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Current/Future Redshift Surveys



Study of Universe: Effects of Dark Matter/Energy

➢ Growth History of Structures

➢ Expansion History of the Universe

Euclid

Kim & Park



Redshift Surveys: Sloan Digital Sky Survey

The Grey Book (SDSS Proposal to the NSF)

Park & Gott (93)

Blanton+ 
red: BOSS galaxies 
white: LRGs 
yellow: Main SDSS galaxies



Redshift Surveys

Le Fevre+13



Redshift Surveys: Density vs. Area

Le Fevre+13

HectoMAP

F2/F1
HectoMAP

F2/F1



Current/Future Surveys for Cosmology/Structure Formation

➢ Ground Based Surveys

➢ Surveys in Space

GMT E-ELT TMT

EUCLID WFIRST



Current: Low Redshift - SDSS
➢ SDSS-I: 2000 - 2005 
➢ SDSS-II: 2005 - 2008 
➢ SDSS-III: 2008 - 2014 
➢ SDSS-IV: 2014 - 2020



SDSS-IV: Project Members



SDSS-IV: Programs



MaNGA



MaNGA (Mapping Nearby Galaxies at APO)

PI: Kevin Bundy (Kavli IPMU)



APOGEE-2: APO Galactic Evolution Experiment 2

PI: Steve Majewski (EPFL)



APOGEE-2: Technical Details

APOGEE-1, APOGEE-2 (orange and green (Kepler) for APO, yellow for LCO) (SDSS WP)



eBOSS (Extended Baryon Oscillation Spectroscopic Survey)

PI: Jean-Paul Kneib (EPFL)



eBOSS: Technical Details
➢ Dark-time observations 
➢ Fall 2014 – Spring 2020 
➢ 1000 fibers per 7 deg2 plate 
➢ Wavelength: 360-1000 nm, R~2000



eBOSS: Technical Details

SDSS WP

➢ 375,000 luminous red galaxies over 7500 deg2, 0.6 < z < 0.8 
➢ 260,000 emission line galaxies over 1500 deg2, 0.6 < z < 1.0 
➢ 740,000 quasars over 7500 deg2, 0.9 < z < 3.5



eBOSS: Science Goals

Eisenstein+05

➢BAO: Baryon Acoustic Oscillations



eBOSS: Science Goals

Anderson+14

SDSS WP

➢BAO: the effects of dark energy on the expansion history



eBOSS: Science Goals

2D correlation function of DR9 CMASS  
(Reid+12)

SDSS WP

➢ Redshift-Space Distortion (RSD): Growth of Structure  
→ Test of General Relativity



eBOSS: Science Goals

➢ More info : SDSS-IV White Paper  
                   at https://www.sdss3.org/future/sdss4.pdf

➢ Cosmology Beyond Dark Energy 
➢ Test of non-Gaussianity in the primordial density field 
➢ Test of inflation  
➢ Measure of the sum of the neutrino masses

https://www.sdss3.org/future/sdss4.pdf


eBOSS: Sub-Programs (~5% each)

➢~105 PanSTARRS-1 photometric variables at i≲21 
➢ No preselection based on colors or light curves  
➢ PI: Paul Green (SAO) & Scott Anderson (UW)

➢ TDSS (Time-Domain Spectroscopic Survey)



eBOSS: Sub-Programs (~5% each)

➢~105 eROSITA sources (AGN & Galaxy Clusters)  
➢ eROSITA (extended ROentgen Survey with an Imaging Telescope Array) 

➢ all-sky survey at 0.2 - 8 keV 
➢ to be launched early 2017 

➢ PI: Andrea Merloni & Kirpal Nandra (MPE)

➢ SPIDERS (Spectroscopic Identification of eROSITA Sources)



Current: Intermediate Redshift - HectoMAP

HectoMAP (Geller, Hwang+) 

Age:~6.8 Gyrs 
rcom: ~1950 Mpc





HectoMAP: Technical Details
➢ 80,000 redshifts with zmed=0.4 in 50 deg2  
                                      (200˚<R.A.<250˚ & 42.5˚<Decl.<44˚) 

➢ Spring 2010 – Spring 2016 (Bright/Gray/Dark-time) 

➢ Targets: red galaxies with r<21.3 & g-r>1 & r-i>0.5 

➢ Wavelength: 350-1000 nm, R~1000 (~30 km s-1) 

