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Qutline

® Need for spectroscopy

® Slitless, spatial-mask, spectral-mask,
or DMD-slit spectroscopy?

® Conclusion
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Optimizing Redshift Surveys
for space Dark Energy missions

® Aim: Gets lots of redshift over all sky (BAO &
redshift distortion probe)

® Slitless (sky background limited => pixel size,
telescope aperture)

® Spatial Mask (limit bg sky, but limit area and # of
galaxies - not wavelength range)

® Spectral Mask (limit bg sky, but limit wavelength
range and # of galaxies - not area)

® DMDs (ultimate technique?, feasible?)
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Known Galaxy Properties from
Deep Surveys

Imaging:
the COSMOS survey
« 2deg? (representative)

30 photometric bands
from UV to IR with HST,
Galex, Spitzer, Subaru,
VLA, NOAO

« HST/ACS | band
observation: galaxy sizes
& shapes

Spectroscopy:
the VVDS “Deep” survey

. VIRMOS/VLT deep

spectroscopic survey
on ~0.5 sg.deg

 ~ 9000 spectra from
0<z<5 to I(AB)~24
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COSMOS Mock Catalog (CMC)

Construction using the properties of the
COSMOS-ACS WL catalog using :
- photometric redshift distribution
30 photometric bands
calibrated with spectroscopic redshift :
> zCOSMOS bright (1~22 AB)
> zCOSMOS faint (1~25 AB)
> MIPS-spectro-z sample
- best-fit template from this photoz

distribution

- galaxy size measured by SExtractor
from Leauthaud et al 2007

Validation of the CMC using :

- GOODS N&S visible

- UDF visible + jh band

- VVDS Ks band + spectro-z
- GOODS-MUSIC Ks band

http.//lamwws.oamp.fr/cosmowiki/RealisticSpectroPhotCat
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http://lamwws.oamp.fr/cosmowiki/RealisticSpectroPhotCat
http://lamwws.oamp.fr/cosmowiki/RealisticSpectroPhotCat

COSMOS Mock Catalog (CMC)

GLFC(VVDS)

CMC(VVDS)
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Emission line prediction :

UV-0OII relation, Kennicutt et al
1998

Median redshift & quartiles
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Need for Spectroscopic Redshift

Photometric redshift calibration (WL interest)
[low-density over the full survey, very-deep for
faintest galaxies]

BAO [low-density]
redshift distorsion [high-density]
cluster redshift and velocities [high density]

lensing of structures (galaxies, groups, clusters ...)
[high-density]




Spectroscopic Success Rate :

Validation and forecast

Flux detection limits:
Space is very
competitive in the
infrared

Validation of
estimates:
reproducing
the VVDS SSR

Forecast :

- DEEP visible/NIR
space survey (Photo-
z calibration)

- WIDE-NIR space
survey (BAO like)

- Ground survey can
be similarly
forecasted.

flux detection in le—17 erg/cm2/s
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DEEP-NIR :
[~27
0.5<z<3.5
35qgal/arcmin2

DEEP—NIR space survey
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DEEP-vis-NIR :

[~27
0<z<3.5
60 gal/arcmin2

SSR in 7%

SSR in 7%

DEEP—visible—NIR space survey
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FoM : Optimizing the Number of

Assumption: 1.5m diameter, $4500 25200 18000 TR ISL (] UGS e L o0 7500
| |

| | | |

8

fixed FOV (0.5 sq.deg), fixed
survey time (1 yr).

Compute FOM (icosmo) vs.
Texp.(assuming 4 exp.) for
different number of filters

150

Conclusion: 8 filters
observing strategy are
better than 6 filters or 7
filters observing strategy
(ground U-band reaching
the space-sensitivity)

Lensing Fold {eclid) & Nbr/aremin2 {dotted) & Nbr.2e7 {doshed)
& 3

0 1000 2000 00 4000 5000 6000

Beware: catastrophic redshift Iy T
not yet included in the FoM 7 fitter -> 15% loss area

calculation from stars (U-band ground)
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FoM : Optimizing the WL strategy

Surv? oreg in squore degree
34500 23200 18000 14800 12700 11000 00 88C0 8C00 7300

300 I I I I , : : | | |
When including galactic | (aph=zpl)/(1+2p)<0.10 -
absorption, and varying el el
zodiacal light: i

Optimal WL survey, depends
on the total mission time:
1yr: 5k sqdeg
3yr: 10k sqdeg
oyr: 13k sqdeg

