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HETDEX  is
• upgrade of the 9.2m Hobby-Eberly 

Telescope with a new instrument:  VIRUS 
enormously multiplexed IFU

• a blind spectrographic survey for 
Ly-alpha emitters

• 400 (60) square degrees over 3 years (+ 
equatorial extension, + “special fields”: 
COSMOS, Virgo, M31 ...)

• ~ 0.8 million redshifts from 
1.9 < z < 3.8 (Ly-alpha emitters)

• about 1 million redshifts from 
0 < z < 0.5 (OII emitters)

• Total budget US$ ~40 million
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VIRUS: mosaic of 75 IFUs feeding 150 
spectrographs mounted on HET 9.2m at 
McDonald Observatory.
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VIRUS: mosaic of 75 IFUs feeding 150 
spectrographs mounted on HET 9.2m at 
McDonald Observatory.

• uses a double Schmitd type design 
accepting f/3.2

• Schmitd camera allows for fast 
optics with a low number of 
optical elements and large spectral 
coverage

• 448 fibers per IFU with 1.5” 
sampling  and 1/3 filling factor

• covering the 3600-5500Å range at 
R=700

• For HETDEX the spectrographs 
are paired and share cooling, 
electronics and fiber feed

 

slit entrance

f/3.22 collimator

f/1.4 cameraVPH grating

folding mirror

slit entrance VPH grating

f/1.4 camera

f/3.22 collimator
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Complete CMA

• Cameras are the most complicated 
part of the spectrographs

• Production quantities of parts for 
cameras are in hand

– All optics are delivered
• UT is integrating and aligning the 

spectrographs
• 26 units completed, assembly of further 

units will extend through 2014

VIRUS• Production IFU cables are being 
assembled at one qualified vendor 
and at AIP

– As of this week we have 36 IFUs 
delivered by vendors and accepted, 
with 20 completed and partially tested

• Projecting >50 completed and 
installed by start of VIRUS 
commissioning in Q2 2015
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The WFC is assembled at the University 

M5 discovered to have likely figure error 

Confirmed by UT conjugate test of M4/5 

WFC mirrors integrated 
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Munich’s main responsibilities
software & survey design

• HETDEX will create a data volume of 
120 GB/night and 20 TB in three year 
survey

• computing infrastructure

• implement core data analysis and source 
detection algorithms: Cure

• integration into AstroWISE for

• automated, distributed and parallelized 
processing 

• user access (web interface)

• user management

• provide HETDEX data simulation 
framework and datasets

• feedback to the instrument design

flat

arc

science

Simulated data products, used for 
testing of Cure and CureWISE 8
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Need imaging survey
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LYMAN ALPHA EMITTERS Low-z GALAXIES

Adams et al. 2011

The Astrophysical Journal Supplement Series, 192:5 (34pp), 2011 January Adams et al.

Figure 16. Automated search for multiple emission line in index 430. The format is the same as in Figure 15. This is one of the few cases where the consideration of
marginally significant counterpart lines aids the classification. The primary detection is revealed to be [O iii]5007, with marginal detections in [O ii] and Hβ that did
not make the primary emission-line catalog.
(A color version of this figure is available in the online journal.)

 0.1

 1

 10

 100

 1000

 10000

 3500  4000  4500  5000  5500

lo
g(

E
W

R
,o

bs
 (

Å
))

λ (Å)

Lyα
Lyα limits

low−z

 0.1

 1

 10

 100

 1000

 10000

 100000

 3500  4000  4500  5000  5500

lo
g(

E
W

in
te

rp
,o

bs
 (

Å
))

λ (Å)

Lyα
Lyα limits

low−z

Figure 17. Distribution of observed wavelength and observed EW. The line marks the usual EW cut used in narrowband imaging and adopted here. Exceptions to
the EW selection are discussed in Section 5.2. Left: continuum estimated only from the R-band photometry (or the i′ band in MUNICS). Right: continuum estimated
from interpolation with the two nearest filters bounding each emission-line’s wavelength.
(A color version of this figure is available in the online journal.)

find that the high EW [O ii] fraction should only be 3%. In
contrast, the same analysis suggests that the high EW [O iii]5007
fraction is much higher (33%). However, there is no evidence
for such a large fraction of high EW [O iii]5007 over our

redshifts of interest, and the VIRUS-P bandpass will always
enclose [O ii] and [O iii]4959 when [O iii]5007 is observed.
Thus, neither high EW [O ii] nor [O iii]5007 emitters should
form important catalog contaminants. The wavelength spacing

18

• Deep imaging survey is 
needed to discriminate 
against OII emitters

• required limiting g-band 
magnitude is 25.1

• HPS is the preferred 
option. Needs ~ 2 nights
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http://blogs.utexas.edu/het/

http://het.as.utexas.edu/wfu/

For updates:
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New Wendelstein 2m

     

Hopp et al. 2012
Thiele et al. 2012
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WST
Instruments

WWFI
0.5 Deg2 FOV
u,g,r,i,z
samples 0.8” seeing

Gössel et al. 2012

3KK
2 optical (u,g,r,i,z)
1 IR channel 
(Y,J,H,Ks)
simultaneous imaging

Lang-Bardl et al. 2010

FOCES
Temperature and 
Pressure stabilized 
Echelle R ~ 70.000, stable 
to < 1 m/s

Brucalassi et al. 2012

VIRUS-W
optical, high resolution,
105” x 55” FOV
Integral Field

Fabricius et al. 2012 12

Figure 1. Left: Layout of the optical part of the 3kk. Beamsplitter 1 (BS1) reflects wavelengths shorter than 695 nm,
beamsplitter 2 (BS2) all wavelength below 970 nm. The remaining light is transmitted to the near infrared channel. The
fully transparent corrector plate in front of the red optical channels corrects for aberrations introduced by BS1. Right:
Design of the near infared part of the 3kk. After the entrance window, light is reimaged using six lenses without changing
the plate scale. A cold stop masking the obstruction of the secondary mirror and filters are placed near the pupil image.
The design is folded two times to keep the dimension of the camera small.

WWAVE: A Shack-Hartmann sensor for telescope alignment
VIRUS-W: An IFU spectrograph7

FOCES: A pressure and temperature controlled Echelle spectrograph8

3kk: Optical-NIR Multi-Channel Nasmyth Imager

The instruments and mechanism to change between the different focal stations were already presented at the
SPIE conference 2008 in Marseille.5 To calibrate the spectrographs and as reference source for WWAVE, a
telescope simulator with different calibration lamps will also be mounted on the port.

2. 3KK OPTICAL LAYOUT

The optical design of the instrument was driven by the following requirements:

Spot quality: 80% encircled energy within two pixels inside a radius of 0.07◦ FOV (corresponds to the largest
used detector in the infrared channel).
Field distortion: Geometric field distortion should be less than 0.2 pixels over the whole field in the optical
channels. (Corresponds to 0.014% maximum relative distortion)
Low ghost intensity: The corresponding ghost of a bright point source should be below 1E-4 of the sources
central intensity. It should also be well seperated.