➢ MMT/Hectospec: 300 fibers with 1 deg diameter FOV



M. Geller

S. Miyazaki

A. Diaferio

C. Park 
H.S. Hwang

J. Kim



➢ Comparison of the projected mass density  
                                              with the Subaru HSC weak lensing map 

➢ A direct measure of the mass accretion rate of clusters of galaxies  

➢ Exploration of the largest structures including the detailed 
relationship between massive clusters and the surrounding large-
scale structure  

➢ Evolution of voids

HectoMAP: Science Goals



Current: High Redshift - VIPERS

Guzzo+14



➢ ~105 galaxies with iAB<22.5 and  
             0.5<z<1.5 (color selection for z)

Guzzo+14

Current: High Redshift - VIPERS

➢~24 deg2 within the CFHTLS-Wide 
                                          W1/W4 fields 
➢ PDR-1 with 57,204 redshifts





VIPERS

Guzzo+14



At 0.5<z<1.2 
➢ Measure the growth of structure 

➢ Study the clustering of galaxies depending on  
                                                     luminosity and stellar mass 

➢ Measure the Power spectrum → Cosmological parameters 

➢ Determine the Luminosity snd Stellar Mass functions

VIPERS: Science Goals



Growth Rate
Schneider+Continuity eq.

Momentum  eq.

Using the Continuity eq.,                           & Linearization

Poisson eq.



VIPERS: Growth Rate

de la Torre+13



DESI (Dark Energy Spectroscopic Instrument)

➢ Formally BigBOSS 
➢ (Imaging &) Spectroscopic Survey with 4m Mayall telescope  
➢ 2018 - 2022 



DESI: Project Members



DESI: Instrument

Mayall 4-meter telescope at KPNO (Schlegel+)



DESI: Sample Selection

Schlegel+



DESI: Sample Selection

➢g=24.0 
➢r=23.6 
➢z=23.0

DESI CDR



DESI: Science Goals

➢BAO: the effects of dark energy on the expansion history

DESI CDR



DESI: Science Goals
➢RSD: Growth of Structure → Test of General Relativity

Huterer+13

Samushia+14



DESI: Science Goals

➢ More info : Conceptual Design Report at http://desi.lbl.gov/

➢ Cosmology Beyond Dark Energy 
➢ Test of non-Gaussianity in the primordial density field 
➢ Test of inflation  
➢ Measure of the sum of the neutrino masses

http://desi.lbl.gov/


Future: WFIRST-AFTA

Borrowed from WFIRST-AFTA team

➢ More info : 2015 Report (Spergel+15, arXiv: 1503.03757) 
➢ Launch: before 2024



Future: WFIRST-AFTA

Borrowed from WFIRST-AFTA teamSDSS in space!



Future: WFIRST-AFTA

Borrowed from WFIRST-AFTA team



Future: WFIRST-AFTA - Dark Energy Roadmap

Spergel+15



Future: WFIRST-AFTA

Spergel+15



Gravitational Lensing

Narayan &  
Bartelmann (2008)

(1919)



Gravitational Lensing

SLACS (Bolton+)

Elliptical Galaxy



Gravitational Lensing

Coe+

Galaxy Cluster



A383 (Coe+)



A383 (Okabe+10)



Mass map (Dark Energy Survey @ APS 2015)

~1.5 Gly (~450 Mpc)  
at distance of galaxies at z~0.3 



Future: LSST



➢ 8.4m Telescope with 3.5 deg FOV (diameter) 

➢ From 2020 (normal operation from 2023) for 10 years 

➢ Wavelength: 320-1050 nm, ugrizy

LSST: Technical Details



LSST: Science Goals

LSST Team



LSST: Science Goals
➢ Probing Dark Energy and Dark Matter 

➢ Weak Lensing, BAO with photo-z, Supernovae

LSST Team

➢ Taking an Inventory of the Solar System 
➢ Exploring the Transient Optical Sky 
➢ Mapping the Milky Way



Future: Telescope Opportunity



Future: Giant Magellan Telescope

➢ Seven 8.4 m primary segments  
                            (25m in diameter)

➢ Field of view: ~20 arcmin 

➢ Site: Las Campanas Peak, Chile 

➢ 2020: First Light/ 
      Early Operation with 4 mirrors 

➢ 10% of telescope time for Korea



Future: Giant Magellan Telescope



Future: Giant Magellan Telescope



Future: Giant Magellan Telescope



Future: Giant Magellan Telescope



Redshift Surveys of Field 
Galaxies at 0.8<z<2



Large-Scale Structure Survey at 0.8<z<2.5
➢ Propose to survey galaxies with i≲24.5 in the redshift-desert 

