
Wide Field Integral Spectroscopy with 
Typhoon

PrISM 

Carnegie Institution for Science

Barry Madore, Jeff Rich, Mark Seibert



 

 

 

Narrow Band Imaging
(e.g Fabry-Pérot)

Progressive Integral
Step Method (PrISM)

Stacked Integral
Field Units

Integral Wide-Field 
Spectrsocopy

y 
(a

rc
-m

in
ut

es
)

wavelength

x (arc-minutes)

modern telescope control systems
desktop computing power

cheap disk storage
~ $0

Spatially Resolved Galaxy IFS: 
star formation

star formation histories
chemical evolution

separated by morphological components 

Simple Execution:



SLS/PrISM Concerns
INEFFICIENT true for small objects

true for faint objects
use for large bright objects



SLS/PrISM Concerns
INEFFICIENT

VARIABLE SKY

true for small objects
true for faint objects
use for large bright objects

true always

ultra-long slit allows for 
simultaneous sky for each 
exposure if diameter < slit.



PrISM Specifications @LCO du Pont

Table 1. PrISM Specifications

Field of view (slit) 18’ ⇥ 1.65” (0.5 arcminute2)
Spectral resolution R=800 (375 km s�1 FWHM)
Spaxel size 1.65” ⇥ 0.484” (native) / 1.65” ⇥ 1.65” (binned)
Spatial resolution 2 – 177 pc (48 pc median)
Spectral range 3650 – 9000 Å
Flux limit (5000Å)a 4⇥ 10�17 erg s�1 cm�2 Å�1 per resolution element

33.4 µJy per resolution element
µ = 21.1 AB mag / arcsec2

S/N=3, 600 sec., 1.652 arcsec spaxel
Telescope 2.5m f/7.5 du Pont telescope, Las Campanas, Chile
Camera/Detector Wide Field reimaging CCD (WFCCD)

25 arcminute diameter field
WF4K 4064 ⇥ 4064 CCD

Note. — (a) Spatial binning will provide high S/N measurements far
below this limit.
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Typhoon vs SDSS Nucleus of UGC1382  ~7 sqr−arsec aper.

4000 5000 6000 7000 8000
wavelength [A]

0

50

100

150

200

250

flu
x 

[1
0
−1

7
 e

rg
/s

/c
m

2
/A

]

SDSS 2700 sec.

Typhoon 600 sec.

Typhoon S/N

3800 4000 4200 4400 4600
wavelength [A]

0

50

100

150

200

flu
x 

[1
0
−1

7
 e

rg
/s

/c
m

2
/A

]

4600 4800 5000 5200 5400 5600
wavelength [A]

50

100

150

200

250

flu
x 

[1
0
−1

7
 e

rg
/s

/c
m

2
/A

]

5600 5800 6000 6200 6400 6600
wavelength [A]

100

150

200

250

flu
x 

[1
0
−1

7
 e

rg
/s

/c
m

2
/A

]

6600 6800 7000 7200 7400 7600
wavelength [A]

100

150

200

250

flu
x 

[1
0
−1

7
 e

rg
/s

/c
m

2
/A

]

7600 7800 8000 8200 8400
wavelength [A]

100

150

200

250

flu
x 

[1
0
−1

7
 e

rg
/s

/c
m

2
/A

]

~72 arcsec aperture

SDSS 2700sec



M83 / NGC5236

179 Spectra

5 Nights

5’ x 18’

Raw Data

Reduction is like long slit data
but with 2D distortion corrections

over entire FOV



M83 / NGC5236

179 Spectra
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M83 Current State 
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Figure 1. Left: HST+ACS V-band image of NGC5194 and its companion NGC 5195 (Mutchler et al. 2005). The central 4.1 × 4.1 kpc2 region sampled by the
1.′7 × 1.′7 VIRUS-P field of view is marked in red. Right: map of the 738 regions sampled by VIRUS-P in the three dither positions. Each region has a diameter of 4.′′3
corresponding to ∼170 pc at the distance of NGC5194.
(A color version of this figure is available in the online journal.)