The optical layout of the visual channels is shown on the left in figure 1. Light seperation for the different
channels is realized with two beamsplitters. Because the plates placed under 45◦ in the beam introduce abber-
ations to the system, we followed the idea of Woche et. al.9 and use wedge shaped and not coplanar plates.
Light comming from the telescope hits beamsplitter 1 (BS1), that reflects wavelength shorter than 695 nm while
beamsplitter 2 (BS2) reflects wavelength up to 970 nm. Longer wavelengths are transmitted to the near infrared
channel. The corrector plate in front of the red optical detector is anti reflection (AR) coated on both sides
and corrects the aberrations introduced by BS1. The reflection bands, angles of incident (AOI), thicknesses and
wedge angels of the plates are given in table 1. After passing the beamsplitters and corrector plate each optical
channel consists of a filter, a flat entrance window to the camera and the detector.

The design of the infrared part is shown on the right of figure 1. It was also important for us to keep the
distortion in this channel as low as possible over the FOV (see figure 2).

Proc. of SPIE Vol. 7735  77353Q-2

Downloaded From: http://proceedings.spiedigitallibrary.org/ on 08/21/2013 Terms of Use: http://spiedl.org/terms
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Introduction
• Interested in the dynamics of low dispersion 

galaxies.

• Typical instrumental (extragalactic) resolutions (R 
~ 3000 or σinst ~ 40 kms-1) can not resolve these 
regimes.

• Today stars form in disks! Typical gaseous disks 
have dispersion of the order of ~ 10 km/s (e.g. 
Tamburro et al. 2009).

• So really what we want is large instrumental 
dispersion 
(R ~ 10000 or σinst ~ 10 kms-1).

• BUT: High dispersion is expensive → large 
apertures.

• These do not need to be the telescope apertures. 
Idea: Build a wide field of view, high 
spectral resolution but low spatial 
resolution IFU.

M101 (SABcd) 
σ0 ~ 70km/s

NGC2976 (SAc) 
σ0 ~ 20km/s

M87 (E0) σ0 ~ 330km/s 
requires R ~ 1000

accessible to e.g. SAURON

13
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ness” or multiple 
components
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Introduction
• Interested in the dynamics of low dispersion 

galaxies.

• Typical instrumental (extragalactic) resolutions (R 
~ 3000 or σinst ~ 40 kms-1) can not resolve these 
regimes. 

• Today stars form in disks! Typical gaseous disks 
have dispersion of the order of ~ 10 km/s (e.g. 
Tamburro et al. 2009).

• So really what we want is large instrumental 
dispersion 
(R ~ 10000 or σinst ~ 10 kms-1).

• BUT: High dispersion is expensive → large 
apertures.

• These do not need to be the telescope apertures. 
Idea: Build a wide field of view, high 
spectral resolution but low spatial 
resolution IFU.

M101 (SABcd) 
σ0 ~ 70km/s

NGC2976 (SAc) 
v max ~ 35km/s

M87 (E0) σ ~ 330km/s 
requires R ~ 1000

accessible to e.g. SAURON

16
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• Based on VIRUS for HETDEX

• Fiberfed IFU spectrograph 

• Rect. field of view: 105‘‘ x 55‘‘

• 267 fibers, fiberdiam. on sky 3.2” 

• two spectral resolutions: 
low res: 

high res: 

8 2. Instrument Design

of this grating is 145mm� 165mm. Since here the di⇥raction angle is smaller, there is no
need to attach prisms as in the high resolution mode.

spectral coverage, nominal 4750 Å - 5600 Å
spectral coverage, actual 4340 Å - 6042 Å
resolution (��/�) 1700 to 3300 (depending on wave-

length)
resolution (⇥) 38 km/s to 75 km/s
linear dispersion 0.52 Å/px
grating 1900 ll/mm VPH grating

Table 2.2 Low resolution mode characteristics.

An important feature of this design is the geometry of the prisms of the high resolution
mode grating which was chosen specifically to ensure that the camera position remains
unchanged between the two resolution modes.

In Fig. 2.4 we show a photograph of the fully assembled instrument shortly before the
shipping to the McDonald observatory.

2.2 Spectrograph Layout 7

In Fig. 2.1 and 2.2 we show the schematic layout of the instrument in the high and
the low resolution mode. The figure shows the perspective from the top facing the optical
bench. The light enters the spectrograph through the pseudo slit on the left hand side of
the image. The 200 mm aperture camera is located on the right hand side of the image.
The respective grating is located in the center of the image. Both gratings are mounted on
a sliding stage which allows for automated exchange. There is also a free position which
we introduced to allow for a flat fielding source that faces the camera directly. At the time
of writing this was not implemented.

The high resolution mode with R � 8900 (see Fig. 2.1) enables the investigator to study
velocity dispersions down to 15 km/s. The designed wavelength range is 515 Å wide and
reaches from 4930 Å to 5445 Å. This covers the [OIII] lines at 4959 Å and 5007 Å and the
Mg lines at 5167 Å, 5172 Å and 5183 Å up to a redshift of 0.03 (see Fig. 2.3). VIRUS-W
uses one of the OmegaCam (Deul et al., 2002) spare CCDs. This CCD is larger than
accounted for in the original design. Hence the actual covered wavelength range is larger
with 4850 Å– 5475 Å, however with significant decrease of resolution and throughput at
the spectral ends.

The grating is a 3300 ll/mm VPH grating blazed (see 4.2) at 35.9� (inside fused silica).
Prisms are attached to the VPH surfaces to avoid internal reflection and to keep the camera
location fixed between the two resolution modes. Due to the larger angle of incidence this
grating is larger than in the low resolution case and be about 170mm x 220mm in size.

spectral coverage, nominal 4930 Å– 5445 Å
spectral coverage, actual 4850 Å– 5475 Å
resolution (��/�) 7900 to 9000 (depending on wave-

length)
resolution (⇥) 14 km/s to 16 km/s
linear dispersion 0.19 Å/px
grating 3300 ll/mm VPH grating sand-

wiched between two prisms

Table 2.1 High resolution mode characteristics.

The low resolution mode with R � 3300 (see Fig. 2.2) has a nominal wavelength range
of 4750 Å to 5600 Å. In addition to the already mentioned spectral features this enables
the observation of H� and the iron features Fe5015, F e5270, F e5335 and Fe5406 and
their corresponding Lick pseudo-continua (Trager et al., 1998; Worthey et al., 1994) up to
z� 0.03 (see Fig. 2.3 and §4.7). Again, the actual covered wavelength range is larger due to
the larger detector and now covers 4340 Å - 6042 Å. This adds further Lick indices, namely
Fe4383, Ca4531, F e4668, F e5709, F e5782, and NaD

The dispersive element is again a VPH grating with 1900 ll/mm blazed at 38�. The size

VIRUS-W

backlit 
IFU head

5.4mm/150’’

2.
7m

m
/7

5’
’

collimator

f/1.4 camera

high resolution
GRISM

folding 
mirror

pseudo slit
100 mm

17
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• Based on VIRUS for HETDEX

• Fiberfed IFU spectrograph 

• Rect. field of view: 105‘‘ x 55‘‘

• 267 fibers, fiberdiam. on sky 3.2” 

• two spectral resolutions: 
low res: 

heigh res: 

8 2. Instrument Design

of this grating is 145mm� 165mm. Since here the di⇥raction angle is smaller, there is no
need to attach prisms as in the high resolution mode.

spectral coverage, nominal 4750 Å - 5600 Å
spectral coverage, actual 4340 Å - 6042 Å
resolution (��/�) 1700 to 3300 (depending on wave-

length)
resolution (⇥) 38 km/s to 75 km/s
linear dispersion 0.52 Å/px
grating 1900 ll/mm VPH grating

Table 2.2 Low resolution mode characteristics.

