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Lesson from the past: why the TFR
gave H, in the mid 80’s 20 years ago

L ]
24 | H: fit 32 galaxies ° °
° o/ .\
o °® M31
*e * st
.o
22 | L Y
® .\
I [ PY
$\. NGC 2403
-20 | [
° M33

A fit of the same slope fixed to the 4 galaxies
in red would lead to a zero point 9% fainter 18 | °

==>H, 9% (7 km/s/Mpc) larger



Cosmic Flows Program

Measure distances d
Peculiar velocities: V.. =V, - Hqd
Infer 3D velocities and density field

Project to initial conditions
Simulate evolution to present conditions

Gottloeber, Hoffman, Klypin, Yepes (CLUES collaboration)
Sorce, Kitaura




Cosmicflows-1: 1797 distances within 3300 km/s

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

Contributions to Cosmicflows-2

297 TRGB: Tip of the Red Giant Branch
133 TRGB Literature

31 RR Lyr, Horiz Br, Eclip Bin, Maser
1209 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

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

2013, AJ, 146, 86



Components of the Program

Extragalactic Distance Database

. Tip of the Red Giant Branch distances
. Luminosity-Linewidth (TF) distances

- HI profiles

- photometry

. Cosmicflows-2 distance compilation

. Modeling
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Jacobs, Dolphin, Makaroyv, Rizzi, Wu

TRGB distances
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Wu, Tully, Rizzi, Dolphin, Jacobs, Karachentsev 2014, AJ, 148, 7

IR TRGB distances
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TRGB Population II zero point | ]
calibration | o s
(Rizzi et al. 2007, ApJ 661, 815)

Fig. 13.— Zero point calibration of the TRGB dependence on color.
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Fig. 11.— Measurement of the HB level in the Fornax dwarf spheroidal. Fig. 12.— Measurement of the HB level in the Sculptor dwarf spheroidal.

Fig. 9.— Measurement of the HB level in IC1613, in the HST flight system. In the m




NGC4258 HST9477
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F814W
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Dirgpy = 7.65 +-.38 Mpc

Diaser = 7.60 +-.23 Mpc

Deepn = 7.52 +-.38 Mpc

NGC 4258




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



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

TO COME:
* GAIA parallaxes (supplemented by HST parallaxes)

* More eclipsing binaries within Local Group
* IR Cepheid calibrations



The future of the TRGB method
HST:

- sweet spot: TRGB > 1mag above photometric limit
iIn 2 band observations obtained within a single orbit.

==> \WFPC2 distances <4 Mpc 80 galaxies
ACS/WFC3 “ <10 Mpc 600 ?
JWST:

- 1 hour / filter: distances <40 Mpc 7000 galaxies

Reddening in host not a problem: target stars are preferentially
selected from halo where reddening and metallicity are low.

If reddening in our Galaxy is a problem, use infrared version.



HST c19 SNAP Program

Added 46 new CMD;
now 340 available

50

" Open: Full SNAP sample
illed:
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I Exclude 9-14 hours: 50% observed
r 9-14 hours: 15% observed
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HST c21 SNAP Program

already added ~25 new
galaxies




Most important
result from

Cosmicflows-1

BT, Shaya, Karachentsev, Courtois,
Kocevski, Rizzi, Peel [2008, ApJ,
676, 184]

The MW has a motion of 323
km/s w.r.t. 1800 galaxies
with measured distances

within 3000 km/s

greenl/yellow V .~0
red V.. > +100
blue V.. <-100
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Local Void

tiny peculiar velocities within Local Sheet

discontinuity in peculiar velocities passing to adjacent structures
185 km/s motion toward Virgo Cluster

260 km/s motion away from Local Void




Karachentsev et al. 2014, ApJ, 782: 4

Virgo Infall




SBF: Surface Brightness Fluctuation

Cosmicflows-2
Ground-based: ~300 distances within 40 Mpc (Tonry et al. 2001)
HST: Virgo (Mei et al. 2007); Fornax (Blakeslee et al. 2009)

Cosmicflows-3?7?
HST IR: => 100 Mpc

HST IR TRGB sweet spot: 40-100 Mpc
10% HST distance in one orbit if <100 Mpc
<40 Mpc can be obtained from ground based observations



