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Probes of Dark Energy
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Systematics of each method under heated discussion, often across cultural divides....



Programs of European interest*

» Current programs:

» CFHT
» CFHT/SNLS,CFHT/CSLS

» Nearby Supernovae
» SNIFS
» Future ground projects
» Baryon acoustic oscillations
» SDSS-Il, WFMOS
» Weak lensing
» VISTA/DarkCAM
» DES, VST
» Space projects
» ESA Cosmic Vision
» DUNE
» SNAP

» Conclusion

* Certainly not exhaustive, and certainly partial, given the little time available to
prepare it



Canada-France-Hawaii Telescope Legacy Survey: Canada-France collaboration
3 fields of 50 deg?, 4 deep fields of 1 deg®

Weak Lensing
Supernovae
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CFHTI

* 36 CCD imager MegaCam

e 1 deg x 1 deg y

e CFHT-LS (DEEP) 8 4[ >
e part of CFHTL/deep Survey N q.
<40 nights/year during 5 ' ?

years

<Rolling search (every 3-4
nights for 4 fields of 1 sq deq)

e Started August 03
e 5 epochs per field/month
e (W),0°r'’z’
e Top priority : 1 hrin 1’
e every 2-3 nights
e |~24.9 AB with S/N=10

Canadaiance UK, US, Sweden Portugal




SNLS Goals

% Primary goal: Use SNe la to determine “w”
% Distinguishing w=-0.8 and w=-1 at 3 =700 SNela
%+ Calibration goal: 1-2% photometric accuracy
4 SNLS advantages:
& Rolling search
# Queue observing, Multi-colour lightcurves
# Spectroscopic follow up

< SNLS provides many consistency checks

ith 0.15<z<0.9

ri1

# SN colour evolution — multi-colour photometry check =i
#+ Detailed studies of spectral evolution (Gemini/VLT/Keck spectra) =

SNLS real-time light-curves
Mayo4 Juno4 Julo4
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First Year Results

25

—— SHNLS 151 year

-« Knop at al., 2003
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Preliminary first-year SNLS Hubble diagram
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<Shaded area shows projected end-of-
survey constraints

Fit of 3 parameters magnitude, stretch, CV

Spectroscopy for 91 Snae 71 retained




SNLS-SDSS

SNLS 7° Year

p

Astier et al. 2005;

Qu Q,, = 0.271 +/- 0.021 (stat) +/- 0.007 (syst)
w =-1.023 +/- 0.090 (stat) +/- 0.054 (syst)



SNLS-WMAP3
WMAP prediction

SHLS [patlr et aLuR)

Flol ACOW

Gold somple (Riess et al. "04)

— WMAP + EN{HET/GOODE) — WMAP «SN{EMLE)

0o&8 OO0

Flat ACOM

Spergel et al. 2006:
w (cte) =-0.97 +0.07 - 0.09
Q,=-0.015+0.020-0.016
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Nonlinear
spectrum of
Peacock
&Dodds
1998

Marginalise
over g, h




Expected Results from Cosmic Shear & CMB

170 sq deg
z=1.17

Tereno, et al 2005



WMAP + Weak Lensing

Weak Lensing

Lyman-a)

3D lensing ?

Concentrated on

*Nonlinearities

Error on photo-z

Lyman—c

o= 0.87 £ 0.04
g = 0.97 £ 0.04

1.4

A 1,5-2 o tension between WMAP3 and WL (also

atics*? New physics?

Hoekstra et al. 2006
Massey et al. 2004

Rhodes et al. 2003
ACDM, 0.=0.3, T'=0.21
—— T

Bacon et al. 2002

Refragisr st al. 2002

[ van Waerbeke el al. 2002

cosmic
shear

Hoekstra et al. 2002
Brown et al. 2003
Hamana et al. 2003

Jarvia el al. 2002

Spergel =t al. 2003
- Spergel et al 2006 |
T T T N T S |
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SNfactory in France (SNIFS)

Cosmology with la requires :

© ~ as many SNla at low and high z
(3007?)