An important feature of this design is the geometry of the prisms of the high resolution
mode grating which was chosen specifically to ensure that the camera position remains
unchanged between the two resolution modes.

In Fig. 2.4 we show a photograph of the fully assembled instrument shortly before the
shipping to the McDonald observatory.

2.2 Spectrograph Layout 7

In Fig. 2.1 and 2.2 we show the schematic layout of the instrument in the high and
the low resolution mode. The figure shows the perspective from the top facing the optical
bench. The light enters the spectrograph through the pseudo slit on the left hand side of
the image. The 200 mm aperture camera is located on the right hand side of the image.
The respective grating is located in the center of the image. Both gratings are mounted on
a sliding stage which allows for automated exchange. There is also a free position which
we introduced to allow for a flat fielding source that faces the camera directly. At the time
of writing this was not implemented.

The high resolution mode with R � 8900 (see Fig. 2.1) enables the investigator to study
velocity dispersions down to 15 km/s. The designed wavelength range is 515 Å wide and
reaches from 4930 Å to 5445 Å. This covers the [OIII] lines at 4959 Å and 5007 Å and the
Mg lines at 5167 Å, 5172 Å and 5183 Å up to a redshift of 0.03 (see Fig. 2.3). VIRUS-W
uses one of the OmegaCam (Deul et al., 2002) spare CCDs. This CCD is larger than
accounted for in the original design. Hence the actual covered wavelength range is larger
with 4850 Å– 5475 Å, however with significant decrease of resolution and throughput at
the spectral ends.

The grating is a 3300 ll/mm VPH grating blazed (see 4.2) at 35.9� (inside fused silica).
Prisms are attached to the VPH surfaces to avoid internal reflection and to keep the camera
location fixed between the two resolution modes. Due to the larger angle of incidence this
grating is larger than in the low resolution case and be about 170mm x 220mm in size.

spectral coverage, nominal 4930 Å– 5445 Å
spectral coverage, actual 4850 Å– 5475 Å
resolution (��/�) 7900 to 9000 (depending on wave-

length)
resolution (⇥) 14 km/s to 16 km/s
linear dispersion 0.19 Å/px
grating 3300 ll/mm VPH grating sand-

wiched between two prisms

Table 2.1 High resolution mode characteristics.

The low resolution mode with R � 3300 (see Fig. 2.2) has a nominal wavelength range
of 4750 Å to 5600 Å. In addition to the already mentioned spectral features this enables
the observation of H� and the iron features Fe5015, F e5270, F e5335 and Fe5406 and
their corresponding Lick pseudo-continua (Trager et al., 1998; Worthey et al., 1994) up to
z� 0.03 (see Fig. 2.3 and §4.7). Again, the actual covered wavelength range is larger due to
the larger detector and now covers 4340 Å - 6042 Å. This adds further Lick indices, namely
Fe4383, Ca4531, F e4668, F e5709, F e5782, and NaD

The dispersive element is again a VPH grating with 1900 ll/mm blazed at 38�. The size

VIRUS-W

105”

55
”

220mm

3300ll/mm VPH

1600ll/mm VPH18
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• Based on VIRUS for HETDEX

• Fiberfed IFU spectrograph 

• Rect. field of view: 105‘‘ x 55‘‘

• 267 fibers, fiberdiam. on sky 3.2” 

• two spectral resolutions: 
low res: 

high res: 

8 2. Instrument Design

of this grating is 145mm� 165mm. Since here the di⇥raction angle is smaller, there is no
need to attach prisms as in the high resolution mode.

spectral coverage, nominal 4750 Å - 5600 Å
spectral coverage, actual 4340 Å - 6042 Å
resolution (��/�) 1700 to 3300 (depending on wave-

length)
resolution (⇥) 38 km/s to 75 km/s
linear dispersion 0.52 Å/px
grating 1900 ll/mm VPH grating

Table 2.2 Low resolution mode characteristics.

An important feature of this design is the geometry of the prisms of the high resolution
mode grating which was chosen specifically to ensure that the camera position remains
unchanged between the two resolution modes.

In Fig. 2.4 we show a photograph of the fully assembled instrument shortly before the
shipping to the McDonald observatory.

2.2 Spectrograph Layout 7

In Fig. 2.1 and 2.2 we show the schematic layout of the instrument in the high and
the low resolution mode. The figure shows the perspective from the top facing the optical
bench. The light enters the spectrograph through the pseudo slit on the left hand side of
the image. The 200 mm aperture camera is located on the right hand side of the image.
The respective grating is located in the center of the image. Both gratings are mounted on
a sliding stage which allows for automated exchange. There is also a free position which
we introduced to allow for a flat fielding source that faces the camera directly. At the time
of writing this was not implemented.

The high resolution mode with R � 8900 (see Fig. 2.1) enables the investigator to study
velocity dispersions down to 15 km/s. The designed wavelength range is 515 Å wide and
reaches from 4930 Å to 5445 Å. This covers the [OIII] lines at 4959 Å and 5007 Å and the
Mg lines at 5167 Å, 5172 Å and 5183 Å up to a redshift of 0.03 (see Fig. 2.3). VIRUS-W
uses one of the OmegaCam (Deul et al., 2002) spare CCDs. This CCD is larger than
accounted for in the original design. Hence the actual covered wavelength range is larger
with 4850 Å– 5475 Å, however with significant decrease of resolution and throughput at
the spectral ends.

The grating is a 3300 ll/mm VPH grating blazed (see 4.2) at 35.9� (inside fused silica).
Prisms are attached to the VPH surfaces to avoid internal reflection and to keep the camera
location fixed between the two resolution modes. Due to the larger angle of incidence this
grating is larger than in the low resolution case and be about 170mm x 220mm in size.

spectral coverage, nominal 4930 Å– 5445 Å
spectral coverage, actual 4850 Å– 5475 Å
resolution (��/�) 7900 to 9000 (depending on wave-

length)
resolution (⇥) 14 km/s to 16 km/s
linear dispersion 0.19 Å/px
grating 3300 ll/mm VPH grating sand-

wiched between two prisms

Table 2.1 High resolution mode characteristics.

The low resolution mode with R � 3300 (see Fig. 2.2) has a nominal wavelength range
of 4750 Å to 5600 Å. In addition to the already mentioned spectral features this enables
the observation of H� and the iron features Fe5015, F e5270, F e5335 and Fe5406 and
their corresponding Lick pseudo-continua (Trager et al., 1998; Worthey et al., 1994) up to
z� 0.03 (see Fig. 2.3 and §4.7). Again, the actual covered wavelength range is larger due to
the larger detector and now covers 4340 Å - 6042 Å. This adds further Lick indices, namely
Fe4383, Ca4531, F e4668, F e5709, F e5782, and NaD

The dispersive element is again a VPH grating with 1900 ll/mm blazed at 38�. The size
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of this grating is 145mm� 165mm. Since here the di⇥raction angle is smaller, there is no
need to attach prisms as in the high resolution mode.

spectral coverage, nominal 4750 Å - 5600 Å
spectral coverage, actual 4340 Å - 6042 Å
resolution (��/�) 1700 to 3300 (depending on wave-

length)
resolution (⇥) 38 km/s to 75 km/s
linear dispersion 0.52 Å/px
grating 1900 ll/mm VPH grating

Table 2.2 Low resolution mode characteristics.

