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Abstract

The edge-on Sc galaxy NGC 5907 has been observed in the 2CO(J = 1-0)-line emission using the
Nobeyama 45-m telescope. The radial density distribution at between 2 and 13 kpc is well represented by
a superposition of an exponential-law disk of scale radius 3.5 kpc and a ring of 7 kpc radius. However, no
concentration of gas has been observed in the central 2 kpc. The radial distribution and position-velocity
diagram are compared in detail with those obtained for H1. We found that the molecular gas dominates in
the central 5 kpc region, while HI dominates in the outer region, clearly separated by a “molecular front”
at 5 kpc radius. This molecular front could be the place where the phase change from HI to Hs, or vice
versa, is taking place on a galactic scale. The central deficiency of the molecular gas is exceptional for a
late-type galaxy, which was found for the first time among Sc galaxies, and the second case after the Sb
galaxy M31. We argue for the possibility of destruction of the nuclear gas disk by a merger with another
galaxy, and discuss its relation to the outer warping disk.
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1. Introduction

NGC 5907 is a nearby Sc galaxy with an almost edge-
on orientation at an inclination angle of 88° (Sasaki 1987;
Barnaby, Thronson 1992). Radio continuum maps have
revealed a thin disk of nonthermal as well as thermal
emissions (e.g., Hummel et al. 1984). Observations of the
H1 line emission have shown a large disk of interstellar
gas, which is warping in the outermost regions (Sancisi
1976; Rots 1980; Bosma 1981). CO(J = 1-0, 2-1) line
emissions have been detected (Braine et al. 1993), while
no mapping observations with a sufficient resolution have
been obtained.

This paper is the fifth in a series describing the re-
sults of a high-resolution survey of edge-on galaxies in
the 12CO(J = 1-0) line emission using the Nobeyama 45-
m telescope; we describe the results for NGC 5907. In
our Papers I to IV we presented the results for other
edge-on galaxies (Sofue et al. 1987, 1989; Sofue, Nakai
1993, 1994).

2. Observations

Observations of the 2CO(J=1-0) line emission of
NGC 5907 were performed in 1992 December using the
45-m telescope of the Nobeyama Radio Observatory. The
parameters for the galaxy are given in table 1. The ob-
servational parameters were described in Papers III and

IV in detail, and are summarized in table 2.

We used a coordinate system (X,Y’) based on the dis-
tances along the major and minor axes from the center
position, respectively (X is positive toward the south-
east, and Y is positive toward the north-east). Obser-
vations were made at every 15” grid interval along the
major axis from X = —4’ to +4’, which yielded an effec-
tive angular resolution of § = (HPBW2+AX?2)1/2 = 21"
except for the edge-most region at |X| > 3/, where the
interval was 30”. Additional Y scans were made at sev-
eral X positions in order to confirm that the CO intensity
had a sharp maximum near to the adopted major axis.

3. Results and Discussion

3.1.  Spectra and Position- Velocity Diagram

The obtained spectra are shown in figure 1. The CO
emission has been detected at almost all positions, except
for the edge-most few points. The spectra obtdined by
scans in the Y direction at some X positions indicate
that the emission has a maximum at the adopted galactic
plane. However, the present data are too crude to argue
for a thick disk or a halo due to the insufficient coverage
of the Y distance (£15”). Although a warping of the
outermost part at |X| > 4’ has been reported (Sasaki
1987), our data do not cover this area.

Using the data, we obtained a position-velocity (PV)
diagram, which is shown in figure 2. The data were
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Table 1. Parameters for NGC 5907.