< precise control and understanding
of SNla as distance probe

SNfactory :
< Collaboration Franco-US

< Dedicated instrument, SNIFS, for
the spectro-photometric follow-up of
nearby (0.03<z<0.08) SN la :
- built in France (2000-2004)

- mounted on UH 2.2m (Hawaii)
spring 2004




3 labs in France, 10 scientists
3 labs in the US, 15 scientists
Since August 2004 :

#+ 200 SN observed

& 21 “good” la followed
SN la searches at Palomar and
spectro-photometry with SNIFS
still improving.
Full acquisition power
(follow up of ~2 new la / week)

should be reached before end
of summer 2006

Red channel
micro-lens array

1 spectra per lens
=225 spectira per channel

15x15 lenses
(1lens=0.4"x0.4")

SMFactary PRELIM NARY
5000 .

| H I

.r‘,’lll'\"

' I%' \| \

LA \J
¥

W

Wavel
x 2 cha

) . Sum the lenses/specira with light from the SN
(blue + red channels)

Spectro-photometry with SNIFS



Low zZ Snhe |

< high z programs, like
SNLS, are by
statistics.

< Questions on SNla
at the core of the

future programs from SN2006D : clear track of C

in early spectra

< A laboratory of new methods

to predict absolute luminosty : _
SNfactory like observations

mandatory for using 12 as|sedl
and of “probe for cosmology” [REEEEN

SNfactory program mandatory < [
in the 3 4 plan- TOOO0 80000 00

Wav n,:iq:nj_ﬂ hi{A)
SN2004dt: followed for more than
60 days.



BAO+Snae: dark energy constraints by 2009?

ised using
rameter

sation

t 2004

x SDSS Dy(z) today e H(z)

\L' s D,(2)

x B0OOO deg? IR
- GWFMQOS

300 deg?

GWFMOS °
2000 deg? .
*
u

Fractional Error

_ SNe+BAOQO:Short term forecasts for w
= ’ (SNLS Collab., 2005)
Redshift 04, i

-0.6;

-

08/

A Expected “realistic™ statistical

=-1.2 _— | i . = i .
il improvements SNfactory

1.1 / | of the (€ 2 W) constraints SDSS SNe
a8 / _ o SNLS SNe
| (flat universe).

SNLS+BAO (already SDSS-11) IS N
sufficient to measure w at 5% m RS

with current ol QM ) 0.019  0.019 0.018
BAO accuracy G(WD) 0.073 0.076 0.055

BAOx2 G(_QM_) 0.016 0.014 0.014 0.013 0013
(4000->8000 deg?) o(w ) 0.081 0.062 0.067 0.054 0.049



Baryon Acoustic Oscillations for dark energy
WEFMOQOS

*Anglo-Australian Observatory
¥ +John Hopkins University
sUniversity of Durham

sUniversity of Portsmouth

«Canadian Astronomy Data center
*National Optical Astronomy Observatory

sUniversity of Oxford



Target Specifications for WFMOS

< Wide-Field
& 1.5°aperture diameter
& Wavelength range:

< Fiber-Fed Optical
& “Echidna”-style fiber-optic
& Spatial sampling:
4 Multi-Object
& ~4500 simultaneous observations
£ Over 20,000 astronomical spectra per night
<% Spectrograph
& Moderate to high resolution (R=1000-40,000)

< QOriginally intended for Gemini, the advantages of building WFMOS for
Subaru, sharing Gemini & Subaru resources, has since been recognized.

+The WFMOS feasibility study has lead to a RfP for two competing
concept studies, for review Oct/Nov 2006.



WFMOS Science

% WFMOS has two flagship science [
& Acoustic oscillations = ANAEMERIENE = 21 gy ?
& Galactic archeology = How ¢

< WFMOS can also perform ., among others:

£ Studies of large-scale £ The growth of structure..
structure £ Dark matter distributions via
# Formation and evolution of kinematics of LG galaxies

galaxies at high redshift

< Additional science from survey data...

