THE CIRCUMNUCLEAR REGION IN NGC 4321
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Abstract.

We present results from a recent study of the inner 1 kpc zone of the
weakly barred spiral galaxy NGC 4321 (M100), which reveals a circumnu-
clear starburst, organized in a pair of tightly-wound spiral arms. Combining
high-resolution imaging in the optical and near-IR with a detailed dynami-
cal model, we show that the morphology of this region can be explained by
a resonance interaction between the disk and the stellar bar and its effects
on the gas.

NGC 4321 (M100) is a grand-design spiral in the Virgo cluster, which
shows a remarkable circumnuclear star-forming structure when seen in Ho
(Pogge 1989). The galaxy was classified as Sc by Sandage in the Hubble
catalog of galaxies, and as “oval” (SABbc) by de Vaucouleurs et al. (1976),
but from near-infrared (NIR) and Ha imaging and from the velocity struc-
ture in HI1 it is clear that NGC 4321 is barred, albeit weakly (Pierce 1986,
Knapen et al. 1993). With a very modest Lr;p(1_s00um)/ LB = 0.42 (Young
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Figure 1. U-band image of the inner zone of NGC 4321. The resolution of this image
is 0.8 arcsec. Note the spiral arm fragments that are strongly emitting in U, indicating
massive star formation is taking place there. Dust lanes can be seen coming in from the
large-scale bar toward the NW and SE (upper right and lower left in this Figure).

et al. 1989) and an indication of LINER activity in the nucleus (Kennicutt
et al. 1989), it is not a “spectacularly active” galaxy .

Non-axisymmetric features in galaxies induce gas inflow towards the
central kpc, and the loss of its angular momentum. This enhances the cen-
tral star formation and can lead to the formation and fueling of a massive
black hole there. It is therefore interesting to study the detailed mechanisms
leading to the circumnuclear starburst in NGC 4321 and their analogy with
Seyfert-type activity in other galaxies. ’

We have obtained new imaging in the optical and the NIR at sub-
arcsecond resolution using the William Herschel and UK Infrared telescopes
to study the inner 1 kpc region of NGC 4321. Our U-band image (Fig. 1)
shows in detail the spiral arm structure seen by Pogge (1989) in Ha. Com-
parison with Fig. 2, our K-band (2.2um) image, reveals a dramatic change.
The star-forming spiral armlets are not seen at all in K, and the region
inside the armlets is dominated by an elongated structure in the NIR. A
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Figure 2. NIR K-band image of the inner region of NGC 4321. Scale and resolution as
in Fig. 1.

detailed analysis of the image (Knapen et al. 1995) shows that this struc-
ture in fact consists of a small nuclear bulge, an inner bar of some 300 pc
radial length (1 kpc is 15 arcsec), isophotes gradually skewed in the lead-
ing direction with respect to the bar, and finally two regions of intense K
emission, symmetrically placed along the direction of the bar (PA=110°).
The inner bar is aligned with the large-scale bar of the galaxy (not shown
in the Figures) to within the errors of determination.

From our images in the other optical bands, it is clear that the spiral
structure is “washed out” gradually toward redder wavelengths: although
images are at the same resolution, star forming peaks are most sharply seen
in U, and appear smoother in B,V, R, I and eventually K, respectively. We
interpret this change as stellar evolutionary effects. On one hand, massive
stars move away from their birthplaces during their evolution from young
and blue to more evolved and redder stars. On the other hand, blue light
is emitted more by very massive stars, whereas the contribution from “nor-
mal” stars is relatively larger at redder wavelengths. These two effects can
erase the spiral structure in the red and NIR and still preserve the twist-
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ing of K isophotes in the leading direction inside the “ring” and in the
neighborhood of the inner inner Lindblad resonance (inner ILR). The two
symmetric K peaks occur where our model (see below) predicts minima
in the velocity field and are particularly favorable to Jeans instabilities in
the gas and to the star formation. A certain amount of gravitational con-
finement of newly born stars cannot be ruled out there. A fraction of K
emission may also be contributed by very hot dust embedded-in this region.

We have performed a 3D self-consistent dynamical modeling of this
system using an NGC 4321-like mass distribution in order to study the
response of the gas to the underlying gravitational potential, the formation
of the nuclear ring-like structure, and the evolution of the system including
the effect of star formation. Our numerical method is described in Heller &
Shlosman (1994). After initial transient, the model reaches an approximate
steady state in which it accounts for the wealth of morphological features
observed. The positions of shocks in the gas corresponds to the positions
of the observed dust lanes. Twisting of isophotes in the leading direction
as seen in K is related to the gas flow across the inner ILR, and the peaks
in K emission occur where outflowing and inflowing gas shocks meet. The
star-forming “ring” lies slightly outside the inner ILR whose position is
inferred using fully nonlinear analysis.

The combination of observations and modeling shows that the spiral
structure observed in the inner 1 kpc zone is a part of a global wave pattern
induced by a 4 kpc stellar bar. Gaseous inflow through the bar provides
the fueling for enhanced star forming activity between the ILRs and may
contribute to the weak LINER nucleus which is embedded in the non-
axisymmetric potential as observed in K. A similar mechanism may be at
work in active galaxies which harbor the Seyfert nuclei. The differences may
include the underlying gravitational potential and the amount of molecular
gas finding its way through the ILRs (Shlosman et al. 1989).
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