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Context

 The Wide-field Imaging Surveyor for High-redshift (WISH) is a
proposed mission concept now being developed by the WISH
Working Group in Japan under the Science Committee of
Institute of Space and Astronautical Science (ISAS) and the
Japan Aerospace Exploration Agency (JAXA).

 We (France) propose to contribute (mission of opportunity
frame) to this project both scientifically and instrumentally
under the coordination of the Laboratoire d'Astrophysique de
Marseille in cooperation with other French institutes: IRAP (R.
Pello et al.) and Paris Obs. identified so far.



WISH’s main objectives

WISH will dedicate ~80% of its observing time to studying
the first galaxies and the very early formation of stars and
elements.

This directly addresses two of the main questions of ESA
Cosmic Vision 2015-2025 programme:

and more
specifically:

Find the very first gravitationally-bound structures that
were assembled in the Universe — precursors to today’s
galaxies, groups and clusters of galaxies —and trace the
subsequent co-evolution of galaxies and super-massive
black holes (4.2 The Universe taking shape)

Trace the formation and evolution of the super-massive
black holes at galactic centres — in relation to galaxy and
star formation — and trace the life cycles of chemical
elements through cosmic history (4.3 The evolving violent
Universe).
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What is WISH? The Wide-field Infrared Surveyor for

High-redshift (WISH)
o WISH is an M Japan-led project (Pl: T. Yamada).

o WISH-Spec A spectrograph (IFU, D. Burgarella et al.)

o SAO (G. Fazio et aL.) & Canada (M. Sawicki et al.) involved

o Main science objective: first galaxies in the Universe...
but not only (Solar system, ISM, galaxies, ...)

Burgarella D., Pello R., Combes F., Schaerer D., Adami C.,
Amram P., Bacon R., Boissier S., Boquien M., Boselli A.,
Braine J., Buat V., Charlot S., Contini T., Cuby J.G., E.
Daddi, Delsanti A., Dole H., Epinat B., Ferrari C., Flores
H., Groussin O., Hammer F., Heinis S., llbert O., Lagache
G., Langon A., Leborgne J.F., Marcelin M., Maurogordato
S., Perret V., Pointecouteau E., Prieto E., Puech M., Puy
D., Reylé C., Slezak E., Surace C., Vernazza P., Wozniak H.,
etc.

(French team only).




Expected Number of Galaxies in 1deg?

Extrapolation of z=6-8 UV LF by Semianalytic Model by
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Ground-based spectroscopic follow-up of
candidate primordial galaxies with the E-ELT

O
Limiting magnitude for WISH UDS (m,z ~ 27 — 28) to build a sample O
of 100 galaxies at z > 13 in agreement with limiting magnitude for ELT’'s AO (. J
Multi-Objects spectrographs (m,g ~ 27 — 28):

ground-based follow-ups OK &

Limiting magnitude for JWST (m,; ~ 29 — 30) to build a sample

of 100 galaxies at z > 13 not in agreement with limiting magnitude for ELTs” AO
Multi-Objects spectrographs (m,g ~ 27 — 28):

ground-based follow-ups not OKE>
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The need for WISHSpec

* A spectrograph onboard WISH will help estimating
redshifts for galaxies up to and beyond the re-
lonization.

* With a spectrograph onboard WISH, we will be able to
detect emission lines, especially [Olll] and Ha for
about half of the high-redshift galaxies (say 5 < z < 8)
samples. Spectral resolutions 500 < R < 1000.

 Moreover, if an IFU option is selected, that means that
we will be able to detect serendipitously galaxies in the
deep spectroscopic observations.



Imaging Focal Plane _
Spectroscopic

Focal Plane

Primary mirror

V'"Jl | f\ Flat Mirror

M3

* If we assume an IFU spectrograph, it will observe in a parallel mode.

* Translated into exposures times, it means as many hours of spectroscopic
observation as we observe a single photometric field over 5 years, but of
course, only for the central part of the field.

* Very deep observations (exposure time) without confusion (IFU).
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A spectroscopic mode for WISH
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Wavelength [um]

1.E-17
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WISH

1.E-18

Expected lines fluxes and sensitivity of WISH and JWST. We overplot a spectrum of a sub-L* LBG (M ,,=-20.) at z =
4.32 from de Barros et al. (2012, black). The main lines in the rest-frame optical range can be detected at S/

=10. Yellow dots and red boxes correspond to [OllI]5007 and Ha lines from McLure et al. (2011) at 5.3 <z < 8.8.
Almost half of them can be detected showing that we are able to confirm the redshift of these objects and to
measure in detail the strength of these lines. Thin blue lines (continuous, dashed, dotted for 20 M,/yr, 10 M,,./yr
& 5 M, /yr) correspond to [O11]3727 from z = 1 to z = 11 while the thin red lines (same as blue but fromz=1toz =
7) correspond to Ha. Both are computed assuming Kennicutt (1998).
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* Comparison of several (spectroscopic) facilities to perform galaxy physics (at least 5 lines in
the optical range: [OII]A3727, [OIlI]A4959, 5007, HB, [NII]A6584 and Ha ratio) and to
measure redshifts (at least 2 lines) as a function of the redshift. Note that we do not take
UV lines and NIR lines and PAH into account.

* As expected from the usable wavelength ranges of each of the telescopes, WISHSpec and
JWST/NIRSpec are much more adapted to the very high redshift (i.e. z > 3).

* On the spectroscopic side, assuming ~ 1 x 1 arcmin? field of view, WISHSpec should observe
more spectra than NIRSpec. JWST would collect 10° galaxies down to AB=25 (R=100) to
calibrate the photometric redshifts. NIRSpec would collect 10* galaxies (Franx 2011) over
JWST lifetime (100 simultaneously, at all redshifts and part (how many?) at low R.