➢ Simple unbiased flux-limited  
     (~ the VIMOS VLT Deep Survey Ultra-Deep: i<24.75) 
➢ Dense (no random sampling: VVDS-UDeep has  
                                                     Target Sampling Rate~0.065) 
➢ Faint (MB~-20 at z=1.5) 
➢ Wide? (~1 deg2)

➢ Science Goals 
➢ Formation & evolution of LSS 
➢ Unbiased study of evolution of various galaxy classes 
➢ Environmental effects on galaxy properties 
➢ Galaxy-galaxy interactions & satellite galaxy systems

From CBP



Why at 0.8<z<2.5?
➢ Galaxies underwent active mergers and star formation that  
  resulted in a rapid evolution with strong environmental effects.

Madau & Dickinson (14)

From CBP



Why at 0.8<z<2.5?
➢ Most fundamental galaxy properties and  
                     environmental connection already set up at z<1.0

Hwang & Park (09)

From CBP

➢ Morphology - Mabs 
➢ Morphology - Σ5

➢ Morphology - rp

➢ Morphology conformity already exists at z≲1.0



Why at 0.8<z<2.5?
➢ Background-density Dependence of evolution of galaxy morphology 

From CBP

➢ In high-density regions,  
        morphological transformation to early types is faster!

Hwang & Park (09)



Survey Strategy
➢ Survey field 

➢ ~1 deg2 (1 deg = ~50 h-1 Mpc at z=1.5) from  
  existing deep redshift survey regions (zCOSMOS, VVDS, etc.)

➢ Survey : ~1000 galaxies down to i=24.5 per 30 sam FOV 
➢~10 pointings per field if 100 slits 
➢ costs ~1 day per field for texp=1 h per mask 
➢ 1 deg2=120 fields requires 120 days 
➢ returning ~5×104 redshifts



Future: Giant Magellan Telescope



Redshift Surveys of Galaxy 
Clusters at 0.8<z<2



From Fassbender12

Why Clusters at 1.0<z<2.0



Why Clusters at 1.0<z<2.0

From CBP (Boylan-Kolchin+09)



Science Goals

➢ Obtain a large, homogenous sample of galaxy clusters at 1<z<2 

➢ Determine the dynamical mass and its profile 
➢ Compare with other mass proxies (e.g. SZ, X-ray) 

➢ Determine the cluster-scale M/L ➔ Ωm 

➢ Properties of brightest cluster galaxy 
➢ Important hint of their formation and the connection to their host clusters 

➢ Environmental effects on galaxy properties

➔ By combining with local & intermediate-z clusters,  
          we can study the evolution of clusters and their galaxies 



Survey Strategy

➢ Cluster targets : 20 at 1<z<2 (10 at z<1.5 &10 at z>1.5) 
➢ From multiwavelength data: (e.g. eROSITA, CCAT) 
➢ Deep Imaging survey for target galaxies (e.g. Subaru HSC)

From Fassbender(12)



Survey Strategy

➢ Cluster targets : 20 at 1<z<2 (10 at z<1.5 &10 at z>1.5) 
➢ From multiwavelength data: (e.g. eROSITA, CCAT) 
➢ Deep Imaging survey for target galaxies (e.g. Subaru HSC)



λrest (angstrom) Le Fevre+13

Survey Strategy
➢  For a given cluster, our goal is to get 
     >100 member galaxies at Rcl<1-3rvir,cl (e.g. Rines+13): 

➢ >250 spectra per cluster (assuming member selection rate ~ 40%; Muzzin+12)  
➢ 3-5 masks per cluster (assuming 50-120 slits per mask) 
➢ S/Npixel,continum>10 for galaxies at 23<V<25 (redshifts, EW,..) 

➢>1 hour per mask with GMACS ETC (4 mirrors & elliptical galaxies) 
➢ Redshift measurement: spectrum template fitting with main spectral features of 

➢ [O II] 3727 and/or Ca II H&K for z<~1.5 
➢ UV Fe II and Mg II lines for z>~1.5

➢ Technical Requirements  
➢ Spectral  coverage: longer (λmax>1000nm if possible) & wider is better!   
➢ Velocity precision: <100 km/s (smaller than σcl) ➔ Spectral resolution>~1500 
➢ FOV: >15 arcmin (Rcl(proj,comov)~5 h-1Mpc = 3 rvir,cl at z=1)      
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Please Enjoy Observing the Universe 