Luminosity-Linewidth (TF)
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Arecibo, GBT, Parkes, Nancay, Effelsberg, NRAO 300’, 140’

-- new observations and archival

The Extragalactic Distance Database: Display Request /

All Digital HI catalog

roc
PGC no Name/Profile Vh av  Wmx_av  eW_av N_av Sourcel Yeii Vhell WmS01 WemS0L Wmxl e Wi SN1L Flux1 R
M Vvin Vvin Vvin Vvin Vvin Vvin Vvin Vvin Vvin Vvin Vvin
Strieg Strieg Strieg
Vae Max Max Max Max Max Max Max Max Max Max Max
Son Son Son
_Son | son | son | son | son | son | son | son | son | son | son | son | | |
show hide show hide hide hide hide show hide hide hide hide hide hide hide show hide hide hide sho
OO0 @ ’ O 0|w| 0909|0000 0W|I0|W|0|8|0|8|0|8w|0|¢
»oC Name/ Profile Vh_av |Wmax_av|eW_av | N_av | Sourcel Tel2 Vhell | WmS01 |WemS01| Wmxl |e_W1| SN1 Flux1 flesl [ NsL| FmnS
km/s km/s km/s km/s km/s km/s km/s |km/s Jymjis | km/s ml)
q|a00331060 4458 154 16 1|shg2C05S  |AQir 4458 173 1 154 16 8% 1.85 8% 2
G |AGCIII06] G2 217 20 1|shgit05  |AGH 002 248 226 217 20 0 0.82 86 4
22| 2G00C0012 6548 a0 19 1|tme2006  |[Nanc 6548 a4 49 a0 19 14 3a0| 110 1
16|2G00C0016 68 296 20 1[tme2006  |Narc 68 316 65 296 20 22 104 110 1
201400331065 shg2C05s Ao 7380 289 245 S0 35 2.40 87 K
28 |AGCII1067 shgit05  |AOH! 12761 163 147 50 24 .53 85 2
38 |UCC12893 1:08 78 19 1|shg2C0S  |AQir 1:08 87 a2 78 19 38 241 85 1
40| >GDeC0040 7282 285 20 1|tmc2006 Norc 7282 316 58 285 20 S0 5200 108 2
47 |UCC12898 shglC0s  |adur 7676 182 2 25 35 2.6 83 1
33 |VEC1 28585 6765 158 17 1|shgit05  |AGH 6765 175 167 158 17 6.1 31.76 85 1
S4|9CC12892 shglC0s  |alur &3s8 375 3ss 22 1.7 .55 88 2
53 |ueg)zass 4779 175 10 1|shgit05  |AGH 4779 195 188 175 10 145 4.30 85 1
S8 |acC33107: shg2C05s A 8195 &8s 457 100 0.7 c.36 87 K
68 |15528-017 7664 206 18 1[tme2006  |Narc 7664 226 215 206 18 40 1L.61] 108 1
20 |9CC12900 300 a26 12 2|shg2C0S  |AQir O] s 435 a6 15 79 a.5s 84 1
1| ACCRIG544 6509 135 14 2| shgtos Norc 6510 165 150 142 20 75 155 $5 4
16 |9CC12901 920 < 18 1|shg2C0S  |AQir 920 as2 418 < 18 45 a2 83 1
4 |UGC0] 2905 4058 188 14 1|ctm2010  |GBT 4058 200 157 188 14 85 3161 16 4
201 |UCC12906 shglC0s  |alur 5306 304 94 a0 k% i 85 1
102 |VUGC12509 S48 428 20 1|shgC05  |ACH S48 445 437 428 20 25 5.58 87 1
220 |9CC12910 Kol ) 12 1|shg2C0S  |AQir Kol 4 59 5 12 122 293 856 1 :
12 |WeCizsil 4754 271 20 1|shgit05  |AGH 4754 285 280 271 20 25 1.29 87 1
116 |UCC12912 2268 318 19 1|shg2C0S  |AQir 2268 342 2 318 19 k% 3 33 89 1
U AGCIIN07S E Rk 193 15 1|sha2C05  |ACH E Rk 213 02 193 19 21 0s2 85 1
Detmiter for downioad: Comricad 17,738 galaxies!
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All Digital HI catalog