REDSHIFT

WISH/SPEC

JWST/NIRSPEC

EUCLID/NISP

HST/WFC3IR

WFIRST

SPICA/MCS

JWST/MIRI

Table valid for the optical lines [OlIJA3727, [OllI]JA4959, 5007, HB, [NIIJA6584 and Ha

" Physics OK Redshift OK B BAD




How many galaxies for WISHSpec surveys?



* For each 3.0x10* sec on a 30’x30’
sub-field of the UDSPhot, we
see | 30° dither the field of view by + 1’
=>the UDSSpec FOV amounts to
v 9*(1’'x1’) per each UDSPhot FoV
* That means that 9'2/900’2 =
1/100 of the UDSPhot area will
ooo be covered by the UDSSpec
* The UDSSpec is observed in
parallel to the UDSPhot
=> no additional time required.
* The exposure time for each
coe UDSSpec FOV is 3.0x10% sec
* The exposure time per 1'x1’ field
for the UDSPhot/Spec is 3.0x10%

< —>
30’

Ultra Deep Spectroscopic
Survey

sec * 9 * 400 = 1.1x108 sec

* The total area covered by the
UDSPhot is ~100deg?

e =>the total area covered by the
UDSSpec is ~1deg?

* For UWS, the total area covered
by the WDSSpec is ~10deg?

Spectroscopic instantanenous FOV = 1'x1’
UDS = Ultra Deep Survey
UDSS = Ultra Deep Spectroscopic Survey
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* For each 200 sec on a 30'x30’
sub-field of the WDSPhot, we
see | 30° dither the field of view by + 1’
=>the WDSpec FOV amounts to
v 9*(1’'x1’) per each WDSPhot FoV
* That means that 9'2/900’2 =
1/100 of the WDSPhot area will
ooo be covered by the WDSSpec
* The WDSSpec is observed in
parallel to the WDSPhot
=> no additional time required.
* The exposure time for each
coe WDSSpec FOV is 200 sec
* The total exposure time for the
WDSPhot/Spec is 200 sec * 9 *

4000 = 7.6x10° sec

. E . * The total area covered by the
< > photometric WDS is ~1000deg?
30’ * =>the total area covered by the

WDSS is ~10deg?
Ultra Wide Spectroscopic

Su rvey Spectroscopic instantanenous FOV = 1’x1’
WDS = Ultra Wide Survey
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Spectroscopic Survey — Option 1 over 10 deg?
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10 deg

—

(10-0.5)=9.5deg
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Spectroscopic Survey
n option 2
over ~ 90 deg?

The exposure time
for each FOV is 200 sec

(10-0.5) =9.5deg

10 deg

Spectroscopic instantanenous FOV = 1'x1’
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N, [unit redshift™'] per 90 deg’
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Spectroscopic Survey — Option 2 over 90 deg?
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Conclusion (from CNES) Commentaires du groupe

Astrophysique et Astrophysique du CNES
4 April 2014

 [CNES] noted that the addition of [Integral Field]

spectroscopy [at R ~ 1000] to WISH would multiply
the scientific possibilities of the mission.

* The large number of people who expressed an
interest into WISH in France emphasizes its scientific
merit and potential impact for our community.

* Moreover, this mission would ideally complement
JWST [but also EUCLID, the ELTs, SPICA and ALMA]
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Synthése des priorités
Colloque de prospective CNES, mars 2014)

Méthode d’observation Théme scientifique
réalisation associée

Comprendre la fin des dges sombres et étudier Ia formation

Chaine de des premiers objets
Observer I'Univers dans le domaine des rayons X L2 (ESA) PO détectionet - Comprendre les mécanismes d’échange de matiére et
cryogénie d’énergie aux différentes échelles, des étoiles aux trous noirs
et aux galaxies
M (ESA) .
Chaine de
| | lari f iff
e O ou ) PO détectionet - Comprendre la phase d'inflation de I'Univers primordial
cosmologique Opportunité crvorénie
(NASA/JAXA) YO8
M (ESA)
Observer I'Univers lointain dans I'infrarouge lointain - Comprendre les mécanismes d'échange de matiére et
ou
ou P1 d’énergie aux différentes échelles, des étoiles aux trous noirs
) , Opportunité
I’Univers proche dans l'ultraviolet et aux galaxies
(NASA)
M (ESA)
h h
e e e e ou P1 - Caractériser les exoplaneétes et chercher les biosignatures
exoplanétes )
Opportunité
M (ESA) - Comprendre les explosions stellaires, la physique des objets
‘ Chaine de
Observer I’'Univers dans le domaine du MeV ou P2 détecti compacts.
Opportunité L - Comprendre l'origine des rayons cosmiques galactiques.
M (ESA) . .
, . Spectro- - Comprendre la formation et I'évolution des étoiles et des
Observer les étoiles dans |"ultraviolet ou P2 )
) polarimétre planétes.
Opportunité

Comprendre la fin des dges sombres et étudier la formation

Observer I'univers lointain dans 'infrarouge proche Opportunité

des premiers objets

ase 0 egalement demandee pour « Observer les etoiles dans I"ultraviolet ».
Séminaire de Prospective Scientifique — La Rochelle — 17-20 mars 2014 S. Basa, Groupe A&A 22



Translation Denis Burgarella...

Le précédent document en MEDIUM- AND LONG-TERM START-UP PLAN

japonais fait référence

OF SPACE SCIENCE AND EXPLORATION PROGRAM (PRELIMINARY DRAFT)
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THE THREE PROJECTS IN COMPETITION IN JAPAN
e SOLAR C : MOON

e LITE BIRD: CMB POLARIZATION
e WISH: FIRST GALAXIES

Hayabusa 2
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