Supernova Spectroscopy with an Integral Field Unit
Spectrograph (IFU)

WFIRST is a powerful survey telescope, and will
collect such large and deep surveys that we expect the
final SN measurements of dark energy to be systemat-
ics limited. The systematic errors can be created by the
instrument, and these are addressed by design and
calibration. However, many of the most important sys-
tematics that can only be addressed in space are as-
trophysical in nature. For example, it is known that not
all Type la SN are identical, and that sub-classes exist
with different light curves. Ignoring this subtlety will limit
the strength of the scientific conclusions that can be
drawn from a large data set that cannot remove this
systematic uncertainty.

The large 2.4-m aperture of the AFTA mission of-
fers the capability of addressing this issue, through the
use of an Integral Field Unit Spectrograph (hereafter,
IFU) to sub-classify the observed SNe and reduce the
systematic errors in the analysis.

An IFU uses a compact splayed arrangement of
mirrors to slice a small image (including, e.g., a super-
nova, its host galaxy, and some background galaxies)
into separate elements that each get dispersed (see
Figure WWW).
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The resulting data cube of flux at each position and
wavelength has many times higher signal-to-noise than
a slitless spectrum with the same exposure time - or,
equivalently, significantly reduced exposure times for
the same signal-to-noise. In contrast, a slitless spec-
trum includes contributions from the full sky in each
spectral bin -- each pixel sees the whole wavelength

range of 0.6 to 2.0 microns -- making it more difficult to
isolate the faint SNe signal. (Thus where the IFU spec-
tra see 0.017 counts/sec/pixel of zodiacal light, slitless
spectra see 2.32 counts/sec/pixel.)

D.E. Science Improvement with a 2.4-m and an IFU

From a science perspective, the signal-to-noise
gain using a 2.4-m telescope with an IFU is quite impor-
tant. The supernova program that could be accom-
plished with a smaller telescope or lower-signal-to-
noise slitless spectroscopy is only sufficient to recog-
nize the supernovae as “Type la” and provide its red-
shift. With the dramatically higher signal-to-noise of an
IFU together with a 2.4-m aperture telescope the spec-
tral features of the supernova can be used to:

1. Distinguish intrinsic color variations from the effects
of dust (Chotard et al, 2011). Currently, these two
sources of reddening and dimming are not distin-
guished at high redshift, so the mix of these two ef-
fects is assumed to stay constant over the redshifts
studied. For the precision measurements of w(z) it
would be important to separate them, since both
are important corrections in the distance modulus
calculation. This systematics control remains im-
portant even in the redder NIR observer wave-
lengths that WFIRST can reach.

2. Improve the “standard candle” calibration of the
Type la supernova. Bailey et al (2009) showed
that with spectral feature ratios of sufficient signal-
to-noise the magnitude dispersion of SN la dis-
tance modulus in the restframe optical can be re-
duced from 0.16 mag to 0.12 mag dispersion, while
more recent full spectral time series studies show
dispersion in the 0.07 to 0.09 mag range. These
results are as good as the improvement in disper-
sion using restframe H band observations. With
IFU spectroscopy, however, this distance modulus
improvement can be obtained over a large redshift
range (beyond z = 1.7), while the restframe H band
photometry is only available to redshift z= 0.1 (and
J band only to z = 0.4) even with an instrument ob-
serving out to 2 microns.

3. Compare the detailed composition and physical
state of high-redshift supernovae to that of low-
redshift supernovae.  Type la supernovae are not
all identical, but we can find spectroscopic matches



of subsets of SNe la.  If surprising cosmologies
are inferred from supernova distance measure-
ments over a range of redshifts it will be important
to show that the effect is not simply an artifact due
to a population of SNe la that is demographically
drifting from one distribution of these spectroscopic
subsets to another.  With IFU spectroscopy it is
possible to obtain the signal-to-noise sufficient to
distinguish the different matching spectroscopic
subsets.

4, Remove the K-correction systematics from the
measurement. Filter-based photometry programs
use only three filters over the whole redshift range
studied, introducing the need for K corrections.
The low signal-to-noise slitless grism spectra must
then be combined to statistically remove any sys-
tematic biases in these K corrections (although this
approach has not yet been studied to see what
systematics will remain).  With IFU spectropho-
tometry providing the lightcurves there is no need
for K corrections at all.

