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Planes of  dwarfs – a problem since 1976 
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c/a ~ 0.15 

Δrms=24kpc 

Metz, Kroupa & Libeskind 2007 

Pawlowski & Kroupa 2013 

 

Milky Way – Vast Polar Orbiting structure (VPOS) 
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Where else can we hope to find planes of  

satellites? 

Centaurus  A, ~8x1012 Msol, 3.8Mpc 

Courtois et al (2013) ESO image 
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satellites? 

Centaurus  A, ~8x1012 Msol, 3.8Mpc 
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Centaurus A Planes 

Not in Plane 

No known distance 

Tully, NL et al  (2015) 



Centaurus A Planes 

Tully, NL et al  (2015) 

36 galaxies in total, 29 with 

distances 

 

16 in plane 1 

11 in plane 2 

2 not in either 

 

7 without distances of  

which  

+4 could be Plane 1 and  

+2 in plane 2 



Centaurus A Planes 7 deg 

Tully, NL et al  (2015) 

Distance errors are 5% 

along the line of  sight 

 

3σaccuracy of  the nCenA is  

~ ±2 degrees 

 



Centaurus A Planes 7 deg 

Tully, NL et al  (2015) 

Can fit a single normal to 

the two parallel planes 
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Centaurus A Planes 

Around 100kpc between 

planes 

Offset between the means 

is around 300kpc 

Each plane is around 

50-60kpc in rms 

Tully, NL et al  (2015) 

Probability of  finding 

such set ups “by 

chance” are 

exceedingly low 

~3 out of  10,000 



Summary of  Local Volume Planes: 

One plane 
Co-rotating 

c/a~0.15 
Two parallel planes 

One co-rotating 

c/a~0.17 

Two parallel planes 
co-rotating?  

c/a~0.2 
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Is the cosmic web responsible for these planes of  satellite galaxies 

2df  GRS 



Velocity Shear Tensor 

Looking at LSS from the point of  view of  

(peculiar) velocity. 

Shear 

Compression/

expansion 

Rotation 

Hoffman et al 2012 

 Libeskind et al 2012, 2013 

Specifically the deformation of  the velocity 

field – shear, compression and rotation: 



Symmetric part is the 

“Shear” tensor + 

Divergence 



e1 e2 e3 

Full (3D) velocity & density field from Wiener filter reconstructions of  

the cosmic flows-2 survey 

Axis of  fastest collapse 
Sheet normal 

Axis of  slowest 
collapse 



e1 e2 e3 

Full (3D) velocity & density field from Wiener filter reconstructions of  

the cosmic flows-2 survey 

Courtois et al 2013 

radial peculiar velocity 



e1 e2 e3 

Full (3D) velocity & density field from Wiener filter reconstructions of  

the cosmic flows-2 survey 

Courtois et al 2013 

radial peculiar velocity reconstructed 3D peculiar velocity 
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Full (3D) velocity & density field from Wiener filter reconstructions of  

the cosmic flows-2 survey 

Courtois et al 2013 

radial peculiar velocity reconstructed 3D peculiar velocity Corresponding 3D density field 
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“Local” velocity field, from cosmic-flows-2 

Laterally 

squashed by a 

“mini-repeller” 

“Local 

Filament” 

stretched by 

Virgo 

Libeskind et al 2015 

e3 filament 

axis, 

points to 

Virgo 

e1 sheet 

normal, 

points to 

the local 

void 
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2 planes in M31 
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How are the satellite planes of  Cen A, M31, and the MW oriented with respect to the shear  

MW plane is off  

by ~38 deg, 

appears to have 

been torqued 

about the e2 axis 

e2 

e1 

e3 
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Pawlowski et al 2013 



With 27 satellites 21 of  which are on one side the chances are 

 

 
P
n

k

⎛

⎝
⎜
⎞

⎠
⎟=

1

2
n

n!

k!(n− k)!

⎛

⎝
⎜

⎞

⎠
⎟=

1

2
27

27!

6!(27− 6)!

⎛

⎝
⎜

⎞

⎠
⎟= 0.003= 0.3%



Lopsided satellites in SDSS Local Groups 

Start by identifying pairs of  

galaxies in the SDSS that 

“look” like the Local Group 

 

 � -22.5 < M < -21.5 

 � 0.5Mpc < dsep < 1.5 Mpc 

Libeskind et al 2016 
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Start by identifying pairs of  

galaxies in the SDSS that 

“look” like the Milky Way 

 

 � -22.5 < M < -21.5 

 � 0.5Mpc < dsep < 1.5 Mpc 

 

 � Identify a search radius 

rsearch= 250kpc 

 

 � Find satellites  within 

rsearch ignore satellite photo-

z 

 

 � Count how many are 

within (θ,Φ) and compare 

with how many you expect 

from a random distribution 

Lopsided satellites in SDSS Local Groups 

Libeskind et al 2016 



Lopsided pairs – sample selection


Libeskind et al 2016 
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Lopsided satellites in SDSS Local Groups 

Issue of  overlap: 

What is the effect of  

extended satellite 

distributions? 

 

For each pair member, find 

an isolated galaxy at the 

same redshift with the same 

magnitude 

 

Place it and its satellites  and 

the same separation as each 

pair member, rotate N times 

 

Compute overlap bias and 

subtract from observed 

signal 

Libeskind et al 2016 
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Lopsided satellites in SDSS Local Groups 
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Stacking all systems reveals a bar-

bell geometry 

 

Examining similar set ups in 

simulations but results still 

inconclusive (Gong et al in prep) 

Lopsided satellites in SDSS Local Groups 

Libeskind et al 2016 



Sensitive to pair selection criteria 

 

Insensitive to how the satellites are 

chosen 

Lopsided satellites in SDSS Local Groups 

Libeskind et al 2016 
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Conclusions 

 

1.  Dwarfs around Centaurus A indicate that they  are located on two 

nearly parallel but fairly thin planes 

2.  By exploiting the cosmic flows -2 survey of  peculiar velocities we 

have found a new feature in the local universe – a flattened 

filament stretching all the way to Virgo 

3.  This particular geometry may be responsible for forming these 

satellite planes 

 

4.  The shear field on scales that are still linear have a direct influence 

on the sub-Mpc position of  dwarfs 

5.  Satellites in galaxy pairs in surveys are lopsided 


