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B03 Our Team
• PI: Masahiro Takada (IPMU)
• Co-I’s

– N. Tamura (IPMU): PFS ⇒ see next talk

– I. Iwata (Subaru): PFS at Subaru
– R. Takahashi (Hirosaki): numerical cosmology

• Collaborators
– N. Yasuda (IPMU): HSC/PFS software

– S. More (IPMU): method/analysis/model
– A. Leauthaud (IPMU): method/analysis/model
– N. Suzuki (IPMU): data analysis/software

– K. Bundy (IPMU): data analysis
– Y. Minowa (Subaru): PFS at Subaru

• +PDs, students
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Galaxy survey; imaging vs. spectroscopy

• Find objects
– Stars, galaxies, galaxy clusters

• Measure the image shape of each 
object → weak gravitational lensing

• For cosmology purpose
– Pros: many galaxies, a 

reconstruction of dark matter 
distribution

– Cons: 2D information, limited 
redshift info. (photo-z at best)

• Measure the photon-energy 
spectrum of target object

• Distance to the object can be 
known → 3D clustering analysis

• For cosmology 
– Pros: more fluctuation modes in 3D 

than in 2D 

– Cons: need the pre-imaging data for 
targeting; observationally more 
expensive (or less galaxies)

Imaging Spectroscopy  



SuMIRe = Subaru Measurement
of Images and Redshifts

l IPMU director Hitoshi Murayama funded 
(~$32M) by the Cabinet in Mar 2009, as one 
of the stimulus package programs 

l Build wide-field camera (Hyper Suprime-Cam)

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

l Explore the fate of our Universe: dark matter, 

dark energy 

l Keep the Subaru Telescope a world-leading 

telescope in the TMT era

l Precise images of 1B galaxies 

l Measure distances of ~4M galaxies 

l Do SDSS-like survey at z>1

HSC
PFS

H. Murayama (Kavli IPMU Director)

Subaru  (NAOJ)



Cosmology with “3D” Galaxy Survey

• Wide-are galaxy 
surveys

• CMB=a 2D snapshot 
of the universe at 
z~1000

• Galaxy survey carries 
3D information

• 3D≫2D
• Can be very powerful

Tegmark & Zaldarriaga 09



Cosmological Collider 
Physics

Nima Arkani-Hamed (IAS)

Ø Complementary to CMB & LHC
Ø A new approach

also see http://physics.princeton.edu/cmb50



Can we use (messy) galaxy survey data for 
the fundamental physics?

7



Challenges: Galaxy Bias

• Still impossible to accurately model galaxy formation from first principles

• Galaxies reside in dark matter halos
• Clustering of dark matter halos are relatively easy to model based on 

simulations and/or analytical models 

Dark matter DM halos

galaxies DM halo

central gal

satellite gal

A possible, practical route: galaxy-halo connection



Combined probes: Clustering + Lensing

• Clustering analysis (3D 
galaxy distribution)

• Correlation of 3D 
galaxy positions 
with background 
galaxy shapes

background  gals



Synergy of imaging and spec-z
BOSS-CFHT example

Miyatake, More, Mandelbaum, MT, Spergel+15
More, Miyatake+15

H. Miyatake S. More
• BOSS DR11: ~0.8M CMASS gals (fsky~0.25), 

and the lensing studies not yet done
• CFHTLenS: the overlapping region is ~120 sq. 

degs, ~4800 CMASS gals, <z_s>~0.7

• Also Hikage+13



Combined probes: 
Lensing (imaging) + Clustering (spec-z)

• Lensing: directly measure the DM distribution (but projected) 

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

• CFHTLenS (3.6m imaging, only ~120 sq. deg, ng(z>0.5)~8 arcmin-2) + BOSS 
(2.5m spec-z, 8,400 sq. deg, 0.47<z<0.59) 
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Imaging + Spectroscopy (+CMB lensing)
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2014 Aspen Summer WS 
“Combining Probes in Cosmology 
Surveys”, S. Dodelson, S. Bridle, 
MT: had WL, galaxy clustering, 
CMB, …



Miyatake, More et al. 2015
S. MoreH. Miyatake

Almost accepted in PRL

Evidence of Halo Assembly Bias in Massive Clusters



Clusters = Most massive self-grav. system
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Rykoff, Rozo+ 2014Clusters easy to find… 



~50Mpc/h



Halo bias

Mo+96
Sheth+ 99, 01
Tinker+10

more massive halos



background  gals

Weak lensing signal Proxy of halo 
assembly history for 
each cluster



2.5σ significance

The two subsamples of 
clusters have very similar 
halo masses, but display a 
significant difference of their 
bias parameters



Auto-correlation functions of the two subsamples

4.4σ significance



~50Mpc/h

Ø The amount of dark matter surrounding 
clusters differs by a factor of ~1.5, depending 
on the properties of intracluster structures

Ø Cross-talk between <1Mpc and >10Mpc
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Dark matter halo formation

Continuous mergers/mass accretion

comoving coord.

What is the origin of the assembly bias?



Phase-space structure of DM halo: 
caustics and streams
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Phase-space structure of DM 
particles (subhalos removed)

Analytical model: 
Secondary infall model of 
spherical collapse

Vogelsberger & White 11 Adhikari & Dalal 14
Splashback radius 
halo boundary?
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Halo boundary: splashback radius

•
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Splashback radius is a more physically-motivated halo boundary? 
Most of gravitationally bound particles are enclosed inside

mass accretion rate at cluster redshift
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HSC Survey: 300nights granted (PI: Satoshi Miyazaki)

R.A.

DEC

HSC-D

HSC-D/UD

HSC-W

Galactic Extinction E(B-V)

• 2014 – 2019 (so far 21 nights)
• Three survey layers

– Wide (i~26, grizy, 1400 deg2)

– Deep (i~27, grizy+NBs, 28 deg2)
– Ultra-D (i~28, grizy+NBs, 3.5 deg2)



HSC-expected cosmological constraints

• The HSC promises a significant 
improvement in our 
understanding of the universe 
(dark energy, neutrino mass, 
other cosmological parameters)

HSC+BOSS



Competition

2011

2012

2013

2014

2015

2016

2017

2018

2019

2020

WL
HSC

DES
LSST?

Euclid

PFS

SDSS/BOSS
BAO

WFIRST?We are in a good position! and will lead 
survey cosmology/astronomy in 2020 era

eBOSS
DESI



PFS (8.2m) for z~1.5 slice

4m-class tel.

Power of PFS
Best datasets at z>1… before WFIRST (NASA: 2025-)



PFS (Subaru 100 nights)

DESI (4m 500 nights)

forecasts



Model-independent DE reconstruction

Ωde(z) =
ρde(z ⊂ zi )
3H 2(z)
8πG
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The 6th PFS collaboration meeting, Dec 2015 @ Taipei



The Goals of B03

• Imaging and spectroscopic surveys, or lensing and 
clustering, are so complementary

• Challenges: how observationally we can calibrate the 
galaxy bias uncertainty, DM: lensing and galaxy: spec-z

• B03 aims at developing a method of combined 
cosmological probes
– HSC + BOSS (the first results: ~2017)
– HSC + eBOSS (until about 2019)
– Eventually HSC + PFS (2019 -) 
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