Uxme (voracle) Ucomme Blaipe Utad Uspace  UNixed format

Domrioad rows 1 1o 200 ]

rGC
B el e e P B e e e
Srirg Strieg Strirg

Vax ﬁ, Nax Nax Nax Nax ﬁ, ﬁ, Nax Nax Nax Nax Nax Nax Nax
&] Sonl Sonl Sonl Sonl Sonl Sonl Sonl Sonl Sonl Sonl Sonl L
show hide show | hide hide hide hide show hide hide hide hide hide hide hide show hide hide hide sho
®0 @ ’ Q0000|0000 0O|W|08|0|8|0®|I0®|0®8|0|® |0 m Ul e
»oc Name/ Profile Vh_av |Wmax_av|eW_av | N_av | Sourcel Tel2 Vhell | WmS01 |WemS01| Wmxl |e_W1| SN1 Flux1 flesl [ NsL| FmnS
km/s km/s km/s km/s km/s km/s km/s |km/s Jymjis | km/s ml)

4 |aGC331080 4458 154 16 1|shgacos  |aoir 4458 173 1 154 16 25 185 =5 2

6| AGC3106) 002 217 20 1|shg2005  |AcH 02 248 226 217 20 20 cB2| =5 4

12| 2Goc0012 6528 ) 19 1 imc2006  |Naec £5a8 a2 409 &m0 19 24 3.40| 110 1

16|>G0ec0016 468 296 20 1[tme2006  |Noec 468 316 105 296 20 2.2 1ea| 110 1

20 | &0L331065 shgat0s  [acir 7380 259 245 S0 iz 240 =7 a4

29 |AGC321067 shgit05  [aoH 12701 163 147 50 24 0s53| ss5| 2

38 |wec12893 1:08 7E 19 1|shg200s  |acur 1:08 &7 a2 7E 19 iz 241 =% 1

40| 2G00C0040 7282 285 20 1[tme2006  |Noec 7282 316 258 285 20 50 s20| 108 2

a2 |ucC12898 shg2t0s  |acur 7676 182 m 25 i 261 == 1

33 |ucczass 6765 158 17 1|shgcos  |acu 6765 175 167 158 17 6.1 17| &= 1

54|WGC12892 shglt0s  |acur 258 375 355 22 1.7 css| == 2

53 [UGC] 2858 4779 175 10 1|shgicos  |aci 4779 195 188 175 10 145 430 &5 1

38 |aacaators shgit0s  |mair 8795 ) 357 wo| o cas| =7 a

ﬁn@l‘f\ 7664 206 18 1[tmc2006  [Naec 7664 226 215 206 18 40 161 108 1

( 2ofuccizecs ) 5500 26 12 2[shg2005  [acur 5304 249 435 a2 15| 79 ass| s8] 1

‘2 Mﬁ;g'é/ 6509 135 14 2|shgitc05  [Narc 6510 165 150 142 20 7.5 155 55| 4

‘ 26 |ucciz901 £920 ) 18 1|shgacos  |acir £920 a3z 418 ) 18 45 382 == 1

54 |UGCD)2905 4058 188 14 1|ctm2010  |GBT 4058 202 157 188 14 55 ael| 1s| a4

01 [wec12908 shglt0s  |acur S306 304 294 a0 £ 397| == 1

102 |UEC12509 5048 428 20 1|shgicos  |aci 5048 445 437 428 20 25 558 &7 1
110|96C12910 74 B3 12 1|shgacos  |acir 74 £ ) 3 12 1212 293 &5 1 :

12juscizsiy 4754 271 20 1|shgcos  |acu 4754 285 280 271 20 25 12| &7 1

116|06C12912 9268 3= 19 1|shg200s  |acur 9268 342 327 3= 19 £ 1.71| 39 1

17 |AGC321079 EFEE] 133 19 1|shazcos  |aci EFEE] 213 202 133 19 2.1 cs2| == 1

Delmiter for download: _Dowricad |



Results from the All Dagital HI cazalog
pre [Name/Profile Vh_sv| Wemx_sv [eW_sv N_sv Source] | Tell [Visel] Wm301 [WemS01 [ Weax] e W1/SNT [Flux] [Res] Ns1 Fm501 | Source2 | Tel2 [Vhel2| Wms02 | W

0 Ui kso (426 12 2 shp2005 [AOI s H49  H3s 226 15 70 Rss Bs 1 l6s 1me 2006 [Nanc (6705 1452 4

Avaikable profiles for PGC 70

Select PGC
70

Ascis Profile

Profiles for 18,000 galaxies in EDD

Ascis Profile



Optical and IR Photometry

£DD: Select Tadle & Columns

Secure site for proprietary users only. All others will be prosecuted.