# Test reciprocity relation d,/d, = (1+z)? to constrain GR and photon conservation
(axion-photon interactions)

f+Measure luminosity functions & star-formation rate densities with redshift &
environment

£ Constrain shape of primordial power spectrum to 2% ( mass of the neutrino to 0.1eV
(20)



WFMQOS BAO

Survey Riim Target Total Total Total
(AB Surface Area Sample Survey
mag) Density (deg?) Size (# Time'
(deg?) objects) (hrs/nights)
Dark Energy  22.7 1000 2000 2 x10° 1530/153
z=05-13 | | | |
Dark Energy  24.5 2000 300 6 x 10° 1360/136

z=23-33

A Baseline Survey at z =1 A Baseline Survey at z = 3 A

e ® 2,000,000 gal.,

i . o ..I I | Nt nn 7 T T T T T T T =T T | & o oh T T 1 " 6003000 gal'
= f=U. 0, Lot AL =040 Z: 0.5 to ].3 L ¥, ot A pes =
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08 - 4 1 Oq M . I 5x108 h=3 Mped, o, J ™ 1 O Mpc
~ 3 'ﬂl‘ B ] X CJ - 0.8 B '.\ 7] )
[ B i 0.3/ P _ F | R : * 0.6/sq. arcmin
| | ] " .ar . 3 gl \ =
:\: 0.6 I \\f/:\\xf’z\_,__ B Sq arcmin ?_ o8 \Y/ . B
0.4 |- ] ) _ il b * Linear regime
WNAP <! Planck < 1 ¢ Linear regime hMAP=|  Planck~ - k<0.3h Mpc"!
g=0=A z=1== 2—3=1 | k<0'2h M G | z=0=] z=1= 7=0=] ] . .
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 (h Mpe1) 2-3 oscillations

Statistical Errors from the z=1 Survey Statistical Errors from the z=3 Survey



We need to go in the next generationod Snae/BAO/WL for w’

Results for ACDM

e Data sets: . 1

—GWFMOS surve;s
CMB (Planck) I
SDSS LRG (z=0.35) , _._Space SNe
Baseline z=1 I
Baseline z=3
SNe (1% m Az=0.1 bins -
to z=1 for ground, 1.7 for space) = 0
e 6(Q)=0.027 ‘
o(w)=0.08 at z=0.7
o(dwldz) =0.26
o(w)= 0.05 with
ground SNe




WL

Survey Diameter FOV  Area start

(m) (deg”) (deg”)
DLS 2x4 2xl.3 D8 1999
CEHTLS 3.6 | .72 2003

Also

VST 2.6 1 x100 2006  CO°MOSMST
Darkcam 4 2 10000 20087
DES

Pan-STARRS 4x1.8 4x4 31000 2008

LSST 8.4 i 30000 2012
DUNE = 0.5 20000 2013
SNAP/JDEM 2 0.7 1000 2015

A. Refregier Moriond 2006



darkCAM on

VISTA

(Visible & Infrared Survey
Telescope for Astronomy)
4 metre mirror

VISTA in 2007, will be a class wide field survey
telescope, equipped with a near infrared
camera (1.65 degree diameter field of view)
containing 67 million 0.34 arcsec pixels and
available broad band filters at Z,Y,J,H,K and a
narrow band filter at 1.18 micron.

Call for proposal
surveys April 2006



¢ € ¢ O ¢ ¢

-

darkCAM optical

50 2k by 4k red-optimised CCDs
2 square degrees

0.23” pixels

ADC, Filters in g'Vr'l’z’ (no U)
Cost €15m

Proposal to PPARC/ESO for 2009
start UK/French/German/Swiss
collaboration (50% PPARC)

Currently in difficulty: needs
intervention on NTT dome (not
approved by ESO)




Proposed darkCAM survey

< 10000 square degrees wit
<% Or 5000 square degrees wi

< 1000 square degrees ma
with IR as well (not assum

©Lensing in 3D Is very powerful:
accuracies of ~2% on w potentially
possible

+Synergy with DUNE in longer term



Expected errors from darkCAM survey:
3D shear transfor L
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ZH_ - — -+
h o =&

PLANCK

Both

With flat Planck prior:

