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Abstract: High resolution simulations of Galactic Cold Dark Matter halos reveal staggering amounts of substructure, both in configuratiol
velocity space. In this talk | will focus on the latter. In addition to spatially localized subhalos and streams, | will also discuss so-called debris
-- incompletely phase-mixed material originating in numerous accretion and merging events that are the hallmark of the hierarchical build-up
host halo. Finally, | will briefly discuss the presence and direct detection consequences of a dark disk in the Eris simulation, a cosmo
simulation including baryonic physics of the formation of a realistic looking disk galaxy.
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Time since Big Bang: 1.18 billion years
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Time since Big Bang: 2.52 billion years
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Time since Big Bang: 3.86 billion years
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Time since Big Bang: 5.30 billion years
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Time since Big Bang: 6.61 billion years
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Time since Big Bang: 7.87 billion years
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Time since Big Bang: 9.32 billion years
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Time since Big Bang: 10.65 billion years
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Time since Big Bang: 11.95 billion years
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Time since Big Bang: 13.33 billion years
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Time since Big Bang: 13.74 billion years
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Time since Big Bang: 1_5.?’4 billion years
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- Subhalos orbit through host halo and are subject

to tidal interactions.

» Strongest during peri-center passage.

idal mass loss from outside In.
» Diverse amount of tidal mass loss.
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Halo restirame Earth restframe (Summer)
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Nasne Experiment  Elesment (2 A iy Ei A Beferemee  Comments
GV =V, | T 5]
CDMS Ge50GcY  CDMSIL | Ge  (32.73) 500 [10.0.100.0] [193.1.610.8) 0912.3592
CDAMS_Ge 100GV 133.0 [135.8, 429.5]
CDMS Ge 500GV 5000 (89,98 2=4 5]
CDAMS Si50G=V  CDMSIL = (1L 28) 500 [10.0.1000] [197.%6251] 00123502
CDAIS Si 100CeV 2 100.0 162.3. 513.1]
CDMS_Si_ 500GV — 500.0 - [133.9,423.3]
CDMS_Ge lowk CDAMSIT Ge (3= 1) 70  [23.116] (4303 966514 1107.0717 matched to CoGeNT
CDAIS 51 lowE - 51 [ 14 28) 7.0 4.5 328] [425.2 957 1] — matched to ColzeNT
Xemon 50GeV Xenoni®0  Xe (54 131) 500 (54,446 (1945 45.1] 10650350
Xenon_ 100GV — — - 106.0 — [124.1.255.9] —
Xenon 500GV - = = 500.0 = 167.89. 156.2] -
Xenon lowE Xenon H Xe (34 131} 7.0 [1L4.7.0] M31.3.966.7T] L1OT.0TIT matched voe CoGeNT
DANMA Na 100GV DAMA Na (11, 23y 10.0 :ﬁ.?. EU_U]I :3?7_?5-.5513-] 1002 128 Q(Na)=03
DAMA_T_100GV — [ (33.127) 1000 [250.750 [213.6.370.1] — Q) —oos
DAMA Na lowE DAMA Na  (11.23) 70 [5.0.25.3] [4239.9541] LIOT.07I7 matched to CoGeNT
CoGeNT TGV CoGeNT Ge (32 13) 70 [23.116 [430.3.966.4] 1106.0650
CRESST O 1EeV CEESST O 8. 18) 0 (204000 4TTT.8721] 11090702
CRESST_Ca_15GeV - Ca (28, 40) 15.0 — 426.0. T77.8] —
CRESST W _50GeV - W (T4, [34) 500 = [253.5, 462 9] =
CRESST O lowkE CRESST 0 2 16) 70 55298 [4197.9512] 11070717 matched to CoGeNT
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Halo resiframe Earth resiframe (Summer)
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Namms Experinent  Element (£ A) Ty | Vi Referenee  Comments
GV eV, | km s~ "_'
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Kenon |00GV — — — 106.0 — [124.1,. 255 9] —
Kemon_S00G=V - — - 5000 — 6778, 156.2] —
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DAMA Na 10G=V DAMA Na  (1L.23) 100 (6.7.200] |3775.6528 INZ1028 Q(Na) — 0.3
DAMA T 100GV — I (33.127) 1000 [250.7500 [2136.37.1] — Q(I) —a6es
DAMA Na lowE DAMA Na (1L 23) 70 50,253 [423.9.954.1] 11070717 matched vo CoGeNT
CoGeNT_ 16V CoGeNT Ge (273 70 [23.116] [4303.9664] 11050650
CRESST O 10GeV CRESST 0 . 16) 00 [120.400] @TI.7.8721] 11090702
CRESST Ca_I5GeY — Ca (2 40) I5d) — 42600 7778 —
CRESST W _3DGeV — W (T4 I34) 500 - 1253.5,162.9| =
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Maxwell-Boltzmann (isotropic) Spric&! Shell (8 pc < R < 9 kpc)
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Maxwell-Bolizmann (isotropic) Sphencal Shell (8 kpc: < R < 9 kpc)
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- Maxwell-Boltzmann (isotropic) Spherical Shell (8kpc< R < 9 kpc)
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voOUl ke s —

1 s Sample Sphere #004 (containing a subhalo)

Atv__=500 km/s the hotspot is more than 10° away from the
direction of Earth’s motion in ~80% of all cases!
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Velocity Space Substructure: Debris Flow

Recent work with M. Lisanti — Work in Progress!

Study of the origin of the velocity
space structure by tracking
(sub)halo particies though time in
the simulation.

Debris = particles that were at
some earlier ime bound to a
subhalo but are unbound at z=0.

[First poinied out in Lisanii & Spergei 2011
_ (arXiv:1105.4166)]
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Velocity Space Substructure: Debris Flow

Recent work with M. Lisanti — Work in Progress!

Study of the origin of the velocity
space structure by tracking
(sub}halo particles though time in
the simulation.

Debris = particles that were at
some earlier ime bound fo a
subhalo but are unbound at z=0.
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Recent work with M. Lisanti — Work in Progress!
FFx<r=<9S

1.0

1) The fraction of debris particles
is quite large at high velocities!
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Recent work with M. Lisantt — Work in Progress!

Redshift Onigin of Debris
redshift
S = < . L S
1) The fraction of debns particles
Is quite large at high velocities! "
10’ 3 : . ’
2) Majority of debris is accreted = | ¢ ", -
after z=3 (in last 10 Gyr). g ol . . e Ve
g’ r: y .
1e7 5" 2 1 6 B 10 12

age of universe [Gyr]
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Recent work with M. Lisanti — Work in Progress!
Galactic Rest Frame
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Recent work with M. Lisanti — Work in Progress!
13 <r=<9S5

1.0

1) The fraction of debris particles
is quite large at high velocities!
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Recent work with M. Lisanti — Work in Progress!
Galactic Rest Frame
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Recent work with M. Lisanti — Work in Progress!

Redshift Origin of Debris
redsnift
0P+ 6 4 3 2 1 05 0
1) The fraction of debris particles |
is quite large at high velocities! g
10’ 3 : @ 3
2) Majority of debris is accreted % l . = e .
after z=3 (in last 10 Gyr). 8 ol e . - e
o' ; Y "
167 5" 2 4 5 8 10 12

age of unfverse [Gyr]
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Recent work with M. Lisanti — Work in Progress!
Galactic Rest Frame
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Recent work with M. Lisanti — Work in Progress!
IS <r<9S

1.0

1) The fraction of debris particles
is quite large at high velocities!
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