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• Based on VIRUS for HETDEX

• Fiber based IFU spectrograph 

• Rect. field of view: 105 " x 55"

• 267 fibers, core diameter on 
sky 3.2" 

• 26% peak throughput, incl. 
atmosphere and telescope

• stellar dynamics mode: 
spectral range 4850 Å - 5475 Å
resolution   
R ~ 9000 (σinst = 15 km/s )
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VIRUS-W FoV

1.5h/dither, 3 dithers to fill IFU

600s skynods

previously obtained 12 kinematic 
templates and 9 further standards
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Kinematic Extraction

• Based on Maximum 
Panelized Likelihood 
Method Gebhardt et al. 2000

• Extended to treat gas 
emission as in 
GANDALF Sarzi et al. 2006

• Recovers 
nonparametric 
LOSVD (critical here!)

• includes multiple 
template fitting
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Kinematic Decomposition
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Two component nature of NGC7217 9

Figure 6. Two dimensional models of the kinematic components in NGC7217. The images of the two separate components are obtained
through the double-Gaussian decomposition and proper scaling as described in the text. We reproduce the images of the two components
from Fig. 5 on the left. We fit an exponential disk model to the low dispersion component and also include a Gaussian ring to account for
the inner stellar ring. We model the kinematically hot component with a de Vaucouleurs’ profile. The two best fitting models are shown
in the middle column. The dashed line marks the location of the ring in the model for the cold component. The right columns shows the
residual maps. The central r > 1500 of the cold component were excluded from the fit as they were poorly matched by an exponential
light distribution.

In Fig. 6 we reproduce the component images from
Fig. 5 on the left, the best fitting model in the middle col-
umn, and the residuals on the right. The central 2000 of the
model of the hot component shows positive residuals. As the
decomposition is degenerate in the central region, we mask
the corresponding area and constrain our fit to the to data
with r > 1500. We also fix the centre of both components to
the brightness centre that we determine from the collapsed
datacube. We allow for a variable flat sky background for
the cold component. We find that this is necessary for the
fit to converge to reasonable values. This may be due to
imperfect sky subtraction, which is perhaps not surprising
given our reliance on sky nods for background subtraction.

We give our best fitting parameters in Table 3. We can-
not quote central surface brightnesses or e↵ective surface
brightnesses as our data are not flux calibrated.

5.3 Direct decomposition & line strength analysis

In Fig. 7 we show the two-dimensional maps of the equiv-
alent width of Mg b, Fe5270, and Fe5335 for the two stel-
lar components. We use a set of Monte Carlo simulations
that match the observational setup (wavelength coverage,
spectral resolution and sampling, signal-to-noise) and the
mean galaxy characteristics (velocity separation between the
two components, stellar velocity dispersion, flux) to com-
pute the uncertainty on the measured Lick indices. The
mean uncertainties from the simulations are about 0.2 Å
and 0.1 Å for the indices of the cold and the hot compo-
nent respectively. In addition, these simulations show that
the errors on the Lick indices would have been > 2Å, if
we had not used the constraints on the kinematics derived
in Section 4.3. In other words, the spectral decomposition
code with the given instrumental setup, needs independent
kinematic measurements to remove the degeneracy when re-
covering the best fitting stellar templates. The same results
are shown in Fig. 8, where the measurements are plotted

Table 3. Structural parameters of the two kinematic components

Parameter Value Uncertainty

Cold component — exponential disk
Position angle [�] 82.1 ± 2.5
ellipticity 0.23 ± 0.02
h [00] 43.19 ± 1.2
D/T 0.221

Cold component — Ring
Position angle [�] 88.7 ± 10.8
ellipticity 0.17 ± 0.07
radius [00] 30.7 ± 1.3
width � [00] 4.2 ± 1.0
R/T 0.005

Hot component — de Vaucouleurs
Position angle [�] 85.8 ± 7.9
ellipticity 0.08 ± 0.02
r

e

[00] 58.1 ± 11.9
B/T 0.774

Notes– D/T is the ratio of the total model flux in the cold disk
component to the total flux of all components. R/T is the relative
flux in the inner stellar ring model and B/T is the relative flux in
the model of the hot stellar component.

in the (Mg b, hFei = (Fe5270 + Fe5335)/2) plane and com-
pared to the predictions of single stellar populations models.
The two components have di↵erent line strengths: the cold
component has significantly lower values of Mg b, and sig-
nificantly higher values of Fe5270 and Fe5335 than the hot
component.