8 Survey arec in square degree o
00 12?’0 7300 5100 3900 3200 700 2300 2000 1BOD 1700

Lensing FoM (solid) & Nbr.1e7 (doshed)
n
<)
[

In all cases well below B e ———— :
20k sgdeg!!! °C L S i "

Need complete optimisation P i Lot Lo TR L, L]

C 1000 2000 3000 4000 2000 8000

of these missions Exposure {ime in sec
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Slitless spectroscopy

Prism Spectrum
Grating | :

Focal Plane

All spectra in the field
are observed during
the same time

14
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Direct image
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Slitless Image
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Spctr image without sky background




Realistic simulation (SNAP parameters)
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Dispersion direction

® Changing the dispersion direction, reduce
spectra overlap [move the telescope - or
rotating grism]

® Specially efficient for deep spectroscopy




Spatial Mask

% of visible sky =
SLIT/(SLIT+MASK)

. MASK :SLIT

20
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Spectral Mask

. Include a filter to chose a
| narrower window in lambda
| where the throughput is best
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Simulation input

® [nstrument parameters
(EUCLID like): RN=5e, DC:
0.01e/s, pixel: 0.47”,
ExpTime=1400sec, ...

® /odiacal light
® Cosmos Mock Catalogue
with modeled emission lines

2 3 14 1.5
WAVELENGTH
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Simulation output - with sky background

23
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Simulation output - background removed
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Data Reduction

2D extracted spectra
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Spectroscopic efficiency

12000
® °
10000 - DS ¢ ® -
® ' ¢ ¢ | J
50 8000 K '. * ®
—8 " L
— ‘ ® ¢ SN Continium > 3
—_ 6000 - .. O I linewith SN>5 @& -
g}) O " SN Continium >3 or 1 line with SN >5o0r2 line withSN>3 @
o
Z 4000 %" .
2000 — TLE _
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Visible sky in %
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Magnitude distribution as a function of f(sky)

4000
Slitless
50% masked
3500 90% masked mmm |
3000 -
CQOD
o 2500 -
o)
~~—~
— 2000 -
S
oY)
‘Q. 1500 -
Z.

1000

500

MAG H

® Decreasing the visible sky fraction, reduced the sky background, but the total
number of targeted sources

® From slitless to 50%, typical gain of | magnitude, to 90%, typical gain of 2 magnitude
27
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Spectroscopic Success Rate: Spatial Mask vs slitless

100

v ® at 50% of visible
P sky, the main
2 increase is the

. depth, and redshift

g distribution

40

CEEEEEI= e at 10% of visible

* sky, the main gain
is the greater SSR
and wider redshift

distribution
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Spatial Mask vs. Slitless

Spatial Mask are easy to implement (but need
some special optical design of the instrument)

They provide an easy route to go deeper

at 50% of visible sky, the number of measured
redshift is similar to slitless spectroscopy but at
fainter magnitude limits, and higher-z

smaller % of visible sky, means less redshift

TBD: explore the gain for deeper exposure time

29




Multi-slit spectrograph with DMDs

- Square mirrors, 14 x 14 pm
- Up to 2048%1080 elements
- Tilt angle +12°

EUCLID proposed
design (conducted at
LAM):

4 spectrograph
0.77”/DMD pixel

~0.5 sqg.degree

sample 30% of galaxies
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Multi-slit spectrograph with DMDs

VIS / NIP / NIS

Mapping the sky with
DMD and the visible/NIR
imaging is difficult, no
good solution yet.

No coordinated
optimization of the
Instruments
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Multi-slit spectrograph with DMDs

\

Window

”y— .\\

/N

Micro-mirrors

unknown gas

DMDs were not
optimized for IR imaging
but for visible:

* 99% througput in the
visible

*only 50% in IR I!!
(coating on the window)
leaving only at best/max
~20% throuput when
including all the optics.

Sensitivity in Erg/cm?/s
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Spectroscopic Success Rate: DMD vs Slitless

1
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Comparaison DMD
vs. slitless:

current DMD design
not really competitive
to slitless
spectroscopy

33
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Conclusion

* We have developed a realistic mock galaxy catalogue based on our
knowledge of galaxy surveys (Jouvel et al 2009)

* We used this catalogue:

* To explore efficiency of slitless, fixed mask, and DMDs
spectroscopic surveys

« Current DMDs spectrograph design not competitive
to slitless spectroscopy - but great potential for
improvement if space mission properly optimized
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