An important feature of this design is the geometry of the prisms of the high resolution
mode grating which was chosen specifically to ensure that the camera position remains
unchanged between the two resolution modes.

In Fig. 2.4 we show a photograph of the fully assembled instrument shortly before the
shipping to the McDonald observatory.

2.2 Spectrograph Layout 7

In Fig. 2.1 and 2.2 we show the schematic layout of the instrument in the high and
the low resolution mode. The figure shows the perspective from the top facing the optical
bench. The light enters the spectrograph through the pseudo slit on the left hand side of
the image. The 200 mm aperture camera is located on the right hand side of the image.
The respective grating is located in the center of the image. Both gratings are mounted on
a sliding stage which allows for automated exchange. There is also a free position which
we introduced to allow for a flat fielding source that faces the camera directly. At the time
of writing this was not implemented.

The high resolution mode with R � 8900 (see Fig. 2.1) enables the investigator to study
velocity dispersions down to 15 km/s. The designed wavelength range is 515 Å wide and
reaches from 4930 Å to 5445 Å. This covers the [OIII] lines at 4959 Å and 5007 Å and the
Mg lines at 5167 Å, 5172 Å and 5183 Å up to a redshift of 0.03 (see Fig. 2.3). VIRUS-W
uses one of the OmegaCam (Deul et al., 2002) spare CCDs. This CCD is larger than
accounted for in the original design. Hence the actual covered wavelength range is larger
with 4850 Å– 5475 Å, however with significant decrease of resolution and throughput at
the spectral ends.

The grating is a 3300 ll/mm VPH grating blazed (see 4.2) at 35.9� (inside fused silica).
Prisms are attached to the VPH surfaces to avoid internal reflection and to keep the camera
location fixed between the two resolution modes. Due to the larger angle of incidence this
grating is larger than in the low resolution case and be about 170mm x 220mm in size.

spectral coverage, nominal 4930 Å– 5445 Å
spectral coverage, actual 4850 Å– 5475 Å
resolution (��/�) 7900 to 9000 (depending on wave-

length)
resolution (⇥) 14 km/s to 16 km/s
linear dispersion 0.19 Å/px
grating 3300 ll/mm VPH grating sand-

wiched between two prisms

Table 2.1 High resolution mode characteristics.

The low resolution mode with R � 3300 (see Fig. 2.2) has a nominal wavelength range
of 4750 Å to 5600 Å. In addition to the already mentioned spectral features this enables
the observation of H� and the iron features Fe5015, F e5270, F e5335 and Fe5406 and
their corresponding Lick pseudo-continua (Trager et al., 1998; Worthey et al., 1994) up to
z� 0.03 (see Fig. 2.3 and §4.7). Again, the actual covered wavelength range is larger due to
the larger detector and now covers 4340 Å - 6042 Å. This adds further Lick indices, namely
Fe4383, Ca4531, F e4668, F e5709, F e5782, and NaD

The dispersive element is again a VPH grating with 1900 ll/mm blazed at 38�. The size

VIRUS-W

105”

55
”

Nov. 17, 2010
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Nov10 comm PI MF obs MF+Drory+Singula+Wullstein 3 nights
Dec10 comm PI MF obs MF 5 nights
May11 bulges PI MF obs J. Snigula & M. Landriau 7 nights
May11 Black Holes PI Saglia obs J. Snigula & M. Landriau 2 nights
Jun11 LSBs PI JA obs J. Adams 8 nights
Jul11  VENGA PI TW obs M, Landriau & M. Williams 7 nights
Aug11 draco PI Jardel obs J. Jardel 2.5 nights
Aug11 bulges PI MF obs M. Williams 6.5 nights
Aug11 LSBs  J. Adams obs J. Adams 13 nights
Oct11 M31 PI RS obs M. Williams & mF 10 nights
Dec11 LSBs PI J. Adams obs Adams 9 nights
Jan12 VENGA PI TW obs Mimi Song 3 nights
Feb12 VENGA PI TW obs Mimi Song 4 nights
April12 dwarfs PI MW obs M. Williams 4 nights
May12 LSBs PI J. Adams obs J. Adams 5 nights
Jun12 bulges PI MF obs M. Williams 8 nights
Jun12 disk reson. PI J. Gersen obs J. Gersen 6 nights
Aug12 M31 dwarfs PI MF obs MF + M. Opitsch 3 nights
Okt12 M31 PI M. Opitsch obs R. Saglia + M. Opitsch 3 nights
Jan 13 LSBs PI JA obs J. Adams 6 nights
April 13 GCs PI Rukdee obs Rukdee + MF 3.5 nights
April 13 counterrot PI MF obs MF + M. Opitsch 3.5 nights
Sept 13 GCs PI Rukdee obs Rukdee + M. Opitsch 5 nights
Dec 13 medido PI MF + EN obs Fabricius 7 nights
Dec 13 medido PI MF + EN obs Gebhardt + Shetrone + Mueller 5 nights
Jan 14 medido PI MF + EN obs Shetrone 3 nights
Jan 14 disk dispersions PI SA obs SA 3 nights
Feb 14 medido PI MF + EN obs Fabricius + Noyola + Mueller 5 nights
Mar 14 medido PI MF + EN obs Mueller? 4 nights
May 14 GCs PI Rukdee obs M. Opitsch 5.5 nights
May 14 disk dispersions PI SA obs SA 3.5 nights
Jun 14 medido PI MF + EN obs Noyola 3nights
Jul 14 medido PI MF + EN obs Williams, Mazzalay, Thomas, Shetrone 7 nights
Aug 14 medido PI MF + EN obs Thomas, Shetrone 5 nights
Aug 14 GCs PI MF obs MF 8 nights

total: 186 nights

VIRUS-W science
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Nov10 comm PI MF obs MF+Drory+Singula+Wullstein 3 nights
Dec10 comm PI MF obs MF 5 nights
May11 bulges PI MF obs J. Snigula & M. Landriau 7 nights
May11 Black Holes PI Saglia obs J. Snigula & M. Landriau 2 nights
Jun11 LSBs PI JA obs J. Adams 8 nights
Jul11  VENGA PI TW obs M, Landriau & M. Williams 7 nights
Aug11 draco PI Jardel obs J. Jardel 2.5 nights
Aug11 bulges PI MF obs M. Williams 6.5 nights
Aug11 LSBs  J. Adams obs J. Adams 13 nights
Oct11 M31 PI RS obs M. Williams & mF 10 nights
Dec11 LSBs PI J. Adams obs Adams 9 nights
Jan12 VENGA PI TW obs Mimi Song 3 nights
Feb12 VENGA PI TW obs Mimi Song 4 nights
April12 dwarfs PI MW obs M. Williams 4 nights
May12 LSBs PI J. Adams obs J. Adams 5 nights
Jun12 bulges PI MF obs M. Williams 8 nights
Jun12 disk reson. PI J. Gersen obs J. Gersen 6 nights
Aug12 M31 dwarfs PI MF obs MF + M. Opitsch 3 nights
Okt12 M31 PI M. Opitsch obs R. Saglia + M. Opitsch 3 nights
Jan 13 LSBs PI JA obs J. Adams 6 nights
April 13 GCs PI Rukdee obs Rukdee + MF 3.5 nights
April 13 counterrot PI MF obs MF + M. Opitsch 3.5 nights
Sept 13 GCs PI Rukdee obs Rukdee + M. Opitsch 5 nights
Dec 13 medido PI MF + EN obs Fabricius 7 nights
Dec 13 medido PI MF + EN obs Gebhardt + Shetrone + Mueller 5 nights
Jan 14 medido PI MF + EN obs Shetrone 3 nights
Jan 14 disk dispersions PI SA obs SA 3 nights
Feb 14 medido PI MF + EN obs Fabricius + Noyola + Mueller 5 nights
Mar 14 medido PI MF + EN obs Mueller? 4 nights
May 14 GCs PI Rukdee obs M. Opitsch 5.5 nights
May 14 disk dispersions PI SA obs SA 3.5 nights
Jun 14 medido PI MF + EN obs Noyola 3nights
Jul 14 medido PI MF + EN obs Williams, Mazzalay, Thomas, Shetrone 7 nights
Aug 14 medido PI MF + EN obs Thomas, Shetrone 5 nights
Aug 14 GCs PI MF obs MF 8 nights