We note a systematic trend in the measurements: the
west side of the galaxy has higher values than the east for
all indices. This e↵ect, of unknown cause, is evident in the
fainter cold component and negligible in the brighter hot

c� 2013 RAS, MNRAS 000, 1–21
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Figure 14. Surface brightness models for the total stellar content
in NGC7217. We fit two-dimensional models to the component
images shown in Fig. 5 using the Imfit program by Peter Erwin.
Similarly to B95, we model the hot component with a de Vau-
couleurs’ surface brightness distribution and the cold component
with an exponential distribution. In the latter model we include
a Gaussian ring. The open squares represent one-dimensional
major-axis cuts through our models and the lines show the mod-
els derived by B95. As our data are not flux calibrated we chose
a zero point to match our models against those of B95. We some-
what arbitrarily choose the zero points for an optimal fit at 4000.
We note the need to apply zero points that di↵er by ⇡0.7mag to
the two components.

For the particular case of NGC7217, Jablonka, Martin
& Arimoto (1996) measured Mg and Fe line strength indices,
finding Mg

2

= 0.28mag, Fe5270 = 3.04 Å, and Fe5335 =
2.45 Å. Sil’Chenko et al. (2011) performed a stellar template
fit, and found age and metallicity gradients in the central
4000: the mean stellar age decreases from 10–13Gyr in the
centre to 5Gyr while the metallicity decreases from nearly
solar ([Fe/H] ⇡ �0.06) to subsolar ([Fe/H] ⇡ �0.3). Sarzi
et al. (2007) found old ages (5–10Gyr) in the central few
arcseconds, consistent with Sil’Chenko et al. (2011), but ex-
tremely low metallicity (Z = 0.05 solar, i.e. [Fe/H] ⇡ �1.3),
inconsistent with the Silch’enko et al. values.

All these studies assumed a single stellar kinematic
component when measuring the stellar population prop-
erties, and did not attempt to separate the kinematics.
If we repeat the measurement on our spectra, considering
only one kinematic stellar component, we measure a mean
hFei

sing. comp.

= 2.1 ± 0.2, which is slightly lower than that
found by Jablonka, Martin & Arimoto (1996) (hFei ⇡ 2.7),
and a mean Mg b

sing. comp.

= 2.9± 0.2.
We do not measure H� so we cannot constrain the

age with our measurements (see Section 4.4). However, if
we adopt the age range 5Gyr < Age < 10Gyr found by
Sil’Chenko et al. (2011) and Sarzi et al. (2007), we derive
a metallicity range �0.3 < [Fe/H] < �0.2, consistent with

the range obtained by Sil’Chenko et al. (2011), but not with
that of Sarzi et al. (2007).

In Fig. 8 we compare the Lick indices for the two stellar
components with (i) the typical values observed in the bulges
of spiral galaxies given by Gorgas, Jablonka & Goudfrooij
(2007, 32 galaxies) and Morelli et al. (2008, 15 galaxies)3,
and (ii) the typical values observed in early-type galaxies
by Thomas et al. (2005, 124 galaxies). We note that the
measurements for the hot stellar component, which we asso-
ciate with the bulge component of the galaxy (Section 8.2),
deviate from the mean values observed in the bulges of spi-
ral galaxies. However, the central values of Mg b and hFei
measured for the same component (top-right part of the
measurement distributions in Fig. 8) are consistent with
those measured in the central regions of early-type galax-
ies (Thomas et al. 2005).

8.4 Implications for the formation of NGC7217

In the light of our findings it is interesting to revisit the ques-
tion of the formation process of this particular galaxy. With
its massive spheroid, it is likely that NGC7217 experienced
a major merger in its past, which may have been responsible
for shutting down most of its star formation activity.