Galaxy type .......ccovviiiiiiiiiin Sc; edge-on
Center position (X =0", Y =0") (NED*)

RALO50 «ovvieneeiniaiinn. 15"14™34°80

Decl.195o ......................... 56030133.”0
Major axis P.A. .....ocvvvviieiinnn. 156° (Sasaki 1987)
Inclination angle .................... 88° (Sasaki 1987)
Systemic VLSR -+« vvvvvvnerernenenenns 685 (£5) km s~! (Present CO result)
Vioh e v e et et 225 (+5) km s™* (Present CO result)
Distance ...............oiiiiil 11.6 Mpc (Schoéniger, Sofue 1994)
CO luminosity™ ..................... 2.43(0.09) x 10® K km s~ 'pc?
Homass ....oovvnenvnneninininnnnen. 1.37(£0.05) x 10° Mg Conversion factor from Sanders et al. (1984)

* NASA /IPAC Extragalactic Database (NED) (1992) (operated by JPL, Cal. 1. Tech. under contract by NASA).
t Values in a “thin” disk of 27 kpc x 844 pc

NGC 5907

4
0.4
Tm b(k) j\‘
0 A A " Y NS N 72 PI\Amn A A
VWY 3 "'VV' v IIV'V IV\'I’ 1 y‘ ALAd ﬂ[ \ll’ LAsdind v vVV A '\IIV_
X=4' X=3' X=2'

333 666 1000

VLSR('(I‘I'I/Q)
0.4
ol Ml MM MMW Hgﬂ m o)
0 Jal A M ]AM‘M Aok m
VAT v " v"vrv WY
X=2' X=1' X=0'
4 J‘\llnmh M
V “V'U"V ’
333 666 1000 I
) VL s Rikmis)

Fig. 1. 12CO(J = 1-0) line spectra of NGC 5907 as observed by the 45-m telescope at Nobeyama.
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Table 2. Observational parameters.

175

TeleSCope ... Nobeyama 45-m telescope

Angular resolution (HPBW) ...........ccoviiiiiniin.. 15" (844 pc)

PoInting aCCUTACY ... .vvntrneineene e eaeeaeennens +3" (calibrated by SiO masers)

Aperture efficiency ...l 0.35

Main-beam efficiency .............cooiiiiii i, 0.50

Integration time per point ............. ... oo 5 to 10 min.

Velocity resolution ...............coiiiiiiiiiiiiiii 10 km s™*(32-ch binding from 2048-ch AOS)
Receiver system temperature ..................c..coooin. 400-500 K (SIS receiver; SSB)

Rms of each spectra (10 km s™! resolution) .............. 20 mK in Tip

Rms on PV diagram (20" x 20 km s™%) ..........c..oen... 12 mK
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Fig. 1. (Continued)
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Fig. 2. Position-velocity (X — V') diagram along the major axis of NGC 5907. The resolution is 20"’ x 20 km s, and the rms
noise of the map is about 13 mK in Ty,;,. Contours are drawn at every 20 mK in Ty, starting at 20 mK, and the peak

intensity in the map is 245 mK Ti;,.

smoothed to a resolution of 20" x 20 km s~1. This yielded
an rms noise of about 13 mK in Ty, on the PV map; the
contours are drawn at every 20 mK Tp;. A rigid ro-
tation feature is observed at |X| < 1’ (3.4 kpc), which
can be attributed to a molecular gas ring of radius 3 to
4 kpc. Beyond X ~ +1’, the rotation velocity is almost
constant, indicating flat rotation. By simply tracing the
intensity maxima on the PV diagram, we found that flat
rotation occurs at Vigr= 460 km s~! and 910 km s,
which yields a rotation velocity of 225 (+10) km s™1.

Not like other “normal” edge-on Sb and Sc galaxies,
such as the Milky Way (Dame et al. 1990), NGC 891, and
NGC 4565 (Papers III and IV), no significant emission
associated with nuclear rotating ring has been detected
in the PV diagram. Such a depression of CO emission
near to the center is exceptional for an Sc galaxy.