total: 186 nights

VIRUS-W science
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Nov10 comm PI MF obs MF+Drory+Singula+Wullstein 3 nights
Dec10 comm PI MF obs MF 5 nights
May11 bulges PI MF obs J. Snigula & M. Landriau 7 nights
May11 Black Holes PI Saglia obs J. Snigula & M. Landriau 2 nights
Jun11 LSBs PI JA obs J. Adams 8 nights
Jul11  VENGA PI TW obs M, Landriau & M. Williams 7 nights
Aug11 draco PI Jardel obs J. Jardel 2.5 nights
Aug11 bulges PI MF obs M. Williams 6.5 nights
Aug11 LSBs  J. Adams obs J. Adams 13 nights
Oct11 M31 PI RS obs M. Williams & mF 10 nights
Dec11 LSBs PI J. Adams obs Adams 9 nights
Jan12 VENGA PI TW obs Mimi Song 3 nights
Feb12 VENGA PI TW obs Mimi Song 4 nights
April12 dwarfs PI MW obs M. Williams 4 nights
May12 LSBs PI J. Adams obs J. Adams 5 nights
Jun12 bulges PI MF obs M. Williams 8 nights
Jun12 disk reson. PI J. Gersen obs J. Gersen 6 nights
Aug12 M31 dwarfs PI MF obs MF + M. Opitsch 3 nights
Okt12 M31 PI M. Opitsch obs R. Saglia + M. Opitsch 3 nights
Jan 13 LSBs PI JA obs J. Adams 6 nights
April 13 GCs PI Rukdee obs Rukdee + MF 3.5 nights
April 13 counterrot PI MF obs MF + M. Opitsch 3.5 nights
Sept 13 GCs PI Rukdee obs Rukdee + M. Opitsch 5 nights
Dec 13 medido PI MF + EN obs Fabricius 7 nights
Dec 13 medido PI MF + EN obs Gebhardt + Shetrone + Mueller 5 nights
Jan 14 medido PI MF + EN obs Shetrone 3 nights
Jan 14 disk dispersions PI SA obs SA 3 nights
Feb 14 medido PI MF + EN obs Fabricius + Noyola + Mueller 5 nights
Mar 14 medido PI MF + EN obs Mueller? 4 nights
May 14 GCs PI Rukdee obs M. Opitsch 5.5 nights
May 14 disk dispersions PI SA obs SA 3.5 nights
Jun 14 medido PI MF + EN obs Noyola 3nights
Jul 14 medido PI MF + EN obs Williams, Mazzalay, Thomas, Shetrone 7 nights
Aug 14 medido PI MF + EN obs Thomas, Shetrone 5 nights
Aug 14 GCs PI MF obs MF 8 nights

total: 186 nights

VIRUS-W science

  

Constraints on α

One galaxy must be strongly cuspy. One other is 

marginally consistent with being fully cuspy. The 

remainder seem to require modification away from NFW.

NGC 959

Adams et al. 2013

The Astronomical Journal, 142:24 (12pp), 2011 July Oh et al.

Figure 6. Left: the rotation curve shape of DG1 and DG2 as well as the seven THINGS dwarf galaxies. The DM rotation curves (corrected for baryons as shown in
Figure 4) are scaled with respect to the rotation velocity V0.3 at R0.3 where the logarithmic slope of the curve is dlogV/dlogR = 0.3 (Hayashi & Navarro 2006). The
small dots indicate the NFW model rotation curves with V200 ranging from 10 to 90 km s−1. See the text for further details. The best-fitted pseudo-isothermal halo
models (denoted as ISO) are also overplotted. See Section 4.2 for more details. Right: the scaled DM density profiles of DG1 and DG2 as well as the seven THINGS
dwarf galaxies. The profiles are derived using the scaled DM rotation curves in the left panel. The small dots represent the NFW models (α ∼ −1.0) with V200 ranging
from 10 to 90 km s−1. The dashed lines indicate the best-fitted ISO halo models (α ∼ 0.0). See Section 4.3 for more details.
(A color version of this figure is available in the online journal.)

mass distribution for the galaxy halo, the galaxy rotation curve
V (R) can be converted to the mass density profile ρ(R) by the
following formula (see de Blok et al. 2001; Oh et al. 2008, 2011
for more details),

ρ(R) = 1
4πG

[

2
V

R

∂V

∂R
+

(
V

R

)2]

, (4)

where V is the rotation velocity observed at radius R and G is
the gravitational constant. Here we do not de-contract the halos
since in these galaxies adiabatic contraction does not occur and
rather expansion happens as shown in Governato et al. (2010;
see also Dutton et al. 2007).

Using Equation (4), we derive the DM density profiles of
the THINGS dwarf galaxies, DG1, and DG2 as well as the
CDM halos whose rotation curves are shown in the left panel
of Figure 6. In addition, we also derive the corresponding
mass density profiles of the best-fitted ISO halo models to
the THINGS dwarf galaxies. As shown in the right panel of
Figure 6, despite the scatter, both DG1 and DG2 have shallower
mass density profiles than DM-only simulations. Instead, they
are more consistent with the THINGS dwarf galaxies showing
near-constant density DM distributions at the centers.

In Figure 7, we compare the derived DM density profiles of
DG1 and DG2 with their true full three-dimensional DM density
distribution. The inner decrease in the actual DM density profiles
of Figure 7 is due to the shape of the potential in the region below
the force resolution (86 pc). As shown in Figure 7, for DG1, the
observationally derived DM density profile robustly traces the
true values but that for DG2 it is found to be on average a
factor of three lower than its true value at the central regions.
This is mainly due to the lower gas rotation velocity of DG2
as shown in panel (f) of Figure 3, resulting in smaller velocity
gradients ∂V /∂R in Equation (4) and thus smaller densities.

However, considering the uncertainties in deriving the profile,
the recovered profile is acceptable to examine the central DM
distribution.