EDD Home Page |

S5 ™ The Extragalactic Distance Database (EDD)

lestructions:

.
.
.
.
.
.
.

Mere, you create a merged table of data fiebds on galaxies from a varkety of tables.

You may enter o galaxy same below, o yom can leave it blank and get all galaxies in the selocted tahles and cull it down by range lNmits and regular expression later
Click catalogs ‘on’ to sec and sedect data fields,

Told mouse over 3 catalog name 10 see & short description of i,

Click on catalog sames for 3 popup with information sa the fields in the catalog.

At the bettom of the page, select range of row numbers for initial query to prevent too mech data from being transfered,

Mt browsers clear the column selections when yow reload, bt Firefos does not, so use reset batton,

Features:

¢ Updated best distances in EDD Distances cataleg (presestly limited 1o V « 3000 km’s).
o Color images of galaxies observed with ACS and WFPC2 in “CMDTRGB” catalog.
16000 HI profiles uniformly analyzed in AN Digital HI catalog.

o Hawaii Photometry cataleg now available.

OPTIONAL: Ester Galaxy Nasse Display only tables with info on this galaxy
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~ Conmtrol Panel: Column Min/Max, regular expression, sorting, visibility

The Extragalactic Distance Database: Display Request

Spitzer 3.6um Photometry

rGc “Spitzer [3.6) Band Photometry”,
P o 8
e | Namerphotom oame | ST | SHE | mADE | A | O e e | e | e
Strieg Strirg
Vax Vae ﬁl il Nax Nax Nax Nax Nax Nax Nax Nax Nax Nax Nax
&l &l Sonl Sonl Sonl Sonl Sonl Sonl Sonl Sonl Sonl Sonl Sonl
show hide show hide show | hide show hide show hide show hide show hide show hide show hide show hide show hide show hide show hide show hide show hide sk
|08 |0 © 0000008080080 8|I0W|08(08 0]
“Spitzer [3.6] Band Photon
»oc | Name/Photom Date Exp 2265 | m_265| m_tet em m_ext Ss0 alpha b/a | e bfa| PA i
ymdhm sec arcsec mag mag mag mag | mag/as®2 | arcsec deg | ar
2664 1| LGL00833 2009.10.03711:59:01.257 240.0 0 1341 13.608| Q002 13.3% 18.78 85| c28 002 1t
pres] B hs AG 2009,10.03T12:14:15.244 240.0 76 12.52| 12925| o0007| 12902 15.56 115| 038 0.01| 103
3556 | 1| LGLD0SSS 2009.10.03712:06:41.241 240.0 78 13.32| 13.305| 0004 13316 18.41 105| ©23 0.00| 224
