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pixels) to discover
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IFU Bench,
including Relay,
Slicer and Detector



Integral Field Spectroscopy
Concept

Telescope Focal
Plane

|’:\"'\

& Slicer
Telescope ’&\\\ Mirror
Array
Baseline:
3" x 3" with 0.15” slits
0.6 — 2.0 um wavelengths
R =~75—100
Row of Pupil Mirrors

Row of Slit Mirrors




IFU = “Integral Field Unit”
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Figure 2-6: Expected number of Type la SNe to be fol-
lowed in each Az = 0.1 redshift bin. For z > 0.6 there are,
by design, 136 SNe followed up with spectroscopic ob-
servations in each bin (from a larger number detected).
The total number of SNe is 2725.



Counts/Sec (AB Zeropoint = 25)

WFIRST-AFTA

Pre-scheduled wide-field imaging with 5-day cadence,
over 2 years, in two broad bands:

Pre-scheduled wide-field imaging with 5-day cadence,

over 2 years, in two broad bands:
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What does this spectrophotometry make possible?
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Figure 2-6: Expected number of Type la SNe to be fol-
lowed in each Az = 0.1 redshift bin. For z > 0.6 there are,
by design, 136 SNe followed up with spectroscopic ob-
servations in each bin (from a larger number detected).
The total number of SNe is 2725.
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Figure 2-6: Expected number of Type la SNe to be fol-
lowed in each Az = 0.1 redshift bin. For z > 0.6 there are,
by design, 136 SNe followed up with spectroscopic ob-
servations in each bin (from a larger number detected).
The total number of SNe is 2725.

1=



What does this spectrophotometry make possible?

At all redshifts:
o Removes K-correction systematics
o Provides photometry at the reddest
available wavelengths for a given redshift.
o Identifies Type Ia SNe



“Cross-Filter”
K corrections

9000

9000

1.0/ \
i | Supernova
0.8 . rest frame
0.6 — _
L | \\\
0.4 \ '\
| \
0.2 B .
00 ... . / N Y
3000 4000 5000 6000 7000 8000
1007 ARy » G ‘ T
- oy \ Supernova
0.8 | |
: \‘ at z=0.45
;' ‘
06— ,'
X »
I ! |
0.4 II
:' t
02 !
00 o \
3000 4000 6000 7000 8000

wavelength

But when the filters don’t
match perfectly across
redshift, this approach is
accurate only to the
extent that the spectral
template family captures
the distribution of SN la
behavior — at both low
and high redshift.



Average K-correction bias
from a single-parameter spectral time series
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Dust Systematic: Spectral indicator distinguishes
dust reddening from intrinsic SN color

After removing 15" and 2"d components |
of spectral variation
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Abstract

We introduce a method for identifying "twin" Type Ia supernovae (SNe Ia) and using them to
improve distance measurements. This novel approach to SN Ia standardization is made possible
by spectrophotometric time series observations from the Nearby Supernova Factory (SNfactory).
We begin with a well-measured set of SNe, find pairs whose spectra match well across the entire
optical window, and then test whether this leads to a smaller dispersion in their absolute
brightnesses. This analysis is completed in a blinded fashion, ensuring that decisions made in
implementing the method do not inadvertently bias the result. We find that pairs of SNe with

more closely matched spectra indeed have reduced brightness dispersion. We are able to



Flux + offset
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SN Factory spectral time-series
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TWi n S N e Nearby SN Factory

Fakhouri et al.
(ApJ, in press)
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What does this spectrophotometry make possible?

Precision expansion history measurements

Foundational dark energy constraints
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Figure 2-7: Fractional errors in distance per Az = 0.1 bin.
Squares and crosses show the statistical and systematic
contributions, respectively, and diamonds show the total

error.
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Counts/Sec (AB Zeropoint = 25)

WFIRST-AFTA

Pre-scheduled wide-field imaging with 5-day cadence,
over 2 years, in two broad bands:

Pre-scheduled wide-field imaging with 5-day cadence,

over 2 years, in two broad bands:
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