3% error on w,

' 1.5% onwatz~0.4




The DES Collaboration

Fermilab: J. Annis, H. T. Diehl, S. D da, B. Flaugher, J.
Frieman, S. Kent, H. Lin, P. Limon, K. W. '
Stebbins, C. Stoughton, D. Tucker, W. \Wes
University of Illinois at Urbana-Champa
Karliner, J. Mohr, R. Plante, P. Ricker, M. Selen, J.
University of Chicago: J. Carlstrom, S. Dodelson, J. Frieman, M. Gladders*,
W. Hu, E. Sheldon, R. Wechsler. * Carnegie Observatories until summer 2006
Lawrence Berkeley National Lab: G. Aldering, N. Roe, C. Bebek, M. Levi, S.
Perimutter

NOAO/CTIO: T. Abbott, C. Miller, C. Smith, N. Suntzeff, A. Walker

Institut d'Estudis Espacials de Catalunya: F. Castander, P. Fosalba, E.
Gaztanaga, J. Miralda-Escude

eldica, R. Brunner, |I.

R ()
University of Michigan: R. Bernstein, A. Evrard, D. Gerdes, T. McKay
Barcelona Electronics/simulations, UK Optics/Science



The DES Experiments

The survey aims at the dark
energy equation of state using
four projects:

raints on w
+ Galaxy cluster counting

+ 12,000 clusters to z=1.3 prior

+  Cluster-cluster correlation function Clusl

+  Cluster-shear correlation function S7 ¢l 0.08 0.02
+ Weak lensing Ml

+ 300 million galaxies

+ Photo-z accuracy 0of6z<0.1toz=1 S‘{,‘Qi?';hﬁ[‘s'”
+  10-20 galaxies/sg-arcminute galaxy-shear + galaxy galaxy 0.15 0.05 0.05
+ Galaxy angular clustering SSTGSEEE 8'83 8'82 8'82
= 300 million galaxies ' ' '
+  photo-z bins
= baryon oscillation features
+ Type la supernovae Galaxy angular clustering 0.36 0.20 0.11

« 2000 supernovae
+  10% time, 40 sg-degrees

= 3 night revisit scale Supernovae la 0.34 0.15 0.04

Weller, Frieman, Hu, Lahev, Mohr, Lin, Annis, Smith, Gatzanaga,
Peoples, Flaugher, Walker, Abbott...

Photo-z’s underlie all of these:



VST: VLT Survey Telescope

The VST is designed for Cassegrain
operations, with a 1.5° diameter
corrected fov, matched by a 16k x
16k CCD mosaic camera covering 1
X 1 square degree.

An alternative to DarkCAM: use the VLT Survey
telescope (2.6 m) with a 5000 deg? survey...?




Current & Future Weak Lensing Surveys

10%

- After DarkCAM difficulties
many ground WL scientists
In Europe at a decision
point....
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ESA Missions in preparation

'ﬂl" .

v ‘i eni-Colc €
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g ; 2012 _
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y 2014
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. 2006 i b
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y 2006 i W
3 Lisa- _ *:i*l
Pathfinder 2009 Gala :
Midroscope 2011-12
(CNES-ESA)
2008

2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015



Cosmic Vision process

v'Cosmic Vision 2015 —2025 process lau pril 04 with call for
Science themes o
4 July 04: Analysis of respons
bodies
» Astronomy/Astrophysics (AWG
 Fundamental Physics (FPAG)
» Solar System Science (SSWG)
*Space Science Advisory Committee (SSAC) merged working
group objectives into 4 grand themes

v May 05: Final Presentation of Cosmic Vision to SPC

lence advisory

v May-June 2006 call for proposals (deadline 15 September 2006)
v  End 2006 decision on a first set (5-6) passing to Phase 0

v End 2007 decision on 2 missions to pass to phase A (2 M€ each)
v End 2008 decision on one mission passing phase B/CD etc.

v' Early 2009 Start of construction

v' 2015 Launch of a the first mission (enveloppe 320 M€ investment)



. What are the conditio

Grand themes

for life and planetary
formation?

How does the Solar .
System work?

. What are the funda[mental
laws of the Universe? i

How did the Universe
originate and what is it
made of?



