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SuUuMiRe = Subaru Measurement of

® |PMU director Hitoshi Murayama funded (~
$32M) by the Cabinet in Mar 2009, as one of

the stimulus package programs

® Build wide-field camera (Hyper SuprimeCam)

and wide-field multi-object spectrograph
(Prime Focus Spectrograph) for the Subaru
Telescope (8.2m)

® FExplore the fate of our Universe: dark matter,

dark energy

@ Keep the Subaru Telescope a world-leading
telescope in the TMT era

® Precise images of |B galaxies

® Measure distances of | M galaxies




Hyper Suprime-Cam Project
A big excitement = the engineering first light! (Aug 16 — Sep 3)

All instruments at
Mauna Kea
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The Engineering first light!

From Satoshi Miyazaki (NAOJ, HSC PI)

Shack-Hartmann uiiis :
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* Press release (Sep 12)

*  From homepages of IPMU and
NAQO]

* Nature, the newspapers in Japan,
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Subaru Telescope:
wide FoV & excellent image quality

+ Fast, Wide, Deep & Sharp

* ldeal for a cosmological survey

\ | HST
The CurrentSpn ECa+m| age (M Ogurl)
PR SR

~50,000 galaxy images - . T -




Hyper Suprime-Cam FoV
(1.5 degrees in diameter)




Planned HSC Survey 3 tiers

* Wide: 1400 sq. degs., grizy (i,z=26, 56) ~ [ e
— Weak gravitational lensing o § :5:::}
— Galaxy clustering, properties of z~| L, galaxy S i :::?’:_
— Dark Energy, Dark Matter, neutrino mass, the §
early universe physics (primordial non- 2 m |
(Gaussianity, spectral index) oz
* Deep: 28 sq. degs, grizy+NBs (i=27) e bl J,L Jkﬂ Ny
— For a calibration of HSC-Wide WL/photo-z Wavelength [A
— LAEs, LBGs, QS5O ¥ |
— Galaxy evolution up to z~7 o TH‘%ETZHB

In ﬂs{mnun-ry d'r:lﬁai e

— The physics of cosmic reionization
* Ultra-deep: 2FoV, grizy+NBs (i~28)
— Type-la SNe up to z~| .4

— LAEs, LBGs, Galaxy evolution
— Dark Energy, the cosmic reionization
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Planned HSC survey: 3 tiers

_Illl I I IIIIIIl

T

I IIIIIIl

T

I IIIIIIl

T

I IIIIIIl

T

T

L I l:l
- LSST . : : |
- HSC;UD (deep) optical imaging surveys | -
— . p—
- | 3
- |
- SXDS HSC_Deep LSST | 1
il DTES (wide) | 3
- ] -
- Cosyos.(SN_deep) E
© CFHTLS HSC-Wide > 3
- (deep) y =| -
- . PS1 Q|3
= NDWFS (MDS) <]
- . =
o DES CPHTLS . (D_EdS )Eu.clld | 3
| wldae ]
= (SN-shallow) (wide) KiDS  m =
- = | -
- Stripe82 = =
= RCS2 psﬂ} ]
- (3m) 7
- future Sk M. . -
- _ a r
E  ongoing VST-ATLAS® Sk PPT__
- completed SDSS | ]
:llll | | lllllll | | lllllll | | lllllll | | lllllll | | ll:l
1 10! 107 108 104
2 .
narrower Area [deg?] wider

Black: existing
Magenta: upcoming

Blue: future

HSC Layers will
explore new
regions in survey
parameter space



HSC Survey Fields

HSC-D/UD —

DEC
HSC-D 0050 0089 0159 0.282 0503 0895  1.504 2838 | 5054 19000
Galactic Extinction E(B-V}

* The HSC fields are selected based on ...

— Synergy with other data sets: SDSS/BOSS, The Atacama
Cosmology Telescope CMB survey (from Chile), X-ray (XMM-
LSS), spectroscopic data sets

— Spread in RA

Low dust extinction




HSC Supernova Survey

SN2373 @ z=1.006
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About 50 nights in
total