Bigiel et al. (2008) used a slightly smaller distance of 8.0 Mpc,
it is worth noticing that most of the results in this paper are
based on surface densities, which are independent of distance,
and thus are not affected by the assumed value. All values for
ΣSFR are in units of M⊙ yr−1 kpc−2, and values of Σgas are in
units of M⊙ pc−2.

2. OBSERVATIONS

We obtained spatially resolved spectroscopy over the central
4.1 × 4.1 kpc2 region of NGC 5194 on the night of 2008 April
4, using VIRUS-P on the 2.7 m Harlan J. Smith telescope at
McDonald Observatory. VIRUS-P with the VP-2 IFU bundle
used in this work consists of a square array of 246 optical fibers,
which samples a 1.′7×1.′7 field of view with a 1/3 filling factor.
The fibers are 200 µm in diameter, corresponding to 4.′′3 on
sky. The spectrograph images the spectrum of the 246 fibers
on a 2048 × 2048 Fairchild Imaging CCD. Because of camera
alignment issues, the spectrum of one fiber fell off the chip,
reducing the number of usable fibers to 245.

The spectrograph was used in a red setup under which it
samples a wavelength range of 4570–6820 Å with a spectral
resolution of ∼5.0 Å (FWHM). This red setup allows us to
sample both Hβ and Hα, and our resolution is high enough to
resolve the Hα-[N ii]λλ6548,6893 complex. We took the data
in 2 × 1 binning mode in the spectral direction which translates
into a plate scale of 2.2 Å pixel−1. Given the 1/3 filling factor
of the IFU, three dithered exposures were necessary to sample
the complete field of view.

We obtained four 20 minute exposures at each of
the three dither positions, accounting for an effective ex-
posure time of 80 minutes. Dither 1 was centered at
α = 13:29:52.69; δ = +47:11:43.0. Dithers 2 and 3 were offset
from dither 1 by ∆α = −3.′′6; ∆δ = −2.′′0 and ∆α = 0.′′0; ∆δ =

−4.′′0, respectively. Figure 1 shows the observed region in NGC
5194 as well as the position of the IFU fibers for the three dithers.
Because of the extended nature of NGC 5194 no fibers in the
field of view sampled a blank region of the sky. This implied the
need for off-source sky frames in between science frames. We
obtained 5 minute sky exposures bracketing all science expo-
sures. These were obtained 30′ north of NGC 5194. The typical
seeing during the observations was 2.′′0.

Bias frames, comparison NeCd lamps, and twilight flats were
taken at the beginning and end of the night. VIRUS-P is mounted
on a two degree of freedom gimble at the broken Cassegrain
focus of the telescope. The gimble keeps the spectrograph in a
fixed gravity vector independent of the position of the telescope
during the observations which translates into a practically
complete lack of flexure in the spectrograph optical components.
For this reason calibration frames intercalated with the science
observations were not necessary.

The spectro-photometric standard Feige 34 was observed
for the purpose of flux calibration (see Section 3.1). Standard
observations were performed using a finer 6 position dither
pattern which better samples the point-spread function (PSF) of
the star and ensures the collection of its total flux (see Section 3.1
and Figure 2).

The instrument is equipped with a guiding camera which
images a 4.′5×4.′5 field offset from the science field sampled by
the IFU. The guiding camera is a 512 × 512 pixel Apogee unit
equipped with a BV filter which allows broadband photometric
measurements of the stars in the field. During the night we
saved a guider frame every 30 s in order to reconstruct changes
in atmospheric transparency. The guider images are also used to
establish the IFU astrometry. The relative offset, rotation, and
plate scales of the guider and IFU fields have been precisely
calibrated using observations of crowded fields in open clusters,
so the pixel coordinates of stars in the guider frames provide us
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Figure 4. Nebular emission spectrum of the same regions shown in Figure 3, obtained by subtracting the best-fitted linear combination of stellar templates from the
observed spectrum. Masked parts of the spectra correspond to the regions around strong night sky emission lines showing background subtraction residuals.

in the regions we are studying. The Balmer line ratio Hα/Hβ,
as will be shown bellow, provides a good estimate of the dust
extinction at the wavelength of the Hα line.

