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Subaru Telescope

Subaru Telescope
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SuMiRe = Subaru Measurement of
Images and Redshlfts

urayama

® |PMU director Hitoshi Murayama (Pl) funded
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)

® Explore 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 ~4M galaxies



HSC Collaboration

International collaboration: Japan, Princeton, Taiwan
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Hyper Suprime-Cam

- largest camera
-+ 3m high

-+ weigh 3 ton

. 104 CCDs
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Hyper Suprime-Cam FoV
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 of M31 (HSC FoV=1.8 sq. degrees)

A |










Etendue [m?deg?]

Survey power of HSC
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HSC Survey finally started (March 2014)!
(5 years until 2019, 300 Subaru nights)

Subaru HSC image (riz: ~2.5hrs) COSMOS HST (640 orbits: ~500hrs)

1.0)

best seeing ~0.5”
typically ~0.7” for good weather 12



PFS Collaboration
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Prime Focus Spectrograph (PFS)

Prime Focus Instrument
Spectrograph

Wide Field | '!llllm“"m“\
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Fiber Positioner
(from bottom)

engineering first light in 2017-18
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PFS Parameters

Approved by Preliminary Design Review (March, 201 3)

Number of fibers 2400

Field of view |.3 deg (hexagonal-diameter of circumscribed circle)
Fiber diameter |.13” diameter at center 1.03” at the edge
Spectrograph Blue Red NIR
Wavelength range [nm]  380-650 630-970 (706-890) 940-1260
Central resolving power  ~2350 ~2900 (~5000) ~4200
Detector type CCD CCD HgCdTe

Share WFC with HSC
4 spectrographs for 600 fibers each
A =380-1260nm with 3 arms (< 360-980nm for DESI)

* Fiber density: 2200/sq. degs (< ~140 for 2.5m BOSS;
~600 for 4m DESI)

* The medium resolution mode (R~5000) for the red
arm is our baseline design
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Extragalactic science, cosmology, and Galactic
archaeology with the Subaru Prime Focus
Spectrograph
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Science Objectives: Three Pillars

All science cases are based on a spectroscopic follow-up of objects
taken from the HSC imaging data
« Cosmology (~100 nights): 1400 sq. degrees
— ~4M redshifts of emission-line galaxies
— BAO at each of 6 redshift bins over 0.8<z<2.4
— Cosmology with the joint experiment of WL and galaxy clustering (HSC/PFS)

« Galaxy Evolution (~100 nights): ~20 deg?, see J. Greene’s talk!
— A unique sample of galaxies (~|M) up to z~2, with the aid of the NIR arm
— Dense sampling of faint galaxies (also many pairs of foreground/background gals)

— Studying cosmic reionization with a sample of LAEs, LBGs and QSOs

+ Galactic Archaeology (~100 nights): Milky Way/M31/dSphs

— ~1M star spectra for measuring their radial velocities

— Use the 6D phase-space structure, in combination with GAIA in order to study
the origin of Milky Way (also use the M31 survey)

— Use a medium-resolution-mode survey of ~0.IM stars to study the chemo-

dynamical evolution of stars in Milky Way
19



Unique capability of PFS: high performance

A working example:
f[o,,]-sx 10-"7erg/cm?/s, 6,=70 kml/s, r 4=0.3" [OII] line (3727A) feature
—2><4505ec (I5m|n in total) used for cosmology survey

e Assuming baseline instrument
parameters (fiber size,

throughput, readout noise,
etc.)
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* Conservative assumption: 0.8”
seeing, at FoV edge, 26 deg.
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| * Included sky continuum & OH
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Signal-té®Noise (S/N)

| * The PFS design allows

a matched S/N in Red and
NIR arms — a wide redshift
coverage, 0.8<z<2.4

02 04 06 08 14 16 18 2 22 24° LSS more linear at higher z
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Target selection of [Oll] emitters

* Mock Catalog, based on the COSMOS 30 bands, zCOSMOS and DEEP2 (Jouvel
et al. 2009, + further updates)

* The wide z-range allows an efficient target selection based on the color cut:
22.8<g<24.2 & -0.1<g-r<0.3
e 7847 targets per the PFS FoV (1.3 deg. diameter)~ 3% (# of PFS fibers)

o ~T75% success rate for 2 visits of each field
Objects/degz/ce” z>0.7 ELG efﬁCiency, fhiZ

all gals 5000 : [OIll] ELGs in z>0.7 and
with S/N>8.5
1000 - HSC (g~26) with dg~0.25
(@]

