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Direct DM detection

Dwarf Spheroidal Galaxies
Cusp or Core?
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Cusp or Core?
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Mass Modelling Overview

Overview Mass modelling

» Jeans modelling: 1) derive equations between v, p, o, ® from
collisionless Boltzmann equation 2) solve for ®, and ultimately
ppm 3) restriction: v, o from observations

» Schwarzschild modelling: 1) postulate ® 2) compute N orbits
over M oscillations 3) reproduce p with population of these
orbits

e DF models: Assume functional form of DF.
e Made 2 Measure: find N-body model via merit function
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Mass Modelling Overview

Jeans equations
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Motivation and aims for non-parametric method

* not bound to p(r) = pa,g,,..(r). let data tell the form
e applicable to any gravitational model

® robust to noise in the data
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Mass Modelling
Non-Parametric Jeans Method

What do we mean with “non-parametric”?

e model for p, v;, fi=1— 03/203 in N bins,
e MCMC with comparison to observed 2D properties
» error function:

p) p) p) p)

X = Z X,i + XoLos,i + XkLos,i
i
 fit many more model parameters (bins) than constraints,
5-N> Nconstraints

* marginalise over all bins with MCMC
e — find models that give good fits
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Mass Modelling
Non-Parametric Jeans Method

Algorithm Details

Priors:
® no rising density;
e total mass > baryonic mass;
e no 8 >1, “smooth” f;
® no constraints on K
Stepsizes:
e init; set to 5% of observed values;
e adapted set-wise during burn-in phase;

e p parameterized as Lagrange polynomial.
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Mass Modelling

M-3 degeneracy

M-/ degeneracy

o (Merrit 1987): radial orbits: high mass; tangential orbits: low
mass

* (Richardson+ 2013): higher moments — more anisotropy
parameters

* (Battaglia+ 2008): two populations with different r; /, break
degeneracy
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Moments of the Jeans equations

2@ = L o T Bs) Y
o (R) = TRy p<2/,. sd>

min

/oo GM(<r2r)1/(r) exp <_2/rr' 3(55)d5> dr

min

otos(R) = R)/ < — 3) V(rr);\/ii(lr?);dr

(Lokas 2005)
+ higher order moments

Pascal S.P. Steger, ETH Zurich Non-Parametric Mass Modelling



Results Data Description

Spherical Mock Data for Gaia Challenge

cusped / cored profile, rpys = 1000pc

2 stellar tracer populations, with inner slope v, = 1.0

distinguished by metallicity Wy,
different stellar scale lengths r, = 500, 1000pc
total 9000 tracers

includes systemic shift, binary motions
further info: (Walker 2013)
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Results Data Description

Scales, Probability of Membership

0.966

0.960
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Splitting by Metallicity

= posterior pop 1
- posterior pop 2
- overall fitted distribution
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Preliminary Result: Density Profile 2 Populations
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Preliminary Result: Beta Profile
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Preliminary Result: Density Profile Cored
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Preliminary Result: Density Profile Triaxial System
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Preliminary Result: Fornax Dwarf Galaxy




Preliminary Result: Velocity Anisotropy
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Discussion

Summary

® non-parametric method: model p, v, 8 in bins

» splitting by chemistry to break 3, M-degeneracy

o dwarfs are potential places to detect dark matter annihilation
signals
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Discussion

Outlook

» application to real observed dwarfs
» modelling of binary motions

e comparison with dwarfs in NEC simulation
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Appendix

Appendix: oL ps integration
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Appendix

Appendix: Deprojection

e work with 3D model, compare projected 2D values

e deproject, assuming spherical geometry

1/00 dx dr
W= == —_———
T JR dR\/R2 — 2
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Appendix

Appendix: Application to Disc Geometry

e method in 1D z, working on K,
® potential dominated by baryons near disc plane — baryon prior

e assumption: tilt term neglected
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