We determine the inner density slopes α assuming a power
law (ρ ∼ rα) and find them to be α = −0.31 ± 0.07 for DG1 and
α = −0.49 ± 0.06 for DG2, respectively. If we re-measure the
slope of DG2, excluding the innermost point which has a large
error bar, the slope is flatter (α = −0.27 ± 0.05) as indicated
by the long dashed line in the right panel of Figure 7. These
slopes deviate from the steep slope of ∼−1.0 from DM-only
cosmological simulations. The profiles of both DG1 and DG2
deviate from NFW models beyond about 10 times the force
resolution. This tells us that the baryonic feedback processes
in dwarf galaxies can affect the DM distribution in such a way
that the central cusps predicted from DM-only simulations are
flattened, resulting in DM halos characterized by a core, as found
in normal dwarf galaxies in the local universe.

5. CONCLUSIONS

In this paper, we have compared the DM distribution of the
dwarf galaxies from a novel set of SPH+N-body simulations
by Governato et al. (2010) with that of seven THINGS dwarf
galaxies to address the “cusp/core” problem in ΛCDM. The
simulations were performed in a fully cosmological context, and
include the effect of baryonic feedback processes, particularly
strong gas outflows driven by SNe. Both the simulated and the
observed dwarf galaxies have similar kinematic properties and
have been analyzed in a homogeneous and consistent manner as
described in Oh et al. (2011). The techniques used in deriving
DM density profiles were found to provide accurate results
when compared with the true underlying profiles, supporting
the veracity of the techniques employed by observers. Therefore,
this provides a quantitative comparison between the simulations
and the observations, and allows us to examine how the baryonic

10

Oh et al. 2011
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Kinematic Sub-Components
Case Study NGC 7217

stars component A

stars component B

Kinematic Decomposition of NGC7217 9

Figure 6. Two-dimensional maps of line strength indices, calibrated to the Lick system, for the stellar components A (left panels) and
B (right panels). The vertical bars in the color scale indicate the mean errors as obtained from the MC simulations.

Figure 7. XXX

tral decomposition code, with the given instrumental set-
up, needed independent kinematic measurements to remove
the degeneracy when recovering the best fitting stellar tem-
plates, as also found by Katkov, Sil’chenko & Afanasiev
(2013).

6 IONIZED GAS KINEMATICS AND TILTED
RING ANALYSIS

In general the velocity field of the [O iii] emission shows a
striking resemblance with that of the component A. Also the
velocity dispersion is with 20 km s�1 – 30 km s�1 very similar
to the values found in component A. In the center — inside
a of radius of 800— however, the velocity field of gas shows a
strong twist. This may be a consequence of a nuclear polar
gas ring as discussed by Sil’chenko & Afanasiev (2000).

We construct a tilted ring model to study the behaviour
of the gas under the assumption of purely circular motion.
Out model consist of 50 radially equally spaced rings that

are projected onto the sky plane. The free parameters for ev-
ery ring are its relative weight, the observed position angle,
the inclination, and the circular velocity. We project those
rings onto the same pixel grid that we use for the binning
of our observed data and also compute mean velocities in
the same Voronoi bins as we used for the observations. We
fit the model in two stages. First we tie the position and in-
clination angles as well as the circular velocities of all rings
to each other which e↵ectively results in a simple thin disk
model. We then optimize these three free parameters (the
weight is fixed to one in the disk model) for minimal �2. This
already generates a very good model for the gas disk veloci-
ties outside of the central 1500with residuals that seem to be
dominated entirely by noise. The best fitting parameters are
PA = 84.6±0.6�, i = 33.9±1.2� and vc = 260.3±6.8 km s�1.

In the second stage we now untie the relative alignment
and the circular velocities and rerun the fit — again min-
imizing for �

2 — while using the best-fit parameters from
the first stage as initial guesses. In Fig. 8 we reproduce the
gas velocity field from Fig. 4 and show plots of the best fit-
ting model and a map of the residuals. The third panel from
the top shows the Voronoi binned velocity map of the model.
The central twist is well reproduced by the tilted ring model.

Using the parameters from the thin disk model, we de-
rive the angular separation � of the rotation axis of the in-
ner rings with respect to the rotation axis of the outer disk.
Fig. 9 shows the parameters that we derive for the titled
rings as a function of the ring radii. From top to bottom,
the panels show the projected position angle, the inclina-
tion, the angular separation and the circular velocity. From
our data the maximum angular separation of the inner rings
with respect to the outer disks is 30 �, significantly lower
than the 90 �that would imply a polar ring. This may how-
ever be a consequence of the limited spatial resolution of our
data.

We find a slight increase in the gas dispersion at the
location of the inner ring. This is best seen in Fig. 10 where
we plot the averaged gas dispersion in elliptical annuli with
an ellipticity fixed to the value of 0.2 and a position angle
of 85 �

TODO: check these numbers. B95 gives a radius of 31 00for
the inner ring. The dispersion profile does show a shelf or a

c� 2013 RAS, MNRAS 000, 1–16
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Nov10 comm PI MF obs MF+Drory+Singula+Wullstein 3 nights
Dec10 comm PI MF obs MF 5 nights
May11 bulges PI MF obs J. Snigula & M. Landriau 7 nights
May11 Black Holes PI Saglia obs J. Snigula & M. Landriau 2 nights
Jun11 LSBs PI JA obs J. Adams 8 nights
Jul11  VENGA PI TW obs M, Landriau & M. Williams 7 nights
Aug11 draco PI Jardel obs J. Jardel 2.5 nights
Aug11 bulges PI MF obs M. Williams 6.5 nights
Aug11 LSBs  J. Adams obs J. Adams 13 nights
Oct11 M31 PI RS obs M. Williams & mF 10 nights
Dec11 LSBs PI J. Adams obs Adams 9 nights
Jan12 VENGA PI TW obs Mimi Song 3 nights
Feb12 VENGA PI TW obs Mimi Song 4 nights
April12 dwarfs PI MW obs M. Williams 4 nights
May12 LSBs PI J. Adams obs J. Adams 5 nights
Jun12 bulges PI MF obs M. Williams 8 nights
Jun12 disk reson. PI J. Gersen obs J. Gersen 6 nights
Aug12 M31 dwarfs PI MF obs MF + M. Opitsch 3 nights
Okt12 M31 PI M. Opitsch obs R. Saglia + M. Opitsch 3 nights
Jan 13 LSBs PI JA obs J. Adams 6 nights
April 13 GCs PI Rukdee obs Rukdee + MF 3.5 nights
April 13 counterrot PI MF obs MF + M. Opitsch 3.5 nights
Sept 13 GCs PI Rukdee obs Rukdee + M. Opitsch 5 nights
Dec 13 medido PI MF + EN obs Fabricius 7 nights
Dec 13 medido PI MF + EN obs Gebhardt + Shetrone + Mueller 5 nights
Jan 14 medido PI MF + EN obs Shetrone 3 nights
Jan 14 disk dispersions PI SA obs SA 3 nights
Feb 14 medido PI MF + EN obs Fabricius + Noyola + Mueller 5 nights
Mar 14 medido PI MF + EN obs Mueller? 4 nights
May 14 GCs PI Rukdee obs M. Opitsch 5.5 nights
May 14 disk dispersions PI SA obs SA 3.5 nights
Jun 14 medido PI MF + EN obs Noyola 3nights
Jul 14 medido PI MF + EN obs Williams, Mazzalay, Thomas, Shetrone 7 nights
Aug 14 medido PI MF + EN obs Thomas, Shetrone 5 nights
Aug 14 GCs PI MF obs MF 8 nights