4. How did the Universe originate
and what is It

4.1 The early Universe

Imprints of inflation are related to the polarizati
anisotropies of the Cosmic Microwave Backgrou
primordial gravitational waves from Big Bang. R

Dark energy can be studied in the gravitationa
cosmic large scale structures and the measu

luminosity-redshift relation of distant Supernovae (S

Tools: All-sky CMB polarisation mapper, :
Later: Gravitational Wave Cosmlc Surveyor

; Missions 2015-2025
4.2 The Universe taking shape

Probe dark energy from
high Z SNla and weak

4.3 The evolving violent Universe lensing
OPTICAL-NIR WIDE FIELD
IMAGER

Probe inflation from shape
of the primordial
fluctuations

ALL SKY CMB

ey s B A ey ey A wmmE o B ] B A A ey gy g g



ESA funding level and strategy

»The ESA Council meeting at Mini mber
2005 decided to maintain the pre me

Level of Ressources with inflation From
2007, it approved a5 year annual | over the

current LoR
»Uncertainties:
»The envelopes of GAIA, BepiColombo LISA and SO and
their impact on the future programme.
»The launcher for JWST.
»ESA will implement the major objectives of Cosmic Vision
2015-2025 while keeping flexibility of planning, through slices
»The first Call for Mission Proposals to cover first slice (2015 —
2018). Next slices to be implemented through subsequent
Calls.



Keuro (2005 EC)

500,000

LOAN

400,000

350,000

300,000

250,000

200,000
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100,000

50,000

COSMIC VISION 2015 - 2025
ESA Corridor Planning

Three programme slices

LISA-PF 08

GAIA 11

10

LISA 200M 14 PROGRAMME PROGRAMME
SLICE
2021 - 2025

JWST 11

D/SCI contingency

Basic activities

11 12 13 14 15 16 17 18 19 20 21 22
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24
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dapnia

saclay

CPS Review

RUOS

DUNE: The Dark Universe

Explorer

A 1.2m space telescope with 0,5 deg? FOV

CEA Saclay, CNRS(IAP, IN2P3, LAM)

QuickTime™ et un
décompresseur TIFF (LZW)
sont requis pour visionner cette image.

CNES Paris

Alexandre Refrégier (CEA Saclay)

27/03/2006 37



Requirements for Weak Lensing @

~ Statistical Requirements:
dapnia . 320,000 deg? survey at high galactic latitude (Jo[>30° deg)
» sample of at least 35 galaxies/amin2 usable for weak lensing with a median
Cej z~1 and an rms shear error per galaxy of cy=0.35 (or equivalent combination)
* a PSF FWHM smaller than 0.23”°
saclay ephotometric redshifts to derive 3 redshift bins over the survey area (from
ground based observations, type DarkCAM)

Systematics Requirements:

*a precision in the measurement of the shear after deconvolution of the PSF
better than about 0.1%.

* good image quality: low cosmic ray levels, reduced stray light, linear and
stable CCDs, achromatic optics

 Photometric redshifts with precision Az<0.1 in a subset of the survey to place
limits on the intrinsic correlations of galaxy shapes (from ground based
observations)

CPS Review CNES Paris 27/3/2006 38



Requirements for Supernovae @

Statistical Requirements:

o Survey 2x[60 deg? in 2 distinct regions for 9 months], yielding ~10000 Type la
supernovae out to z~1

Cej » Measurement of rest frame U and B peak luminosity with an average of 2%

statistical uncertainties. This can be achieved by measurements in UBVRIZ

bands of supernovae light curves every 4 days.

« Identification of supernovae from their multi-color light curves. This requires

photometric measurement of at least 2 rest frame bands, from about 2 weeks rest

frame before maximum to about 3 weeks rest frame after maximum light.

 Spectroscopic redshift of the supernovae host galaxies (differed and from the

ground)

dapnia

saclay

Systematics Requirements:

« Control systematics such as, malmquist bias, extinction by host galaxy,
evolution of the supernovae luminosity and gravitational lensing to an average
level of ~ 2% per Az =0.1 bin. This requires precise photometry of the
supernovae lightcurves in at least 3 bands from 2 weeks rest frame before
maximum to about 6 weeks rest frame past maximum.