350 | 1|uG 279 2009,10.03712:21: 58033 240.0 56 1576 15726 0005| 15724 w077 10.7] 023 ol S8
2210 2| LGCoozE2 2009.10.05T11.27. 56,283 240.0 53| 13.45| 13.465| oo00s| 13.43% 19.61 91| csa| o003 7
4561 | 1| NGOoas4 2009,10.03T11:11:42 854 240.0 75 1400| 13.99%8| 0003| 13986 15.75 123| 026 0.01] 161
4596 | 1| NGCRaS2 2009.10.03711:04:17.699 240.0 107 11.95] 11.948| 0008 11.9e: 19.56 16.7] ©.&s 0.04| 234
4715 | 1|UGEDOB4 L 2009,10.03710:56: 17.704 240.0 o8 13.59| 14002 0003| 13984 15.35 104| 025 000 54
S B mEgﬂs 2009.10.03T10:41. 08119 240.0 62 1311 13.100| oO002| 13.10: 19.30 91| CEs 0.03| 29
5132 |V |NGCRS12 2009,10.03710:33: 38 526 240.0 77 12.29| 12255 0G003| 12288 1744 52| 027 001 114
S284| 1| LGC00UET 2009.10.04709:31:21.676 240.0 7 12.45| 12.647| 0003 12.882 19.16 11.3| Qs 0.00| 29
5241 1|PGCCOS 4] 2009.08.25723:18:31.159 1200 108 1287 12862 0002| 12.86) 1503 15.7| ©.20 00| 22
S3aq| 1| NGCOS36 2009.10.04T18:13. 25.066 240.0 113 1LE7| 11662 O007| 11852 19.61 178| ©.Sé 0.00| €8
G502 | 1| NGCRGGR 2609,10.03T10:17:05.738 240.0 67 1258| 12572 000G| 12,567 15.67 106] 071 00z 28
407 B LGL012257 2009.10.03710:09:38.156 240.0 25 13.75| 13.767| 0009 13.739 19.76 7.3| ©.s3 0.02| 07
G624| 1| NGCRGTR 2009.08.25715:33: 50.353 1200 9 1204] 12027 o603| 1201 18.82 125| 0.56 003 16
.&52 1| NGCLERSE 2009.10.04719:05:23.417 240.0 80 12.37| 12360 Q007 12342 20.25 135| o, 0.00| 46
G851 ]3| UGEDING 2009.10.04T17:57: 20,688 240.0 » 1563 15628 0005| 15604 041 54| 047 0.0z| 177
£5535| 1| LGC01319 2009.10.04706:08.05.222 240.0 42 13.12] 13.116] oO.013| 13.11% 18.54 £7| ca2 0.08] 2
7006 | 1| LUGED 1 MG 2009, 10.04706:00:32.223 240.0 75 1285| 12847 000G| 12835 18.65 105| 032 0.02| 138
2332\ mg_czsz 2009.10.04705:45:24.243 240.0 ” 11.62] 11613 0004 11608 19.56 155| o7 0.02| 132
Z5C4 | 1| UGED 1455 2009,10.04703:37:16.339 240.0 180 13.11 13.067| 0026| 13103 15.60 60| G177 0.01| 107
2332 | 1| NGC0928 2004.08.14706:43:13.827 120.0 309 10.82| 10.79:] OL005| 10.796 20.09 S24| Cas 0.02| 07
F560 | VINGCES58 2009,10.07T15:36: 31 447 240.0 97 L3 11| o602| 11126 1755 1.7 036 005 11
Delimiter for downlood: _Downicad |
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The Extragalactic Distance Database: Display Request

