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Cosmology Today

• CMB : Planck 2015, BICEP, SPT 

• BAO : SDSS-III 

• SNIa : Union2.1, JLA (SNLS-3, SDSS-II)



Planck 2015 



Planck 2015 Best Estimate 
TT, TE, EE+ 

lensing+BAO+SNIa (JLA) :  1% Level



Q1 : Gravitational Wave Detection?! 
Planck 2015 reports dust contribution

Planck+BICEP2/Keck
arXiv:1502.00612

BICEP2
March 2014

Blue : Dust Subtracted
Red  : r=0 model



Q2: Hubble Constant 
Cepheids(73.8+/-2.4) vs CMB (67.74+/-0.46)

Efstathiau 2013
H=72.5 +/- 2.5 km/s/Mpc

Riess et al  2011
H=73.8 +/- 2.4



Q3 Dark Energy:  Is w -1? 
w=P/ρ : equation of state  

7

wCDM:
w = −1.008 ± 0.052(stat) 
       −1.013 ± 0.070(sys)
SNe + BAO + CMB 
... and allowing for curvature: owCDM 
w = −1.006 ± 0.058(stat) 
       −1.003 ± 0.093(sys)
with systematics

•w=-1  : cosmological constant 
•w=0   : matter 
•w=1/3: radiation

E ∝ a
−3(1+w)



Dark Energy 
Q3: w=-1 (LCDM) or not?

For wCDM :



A Brief History of BAO
• Acoustic Oscillation (Bond & Efstahiu 1984, Hu & 

Sugiyama 1996, Hu & White) 

•  Baryon Acoustic Oscillation (Kaminonkowski et al 1994, 
Eisenstein & Hu 1998) 

• Application to LRG (Eisenstein et al 2001, 2005) 

• WiggleZ, SDSS-III BAO Measurement z=0.3-0.7 

• SDSS-III Lyman alpha Forest BAO (2011-2015) 

• SDSS-IV ELG BAO



Sign of Baryonic Feature in 
Power Spectrum 

Eisenstein, Hu, Tegmark (1998)



Credit : Martin WhiteBaryon Photon



Credit : Martin WhiteBaryon Photon



Rise of BAO

Credit : Eisenstein



r=147.50+/-0.24 Mpc (Planck)

Credit : David Kirkby



First Detection in 2005 
Luminous Red Galaxies (LRG) 

Eisenstein et al 2005



SDSS-III BOSS, Wiggle Z (2005-2014)

Anderson et al 2011



Ly alpha Forest BAO at z=2.4!



SDSS-III :  
Distance Measurement



Near Future Satellite Programs

Euclid (2022- Europe)
WFIRST (US: 2025-)

TMT (30m Telescope) JWST (US: 2018)



Today : 5% Level



2020 : 2% Level



2025 1% Level



Wa Constraints in 2025



Distance vs Brightness



Distance & Acceleration



From Deceleration to Acceleration



What’s Unique about PFS? 
Tomography



3D Tomography by LBG



Hubble Diagram by Quasars 
Risaliti & Lusso (arxiv 1505.0711)



Hubble Diagram by Quasars 
Risaliti & Lusso (arxiv 1505.0711)

Preliminary



Summary

• BAO should be and will be done 

• Mock Catalog can be started NOW! 

• Simulated Data will be needed 

• Target Selection / Tiling Coordinator is needed 

• Flux Calibration always helps good science 

• Let’s challenge new science not on white paper!!!
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