From SDSS images we derive a total extinction cor-
rected u � r color of 2.32mag in a 90 diameter aperture.
This places NGC7217 as a whole comfortably on the red
sequence in a color magnitude diagram (Baldry, Bland-
Hawthorn & Robertson 2004). If the relatively small con-
tribution of the disk were to be removed, then the spheroid
would appear even redder (B95). In fact, inside of the in-
ner dust ring, where the spiral morphology disappears com-
pletely, u� r = 2.7mag, placing NGC7217 on the red flank
of the red sequence. Compared to the correlations of e↵ec-
tive radius, total stellar mass, luminosity, Sérsic index, and
central velocity dispersion (Kormendy et al. 2009; Cappel-
lari et al. 2013), the spheroid would also appear as a normal
early-type galaxy.

The resemblance of the spheroidal component of
NGC7217 to an elliptical galaxy is further strengthened by
the line index analysis. Indeed, the central values of the Mg b
and hFei line strengths of the hot component are in good
agreement with the values that Thomas et al. (2005) found
in the central regions of early-type galaxies (see Fig. 8). We
note the importance of the spectroscopic decomposition in
measuring the line strengths of the disk and spheroid sep-
arately. In fact, the results of the single component analy-
sis (Section 8.3) would place the bulge of NGC7217 in the
(Mg b,hFei) plane closer to the bulges of spiral galaxies than
to early-type galaxies (Fig. 8).

On the other hand, while its spheroid resembles in many
respects a merger-built elliptical galaxy, NGC7217 does host
a stellar and a gaseous disk. However, the disk contains only
about 20% of the total light of the galaxy. Given its bluer

3 We only consider the measurements from Gorgas, Jablonka &
Goudfrooij (2007) obtained within half of the bulge e↵ective ra-
dius. Measurements in Morelli et al. (2008) are performed in a
region where the contribution to the total of the disk is equal or
lower the contribution of the bulge, as indicated by their photo-
metric bulge/disk decomposition.

c� 2013 RAS, MNRAS 000, 1–21

Structure

Friday 11 July 14



IAUS 309: Galaxies in 3D across the Universe, Vienna July 2014

Direct Decomposition
• based on pPXF 

Cappellari & Emsellem 2004 
& GANDALF

• fits two parametric 
LOVDs 

• obtains separate 
template weights for 
the two components

• Coccato et al. 2011, 
2013
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Formation scenarios
NGC 7217

L116 L. Coccato et al.

Figure 3. Equivalent width of the Lick indices in the main (red diamonds) and counter-rotating (blue circles) stellar components. Predictions from single
stellar population models by Thomas et al. (2010) are superimposed. Crosses indicate mean error bars associated to the equivalent widths.

Figure 4. Two-dimensional maps of age, [Z/H] and [α/Fe] of the main (upper panels) and counter-rotating (lower panels) stellar components, in the region
where the two components are disentangled. Black contours: isophotes derived from the Hβ emission map. Centre is as in Fig. 2.

C⃝ 2011 The Authors, MNRAS 412, L113–L117
Monthly Notices of the Royal Astronomical Society C⃝ 2011 RAS

Coccato et al. 2011

NGC 5719

} spiral bulges
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• Stellar disk dynamically young, relatively blue, chemically 
clearly distinct.

• Contains only ~ 20% of the light and much less in mass. 
Could not have “survived” merger that built the spheroid. 

• Reformation after major merger from material surviving 
the merger. e.g. Steinmetz & Navarro 2002; Hopkins et al. 2009

• Reaccretion from stellar mass loss. e.g. Jungwiert et al. 2001; Bregman & 

Parriott 2009; Davis et al. 2011

• Minor mergers or cold accretion from IGM Thakar & Ryden 1996; 

Mazzuca et al. 2006; Eliche-Moral et al. 2010. Gravitational torque may have 
forced disk into alignment.

Formation scenarios
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Conclusion

• Confirm the existence of two kinematic components: hot spheroid 
+ cold disk but find them to be co-rotating

• Structural parameters from kinematic decomposition in agreement 
with photometry

• Stellar components of the two components are clearly separated 
in Mg - Fe space

• Spheroid most likely merger built, disk component reformed after 
the merger, inflow of low-Z material?

• For details see Fabricius et al. (2014, ApJ, 787, 26)
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