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® Cosmology Today
e A Brief History of BAO

e BAO Measurement Today




Cosmology Today

e CMB : Planck 2015, BICEP, SPT
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Table 4. Parameter 68 % confidence limits for the base ACDM model from Planck CMB power spectra, in combination with
lensing reconstruction (“leasing™) and external data (Mext” BAO+JLA+Hy). Nussance parameters are not listed for beevity (they
can be found in the Planck Legacy Archive tables), but the last three parameters give a summary measure of the total foreground
amplitude (in xK*) at £ = 2000 for the three high-£ temperature spectra used by the likelihood. In all cases the belium mass fraction
used is predicted by BBN (posterior mean Yp & 0.2453, with theoretical uncertainties in the BBN predictions dominating over the
Planck error on $h4°),
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Planck 2015 Best Estimate
TT, TE, EE+

lensingtBAO+SNIa (JLA) : 1% Level
67.74 +£ 0.46

0.6911 £ 0.0062
0.3089 + 0.0062

0.14170 £ 0.00097

0.09598 + 0.00029
0.8159 £+ 0.0086



Q1 : Gravitational Wave Detection?!
Planck 2015 reports dust contribution
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Q2: Hubble Constant
Cepheids(73.8+/-2.4) vs CMB (67.74+/-0.46)
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Riess et al 2011
H=73.8 +/- 2.4
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Q3 Dark Energy: Isw -1?

w=P/p : equation of state

wCDM:
w = -1.008 £ 0.052(stat)
—1.013 £ 0.070(sys)

.. and allowing for curvature: owCDM

w = —1.006 + 0.058(stat)

—1.003 = 0.093(sys)
with systematics

ew=-]1 : cosmological constant
ew=(0 : matter
ew=1/3: radiation

—3(14+w)
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Dark Energy
Q3: w=-1 (LCDM) or not?

For wCDM
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A Brief History of BAO

® Acoustic Oscillation (Bond & Efstahiu 1984, Hu &
Sugiyama 1996, Hu & White)

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

Application to LRG (Eisenstein et al 2001, 2005)

2 »
| A o | A 4 e ! e o L AL o : 2 AN T g
o - o, I D 'S IV v L] |/ - Q 4 b‘A wrel | 1 0 " ' slly e g; " Q 3= — ALibLS S o\ ‘ N s il o SO N A A
f—>—" h',‘;‘ - = b= = T ’}-g'."“"‘“: e MEMAAAZ N SN "‘B ,‘." d N7 iy : e, ‘-!""l\“,‘ aldhid s s A s e - Py or -" u




Sign of Baryonic Feature 1n

Power Spectrum
Eisenstein, Hu, Tegmark (1998)
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Baryon Photon Credit : Martin White




Baryon Photon Credit : Martin White




Rise of BAO
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r=147.50+/-0.24 Mpc (Planck)
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measures 1 4(z)
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First Detection 1n 2005
Luminous Red Galaxies (LRG)

acoustic peak
~ 100 h~ ' Mpe

B Eisenstein et al 2005



SDSS-IIT BOSS, Wiggle Z (2005-2014)
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Anderson et al 2011




Ly alpha Forest BAO at z=2.4!
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forest spans ~() 5 GpL/h of IGM
photons take ~0.8 Gyr to cover this distance
BOSS samples 1A ~ 1 Mpc per pixel




SDSS-III :
Distance Measurement
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Near Future Satellite Programs
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Today : 5% Level

o SNIa: UNION2.1 (2012, 580 SNe)
¢ BAO: SDSS—LRG (2010)
BAO: WiggleZ (2011)

= BAO: BOSS (2014)




2% Level

SNIa: DES (2012-)

¢ BAO: eBOSS (2014-)
BAO: HETDEX (2014-)
BAO: PFS (2017-)




2025 1% Level
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SNIa: WFIRST

BAO: WFIRST

BAO: DESI (ELG/LRG)
BAO: DESI (LyaF)
BAO: Euclid




Wa Constraints in 2025
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Distance vs Brightness
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e SNIa: UNIONZ2.1 (2012, 580 SNe)
¢ BAO: SDSS—LRG (2010)
BAO: WiggleZ (2011)
= BAO: BOSS (2014)
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Distance & Acceleration
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BAO: HETDEX (2014-)
BAO: PFS (2017-)
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e Cepheid: HST (2012)
¢ BAO: BOSS (2012)
BAO: WiggleZ (2011)
= BAO: BOSS-LyaF (2012)
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From Deceleration to Acceleration

Density / Critical Density
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What’s Unique about PFS?
Tomography




3D Tomography by LBG

True Lyman-alpha Transmission Field (3Mpc/h smoothing) Reconstructed Lyman-alpha Transmission Field (3 Mpc/h smoothing)
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Hubble Diagram by Quasars

Risalit1 & Lusso (arxiv 1505.0711)
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F1G. 5. Hubble Diagram for the quasar sample (small gray points) and supernovae (cyan points) from the Union 2.1 sample (Suzuki et
al. 2012). The large red points are quasar averages in small redshift bins. The inner box shows a zoom of the z = 0 — 1.5 range, in order
to better visualize the match between the SNe and the quasar samples. The continuous line is obtained from a joint fit of the two samples
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Hubble Diagram by Quasars

Risalit1 & Lusso (arxiv 1505.0711)
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FiG. 5. Hubble Diagram for the quasar sample (small gray points) and supernovae (cyan points) from the Union 2.1 sample (Suzuki et
al. 2012). The large red points are quasar averages in small redshift bins. The inner box shows a zoom of the z = 0 — 1.5 range, in order

to better visualize the match between the SNe and the quasar samples. The continuous line is obtained from a joint fit of the two samples
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Summary

® BAO should be and will be done
® Mock Catalog can be started NOW!

e Simulated Data will be needed




Distance vs Brightness Distance & Acceleration
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