Assuming an intrinsic Hα/Hβ ratio of 2.87 (Osterbrock &
Ferland 2006), the observed ratio provides the extinction at the
wavelength of Hα through the following equation,

AHα = −2.5 log
[

[Hα/Hβ]obs

2.87

] (
1

1 − k(Hα)/k(Hβ)

)
, (2)

where [Hα/Hβ]obs is the observed line ratio and k(λ) is the
extinction law. We assume a foreground MW extinction law
as parameterized by Pei (1992). SMC and LMC laws were
also tested (also using the Pei 1992 parametrization), and no
significant change was observed in the deduced extinction values
(these three extinction laws are practically identical at these
wavelengths). To correct for Galactic extinction toward NGC
5194 we use a value of AB = 0.152, taken from Schlegel et al.
(1998).

In order to test the reliability of our Balmer decrement ex-
tinction values, we compare our corrected Hα fluxes with the
corrected Paα fluxes. The hydrogen recombination Paα line at
1.87 µm, although one order of magnitude fainter than Hα, is
very weakly absorbed by dust, and hence provides an unbiased
estimate of the intrinsic SFR even in highly extincted regions
(Scoville et al. 2001). Most recent studies of spatially resolved
star formation in nearby disk galaxies use recipes to account for
dust obscured star formation which are ultimately linked to a
calibration based on Paα (Calzetti et al. 2005; Kennicutt et al.
2007; Bigiel et al. 2008; Leroy et al. 2008). In particular, Calzetti
et al. (2005) find a tight linear correlation between the 24 µm
luminosity of star-forming regions in NGC 5194 and their Pα
luminosities, providing justification for the use of linear combi-
nations of 24 µm fluxes with either Hα or UV fluxes to estimate

the intrinsic SFR in the other mentioned works. In our case,
if the extinction-corrected Hα fluxes linearly correlate with the
corrected Paα fluxes, following the intrinsic line ratio expected
from recombination theory, then we can confirm that our extinc-
tion values have been properly estimated. In that case we can
do without the IR data, and apply an extinction correction to the
measured Hα fluxes which is solely based on the optical spectra.

We measure Pα fluxes for all 735 regions in the NIC-
MOS F187N continuum-subtracted narrow-band image (see
Section 4.1), using apertures matching the size of the VIRUS-P
fibers. Figure 5 shows extinction-corrected Paα versus Hα fluxes
for all regions showing 5σ detections of Paα emission in the
NICMOS narrow-band image. Both lines have been corrected
using the Balmer decrement derived extinction, and a MW ex-
tinction law. The solid line in Figure 5 shows the theoretical
Hα/Paα = 8.15 ratio taken from Osterbrock & Ferland (2006).
The observed line ratios are in agreement with the theoretical
value, and the scatter can be attributed mostly to measurement
errors. This confirms that Hα fluxes, once corrected for dust
obscuration using the Balmer decrement derived extinction, can
provide an unbiased measure of the intrinsic SFR in the disks
of normal face-on spirals.

6. MEASUREMENT OF GAS MASS SURFACE DENSITIES

In order to measure the atomic and molecular gas surface
density at the position of each of the 735 regions under study,
we measure integrated intensities in the THINGS 21 cm and the
BIMA SONG CO J = 1–0 maps, and translate them into gas
surface densities using the calibrations presented below. The
intensities are measured over an area equal to the beam size
of each map. At each of the 735 fiber positions we perform
aperture photometry on the 21 cm and CO maps, and measure
the integrated gas intensity in apertures of effective radius
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Figure 6. [N ii]λ6584/Hα vs. [O iii]λ5007/Hβ line ratio for the 735 regions.
The solid line marks the theoretical threshold of Kewley et al. (2001) separating
AGNs from star-forming galaxies. Dotted lines mark the ±0.1 dex uncertainty in
the threshold modeling. The 17 regions above the threshold and having angular
distances to the galaxy nucleus of <15′′ are flagged as “AGN affected” and are
shown as filled triangles. Open diamonds show the 718 regions unaffected by
AGN contamination used to construct the SFL.

