IC 443, which show shock-accelerated CO gases, are 
located just on the remnant shell (Huang, Dickman, and Snell 
1986). Since the shocked gases are likely to be highly turbulent, 
the configuration of a shock front with respect to the line of 
sight is probably not important. 

We suspect that the presence or lack of accelerated CO gases 
is explained in terms of difference in preshock density. It is 
likely that the peripheral part of the main molecular cloud 
mainly consists of atomic gases. We estimate the H2 column 
density and the average H2 density toward the peripheral part 
to be <2 x 1021 cm-2 and <20 cm-3, respectively, by using 
the data of Tatematsu et al (1987). Here we assume that the 
main molecular cloud has a depth along the line of sight of 
>30 pc, because the main molecular cloud has prevented an 
isotropic expansion of G109.1 — 1.0. The average density is 
much smaller than values observed toward typical molecular 
clouds (>102 cm-3) (see, e.g., Myers 1978). Tatematsu et al 
(1985) have shown that there is an H i cloud corresponding to 
the main molecular cloud. It seems that gas in the peripheral 
part of the main molecular cloud is mainly in atomic form, 
although a small amount of molecular gas is contained 
enabling us to observe it in CO. Shocked gas resulting from 
atom-rich preshock gas may consist mainly of atomic (or 
ionized) gas. The average densities in the two CO filaments are 
not large (100-150 cm-3 for the northern one and 30 cm-3 for 
the southern one), and we expect that these filaments also 
accompany atomic gas. If the two filaments are surrounded by 
atomic gas, the lack of accelerated CO gases in these filaments 
can be explained in the same way. On the other hand, the 
preshock H2 density at position B in IC 443 was estimated to 
be 3000-3500 cm-3 (Ziurys, Snell, and Dickman 1989) and is 
large enough to produce the shock-accelerated CO gas (see 
also discussion by Burton et al 1988). 

VI. SUMMARY 

The supernova remnant G109.1 — 1.0 and the associated 
molecular cloud are studied through CO observations with the 
NRO 45 m radio telescope and the examination of archival 
X-ray data of the Einstein Observatory. The main results are 
summarized in the following two points. 

(1) The CO arm extending from the main molecular cloud 
probably absorbs some of X-rays emitted from the remnant. 
The CO arm is resolved into two thin CO filaments. The anti- 
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correlation between these CO filaments and the X-ray intensity 
distribution of the remnant is generally good. The analysis of 
X-ray spectral data indicates that the spectrum toward the CO 
arm is harder than in the cloud-free direction. Together with 
the decrease of the X-ray intensity on the X-ray map, the 
harder X-ray spectrum toward the CO arm suggests the X-ray 
absorption by the CO arm. The absorbing column density 
toward the CO arm estimated from the X-ray analysis is com- 
patible with the actual column densities of the two CO fila- 
ments estimated from the CO/13CO data of Tatematsu et al. 
(1987). However, we think that the true X-ray appearance of 
G109.1 — 1.0 is not much different from the observed one, 
because the X-ray absorption is a minor effect. 

(2) We did not detect any broad CO emission which might 

represent CO gas accelerated by G109.1 — 1.0. The upper 
bound to the intensity of shock-accelerated CO gas is 0.4 K for 
the whole region mapped in CO and 0.1 K toward 11 points 
observed with greater sensitivity. These upper bounds are 
below the intensity of 1-2 K of the accelerated CO gas 
observed toward IC 443. 
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