While the control of systematic uncertainties is the
primary motivation for the use of an IFU, its shorter ex-
posure times can also be used to improve the depth of
the survey and therefore the Figure of Merit. Exposure
times and results from an example six-month-
observing-time program are shown in Table XXX, Fig-
ure YYY, and Table ZZZ.

Calculation of the slitless and IFU exposure times to get S/N=135
in Filter Bands1.2.3

.z IFU z Slitless

015 1029 1355 2234 015 4006 5716  114.84
025 2192 3166 4244 025 11167 19513  312.49
035 4065 5444  67.70 035 29120 47270  683.69
045 6827 7725 10040 | 045 69348  856.06  1338.58
055 8586 10425 15320 | 055 1025.13 1427.05  2727.36
065 10167 14156 20848 | 065 1367.65 2391.02  4515.19
075 11271 20030 260.66 | 075 1629.11 423295  6439.53
085 13131 27442 28995 | 085 2108.14 697831  7600.60
095 16636 29201 36193 | 095 312560 768418 10652.03
105 20196 30411 43934 | 105 428956 8179.68 14183.98
115 25759 33037 56898 | 115 632096 9282.46 2052272
125 29900 34552 72824 | 125 7969.42 9934.07 28817.69
135 34298 37883 85924 | 135 982405 11403.05 35934.87
145 39101 45060 82668 | 145 11951.81 1471555 34145.42
155 40635 52053 82491 | 155 12651.35 1810153 34048.58
165 43727 60327 87860 | 165 1408677 22268.28 37004.04
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1.3 m DRM1 slitless, imaging lightcurves 153
1.1 m DRM2 slitless, imaging lightcurves 141
2.4m DRMA slitless, imaging lightcurves 180
2.4m DRMA slitless, spectro lightcurves 197
2.4m DRM A IFU Deep spectro lightcurves 303

Note: with the lower systematic errors with the IFU we could approach a FoM of 400
with extended time for the supernova survey.

Non-Supernova Science with an Integral Field Unit
Spectrograph (IFU)

An IFU spectrograph together with a 2.4-m tele-
scope also offers a wide range of science potential,
some of which is best obtained by parallel observations
during large surveys (e.g., the high latitude survey and
the supernova survey) and some by pointed observa-
tions. In Table ZZZ, we list likely GO programs that the
IFU would make possible. Two of these are of particu-
lar note because they reinforce other key WFIRST pro-
grams:

*  Spectroscopic Sample For Photo-z Calibration.

The Weak Lensing measurements depend on the accu-
racy and outlier rejection of their photometric redshift
calibration.  Parallel observations with the IFU during
the high latitude survey and the spectroscopic survey
can provide >10,000 spectroscopic redshifts, with ~50%
confident redshift identifications out to redshifts of z ~ 4.
Such a calibration set can improve Weak Lensing D.E.
measurement Figures of Merit by factors of....



*  Exoplanet Transit Spectroscopy

Mission Design Considerations for IFU

The draft mission design puts the Integral Field Unit
(IFU) spectrograph next to the guider detectors on
the.... Two previous IFU designs are currently both
possible to use for this purpose. One is ... and was
used in the ... mission, and the other has been proto-
typed and space-qualified for JDEM by the
LAM/Marseille group. The latter IFU spectrograph was
the subject of a NASA/Goddard Mission Design Lab
(MDL) study and has had substantial oversight from
GSFC. Such a spectrograph provides R=75--100 visi-
ble-to-infrared spectrophotometry with 100% fill factor
for every pixel in a 3 arcseconds by 3 arcseconds FOV
at a pixel scale of 0.15 arcseconds per pixel. A com-
plete IFU has been designed to fit within a small
20x27x27 cm volume, with a weight of <12 kg (see Fig-
ure VVV).

There are practical advantages to using an IFU in-
stead of a slitless prism approach. The IFU is much
less demanding in its pointing and stability require-
ments compared to slitless approaches, and provides a
calibration capability without the need for additional

calibration hardware. In particular, an IFU spectro-
graph acts as the calibration system for JDEM
broadband photometry, providing the transfer mecha-
nism from the bright fundamental standard stars to pri-
mary and/or secondary standard stars.

We note that trade studies have been performed
that show a rather simple operations plan can schedule
the IFU observations to be slotted into regular observ-
ing slots throughout the year, with several weeks of
time available to comfortably prepare the entries for a
given observing slot. A small percentage (typically
<15%) of the supernovae that are near a high-
brightness-gradient on the galaxy image are scheduled
for a repeat visit after the supernova has faded.