For HSC ultradeep,
about 20 visits for
each field, in grizy

Each exposure is
60-80min

Achieve >5sigma
detection of type-la
SNe at z~1 .4, one
week before and

two weeks after the
peak

40 SNe at I<z<1 .4



HSC-expected cosmological constraints

Data Weivot Wa FoM | ~, Muwtl€V] INL T Vs
BOSS-BAO 0.064 1.04 15 |- - - 0.018 0.0057
HSC(WL)-B (bascline) | 0.080 0.86 15 | 0.15  0.16 30 0.014 0.0041
HSC(WL)-0O (optimistic) | 0.068 0.66 22 | 0.083 0.082 1§ 0.013 0.0040
HSC(WL+SN)-B 0.043 060 39 [0.15 0.16 30 0.014 0.0041
HSC(WL+SN)-0 0.041 045 54 0.081 0.081 1§ 0.013 0.0040
T1SC- 0~ [BOSS-P(k)| 0.028 036 99 | 0.038 0.076 170011 0.0029
HSC-O [BOSS|PES] [ 0.027 0.19 196 | 0.035 0.07 17 0009 0.0022
-0.8
-0.9 : : -
* The HSC promises a significant
m‘l-u | Improvement in our
5 -1.1 understanding of the universe
_19 (dark energy, neutrino mass,
e s other cosmological parameters)
=LA i +HSC SNe
+BOSS Pk}
-1.4

0.68 0.70 0.72 0.74 0.76 0.78
Ope



Prime Focus Spectrograph

¥

(PFS)

Multi object fiber spectrograph for 8.2m
Subaru

International collaboration; Japan (IPMU+),
Princeton, JHU, Caltech/]PL, LAM, Brazil, ASIAA

Initiated by the stimulus funding (~$30M
secure); $50M needed for the instrumentation

The current baseline design
— The same optics to HSC
- 2400 fibers
- 380-1300nm wavelength coverage
- R~2000, 3000, 5000 (blue, red, NIR)
The target first light; around 2017

Capable of various science cases: cosmology,
galaxy, galactic archeology



PFS Positioner
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Cobra system is the most essential part of PFS, and will be built at JPL
Designed to achieve 5 £ m accuracy in < 8 iterations (40 sec)



» Concept Design Review (Mar
2012)

* Next milestone: Preliminary
Design Review (Feb or Mar

2013)

3 PFS collaboration meeting

f‘u”y PGSSGd CODR’  Aug 13-16,2012@Caltech

~70 participants
(~50 non-Japanese)
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PFS Science Document in arXiv
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1206.0737v2 |astro-ph.CO| 19 Jun 2012
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EXTRAGAT ACTIC SCIENCE AND COSMOLOGY WITH THE SUBARU PRIME FOCUS SFECTROGRAPH (FES)

BiceaRD ELLIS ", Mm-.,muw Tmmu .‘, HjroAk! ALHAHA“"_ NoeLo Armmuro®, Kevin Bunpy®, Mnsnsm Cbub'uf, JLorrH
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ABSTRACT

The Subam Pruwe Pocus Spectrograph (PL5) s 3 massively-multiplexed hber-ted optical and nea-mbrared
gpeetrograph (Ngp-=2400, 380< A < 1300n0m), offering unique oppormoites o smvey astronomy. Following
a successinl external design review the instomment 13 pow vnder constroction with orst Light predicted 1o late
2017 Here we smnmarize the seicnce case for this mmigne instrument in terms of provisional plans for a Sabaru
Siratepie Propram of =300 mphlts. We desenbe plans w0 cousiran the nature of durk everpy via a survey ol
cmission line galaxies spanning a comoving volume of © 3A~°Gpc® in the redshift range 0.8 < 2z < 2.4
Iy each of 0 mdependent redsbnli bos, Qe cosmolopieal distances will be measured w0 3% preciaon va e
haryomic acomstic ascillation srale and redshift-space distortion measnres will he nssd to conatrain stmchime
guu'dl w 0% precrson. As lhe newr-leld cosmoloy v program, radial velocities and chenscal abudances ol
atars in the Milly Way and M31 will be used to infer the past assembly histories of both spiral palaxics as well
as the structure of eir dark wattsr lalos. Complemenime the poals of the Gaia wission (V< 17), radial
velocitics and metallicitics will be sceured for 10° Galaetie stars 1o 17< V' < 20. Data for fmnt-:‘r stars to
V=21 wall be secured 1moareas containuy Galactue dal streams. The M3 1 capeimm wall rgel red graml
branch stars with 21 17 <27 5 over an unprecedented area of 63 l‘lf‘EE For the extrapalactic program, onr
stnulations suppest e wids suveleugih ranpe of PES wall be purbcuelady powerful m prolbme e galaxy
popuiation and its cstering over a wide redshift range and we propose to conduct a color-selected survey of
1<z<2 'ﬂ;uue and AGN over 16 deg” to J ~23 1_yielding a fair sample of zalaxies with stellar masses
ahove -~ | M-"\. at = ~ 2 A two-tiersd swrvey of higher redshitt Tyman hreak palanies and T yman alpha
emm | Lers will Llud.._thfy the properiss of early systems close W e miouzston spoch. PFS wall also provide
umgque spectroscopic cpportunities bevond these currently-envisaged surveys, particularly in the era of Euclid,
L35T aud TMT.
Subject headings: FI'5 — cosmology — palactic archasology — galaxmy evolotion