Spitzer 3.6um Photometry

rGc “Spitzer [3.6) Band Photometry”,
e | Namerphotom oame | ST | SHE | mADE | A | O e e | e | e
Strieg Strirg
Vax Vae ﬁl il Nax Nax Nax Nax Nax Nax Nax Nax Nax Nax Nax
&l &l Sonl Sonl Sonl Sonl Sonl Sonl Sonl Sonl Sonl Sonl Sonl
show hide show hide show | hide show hide show hide show hide show hide show hide show hide show hide show hide show hide show hide show hide show hide sk
|08 |0 © 0000008080080 8|I0W|08(08 0]
“Spitzer [3.6] Band Photon
»oc | Name/Photom Date Exp 2265 | m_265| m_tet em m_ext Ss0 alpha b/a | e bfa| PA i
ymdhm sec arcsec mag mag mag mag | mag/as®2 | arcsec deg | ar
2664 1| LGL00833 2009.10.03711:59:01.257 240.0 0 1341 13.608| Q002 13.3% 18.78 85| c28 002 1t
pres] B hs AG 2009,10.03T12:14:15.244 240.0 76 12.52| 12925| o0007| 12902 15.56 115| 038 0.01| 103
3556 | 1| LGLD0SSS 2009.10.03712:06:41.241 240.0 78 13.32| 13.305| 0004 13316 18.41 105| ©23 0.00| 224
350 | 1|uG 279 2009,10.03712:21: 58033 240.0 56 1576 15726 0005| 15724 w077 10.7] 023 ol S8
2210 2| LGCoozE2 2009.10.05T11.27. 56,283 240.0 53| 13.45| 13.465| oo00s| 13.43% 19.61 91| csa| o003 7
4561 | 1| NGOoas4 2009,10.03T11:11:42 854 240.0 75 1400| 13.99%8| 0003| 13986 15.75 123| 026 0.01] 161
4596 | 1| NGCRaS2 2009.10.03711:04:17.699 240.0 107 11.95] 11.948| 0008 11.9e: 19.56 16.7] ©.&s 0.04| 234
4715 | 1|UGEDOB4 L 2009,10.03710:56: 17.704 240.0 o8 13.59| 14002 0003| 13984 15.35 104| 025 000 54
S B mEgﬂs 2009.10.03T10:41. 08119 240.0 62 1311 13.100| oO002| 13.10: 19.30 91| CEs 0.03| 29
5132 |V |NGCRS12 2009,10.03710:33: 38 526 240.0 77 12.29| 12255 0G003| 12288 1744 52| 027 001 114
S284| 1| LGC00UET 2009.10.04709:31:21.676 240.0 7 12.45| 12.647| 0003 12.882 19.16 11.3| Qs 0.00| 29
5241 1|PGCCOS 4] 2009.08.25723:18:31.159 1200 108 1287 12862 0002| 12.86) 1503 15.7| ©.20 00| 22
S3aq| 1| NGCOS36 2009.10.04T18:13. 25.066 240.0 113 1LE7| 11662 O007| 11852 19.61 178| ©.Sé 0.00| €8
G502 | 1| NGCRGGR 2609,10.03T10:17:05.738 240.0 67 1258| 12572 000G| 12,567 15.67 106] 071 00z 28
407 B LGL012257 2009.10.03710:09:38.156 240.0 25 13.75| 13.767| 0009 13.739 19.76 7.3| ©.s3 0.02| 07
G624| 1| NGCRGTR 2009.08.25715:33: 50.353 1200 9 1204] 12027 o603| 1201 18.82 125| 0.56 003 16
.&52 1| NGCLERSE 2009.10.04719:05:23.417 240.0 80 12.37| 12360 Q007 12342 20.25 135| o, 0.00| 46
G851 ]3| UGEDING 2009.10.04T17:57: 20,688 240.0 » 1563 15628 0005| 15604 041 54| 047 0.0z| 177
£5535| 1| LGC01319 2009.10.04706:08.05.222 240.0 42 13.12] 13.116] oO.013| 13.11% 18.54 £7| ca2 0.08] 2
7006 | 1| LUGED 1 MG 2009, 10.04706:00:32.223 240.0 75 1285| 12847 000G| 12835 18.65 105| 032 0.02| 138
2332\ mg_czsz 2009.10.04705:45:24.243 240.0 ” 11.62] 11613 0004 11608 19.56 155| o7 0.02| 132
7504 2009,10.04703:37:16.339 240.0 180 13.11 13.067| 0026| 13103 15.60 60| G177 0.01| 107
NGCLO28 ) 2004.08.14706:43:13.827 120.0 309 10.82| 10.79:] OL005| 10.796 20.09 S24| Cas 0.02| 07
L0553 2009,10.07T15:36: 31 447 240.0 97 L3 11| o602| 11126 1755 1.7 036 005 11
Delimiter for downlood: _Downicad |
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TXIMAGARIACTIC ISIANCE LATA0AST Kererences

Select PGC 9332

Spitzer photometry magnitudes
for 4000 galaxies in EDD
- WISE magnitudes coming soon
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Hi Linewidth
Calibration

26 Zero Point Calibrators
22 Virgo

9 Fornax

. 29 UMa

10 Centaurus

12 Hydra
21 Pisces

14 Coma

|- 18 Abell 1367
7 Abell 400

. bum

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

36 Zero Point Calibrators
—24 |- 26Virgo
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Sorce et al. 2013, ApJ, 765: 94 (Spitzer mid-IR)



Luminosity-Linewidth Summary

~2000 in common CF2 and SFI++
~2000 CF2 only
~2000 SFI++ only

~6000 total

CF2: our analysis
SFI++: Springob et al. 2007
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Cosmicflows-327?