CPS Review CNES Paris 27/3/2006 39



T

Instrument WEPASO cnes
CCD AL 49.4 mm

Weak lensing CCDAC 60.3 mm
Rlz band 0.783 um +/- 0.217 pm Example of parameters in TDI mode
PSF FWHM 0.23 arcsec CCD number in AL direction 4
Resolution FWHM=2 pixels ';‘fjj;i‘;"ggg“ EUF;EL;CD 373523
Scanned field |Latitude|>30° L ER P
SNR for ga|aXy > 7 Mission length 2.72 years
Mag=25.0
Mission length 2.5 -3 years
PSF ellipticity ~ 2-3 % (relaxed to 6%)
PSF stability 0.1%

SuperNovae option

Scanned field 2*60deg?

Mission length 2*9 months

6 filters UB, 4 UB redshited
bands

SNR for SN >45-5

with

redshift=1.0 CERE

5 du 2/ Mars 2006 : Atelier Astro

FPA

Michel Rouzé 40



Weak Lensing Power Spectrum Tomography@

dapnia
P DUNE baseline: 20,000 deg?, 35 galaxies/amin?, ground-based

&) photometry for photo-z’s, 3 year WL survey

saclay
WL power spectrum for each z-bin Redshift bins from photo-z’s

! ! l.lllll 4 .lllllll v * Illllll i i L -’Dll:l IIIII T T |
10-3F o 3 I i

1074}

10-5¢

Kt+1)C/(2m)
Mumber of Galaxies

10-8 Hs

101 102 103 104 105

CPS Review CNES Paris 27/3/2006 41



Constraints on Dark Energy |

_ Weak Lensing:
dapnia C : bi
; measurement 1n 3 z-bins
Ce:} Photo-z errors of Az=0.1
No priors (8 parameters)
—0.RB0 ! T 1 A T
-
ook / \DT_D«IE WL
U ‘f' . 20000 deg?
_ \ L/ )
S —1.00F _ /I ) .
i \__/ SNAP WL
1000 deg’
—1.10 —
' CFHTLS
' 170 deg?
- I,EU' C (I N T S | T S T T T T T S TR T T T i

At a DUNE 45 0.20 0.25 0.30 0.35 0.40

optimisation (2

point By Amara et al.

Not yet
checked by
SNAP.

One of the
possible
methods

CPS Review

ark energy evolution: w(a)=wy+(a-a)w, a =0.6

CNES Paris

Supernovae:
Prior: w—constant
= ]
s — :.:.-".'.I'L
L DUNE SN
085 - 15N
0y - _. ‘.\-'_ ';: .Ij-"'-,. |
L ALY SNAP SN
; B L1 "-.I LY
.95 . % -!_' ) LY
\ Ry ."\k DUNE WL
PN | IS | ISP | ISP | P R | P RPN | P | WP | I
! il (£ 1] [N oS 02 25 (I (LR L) ] (1]

Q
Bv Pain, Kroely, Astier, Antilogus, Barrelet Aét al.

assume a flat universe

27/3/2006 42



Constraints on Dark Energy |l @

depni Weak Lensing: Supernovae:
apnia - - -
P C, measurement in 3 z-bins Prior: AQ_=0.03
CC—D Photo-z errors of Az=0.1 s o -
No priors o / SNLS
& [Ty - /b
1F . [
DU\;E”W/L_ ; T
g of | . I
P : [
_ SNAP WL~ — ]
-1F 1000 . L
| deg ' :
[ ] [ f
z- llll'l'lljllll'l'.l'lllll'l'.‘ P S ] .F"FI:-II |"-.|.-||l P IR BT | PR T 1 PR
-1.20 -1.10 -1.00 -0.90 -0.80 MO e
WD n
By Amara et al. By Pain, Kroely, Astier, Antilogus , Barrelet et al.