8. CONTRIBUTION FROM THE DIFFUSE IONIZED GAS
AND CALCULATION OF SFR SURFACE DENSITIES

If we were to calculate ΣSFR using the extinction-corrected
Hα flux observed on each region, we would work under the
assumption that all the emission observed in a given line of sight
toward the galaxy has an origin associated with the ionizing flux
coming from the localized star formation in the same region.
This is not necessarily true in the presence of a diffuse ionized
component in the ISM of the galaxy. The role of the DIG (a.k.a.
warm ionized medium, WIM) as an important component of
the ISM of star-forming disk galaxies in the local universe has
been properly established during the last two decades (e.g., see
reviews by Mathis 2000 and Haffner et al. 2009). The existence
of a significant component of extra-planar ionized hydrogen
in a galaxy requires that a fraction of the ionizing Lyman
continuum photons generated in star-forming regions in the disk
escapes and travels large distances of the order of kiloparsecs
before ionizing neutral hydrogen at large heights above the disk.
These distances are one order of magnitude larger than the
Strömgren radii associated with the most massive O stars, and
the ionizing flux is thought to escape through super-bubbles in
a complex hydrogen density and ionization distribution created
by supernovae, stellar winds, and large-scale ionization by OB
associations (e.g., Dove et al. 2000).

Under these conditions a hydrogen atom emitting an Hα
photon observed to come in the direction of a certain region
of the galaxy is not necessarily required to have been ionized by
locally produced UV photons in the same region. Hence the Hα
flux measured in each region is the sum of the flux coming from
H ii regions tracing localized star formation in the disk, and a
contribution from the DIG. In order to properly estimate ΣSFR
and the spatially resolved SFL we need to separate and subtract
the DIG contribution from the observed Hα fluxes.

Figure 7. Map of the [N ii]λ6584/Hα emission line ratio in the central region
of NGC 5194. Regions flagged as “AGN affected” are marked by black crosses.
(A color version of this figure is available in the online journal.)

Low-ionization line ratios such as [N ii]λ6584/Hα and
[S ii]λ6717/Hα (hereafter [S ii]/Hα) are observed to be greatly
enhanced in the DIG, as compared to the typical values observed
in H ii regions (Reynolds 1985; Hoopes & Walterbos 2003).
Recent results from The Wisconsin Hα Mapper (WHAM5) sky
survey by Madsen et al. (2006) show that H ii regions in the
MW have a typical ([S ii]/Hα)H ii = 0.11 with a small rms scat-
ter from region to region of only ∆([S ii]/Hα)H ii = 0.03. On the
other hand, high galactic latitude pointings sampling the DIG
component show a mean ([S ii]/Hα)DIG = 0.34, with a large
scatter from pointing to pointing of ∆([S ii]/Hα)DIG = 0.13.
Figure 8 shows a histogram of the [S ii]/Hα line ratios taken
from Madsen et al. (2006) for H ii regions and the DIG as
measured by WHAM. It can be seen that the [S ii]/Hα ratio
provides a very useful tool to separate the contribution from the
DIG and the disk H ii regions in our spectra. The [N ii]/Hα
ratio, while still enhanced in the DIG as can be clearly seen in
Figure 7, shows a much larger scatter both for H ii regions and
pointings toward the DIG, and does not provide such a clean
separation as the [S ii]/Hα ratio (see Figure 21 in Madsen et al.
2006).