500
200
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'An'gul'ar Diameter Distance

V=4.4h"3Gpc® (10000deg?)
BOSS 0.5<z<0.7

1 1 I 1 1
forecasts

PFS (Subaru 100 nights)

Planck :
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Model-independent DE reconstruction
tl— ¥

Reconstruction of dark energy density at each redshfit

O SDSS+BOSS forecasts
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Time line (DE experiments)
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SDSS/BOSS/eBOSS >PFS (100 nights): can be quicker)

DESI (500 nights) WEIRST = = -

HSC/PFS has an opportunity to make a DE breakthrough before
the ultimate surveys, Euclid, LSST and WFIRST Y



PFS Galaxy Evolution

See Jenny Greene’s talk

© © 0 00000000

F,(

oo

=0 WA OO=NWALO
T T T T T T T 1T
N N5
(1] I
[} )
=02 =
fe:Ro}} U
©o ©0o

% 111 %

', (nanomaggies)

O«
(=]
T

©
o
]
-
QL
o
<]
N
=L
o
<]
—_
L
o
<]

* PFS also enables a spectroscopic PR r om |
10 4L 2e AN AT
¢ ’ o 0.8
survey of “general” galaxies at gg;gw\m AT
® 0.0 ) :
z~|-2 (a detection of continuum 5 *:%%
( £ §:§ 1f WWW
1 > W\q/
in each spectrum) <83 | | .
900 1000 1100 1200
A (nm)
| T T T T | T T T T | T T T T T T T T 1 2 104 T T T T T I T T T T T T T T
- . . ZX B % -1
zCOSMOSd Steidel o~ 3
- _ o |
o4 - < 1ox10*F A dense spec. £
—~ I " ] S .
Sl g, B | x survey of galaxies
E PRIMEEP2 03 8 0x10%F i
_.'Q_; I VVDS—-wide ) i
a | : i ! .
~ .. 2COSMOSb _ B.0x10°F ]
22 [~  VIPERS - s ]
i PFS-Galaxy survey lives in 7] j\ 4.0x10%}F - § -
I a unique region of 1 3 T o o
depth-area-redshift ~ v T ol S0
B . 5 3 Re) n o9 =
AGES Zg 2.0x10°F o %,Ig %‘Fgg&% i
20 [ | ! I BT S ST B R S T B R SR i % T %—, 8 Q g é g g |§
0.5 1 1.5 2 2.5 ol T R

Redshift



Long Range Strategy of Subaru

mrgmmes
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* HSC & PFS allow for
making Subaru Tel. a
unique facility in 2020era:
target obs = survey
telescope

* HSC, PFS, GLAO major
instruments in 2020era

* Various synergies with ."“u
— GAIA (2013) VA= A
— Euclid (2019)

— LSST (2018 or 192 -)
— WEFIRST (222)
— TMT& E-ELT (22?)



Japanese community has a strong interest in VWFIRST

PFS can play a unique role for providing a massive, deep
spectroscopic survey of galaxies

— A training sample of WFIRST photo-z, also via cross-correlations
(10-30 nights according to Jeff Newman; also see Menard et al. 14)

— A more detailed SED measurement

Other science cases need to be further explored (HSC
narrow-band filters, HSC microlensing, PFS Ly-alpha, ...)

A possible new high-latitude survey with PFS for WFIRST (the
planned PFS survey, 2019-2023, so a plenty of time for the
arrangement)

27



Summary

* SuMIRe (Subaru Measurements of Images and Redshifts)
— Suprime-Cam (HSC): 2014-19, ~IB gals, 1400 deg?
— Prime Focus Spectrograph (PFS): 2019-22, ~4M spec-z, 1400 deg?
— Imaging and spectroscopic surveys for the same region of the sky
at the same telescope

 Strong interest in DE and survey astronomy in Japan

* Synergies/Complementarities of PFS with future

— Unique capability: no any other (funded) massively-multiplexed
spectrograph at 8-10m telescopes

— Complementary to WFIRST: a training sample of photo-z’s, a wider
coverage of galaxy SED, dens pairs of gals, QSOs, ISMs ...