Dark energy evolution: w(a)=w,+(a_-a)w, a =0.6 assume a flat universe

CPS Review CNES Paris 27/3/2006 43



@ Overall Schedule ©PASO cnes

WTRE MATIONAL 0'ETUDES SPATIALE:

2006 2007 2008 2009 2010 2011 2012

General planning
Engineering SRR PDH CDR FAR Laungh

Phase A I

Phases B/C/D * * * * *

: . NN |
Prime selection
—

PLM P E—
PLM AIT
Optomechanic

Preparatory development

Telescope grinding, polishing, AIT N~
Detection

CCD design

CCD radiation tests T

CCD realisation and manufacturing

Electronic ﬂ
Spacecraft
SVM units
Flatsat Engineering
Flatsat campaign
SVM AIT
Spacecraft AIT
Launch campaign

|

Cost 300 M€ investment, 500 myears, beyond CNES budget forwarded as a possible first ESA
mission for launch 2015, an IR possibility has emmerged as a consequence of the delay



SNAP Collaboration

BT TN, 1
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\H G. Aldering, S. Bailey, C. Bebek, W. Carithers, T. Davis", K. Dawson, C. Day, OF LUREYERS Ir | ,"
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An IFU slicer spectrometer for SNAP
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Visible

IFU slicer concept
Compact and light (20x30x10 cm)

Galaxy and SN spectrum at the
same time

Development in France, Marseille
CNRS (IN2P3,INSU )

IR

Wavelength coverage (um)

0.35-0.98

0.98-1.70

Field of view

3.0"/6.0"

3.0"/6.0"

Spectral resolution, A/6A

70-200

70-100

Spatial resolution element
(arc sec)

0.15

0.15

detectors

LBL CCD
10 pm

HgCdTe
18 pm

Efficiency with OTA and QE

>50%0

>40%0




R&D: Spectrometer demonstrator

A SNAP demonstration spectrometer assembly is going on ...

*Build a complete spectrometer with new slicer design and SNAP specifications
*Prove SNAP requirements for spectro-photometric performances

einclude fabrication and testing

etest bothinroomT°andcold T detector

%"_‘a
"\ specgometer
/ UuUnit

Validate and tune the simulation

Well in phase with the SNAP instrument
Same optical design
Same characteristics (PSF, sampling ..)

Validation in visible and IR range.

Funded by CNRS (IN2P3/INSU), slicer unit
CNES and Berkeley university




R&D : SNAP Spectrograph demonstrator

Concept done

Technical review passed in Nov 05

Manufacturing started

Integration and test for end 2006

Cold test in a cryostat used
currently for Herschel in LAM




Demonstrator schedule

2005 2006

Demonstrator design

Demonstrator building

assembly

IR detector test design and build _
H1RG test -

Steering mirror : calibration, build and tests




SNLS vs DUNE vs SNAP
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& It will obtain a measurement of w &
< The BAO program has also a mor
<% On the WL front, .

& the study of systematics increases in maturity and will hopefully

soon start giving complementary constrai o the other methods

= the difficulties of DarkCAM reorient the major choices to VST and
DES while other programs are in progress (e.g COMBO-17,
COSMOS/HST)

<% Roadmapping for ground projects is ongoing, in astrophysics
community (ASTRONET). A lot of discussions in the particle
physics (CERN Strategy group) and astroparticle

(ApPEC/ASPERA) communities for the implication of dark
energy in their roadmap.



Roadmap for particle and
astroparticl

PEC
mid-july
Staffin

¢ 2 Instances: CERN str

= CERN strategy group r
(next meeting in Berlin .
present) Role of Dark energy*

&2 ApPEC Roadmap also ready by mid-summer.

<6 large infrastructures considered:
& KM3, CTA, GWA,
& 1ton DM, 1tonDBD,
& Large underground detector....

<-Discussions on whether Dark Energy should be part of the
roadmap

< ASTRONET (astrophysics+cosmology) strategic plan,
will take 1-2 years



Conclusions (space)

<% The ESA Cosmic Vision pro
launching of a medium ran
& A large telescope with near-IR

& A dark energy mission (DU
process, upgraded in IR?

£ Ongoing common work between L ES, INSU and
IN2P3 on the spectrograph of SNAP (other synergies
possible e.g SiC mirror)

# The physics of SNAP is a high priority for IN2P3/CNRS
& DOE-CNES contacts concerning SNAP are foreseen in the
very near future....
< Should we not learn from PLANCK and LISA and go
for a US-European (ESA or one or two nations)
mission on dark energy?
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