Anticipate sample of 710,000 galaxies

Spitzer [3.6] photometry for 2300 galaxies

Sorce et al. 2014, submitted

WISE W1 and W2 photometry
Calibration Neill et al. 2014, submitted

PanSTARRS g,r,i,z photometry
Zagursky et al. 201577
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Fundamental Plane (FP)

EFAR: Colless et al. (2001) — 11
SMAC: Hudson et al. (2001) 19 28 clusters

ENEARCc: Bernardi et al. (2002)

Cosmicflows 2: 1508 galaxies in 133 clusters



Fundamental Plane (FP)

EFAR: Colless et al. (2001) — 11
SMAC: Hudson et al. (2001) 19 28 clusters

ENEARCc: Bernardi et al. (2002)

Cosmicflows 2: 1508 galaxies in 133 clusters

6dFGS coming soon with 9000 southern FP distances!!

Campbell et al. 2014, MNRAS (arXiv:1406.4867)
Springob et al. 201477
Magoulas et al. 20147?7?



Type Ia Supernovae (SNIa)

Backbone (all z)
Amanullah et al. 2010 (UNION?2)

Supplements (z < 0.1)

Prieto et al. 2006
Jha et al. 2007

Hicken et al. 2009
Folatelli et al. 2010

306 SNIa distances z < 0.1



ENEAR / EFAR Distance Modulus
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CF2: SNIa calibration and H,

(continued)

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

H, = 75.2 +-3.0 km/s/Mpc

WISE recalibration (2014):
H, = T4.4 +-2.8 km/s/Mpc

I -> [3.6] lowers H, 2%
LMC revision raises H, 1%

Courtois & Tully 2012, ApJ, 749, 174
Sorce, Tully, Courtois 2012, ApJL, 758, L12
Neill, Seibert, Tully et al., 2014, submitted
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534 groups + 4691 individuals = 5225 entities



SGY (kms™)

8000

6000 2
40001

2000

-2000 ;
-4000 (=77

6000 ¥

-8000 f.

Cosmicflows-1 => Cosmicflows-2

CFl: 1800 galaxies
V < 3,000 km/s —

i

.
’,\;
X7

-8000 -6000 -4000 -2000 0 2000 4000 6000 8000

SGX (km s™)

2008

SGY (kms™)

8000 [

6000

4000 F

2000

-2000 t
-4000

-6000 I

CF2: 8000 galaxies
V < 30,000 km/s

-8000 k

-8000 -6000 4000 -2000 0 2000 4000 6000 8000

SGX (km s™)

2013



[oqM) S52

Peculiar Velocities & Models

1. Numerical Action reconstruction of orbits in
high density non-linear regimes

Peebles & Tully 2013, ApJ, 778, 137
Shaya & Tully 2013, MNRAS, 436, 2096

The origin of planes of satellites in the Local Group from evacuation of Local Void

b

- Time: 1.60 Gyr
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SGY (Mpc)

Flows on Large Scales

| peculiar velocities along dashed trajectory
-35 < SGZ < 25 Mpc
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Perseus-Pisces

backside infall into Great Attractor?
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Wiener Filter with Constrained Realizations

« Estimate Bayesian probability that data fits prior model
that structure emerged from initial Gaussian fluctuations.

* Model assumes ACDM WMAP power spectrum.



Wiener Filter with Constrained Realizations

« Wiener filter schematic: P, /(P,+0%) where P, is power spectrum
and o is error => data dominates estimator if errors are small but
filter attenuates to zero if errors dominate.



Wiener Filter with Constrained Realizations

« 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.



Properties of peculiar velocities in the linear regime

« Scale of non-linearity for velocity field is a few Mpc
(10x larger for density field)

« Coherent tidal flows => information on structure well beyond
domain of direct observations



Properties of peculiar velocities in the linear regime

« Decomposition of divergent (local) and tidal components:
DivV = -H, Q9% %

« Local flows about arbitrary centers and with arbitrary radius can
be studied by setting densities to null field outside selected radius;
tidal flows are residuals from local flows



Properties of peculiar velocities in the linear regime

* V-web: order 3 eigenvalues of shear tensor A1>A2>A3
knot: 3 above threshold;
filament: 2 above threshold;
sheet: 1 above threshold:;
void: 0 above threshold



Preliminary Wiener Filter result from Cosmicflows-2
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Wiener Filter Reconstructions with Cosmicflows-2

3D velocities and density map computed from CF2 peculiar velocities

Shapley GA Great Wall

de SGX (kms) L
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Laniakea Supercluster

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

lani - sky, heaven
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Laniakea




CF2 movie