— To have the synergies, some WFIRST regions need to be in
northern hemisphere: a new high-latitude PFS survey for WFIRST?



PFS Cosmology Survey

Redshift Volume/FoV | # of galaxies Number density nP
(10*h-3 Gpc3) (per FoV) (10 h3 Mpc3) @k=0.1hMpc"!
1.0

0.8<z<I1.0 44 1.26

1.0<z<I.2 7.8 438 5.6 |.34 |.25
|.2<z<I| .4 8.8 762 8.6 |.42 .82
|.4<z<I.6 9.7 534 5.5 1.5 .13
|.6<z<2.0 21 721 3.5 |.62 0.82
2.0<z<24 22 620 2.8 1.78 0.8l

Total # of galaxies : 3361 (0.8<z<2.4)
Area (100 clear nights): 1420 sq. degs. — 9 (Gpclh)® = a factor 2%xBOSS

* Need 2 visits to have high number densities of ELGs in each z-slice
* Assumed galaxy bias (poorly known): b=0.9+0.4z
* Assumed 2400 fibers; FoV of 1.35 degree diameter; S/IN>9

— Success rate (0.8<z<2.4; including the fiber allocation efficiency): 71%

— Assumed |5min exp. of each visit; 5min (conservative) overhead of each visit

29






Backup slides
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@ PFS collaboration meeting




Fluxes relative to PanSTARRSOur Coadd 30s300s
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HSC-expected cosmological constraints

Data Wpivot  Waq FoM Vg My tot INL 7 Qg
BOSS-BAO 0.064 1.04 15 = = = 0.018 0.0057
HSC(WL)—B (baseline) 0.080 0.86 15 0.15 0.16 30 0.014 0.0041
HSC(WL)—O (optimistic) 0.068 0.66 22 0.083 0.082 18 0.013 0.0040
HSC(WL—l—SN)—B 0.043 0.60 39 0.15 0.16 30 0.014 0.0041
HSC(WL-I—SN)—O 0.041 045 54 0.081 0.081 18 0.013 0.0040
HSC- O-l—[BOSS—P(k)] 0.028 0.26 136 0.059 0.044 17 0.009 0.0023
0.22 194 0.057 0.031 17 0.009 0.0021

HSC-0+[BOSS+PFS]

0.023

— \WMAP7+SDSS WL

Planck+HSC WL
+HSC SNe
+BOSS P(k)

0.68 0.70 0.72 0.74 0.76 0.78

QDE

* The HSC promises a
significant improvement in
the dark energy constraints
and our understanding of the

universe
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Research Highlight

Lensing (imaging) + Clustering (spec-z)

Combined probes:

S. More

* Lensing: directly measure the DM distribution, but projected

* Clustering: 3D mapping of galaxy distribution; a much higher S/N, but galaxy
bias uncertainty

* More, Miyatake, Mandelbaum, MT, Spergel, et al. (2014): CFHTLenS (3.6m
imaging, only ~120 sq. deg) + BOSS (2.5m spec-z, 10000 sq. deg)
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Research Highlight

0.60

A pilot study: More et al. (2014)

growth rate

0.55

0.50

0.45
S
)
0.40
0.35
0.30} | 1
HSC (1400 sq. degrees) promises more than a
factor 3 improvement!
025 | | | | | |

|
I WMAPY E
1 Planck CMB

0.0 0.1 0.2

0.3 0.4 0.5 0.6 0.7 0.8

0.9

RSD

! Beutler et al. (2012)

2 Percival et al. (2004)

3 Samushia et al. (2012)
4 Chuang & Wang (2013)
> Blake et al. (2011)

6 Beutler et al. (2013)

7 Chuang et al. (2013)

8 Samushia et al. (2014)

? Reid et al. (2014)

19 de 1a Torre et al. (2013)

Clustering+Lensing
* Cacciato et al. (2013)
® Mandelbaum et al. (2013)
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B WMAP9g B SDSSCLF4+WMAPT priors(Qp, ns, h)
095 [ Planck CMB B CMASS:DV+AP+ fos+Planck rg
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Filters & Depth
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* Depth of each filter is carefully
designed

o
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:g 06 e For HSC-Deep and Ultra-Deep, a
EM combination of broad- and

narrow-band filters allows to

l J /\ | detect Lyman-alpha Emitters at
z=2.2,5.7,6.6 and 7.3
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