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The Milky Way Galaxy

The stellar mass of the Milky Way Ga

axy IS

~ 5-6 x 109 Mg almost all in the Galactic disk &

bulge/bar.

The total mass of the Galaxy is ~ 1—2x‘1012 Mo




The Gaia Satellite
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The Gaia Sausage

Introduce a velocity anisotropy parameter [3

3 =0, isotropic orbits; 3 =1, orbits are purely
radial; 3 = -co orbits are all circular
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Sausage




Meatballs & sausages

-4.00<[Fe/H]<-2.30 -1.66<[Fe/H]<-1.33




The Gaia Sausage

t= 10.50 Gyr




The Gaia Sausage

* [he easiest way to build a metal-rich halo
component with very radial orbits (8 ~ 0.9) Is to

have one big clunker of a satellite (the Sausage
Galaxy) coming in.




The Dark Sausage

We replace the standard halo model or SHM
(truncated Maxwellian) with a new SHM++

Here, n is the fraction of dark matter locally from the
Sausage (~ 20+10%).



The Dark Sausage
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Average lab frame for velocity distribution
depending on Sausage fraction




The Dark Sausage

Round halo Sausage
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Mollweide projection in Galactic coordinates of the
double differential angular recoil rate as a function of
the inverse recoll energy at a fixed energy ot 5 keV



The S1 stream
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The S1 stream
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1The Dark Matter Hurricane




The S1 Stream

 Myeong et al. (2018) found the S1 stream (as
well as the other substructures in velocity
space).

e 51 is the remnant of a dwarf galaxy comparable




S1: The DM Hurricane
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O’Hare et al 2018

Distribution of WIMP velocities in laboratory
frame over the course of a year



S1: The DM Hurricane

* |In directional DM detection, the incoming
velocity of the weakly interacting massive
particle (WIMP) in a Stream is at a characteristic

velocity.




= The DM Hurricane
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S1: The DM Hurricane

WIMPs scatter off He/SFe gas. The low pressure gas
means that an interaction within the detector causes
an lonisation track, which can be reconstructed to
find the direction from which the particle came.
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S1: The DM Hurricane

—Te— In a strong
W agnetic field, the
(RSN 2xIon converts its

| kinetic energy to a
] photon (ADMX).

| he axion power

-
W spectrum as a

function of

frequency enables
us to read of the

DM speec

distribution.




S1: The DM Hurricane

* There are excellent prospects for detecting S1 |
rectional detectors (such as't
CYGNUS experiment) and axio

Ne proposed

N haloscopes.




Conclusions

* One of my vivid memories of Subir is him stating
confidently at an Oxford seminar around 1995 that “the
dark matter particle will be identified in my litetime.”
Perhaps he is more pessimistic now?

 How might any DM signal be convincing?




Conclusions

* The local dark halo is bimodal. The Sausage Galaxy
brought in with it an avalanche of dark matter. The
identification of the signal of the Dark Sausage is a
goal for the next generation of direct detection