3.2.  Intensity Distribution and Molecular Mass

The distribution of the integrated intensity, Ico =
f TmbdV, was obtained by integrating the PV diagram
in V1sRr, and is shown in figure 3 as a function of X. This
figure indicates a general concentration of CO gas on a
ring at radius 1-2’ (3-5 kpc). The distribution of radio
continuum emission at 20 cm along the major axis is
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Fig. 3. Ico distribution along the major axis X (full

line). The resolution in the X direction is 20”.
Intensity of 20-cm continuum emission (resolution
28'": Hummel et al. 1984) is superposed by a dashed
line.
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Fig. 4. Beam-diluted spatial densities of molecular
(thick line) and neutral hydrogen (dashed line) gases
(in H cm™3). The thin line shows an exponential-
law disk with a scale radius 3.5 kpc fitted to the
molecular gas distribution.

reproduced from Hummel et al. (1984), and is indicated
by the dashed line in figure 3. We find a global corre-
lationbetween the CO and continuum. It is also inter-
esting to note that the galaxy has no radio continuum
core, which is significantly different from other edge-on
galaxies like NGC 891 and NGC 4565 (Hummel et al.
1984).

By integrating the CO emission in figure 2, we es-
timated the total CO luminosity of the observed re-
gion at -4 < X < 4 and -775 < Y < 7.5
(within +13.5 kpc radius and +422 pc thickness) to be
Lco = 2.41(40.09) x 108 K km s7! pc?. If we assume
an Hy column density-to-CO intensity conversion factor
of C = 3.6 x 102 Hy em™2/K km s~! (Sanders et al.
1984), the luminosity can be related to the Hy mass as
My, = 5.7 Lco. Then, the total mass of Hy gas within
the disk is estimated to be My, = 1.37(£0.05) x 10° Mg,

8.3.  Radial Distribution and the Molecular Front

By applying the simple decoding method of the in-
tegrated CO intensity around the terminal velocity, as
proposed in Papers III and IV, we derived the radial
distributions of the gaseous surface density as well as
the beam-diluted spatial density. Here, we took a rota-
tion velocity of Vio; = 225 km s~!. The mininum and
maximum velocities of the integration were taken to be
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Fig. 5. Mass ratio of Hy to the total (HI+H2) gas den-
sity as a function of the galactocentric distance.

Vinin = 190 and Vi, = 250, respectively. Figure 4 shows
the thus-obtained distribution of the spatial density of
the molecular gas as a function of the radius. Here, the
“beam-diluted” spatial density is defined by the surface
density divided by the linear beam size of the observa-
tions. The density distribution can be approximately
represented by the superposition of an exponential-law
disk with a scale radius of 3.5 kpc, as indicated by the
dotted line in figure 4, and a ring of radius 7 kpc. A
striking feature in this figure is the sharp depression of
the molecular gas near to the center, which will be dis-
cussed in subsection 3.5.

We apply this decoding method to the H1 position-
velocity diagram as presented by Casertano (1983). In
figure 4 we plot the thus-obtained H1 density by a dashed
line. The HI distribution has a broad ring of 10 kpc ra-
dius associated with an outskirt reaching as far as 22 kpc
radius. On the other hand, HI is defficient in the central
several kpc. As shown in figure 4, the HI and H, gases
seem to be present at different radii, clearly avoiding each
other. Figure 5 plots the mass ratio of the Hs gas density
to the total (HI+H;) gas density. The HI gas is dominant
in the outer region beyond 5 kpc, while Hs is dominant
in the inner region. Particularly in the inner 4 kpc re-
gion, the gas is almost totally molecular. The “exchange”
from HI to Hy appears to occur in coincidence with the
molecular gas ring. As discussed in Paper IV in detail,
we may be able to interpret this diagram in terms of the
existence of a “molecular front”, at which the H1 gas is
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Fig. 6. Comparison of the CO and HI distributions on a PV diagram. A displacement of both species is shown here most

clearly.

converted to Hs, or vice versa. This front may be the
place where the galactic-scale phase change between HI
and Hj is taking place, and would be deeply coupled with
the evolution of interstellar gas.

