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WIMP, sterile neutrino & axion direct detection via 
nuclear/electron recoils (e.g. XENON1T, LUX)

Indirect Detection through Solar Capture and 
annihilation to neutrinos (e.g. IceCube, 
Antares, KM3NeT, Super-Kamiokande)

Scans of theoretical 
parameter space, eg 
Supersymmetry

Why do we care about local DM density?

1403.3121

Relic Axion Searches via conversion to 
photons (e.g. ADMX)
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Scans of theoretical 
parameter space, eg 
Supersymmetry

Why do we care about local DM density?

MSSM9 scans, Cabrera+ 2015, 1503.00599v2
CosPA 2016
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How do we measure local DM density?
•Global measurements (rotation curves):  
powerful, but have to assume global properties of the halo.  
e.g. Dehnen & Binney 1998; Weber & de Boer 2010; Catena & Ullio 2010; Salucci et al. 2010; McMillan 2011; 
Nesti & Salucci 2013; Piffl et al. 2014; Pato & Iocco 2015; Pato et al. 2015  

•Local vertical measurements:  
larger uncertainties but fewer assumptions 
e.g. Jeans 1922; Oort 1932; Bahcall 1984; Kuijken & Gilmore 1989b, 1991; Creze et al. 1998; Garbari et al. 
2012; Bovy & Tremaine 2012; Smith et al. 2012; Zhang et al. 2013; Bienaymé et al. 2014
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Our Method - Basics
• Local measurements in z-direction and R-direction
• Data points are positions and velocities for a set of tracer stars in a 

cylindrical volume.
• data is binned to get tracer density and velocity dispersions
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Our Method - Integrated Jeans Equations
• We need to link positions and velocities to the mass distribution
• Tracer stars follow the Collisionless Boltzman Equation:

• f(x,v) - stellar distribution function, positions x, velocities v, 
gravitational potential Φ

• Integrate over velocities, switch to cylindrical-polar co-ordinates, and 
get the Jeans Equation in z.

Surface 
Density
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Integrate to avoid noise

= 0 from axisymmetry
Construct model for 

• tracer density ν, 
• Dark Matter + Baryon density       Kz, 
• tilt term T(z). 

Calculate velocity dispersion σz, then fit the model to velocity 
dispersion, tracer density & tilt term to data. Use MultiNest to derive 
posterior distribution on DM.
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Our Method - Modelling and MultiNest
• Construct models for the tracer density, baryon+DM mass, tilt term
• Calculate z velocity dispersion
• Fit tracer density and z-velocity dispersion to data with MultiNest 

MultiNest
ρDM posteriorCosPA 2016



• We assume constant DM density going up in z 
• Simplified two-parameter baryon profile for mock data testing.

• Poisson Equation in Cylindrical Coordinates picks up a Rotation Curve term

• Flat rotation curve makes rotation curve term disappear.
• Rotation curve term becomes a shift in the density.

• We assume a locally flat RC, but from Oort constants we can estimate the 
systematic uncertainty from this to be on the order of 0.1 GeV/cm3.
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Modelling the Components:

Mass profile - Kz term
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Modelling the Components:

Tilt Term
• Tracer density:  

• Velocity dispersion  
cross term:  
 

• k0 and k1 can be positive or negative 

• Tilt term:
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Initial Tests with SDSS Data from 
Budenbender et al.

• Stellar kinematics data from 
SDSS G-dwarfs from 
Budenbender et al.,  
MNRAS 452 (2015) 956–968, arXiv:1407.4808.

• Observational baryon profile 
derived from McKee et al.,  
ApJ 814 (2015) 13, arXiv:1509.05334  
 

• Lack of data on radial variation 
of requires imposition of priors
 

Earth
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SDSS-SEGUE G-dwarf data from Budenbender et al. 2014 
1407.4808v2. Tilt priors informed by data from SDSS-
APOGEE, Bovy et al. 1509.05796.
 

Analyzed separately

Preliminary Results.
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Young stars

Small scale 
height

Old stars

Large scale
height

Tilt priors ranges:
0.5<n<1.5
-1.3 < k_young < 1

Tilt prior ranges:
0.5<n<1.5 ; 

-0.5 <  k_old    < 1.5
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SDSS-SEGUE G-dwarf data from Budenbender et al. 2014 
1407.4808v2. Tilt priors informed by data from SDSS-
APOGEE, Bovy et al. 1509.05796.
 

Analyzed jointly

Preliminary Results.
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Young stars

Small scale 
height

Old stars

Large scale
height

Tilt priors ranges:
0.5<n<1.5
-1.3 < k_young < 1

Tilt prior ranges:
0.5<n<1.5 ; 

-0.5 <  k_old    < 1.5
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DM-Baryon degeneracy
• Can explain much of the variation between recent results
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Radial Profile of σRz2

• Data on the radial profile of σRz2 is necessary but currently not 
available

• We can use simulations as a guide, e.g. those of Garbari et al. 2011
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Radial Profile of σRz2

• Data on the radial profile of σRz2 is necessary but not yet available
• We can use simulations as a guide, e.g. those of Garbari et al. 2011 

but ultimately will use Gaia data
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Gaia Satellite, 2013-
•Astrometrics mission, successor to Hipparcos (1989-1993)
•104 times more stars with factor 50-100 higher accuracy 
compared to Hipparcos.  

•Full data set will include 5D data for ~1 billion stars
•sky positions (α, δ), 
•parallaxes (ω),
•proper motions (μα,μδ)

•Radial velocities μr for ~150 million stars.  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Conclusions
• We need more data on the radial variation of σRz2

• We need more data on the local rotation curve
• Preliminary analysis of thin disc and thin+thick disc Budenbender 

SDSS data yield a local dark matter density inline with previous 
estimates, but analysis is ongoing.

CosPA 2016

Sky map from 
Gaia Data Release 1

18