We model the measured Hα flux of each region as the sum
of a contribution from H ii regions plus a contribution from the
DIG, so

f (Hα) = f (Hα)H ii + f (Hα)DIG;
= CH iif (Hα) + CDIGf (Hα), (7)

where CH ii is the fraction of the total flux coming from local
star-forming regions in the disk, and CDIG = (1 − CH ii). The
observed [S ii]/Hα ratio is then given by

[S ii]
Hα

= Z′
[
CH ii

(
[S ii]
Hα

)

H ii
+ CDIG

(
[S ii]
Hα

)

DIG

]
, (8)

5 http://www.astro.wisc.edu/wham/
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Table 2. Comparison of current integral field spectroscopy surveys

PrISM MaNGA CALIFA SAMI ATLAS3D

Technique LSSa Fiber Fiber Fiber Lenslets
Redshift range (z) 0.005 ⇠0.03 0.005 – 0.03  0.05 0.01
Field of view 18’ ⇥ 1.65” 12” – 32” 74” ⇥ 64” 14.9” ⇥ 14.9” 33” ⇥ 41”
Spaxel size 1.65” 2” 2.7” 1.6” 0.94”
Filling factor (%) 100 54 60 75 100
Spectral range (Å) 3650–9000 3600–10000 3700 – 5000b 3700 – 5800b 4810 – 5350

4300 – 7000c 6300 – 7400c

Spectral res. (R) 800 2000 1650b/850c 1750b/4500c 1300
Physical res. (pc spaxel�1) ⇠50 ⇠1500 ⇠400 ⇠1000 ⇠300

Note. — (a) LSS — Long Slit Stepping, (b) blue side, (c) red side.

It is extraordinarily difficult to observe nearby large angular size galaxies with exist-
ing IFUs due to the limited field-of-view (FOV) of the instruments. The primary concern
is the inability to properly measure and remove the sky background levels when a source
entirely fills the FOV. It is a difficult problem that, combined with the physical limit of
packing fibers close together, drives the current fiber-based IFU galaxy surveys toward
higher redshifts and therefore low to modest spatial resolution. We solve this problem
with a method called PrISM, which stands for Progressive Integral Step Method. At its
core it employs stepped long-slit spectroscopy. We have resurrected and refined the tech-
nique using modern telescope controls, computing power, and inexpensive disk storage.
It is a method that uses existing wide field long-slit spectrographs. Any long-slit spec-
trograph is essentially and IFU with a different voxel arrangement. Although we have
perfected this technique on the 2.5m du Pont telescope at Los Campanas Observatory
(LCO), where we conduct the survey, it can in principle be implemented on any long-slit
spectrograph.

The PrISM technique is simple in concept and execution, although slightly compli-
cated to reduce. The concept involves precisely stepping a very long-slit perpendicular to
the minor axis direction of a target galaxy – at each step obtaining a wide field but narrow
field 2D spectrum. We have manufactured an 18’x1.65” slit for the survey. With modern
telescope control software, it is a simple exercise to accurately reposition the slit in incre-
ments of the slit width to avoid any slit loss as well as restart observations of targets that
take several nights to observe. Standard calibration observations must also be taken each
night.

We have spent several years developing and perfecting the PrISM pipeline that gener-
ates data and error cubes from the stepped long-slit 2-D spectra. The pipeline is similar to
standard long-slit reduction procedures with the added complication of correcting both
spatial and wavelength distortions over the full wide FOV of the detector being used.

PrISM is efficient relative to standard IFUs when 1) the targets are bright enough that
short integration times are sufficient to achieve the desired signal-to-noise ration and 2)
objects are larger than IFU FOVs but smaller than the long-slit width so that source and
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Table 3. PrISM Survey Targets
Survey Targets