3.4. COws HI

In figure 6 we superpose the CO PV diagram on the
H1 PV diagram for the south-eastern side of NGC 5907,
where the HI data are taken from Casertano (1983). This
diagram demonstrates the clear displacement of molecu-
lar and atomic hydrogen gases. The HI gas comprises
a large-diameter ring of 12 kpc radius, while molecular
gas is distributed in the inner region at the 2 to 10 kpc
radius region. It is remarkable that both gases are dis-
tributed while clearly avoiding each other: the inner re-
gion is dominated by molecular gas, and the outer region
by H1. In both cases, the rigid-rotation features are due
to the molecular and HI gas rings at these radii. As
already discussed in subsection 3.3, it is also clearly ob-
served in this figure that both emissions have a central
depression.

Figure 6 indicates that the CO rotation velocity al-
ready attains a maximum at r ~ 3-6 kpc, and is fol-
lowed by a flat rotation of the outer HI gas. The fact
that the HI and CO rotations attain the same maximum
velocity at 7 ~ 5-10 kpc can be used to argue for the co-
incidence of the total line profiles of both emissions: Fig-

ure 7 shows the “total line profile” in CO for NGC 5907,
which was obtained by integrating the PV diagram in
the X direction, and an H1I profile as reproduced from
Stavely-Smith and Davies (1988) is superposed. The fig-
ure incidates that the shapes and line widths of the H1
and CO line profiles coincide remarkably well, although
the spatial distributions of both species are significantly
displaced. The total CO velocity width at the 20% level
of the peak intensity was measured to be 490+10 km s™1,
and is about equal to that obtained for the HI emission
of 480 km s~1. This is consistent with the argument
that the total CO line profiles of galaxies can be used as
an alternative to the H1 Tully-Fisher (1977) relation, as
has been discussed in the case of NGC 891 (Sofue, Nakai
1992) and for other galaxies (Sofue 1992; Schoniger, So-
fue 1993).

8.5. Central Molecular Depression:
Bulge?

The conspicuous feature observed in figure 4 is the lack
in CO emission near to the center, indicating a deficiency
of the interstellar gas near the nucleus. Such a clear de-
pression of the central molecular gas is exceptional for a
Sc galaxy, and appears to be the first case among many
late type spiral galaxies so far observed in CC as well as in
H1. In fact, most Sc galaxies show a substantial concen-
tration of CO emission toward the nucleus, comprising

Merger in the

© Astronomical Society of Japan ¢ Provided by the NASA Astrophysics Data System



.46..173S

1994PASJ. .

No. 2]
80T | T T I 0.8
NGC 5907
Tmb| | s
(mK) (Jy)
aof- 0.4

| ]
600 800 1000
VLSR (km/s)

|
400

Fig. 7. Total line profile of the 12CO(J = 1-0) emission
along the major axis. The velocity resolution in this
diagram is 10 km s~1. An HI total line profile is
indicated by the dashed line (Staveley-Smith, Davies
1988).

an exponential-law disk (Young, Scoville 1991; Sofue et
al 1988).

M31 is the only example that was found to exhibit
a similar central deficiency in interstellar gas (Brinks,
Shane 1984; Koper et al. 1991; Sofue, Yoshida 1993):
This giant Sb galaxy is characterized by its 10-kpc ring
of interstellar gas and the “early-type” central bulge,
which is anomalously defficient of interstellar gas. It
has been suggested that the central gas depression in
M31 would have been caused by a merger of another
galaxy, by which the nuclear disk as well as the inner
gas disk were destroyed through an angular momentum
transfer as well as an accretion of gas from the merger
galaxy (Sofue 1994). The merger in M31 has indeed been
suggested to be the case due to the discovery of dou-
ble nuclei with the Hubble Space Telescope (Lauer et
al. 1993). Therefore, based on the similarity to M31,
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we suggest that the nuclear gas disk of NGC 5907 was
destroyed by a merger with another galaxy, probably a
companion. In fact, the outer disk of NGC 5907 is signif-
icantly warped (Sancisi 1977), which could be evidence
for a tidal disturbance which had occurred prior to the
merger during a close encounter of both galaxies.

The author thanks Dr N. Nakai and the staff at NRO
for their help during the observations.
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