total: 186 nights

VIRUS-W science
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Nov10 comm PI MF obs MF+Drory+Singula+Wullstein 3 nights
Dec10 comm PI MF obs MF 5 nights
May11 bulges PI MF obs J. Snigula & M. Landriau 7 nights
May11 Black Holes PI Saglia obs J. Snigula & M. Landriau 2 nights
Jun11 LSBs PI JA obs J. Adams 8 nights
Jul11  VENGA PI TW obs M, Landriau & M. Williams 7 nights
Aug11 draco PI Jardel obs J. Jardel 2.5 nights
Aug11 bulges PI MF obs M. Williams 6.5 nights
Aug11 LSBs  J. Adams obs J. Adams 13 nights
Oct11 M31 PI RS obs M. Williams & mF 10 nights
Dec11 LSBs PI J. Adams obs Adams 9 nights
Jan12 VENGA PI TW obs Mimi Song 3 nights
Feb12 VENGA PI TW obs Mimi Song 4 nights
April12 dwarfs PI MW obs M. Williams 4 nights
May12 LSBs PI J. Adams obs J. Adams 5 nights
Jun12 bulges PI MF obs M. Williams 8 nights
Jun12 disk reson. PI J. Gersen obs J. Gersen 6 nights
Aug12 M31 dwarfs PI MF obs MF + M. Opitsch 3 nights
Okt12 M31 PI M. Opitsch obs R. Saglia + M. Opitsch 3 nights
Jan 13 LSBs PI JA obs J. Adams 6 nights
April 13 GCs PI Rukdee obs Rukdee + MF 3.5 nights
April 13 counterrot PI MF obs MF + M. Opitsch 3.5 nights
Sept 13 GCs PI Rukdee obs Rukdee + M. Opitsch 5 nights
Dec 13 medido PI MF + EN obs Fabricius 7 nights
Dec 13 medido PI MF + EN obs Gebhardt + Shetrone + Mueller 5 nights
Jan 14 medido PI MF + EN obs Shetrone 3 nights
Jan 14 disk dispersions PI SA obs SA 3 nights
Feb 14 medido PI MF + EN obs Fabricius + Noyola + Mueller 5 nights
Mar 14 medido PI MF + EN obs Mueller? 4 nights
May 14 GCs PI Rukdee obs M. Opitsch 5.5 nights
May 14 disk dispersions PI SA obs SA 3.5 nights
Jun 14 medido PI MF + EN obs Noyola 3nights
Jul 14 medido PI MF + EN obs Williams, Mazzalay, Thomas, Shetrone 7 nights
Aug 14 medido PI MF + EN obs Thomas, Shetrone 5 nights
Aug 14 GCs PI MF obs MF 8 nights

total: 186 nights

VIRUS-W science
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Nov10 comm PI MF obs MF+Drory+Singula+Wullstein 3 nights
Dec10 comm PI MF obs MF 5 nights
May11 bulges PI MF obs J. Snigula & M. Landriau 7 nights
May11 Black Holes PI Saglia obs J. Snigula & M. Landriau 2 nights
Jun11 LSBs PI JA obs J. Adams 8 nights
Jul11  VENGA PI TW obs M, Landriau & M. Williams 7 nights
Aug11 draco PI Jardel obs J. Jardel 2.5 nights
Aug11 bulges PI MF obs M. Williams 6.5 nights
Aug11 LSBs  J. Adams obs J. Adams 13 nights
Oct11 M31 PI RS obs M. Williams & mF 10 nights
Dec11 LSBs PI J. Adams obs Adams 9 nights
Jan12 VENGA PI TW obs Mimi Song 3 nights
Feb12 VENGA PI TW obs Mimi Song 4 nights
April12 dwarfs PI MW obs M. Williams 4 nights
May12 LSBs PI J. Adams obs J. Adams 5 nights
Jun12 bulges PI MF obs M. Williams 8 nights
Jun12 disk reson. PI J. Gersen obs J. Gersen 6 nights
Aug12 M31 dwarfs PI MF obs MF + M. Opitsch 3 nights
Okt12 M31 PI M. Opitsch obs R. Saglia + M. Opitsch 3 nights
Jan 13 LSBs PI JA obs J. Adams 6 nights
April 13 GCs PI Rukdee obs Rukdee + MF 3.5 nights
April 13 counterrot PI MF obs MF + M. Opitsch 3.5 nights
Sept 13 GCs PI Rukdee obs Rukdee + M. Opitsch 5 nights
Dec 13 medido PI MF + EN obs Fabricius 7 nights
Dec 13 medido PI MF + EN obs Gebhardt + Shetrone + Mueller 5 nights
Jan 14 medido PI MF + EN obs Shetrone 3 nights
Jan 14 disk dispersions PI SA obs SA 3 nights
Feb 14 medido PI MF + EN obs Fabricius + Noyola + Mueller 5 nights
Mar 14 medido PI MF + EN obs Mueller? 4 nights
May 14 GCs PI Rukdee obs M. Opitsch 5.5 nights
May 14 disk dispersions PI SA obs SA 3.5 nights
Jun 14 medido PI MF + EN obs Noyola 3nights
Jul 14 medido PI MF + EN obs Williams, Mazzalay, Thomas, Shetrone 7 nights
Aug 14 medido PI MF + EN obs Thomas, Shetrone 5 nights
Aug 14 GCs PI MF obs MF 8 nights

total: 186 nights
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Nov10 comm PI MF obs MF+Drory+Singula+Wullstein 3 nights
Dec10 comm PI MF obs MF 5 nights
May11 bulges PI MF obs J. Snigula & M. Landriau 7 nights
May11 Black Holes PI Saglia obs J. Snigula & M. Landriau 2 nights
Jun11 LSBs PI JA obs J. Adams 8 nights
Jul11  VENGA PI TW obs M, Landriau & M. Williams 7 nights
Aug11 draco PI Jardel obs J. Jardel 2.5 nights
Aug11 bulges PI MF obs M. Williams 6.5 nights
Aug11 LSBs  J. Adams obs J. Adams 13 nights
Oct11 M31 PI RS obs M. Williams & mF 10 nights
Dec11 LSBs PI J. Adams obs Adams 9 nights
Jan12 VENGA PI TW obs Mimi Song 3 nights
Feb12 VENGA PI TW obs Mimi Song 4 nights
April12 dwarfs PI MW obs M. Williams 4 nights
May12 LSBs PI J. Adams obs J. Adams 5 nights
Jun12 bulges PI MF obs M. Williams 8 nights
Jun12 disk reson. PI J. Gersen obs J. Gersen 6 nights
Aug12 M31 dwarfs PI MF obs MF + M. Opitsch 3 nights
Okt12 M31 PI M. Opitsch obs R. Saglia + M. Opitsch 3 nights
Jan 13 LSBs PI JA obs J. Adams 6 nights
April 13 GCs PI Rukdee obs Rukdee + MF 3.5 nights
April 13 counterrot PI MF obs MF + M. Opitsch 3.5 nights
Sept 13 GCs PI Rukdee obs Rukdee + M. Opitsch 5 nights
Dec 13 medido PI MF + EN obs Fabricius 7 nights
Dec 13 medido PI MF + EN obs Gebhardt + Shetrone + Mueller 5 nights
Jan 14 medido PI MF + EN obs Shetrone 3 nights
Jan 14 disk dispersions PI SA obs SA 3 nights
Feb 14 medido PI MF + EN obs Fabricius + Noyola + Mueller 5 nights
Mar 14 medido PI MF + EN obs Mueller? 4 nights
May 14 GCs PI Rukdee obs M. Opitsch 5.5 nights
May 14 disk dispersions PI SA obs SA 3.5 nights
Jun 14 medido PI MF + EN obs Noyola 3nights
Jul 14 medido PI MF + EN obs Williams, Mazzalay, Thomas, Shetrone 7 nights
Aug 14 medido PI MF + EN obs Thomas, Shetrone 5 nights
Aug 14 GCs PI MF obs MF 8 nights

