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Milky Way Dark Matter halos: Theory
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Vogelsberger et al., MNRAS 2009

Measured distribution of speeds near g0k

solar circle implies | 0% variation

relative to multivariate gaussian fit

Including substructure, local density probably
not less than /2 the canonical value
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Dark Matter in Local Group

Metz & Kroupa 2008

Updated applications of Timing argument imply Local Group mass of 5 x 10'> Msun and MW
mass of 2 x 102 Msun [van der Marel & Guthalakurta 2008, Li & White 2008]

® Ground-based proper motions: Scholz & Irwin 1994, Schweitzer et al. 1997, Ibata et al. 1997, Dinescu et al. 2005
® Space-based proper motions: Piatek et al. 2002-2007




The Milky Way Dark Matter Halo
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Escape Velocity
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Circular velocity
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Disk Dark Matter
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How much dark matter in your coffee cup?

Metropolis-hastings method determine Galactic model parameters @

[Dehnen & Binney 1998, Widrow et al. 2008, Catena & Ullio 2009, Strigari & Trotta 2009]
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Example with SDSS stars and escape velocity constraints.




Constraining WIMPs w/o astrophysics

107 F
1
L 4 lo
t o 20
I 1.8 _ ;
150y -
~ [ ] 2 ’
£ op 18
E‘ x L 1 2 Bernal et al, JCAP 0901:046,2009
\E/ = 4 N 10° & . 4
-05 - | 10 100 1000
[ : m, (GeV)
i 1 WIMP mass
1 ‘ 5‘0 ‘ ‘ 1(‘,0‘ ‘ 1;0‘ 200 Flat Priors 2015 2020
min (GeV) T £ T T ES]
5 50 E3 E3 i
(&} £ T T ’%
103-10° kg/day exposure for Ge S + + ' Ed
£ o ‘”“““‘:fmH}MHiHHH}HEs
Low mass WIMPs more . 0 Pt ES ES
. | E T Ja
strongly constrained S g e =
Q OEHH\H\HEEHHH\\HE
Anne Green, JCAP 0807:005,2008 0o 2000 200
Shan, arXiv:0903.4320 [hep-ph] m,[GeV]

A. Peter, arXiv:0910.4765v1




Ton scale detectors
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Example MCMC run with SDSS stars and escape velocity constraints.
For now assume a maxwellian velocity distribution




Projections

Strigari & Trotta (2009)
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Constraints with data

(= Constraints including Milky Way modelling and Sloan

Log scattering cross section (pb)

@& Constraints fixing Milky Way model
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Self-consistent Milky Way model

f(é', L27 Ez) - fdisk (87 L27 Ez) + fbulge (5) + fhalo (5)

Solve poisson equation for each component and sum to get the fotal potential

f (5) _ 1 /5 d2 ~i d\Dtotal
' \/571-2 0 d\Ilgotal \% g - \I]total

Stability requires integrand to be
a monotonic function of energy

¢disk = _GMdiSk(l — e_r/bdisk)/r
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Realistic Velocity distributions

700

plr) = 2 o) =2/ [ da sima 722
— — V) = 4TV Q. SINn &
(r/ro)e[14(r/ro)b]lc=a)/b 9 0 o
10° T T T 1.0 — T SN
102k . NN
— S 0.8+ i Lo i
%\ 101 L k«.\‘.\ _\»\V a | .‘:‘/I \\
10°+ S — 0.6+ i \ -
v . NFW i AN
= Hernquist .- oal [ 7 LN 1
‘B AN K \
E 102k N | b E '
ol K
103k : | 02F J E
\ i
10* I L \ ./‘/
— — — 00" v v v oy S
0.01 0-3‘.’ (scal dy.oo) 10.00 0 100 200 300 400 500 600
radius/ (scale radaius VelOCity [km s,1]

For halos that are normalized to the same circular velocity and local density




Event Rate [tonne™ yr keV]

Event rate spectra
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Event rate spectrum may
probe flattening or rotation
[Kamionkowski & Kinkhabwala 1998]
Velocity spectrum more

important for annual modulation
[Ullio & Kamionkowski 2001]
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Event Rate [tonne™ yr' keV']

Event rate spectra: Anisotropic models
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In this model, enhanced event
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Neutrino Coherent Scattering
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Cross Section: o ~ G Qw? E? F(Q?)?
Weak charge:  Qw?=N - (1- 4sin” Oy)Z
Coherence condition: [three-momentum] x [nuclear radius] < 1

Implies sensitivity to neutrinos ~ 10 MeV

Fundamental prediction of the Standard Model, but not yet detected
Freedman 1974 PRD, Tubbs & Schramm 1975




Number of events above threshold [ton—yr]-!

Neutrino Backgrounds
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Conclusion

e Assuming WIMPs are detected, over 100
events likely needed to determine mass

e "' Best way to determine the dark matter

velocity distribution is Yo measure it directly
-H. Nelson, yesterday

n

e Eraof " Dark Matter Astronomy” close?