Target Type Major Axis Minor Axis B
T otal

Distance Resolution No. %
arcmin arcmin mag Mpc pc spaxel�1 Steps Completed

WLM IB 10.5 3.5 11.0 0.92 7.4 129
NGC 24 Sc 6.2 2.4 12.1 8.13 64.9 87
NGC 45 SABd 6.2 4.5 11.4 7.07 56.5 162
NGC 55 SBm 30.2 3.1 8.5 2.17 17.3 112
NGC 59 E-SO 2.4 1.3 13.1 5.30 42.3 45
IC 1574 IB 1.8 0.7 14.5 4.92 39.3 25
NGC 247 SABc 19.5 5.5 9.7 3.65 29.2 199
NGC 253 SABc 26.9 4.6 7.9 3.94 31.5 166 38
NGC 300 Scd 19.5 12.9 8.8 2.00 16.0 468 100
IC 1613 I 12.9 12.0 10.1 0.65 5.2 437
NGC 625 SBm 6.6 2.1 11.6 4.07 32.5 75 50
ESO 245-G005 IB 3.2 3.1 12.8 4.43 35.4 112
M77 Sb 6.2 5.6 9.7 12.65 100.9 204 31
ESO154-G023 SBm 4.8 1.1 12.8 5.76 46.0 40 50
NGC 1291 S0-a 11.2 10.0 9.4 9.37 74.8 363
NGC 1313 SBcd 11.0 9.1 9.6 4.15 33.2 331 12
NGC 1311 SBm 3.7 0.9 13.4 5.45 43.5 33
NGC 1316 S0 13.5 7.8 9.4 20.17 160.5 282 24
NGC 1365 Sb 12.0 6.2 10.4 18.15 144.5 224 75
NGC 1399 E 8.5 7.8 10.4 18.28 145.6 282 25
NGC 1404 E 5.0 4.4 10.9 19.09 152.0 158 34
NGC 1487 Scd 2.7 2.1 12.3 9.08 72.5 75
NGC 1512 Sa 8.5 4.1 11.1 9.64 76.9 148 1
NGC 1744 SBcd 5.2 2.0 11.7 7.65 61.1 72 100
NGC 1800 Sd 1.6 1.1 13.1 8.24 65.8 41 100
UGCA 106 SABm 3.1 2.8 13.1 9.77 78.0 102 20
NGC 2835 Sc 6.5 3.7 11.1 10.91 87.0 135 88
NGC 2997 SABc 10.2 6.2 10.0 11.23 89.6 224 100
Sextans B IB 4.9 3.0 11.9 1.44 11.5 109 24
NGC 3109 SBm 15.8 2.7 10.4 1.34 10.7 97 100
Sextans A IB 5.4 4.8 12.3 1.32 10.6 174 58
NGC 3521 SABb 8.3 4.5 9.9 8.03 64.1 162 100
M104 Sa 8.5 5.0 9.1 9.33 74.5 182 8
UGCA 320 IB 6.8 1.1 13.5 7.24 57.8 41
NGC 5068 Sc 7.4 6.6 10.6 6.24 49.8 240 85
LEDA 166170 I 4.7 1.9 0.0 4.68 37.4 70
M83 Sc 13.5 13.2 7.8 4.47 35.7 479 75
NGC 5247 SABb 5.4 4.3 10.8 22.20 176.6 155 78
NGC 5253 Pec 5.0 2.1 10.8 3.15 25.2 77 90
NGC 5264 IB 3.0 2.2 12.6 4.53 36.2 79
NGC 6300 SBb 5.4 3.4 11.0 14.40 114.8 123 80
NGC 6822 IB 11.8 11.8 9.4 0.56 4.5 427 100
IC 4951 SBd 3.1 0.7 14.0 9.35 74.6 25
Aquarius dIrr IB 2.1 1.1 14.0 0.94 7.5 38
IC 5052 SBcd 7.1 1.3 11.7 5.87 46.9 47
NGC 7064 SBc 3.7 0.7 12.7 9.87 78.8 25
NGC 7090 Sc 8.1 1.6 11.3 10.40 83.0 58
IC 5152 IAB 5.1 3.7 10.4 2.10 16.8 135
IC 5332 SABc 6.0 5.8 11.3 9.53 76.1 209
NGC 7713 Scd 4.9 2.1 11.5 9.28 74.1 77
ESO 149-G003 IB 1.3 0.4 15.1 6.40 51.1 13
NGC 7793 SAd 10.5 6.0 9.7 3.91 31.2 219 65
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as of

Nov. 2015



In Processes Data 
Examples



Cartwheel



N289



N1316/17



N1068



N1365

Hα Hα cont. subpseudo BVR



N1512



N1744



N2835



N2997



N3109



N3521



N5068



N5253



NGC300
Prelim



NGC300
Prelim



NGC300
prelim



NGC300
prelim



NGC6822 prelim
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