1. INTRODUCTION
There 15 currently a major eEpancion in SULVay iMAagng ¢a
pability via the use of CCD and pear-intrared detector mo-

! Califorma Tnstitule of Techoology, Pasadem, CA 51125, T.S.A

1 ¥ wrli Trctitmte frr tha Theriacs and Wathanaatioe of tha T Inirmess (T e

saics on a wide range of ground-based telescopes. Eweh imag-
wy surveys provide aceurate pholomeine and otber data o
cnahle the study of gravitational mnsmg signals which trace
e distobuton of dark matter and 10 conduel census sludes
of Galactic strmctures and distant star-forming palaxies. For
over d decade 1 has been recoputeed that @ snmlar revolulion



PFS collaboration
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Basic parameters

* The current baseline design parameters

Number of fibers | ~2400 (600 for each spectrograph)
Field of view | |.3 deg (hexagonal diameter)
|.1 sqg. degs
Fiber diameter |.13” diameter at the field center, 1.03” at the edge
‘ Blue arm ‘ Red arm ‘ IR arm
Wavelength cov.[nm] | 380 - 670 ' 650 — 1000 | 970 — 1300
Spectral resol. | ~2000 | ~3000 | ~4000
Pixel scael [Alpix] | 0.71 0.85 0.8
Read-out [e rms/pxi] ‘ 3 ‘ 3 ‘4
Detector CCD 'cep | HgCdTe

Thermal bckg [e/pix/s] ‘ None ‘ None ‘ 0.013




Redshift range for PFS survey

i

3D map of
distant universe

by SDSS Il &
('2"

« 0.7<z<2 universe not yet observed

* SuMIRe = Imaging & spectroscopic surveys of the same region of
the sky with the same telescope
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Expected BAO constraints

The PFS cosmology
survey enables a 3%
accuracy of measuring
D.(z) and H(z) in each
of 6 redshift bins, over
0.8<z<24

This accuracy is
comparable with BOSS,
but extending to higher
redshift range
Also very efficient given
competitive situation

— BOSS (2.5m): 5 yrs

— PFS (8.2m): 100 nights



Dark energy density: Q,,(z)

DE reconstruction

*  The wide-z coverage of PFS+BQOSS enables a reconstruction of DE densities
as a function of redshift — can constrain a broader range of DE models
1

Reconstruction of dark energy density at each redshfit

SDSS+BOSS «  PFS can significantly
improve the accuracy

o
to

of the reconstruction

08 k due to the increased

_ pdE(Z C Z-’:) z-bins

3H Z(Z) T 7% accuracy of Q.(z)
871G in each of z-bins
«  PFS+SDSS+Planck

SDSS+BOSS+PFS |  allows a detection of
1 dark energy up to
z~1, for a A-type

= - model

gsz(Z)

04

02

1)) N R T BRI S
0 0.5 1 1.5 2 2.5

redshift: 2z
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Time line (DE experiments)

N N N N N N N N N N
S © © © © © © o ©°© g
— N W LN 9 (o)} ~ (00 O o
| | | | | | | | | | | >
| | | | | | | | | | |
HSC >
WL
DES >
LSST? - - - -
BAO > SDSS/BOSS Euclid ====
PFS
v" PFS has an opportunity to make a DE breakthrough via a WEFIRST? ===+

3-5 year survey prior to the launch of Euclid
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Synergy of PFS}with futu

» HSC & PFS allow for
making Subaru Telescope
a unique facility even in
2020era — just like SDSS
(2.5m} vs. 8m tels now

* Various synergy with
future
— GAIA (2013)
— Euclid (2019)
— LSST (2018 or 19?)
— WFIRST (17)
— TMT& E-ELT (22?)



Summary

SUMIRe = Subaru Measurement of Images and Redshifts

o Unigue capabilities of 8.2m Subaru Telescope (other projects all 4m-class

telescopes besides LSST)

Hyper Suprime-Cam Survey (HSC) = imaging of |B gals

o Start the wide-area survey from around Aug 2013 for 5 years

o Use WL to recover the DM distribution up to z~|

o Also study galaxy evolution and cosmic reionization
Prime Focus Spectrograph (PFS) = redshifts of 4M gals

o Start the wide area survey from around 2018 for 5 years

« Baryon Acoustic Oscillations to measure the cosmic expansion rate
Imaging + spectroscopic survey is a very powerful combination

o Cosmology: DE, DM, neutrino masses, curvature, inflation models (f_NL)

o Not only for cosmology, also for galaxy evolution, the origin of Milky VWay
First wide-area, massive galaxy surveys with Subaru
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