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M31 SATELLITE ALIGNMENT

PLANE OF SATELLITES AROUND ANDROMEDA
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PLANE OF SATELLITES AROUND ANDROMEDA
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M31 SATELLITE ALIGNMENT

PREVIOUS WORK ON THIN PLANES OF SATELLITES

Millenium 1l Simulation
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M31 SATELLITE ALIGNMENT

PREVIOUS WORK ON THIN PLANES OF SATELLITES

FORMATION OF THIN PLANES:

@ thin plane produced by merger
Hammer et al. (2013), Smith et al. (2016)
@ anisotropic accretion of satellites

Aubert et al. (2004), Libeskind et al.
(2005,2009,2011), Lovell et al. (2011)
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DOES M31 RESIDE IN A TYPICAL HALO?

most of the stellar disc of M31 already in place at z ~ 1
(Bernard et al. 2015)
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M31 SATELLITE ALIGNMENT

DOES M31 RESIDE IN A TYPICAL HALO?

most of the stellar disc of M31 already in place at z ~ 1
(Bernard et al. 2015)

EARLY FORMING HALOES

@ forming at the intersections of
filaments of the cosmic web

@ anisotropic accretion of satellites

@ high concentration haloes

no observable difference between on and off plane satellites

(Collins et al. 2015)

z = 3, boxsize = 3000 ckpc
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M31 SATELLITE ALIGNMENT

DOES M31 RESIDE IN A TYPICAL HALO?

most of the stellar disc of M31 already in place at z ~ 1

(Bernard et al. 2015)

EARLY FORMING HALOES

@ forming at the intersections of

filaments of the cosmic web

@ anisotropic accretion of satellites

@ high concentration haloes

no observable difference between on and off plane satellites

(Collins et al. 2015)

LATE FORMING HALOES

@ accrete their substructure less
anisotropically
see also: Libeskind et al. (2014)

@ low concentration haloes

ToBias Buck

z = 3, boxsize = 3000 ckpc
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THIS WORK

THIS WORK - MAIN HALO SELECTION

Z00M-IN DARK MATTER ONLY SIMULATIONS
@ PKDGRAV2, Planck Cosmology
@ 100 higher resolution than Millennium 1l

@ 21 high res. simulations

@ selection criteria:

@ main halo selection via formation time
@ mass range: 0.5 - 1.5 x 1012 Mg,
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THIS WORK

THIS WORK - SUB-HALO SELECTION

@ 30 most massive
sub-haloes at infall
time

@ exclude innermost
34 kpc of main halo

@ plane fitting via
random planes

@ selecting richest and
thinnest plane

ToBias Buck
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REsuLTS

EARLY FORMING HALOES HAVE THINNER PLANES
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THICKNESS VS. EXTENT OF THE PLANES
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THICKNESS VS. EXTENT OF THE PLANES
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THICKNESS VS. EXTENT OF THE PLANES
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VISUAL COMPARISON TO OBSERVATION
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S Kewwmes
LINE-OF-SIGHT CO-ROTATION - 1D KINEMATICS

y-position [kpc]

200

100

-100

—-200

@
halo A halo B
200
o0 -
-
) * s
. 100
LY E’: . .
. k= [ ] .
. %°, . < s °
..
. ° . g 0 * e 5
L] . * é .
. * . > - © .
[ ™Y -100 o0
-
-
®e
® U0 —200 & U0
® v ps<0 ®  vHs<0
-200 -100 0 100 200 —-200 -100 0 100 200
x-position [kpc] x-position [kpc]
“NEAR FIELD COSMOLOGY” 30.4.2016




KINEMATICS

FULL VELOCITY INFORMATION - 3D KINEMATICS
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KINEMATICS

INCLUSION OF THE TIME - PLANE EVOLUTION
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INCLUSION OF THE TIME - PLANE EVOLUTION
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CONCLUSION

CONCLUSION

@ thin planes of satellites are reproduceable within ACDM

@ solution to the problem of rareness: formation time of the host halo

Kinematics:
@ simulated planes include ~30% of interlopers

@ prediction: high proper motions (~0.03 mas/yr) perpendicular to the
plane for some of the satellites

@ flattened satellite configurations as a diagnostic for the formation
scenario of halos

ToBias Buck “NEAR FIELD COSMOLOGY” 30.4.2016
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RADIAL DISTRIBUTION OF SATELLITES
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CONCLUSION

ANGULAR MOMENTUM AND ORBITAL POLES
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CONCLUSION

2D ROOT-MEAN-SQUARE THICKNESS
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CONCLUSION

PLANE EVOLUTION OVER TIME

best plane fitted to all 30 satellites

redshift z
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CONCLUSION

PLANE EVOLUTION OVER TIME

best plane fitted to the 15 satellites in plane at z =0
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FORMATION TIME VS. CONCENTRATION
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INTERLOPER FRACTION
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INTERLOPER FRACTION
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