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Cosmic Flows Program ���
 

•  Measure distances d


•  Peculiar velocities: Vpec = Vobs - H0d


•  Infer 3D velocities and density field


•  Project to initial conditions


•  Simulate evolution to present conditions 

Gottloeber, Hoffman, Klypin, Yepes (CLUES collaboration)


Sorce, Kitaura 



the local volume 

1.  tiny peculiar velocities within Local Sheet


2.  discontinuity in peculiar velocities passing to adjacent structures


3.  185 km/s motion toward Virgo Cluster


4.  260 km/s motion away from Local Void





the local volume 

Latest data, Local Group frame After removal of local motion 



Contributions to Cosmicflows-2 
 297 TRGB: Tip of the Red Giant Branch


 133 TRGB Literature


  31  RR Lyr, Horiz Br, Eclip Bin, Maser


  60 Cepheid Period-Luminosity


 382 SBF: Surface Brightness Fluctuation


 306 SNIa: Type Ia Supernova


1508 FP: Fundamental Plane


5998 TF: Luminosity-Linewidth 





8315 distance measures within 30,000 km/s



1209



Cosmicflows-1: 1797 distances within 3300 km/s 


(catalog in EDD)   Tully et al. 2008, ApJ, 676, 184



BT, Courtois, Dolphin, Fisher, Heraudeau, Jacobs, Karachentsev, Makarov, Makarova, Mitronova, Rizzi, Shaya, Sorce, Wu


2013, AJ, 146, 86





Components of the Program 

1.  Extragalactic Distance Database



2.  Tip of the Red Giant Branch distances



3.  Luminosity-Linewidth (TF) distances


      - HI profiles


      - WISE photometry





4.  Cosmicflows-2 distance compilation



5.  Modeling  



Absolute calibration 
Pop I: 


HST Key Project Cepheid PLR and follow up


LMC distance modulus 18.48 (IR Cepheid + Eclipsing Binary)





Pop II:


TRGB tied to RR Lyr, Horizontal Branch distances 


to dSph companions of our Galaxy





Pop I and Pop II scales agree to within 0.01 mag





Cepheid, TRGB, and Maser distances to NGC 4258 agree
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TO COME:


* GAIA parallaxes (supplemented by HST parallaxes)


* More eclipsing binaries within Local Group


* IR Cepheid calibrations 





Extragalactic Distance 
Database 

Luminosity-Linewidth (TF)



Courtois, Fisher, Koribalski, Makarov, Mitronova, Heraudeau, Sorce, Neill, Seibert, Jarrett


HI optical    Spitzer         WISE 



All Digital HI Catalog 
All Digital HI catalog



17,738 galaxies! 

Arecibo, GBT, Parkes, Nancay, Effelsberg, NRAO 300’, 140’


                               -- new observations and archival





All Digital HI Catalog 
All Digital HI catalog





Select PGC 
70 

Profiles for 18,000 galaxies in EDD 



Extragalactic Distance 
Database 

Optical and IR Photometry





Spitzer 3.6µm Photometry Spitzer 3.6µm Photometry 



Spitzer 3.6µm Photometry Spitzer 3.6µm Photometry 



Select PGC 9332 

Spitzer photometry magnitudes for 4000 galaxies in EDD 
- WISE magnitudes for all possible candidates 
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CF2: ���
I & [3.6] band 
Luminosity - 
HI Linewidth 
Calibration 

Tully & Courtois 2012, ApJ, 749: 78 (I band)



Sorce et al. 2013, ApJ, 765: 94 (Spitzer mid-IR)



3.6µm



0.8µm 



Cosmicflows-3


curvature in mid-IR 
luminosity-linewidth 
correlation



WISE 3.4 micron – color corrected



Anticipate sample of ~10,000 galaxies





Spitzer [3.6] photometry for 2300 galaxies


Sorce et al. 2014, MNRAS, 444, 527





WISE W1 and W2 photometry calibration 


Neill et al. 2014, ApJ, 792, 129





PanSTARRS g,r,i,z photometry


Zagursky et al.  2015??





CF2: SNIa Calibration 
and H0 

combine 3 FP sources



combine 2 TF and 3 FP with 
I-band CF2 zero point



Cepheid, SBF, TF, FP 
set SNIa scale with 
I-band CF2 zero point





CF2: SNIa calibration and H0 
(continued) 

UNION2 SNIa sample shifted to 
[3.6]-band CF2 zero point.  Fit 
over interval 0.03 < z < 0.5





H0 = 75.2 +-3.0 km/s/Mpc





WISE recalibration (2014):


H0 = 74.4 +-2.8 km/s/Mpc



Courtois & Tully 2012, ApJ, 749, 174


Sorce, Tully, Courtois 2012, ApJL, 758, L12


Neill, Seibert, Tully et al., 2014, ApJ, 792, 129






I -> [3.6] lowers H0 2%


LMC revision raises H0 1%





Cosmicflows-2 Ensemble 

534 groups + 4691 individuals = 5225 entities 



Cosmicflows-1 => Cosmicflows-2 

  2008                            2013 

CF1: 1800 galaxies


V < 3,000 km/s



CF2: 8000 galaxies


V < 30,000 km/s





Wiener Filter with Constrained Realizations



•  Estimate Bayesian probability that data fits prior model 
      that structure emerged from initial Gaussian fluctuations. 
 
•  Model assumes ΛCDM WMAP power spectrum.  

•  Wiener filter schematic:  Pk/(Pk+σ2)  where Pk is power spectrum 
and σ is error => data dominates estimator if errors are small but 
filter attenuates to zero if errors dominate. 

•  Constrained realization: sample variation of actual field by drawing 
from Gaussian field consistent with power spectrum => in regions 
dominated by good quality data CR are dominated by data but in 
regions of poor data the realizations reflect random sampling. 

•  CR’s sample the statistical scatter about mean WF field. 



Laniakea Supercluster


supercluster: a bounded region of infall 
toward a local basin of attraction





lani – sky, heaven


akea – broad, wide, spacious, immeasurable





Laniakea movie 



Arrowhead Supercluster 