total: 186 nights
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Nov10 comm PI MF obs MF+Drory+Singula+Wullstein 3 nights
Dec10 comm PI MF obs MF 5 nights
May11 bulges PI MF obs J. Snigula & M. Landriau 7 nights
May11 Black Holes PI Saglia obs J. Snigula & M. Landriau 2 nights
Jun11 LSBs PI JA obs J. Adams 8 nights
Jul11  VENGA PI TW obs M, Landriau & M. Williams 7 nights
Aug11 draco PI Jardel obs J. Jardel 2.5 nights
Aug11 bulges PI MF obs M. Williams 6.5 nights
Aug11 LSBs  J. Adams obs J. Adams 13 nights
Oct11 M31 PI RS obs M. Williams & mF 10 nights
Dec11 LSBs PI J. Adams obs Adams 9 nights
Jan12 VENGA PI TW obs Mimi Song 3 nights
Feb12 VENGA PI TW obs Mimi Song 4 nights
April12 dwarfs PI MW obs M. Williams 4 nights
May12 LSBs PI J. Adams obs J. Adams 5 nights
Jun12 bulges PI MF obs M. Williams 8 nights
Jun12 disk reson. PI J. Gersen obs J. Gersen 6 nights
Aug12 M31 dwarfs PI MF obs MF + M. Opitsch 3 nights
Okt12 M31 PI M. Opitsch obs R. Saglia + M. Opitsch 3 nights
Jan 13 LSBs PI JA obs J. Adams 6 nights
April 13 GCs PI Rukdee obs Rukdee + MF 3.5 nights
April 13 counterrot PI MF obs MF + M. Opitsch 3.5 nights
Sept 13 GCs PI Rukdee obs Rukdee + M. Opitsch 5 nights
Dec 13 medido PI MF + EN obs Fabricius 7 nights
Dec 13 medido PI MF + EN obs Gebhardt + Shetrone + Mueller 5 nights
Jan 14 medido PI MF + EN obs Shetrone 3 nights
Jan 14 disk dispersions PI SA obs SA 3 nights
Feb 14 medido PI MF + EN obs Fabricius + Noyola + Mueller 5 nights
Mar 14 medido PI MF + EN obs Mueller? 4 nights
May 14 GCs PI Rukdee obs M. Opitsch 5.5 nights
May 14 disk dispersions PI SA obs SA 3.5 nights
Jun 14 medido PI MF + EN obs Noyola 3nights
Jul 14 medido PI MF + EN obs Williams, Mazzalay, Thomas, Shetrone 7 nights
Aug 14 medido PI MF + EN obs Thomas, Shetrone 5 nights
Aug 14 GCs PI MF obs MF 8 nights

total: 186 nights

VIRUS-W science
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Nov10 comm PI MF obs MF+Drory+Singula+Wullstein 3 nights
Dec10 comm PI MF obs MF 5 nights
May11 bulges PI MF obs J. Snigula & M. Landriau 7 nights
May11 Black Holes PI Saglia obs J. Snigula & M. Landriau 2 nights
Jun11 LSBs PI JA obs J. Adams 8 nights
Jul11  VENGA PI TW obs M, Landriau & M. Williams 7 nights
Aug11 draco PI Jardel obs J. Jardel 2.5 nights
Aug11 bulges PI MF obs M. Williams 6.5 nights
Aug11 LSBs  J. Adams obs J. Adams 13 nights
Oct11 M31 PI RS obs M. Williams & mF 10 nights
Dec11 LSBs PI J. Adams obs Adams 9 nights
Jan12 VENGA PI TW obs Mimi Song 3 nights
Feb12 VENGA PI TW obs Mimi Song 4 nights
April12 dwarfs PI MW obs M. Williams 4 nights
May12 LSBs PI J. Adams obs J. Adams 5 nights
Jun12 bulges PI MF obs M. Williams 8 nights
Jun12 disk reson. PI J. Gersen obs J. Gersen 6 nights
Aug12 M31 dwarfs PI MF obs MF + M. Opitsch 3 nights
Okt12 M31 PI M. Opitsch obs R. Saglia + M. Opitsch 3 nights
Jan 13 LSBs PI JA obs J. Adams 6 nights
April 13 GCs PI Rukdee obs Rukdee + MF 3.5 nights
April 13 counterrot PI MF obs MF + M. Opitsch 3.5 nights
Sept 13 GCs PI Rukdee obs Rukdee + M. Opitsch 5 nights
Dec 13 medido PI MF + EN obs Fabricius 7 nights
Dec 13 medido PI MF + EN obs Gebhardt + Shetrone + Mueller 5 nights
Jan 14 medido PI MF + EN obs Shetrone 3 nights
Jan 14 disk dispersions PI SA obs SA 3 nights
Feb 14 medido PI MF + EN obs Fabricius + Noyola + Mueller 5 nights
Mar 14 medido PI MF + EN obs Mueller? 4 nights
May 14 GCs PI Rukdee obs M. Opitsch 5.5 nights
May 14 disk dispersions PI SA obs SA 3.5 nights
Jun 14 medido PI MF + EN obs Noyola 3nights
Jul 14 medido PI MF + EN obs Williams, Mazzalay, Thomas, Shetrone 7 nights
Aug 14 medido PI MF + EN obs Thomas, Shetrone 5 nights
Aug 14 GCs PI MF obs MF 8 nights

total: 186 nights

VIRUS-W science
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Conclusions
• Fibers are now a standard to construct IFU, essentially all 

ongoing and upcoming optical 3D surveys (CALIFA, 
SAMI, MANGA, HETDEX ...) use fiber IFUs.

• Instruments are becoming increasingly modular (MUSE, 
KMOS, PFS),  with VIRUS/HETDEX ~ 10-folding current 
concepts.

• HETDEX uses 150 units in a blind spectroscopic survey 
for LyA source in the distant universe.

• HETDEX will start observing summer 2015.

• VIRUS-W’s design is derived from the HETDEX survey 
instrument. 

• VIRUS-W is a high resolution, large FoV IFU instrument 
dedicated to stellar dynamics.

• Commissioned at 2.7m in Nov. 2010, regular science 
operation commences.

• Does resolve dispersions down 
to 15 km/s.  Offers an additional stellar populations 
mode. 

• Gives access to complex LOSVDs at low velocity 
dispersions.

2.7-m Harlan J. Smith 
telescope @ McDonald

9.2 m HET @ McDonald
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Thank you!
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