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Outline

— + Motivation (i.e. why should you care?)
- Theory - Escapers & Streakline Method
- Data - SDSS, Literature Values, Radial Velocities

+ Interpretation - Halo Parameters & Cluster Orbit
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Dark Matter Halos

Spherical Models

::Cuspu p o r_3

/

Hernquist

Burkert

Dehnen
— NFW

P
(Normalized Density)

(Normalized Radius)



Dark Matter Halos

Spherical Models
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Dark Matter Halos

Oblate, Prolate, and Tri-axial

Milky Way:
Triaxial Dark Halo

Triaxial Oblate Prolate | Oavid Law

UCLA

http://www.universetoday.com/;
Law & Majewski 2010

Tomas Vydra and Daniel Havelka


http://www.universetoday.com/

Disk and Bulge Models

Hernquist (1990) spherical bulge:
GMbulge

R+ a

q)bulge —

Miyamoto & Nagai (1975) disk:
G M gisk

Dgisk =

12 + 42 + (b+ V22 + c2)?



Lagrange Points and Escapers

) GM. 1/3
LT\ 02 - 020/0R?

Stars escape:

From Lagrange radius (king 1962)
Klpper et al. 2012 set minimum radius to
prevent recapture

At low velocities
Modeled as equal the cluster
T~ central velocity plus a small offset
. R .
R'= —/ X (R.Frp)For

. RC
Klpper et al. 2010 : V! :
V== x (Vc T QL.CEL)::&JZ




Lagrange Points and Escapers

Stars on epicyclic orbits
create over-densities

Cluster is stretched and
contracted as it goes from
pericenter to apocenter

Reproduce NBody results

usmg streaklines
Restricted 3-Body integration -
Fast!
Test particles are released from
cluster at set intervals
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Fast Forward Modeling
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Tidal Streams as Probes of the Galactic Potential

Sagittarius
Dwarf

Koposov et al. 2012; Law & Majewski 2010;
Gibbons et al. 2014 + Many others

PR CAE NS Kipper et al. 2014 (in prep);

v, RN

ohi " Ay, A Lux et al. 2013; Dehnen et al. 2004
aloma 5 ,MWJ’” Odenkirchen et al. 2003 + Many others

& 1o 7

D aﬂ% | Grillmair & Johnson 2006; Lux et al. 2013;
: Fellhauer et al. 2007 ; Belokurov et al. 2006
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NGC 5466 Stream

Neural networks

detected 4° stream
Belokurov et al. 2006

Dec

Tidal Radius ~21arcmin
Lehmann & Scholz 1997
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Radial velocity measurements

{e®e Radial Velocity
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Radial Velocity [km/s]
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Radial velocity measurements
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Streakline method used to model Palomar 5
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Nop Nmodel l(iﬂé)
LLQD—Zlog< — Z exp ~ \2¢ +A>

J

Best fit values use log-likelihood
- test particles near data add weight to the model, but...
- data with few test particles do not significantly hurt model

LLtotal = logLop + logls,,.



Markov Chain Monte Carlo

Modeling with: emcee Draw new model randomly and
http://dan.iel.fm/emcee/ test log likelihood
- If better than current - move
Markov chains move - If worse than current - move with

between two (or many) states ~ S°M® fli”“e Pfobéb"ity
with a finite probability gl

Parameter B

Animation: Victor Powell & Lewis Lehe

setosa.io


http://dan.iel.fm/emcee/
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Bimodal
distribution In
proper

motions
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Early Results showed poor
constraints of many orbital
parameters

| Unconstrained distances
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MCMC Priors

Parameter Distribution Values Reference(s)
Halo Mass Fixed 1.58 Kipper+14
Rh Fixed 37.9 kpc Kupper+14
Distance Fixed 16.0 kpc Sarajedini+07
Cluster Mass Fixed {50, 100, 150, 200} Pryor+91; Harris96
Rsun Fixed 8.302 kpc Kupper+14
VLSR Fixed 242.05 km s Klpper+14
Halo Flattening Flat [0.5, 1.5) KUpper+14
HaCos(6) Flat [-0.5, -0.3) mas yr Harris96; Dinescu+97
Mo Flat [-2, 0) mas yr Harris96; Dinescu+97
Tpast Flat [-5, -4) Gyr —
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u, cos(d) [arcsec/yr]

ué = -0.89 = 0.36 mas yr-!
LaCos(6) = -4.7 £ 0.54 mas yr-
q=0.97+£0.23
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Comparison with Data
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Conclusions & Future Work

Modeling tidal streams can constrain models of the dark
matter halo

Streakline method and MCMC can efficiently search over
arge parameter space
_ong thin streams are most sensitive to the orbital data and to

nalo flattening - other parameters require good radial velocity
data to constrain

Gather additional (and better) data for NGC 5466

Model all tidal streams (Sag., Pal. 5, NGC 546606)
simultaneously

Tighten constraints on halo parameters
Include tests for core/cusp DM profile



