Modeling the Milky Way satellite system:
moving from qualitative to quantitative

Andrew Benson




The Missing Satellites Problem
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BEASTS OF THE SOUTHERN WILD. DISCOVERY OF A LARGE NUMBER OF ULTRA FAINT SATELLITES
IN THE VICINITY OF THE MAGELLANIC CLOUDS.
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Currently, there are no strong theoretical predictions
as to the luminosity function and the spatial distribution
of the Galactic dwarf companions. In other words, to- |
day’s semi-analytic models are so flexible they can easily
produce any number of Milky Way (MW) satellites: from
a few tens up to several thousands (e.g. Koposov et all
[2009). Similarly, a large range of spatial arrangements
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Approaches to Galaxy Formation
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Semi-analytic Modeling

»
[t
"
g
N\
i
.l )
' o £ |
L L
[ ] ]
-

10 March 2015 Milky Way Satellite



Outflows From Galaxies

. Milky Way dSphs
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Likelihood, likelihood, likelihood...

Goals | | | Next time.....

« MCMC techniques powerful way to survey
model parameter space

* Results only as good as the likelihood
function you put In

— Covariance
- Systematics

* Also, your model had better be converged...
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Data Covariance Mo-Ade-l
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Stellar Mass Systematics

AM,,sys = +0.085 + 0.080[log, o (M /M) — 11.3]d
AM,,ran = +0.065 — 0.060[log, (M /Mg) — 11.3]d
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Constraints on the Model
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“Predictions”

| | Constraining | Next time.... Assumes .Same
systematics as Z=OJ
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“Predictions”

| Constraining | Next time.....
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“Predictions”
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What's Next?

| ' Next time.....

* Build a model that gets key properties

- Mass (stars and gas)
- Sizes

- Densities

— Evolution

 |ntroduce physics

» Can we make successful predictions?
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Milky Way/M31 Stellar Mass
Functions
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Star Formation Histories
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Ram Pressure Stripping

-1.0
~0.5
0.0

—I5 0.5
Tonneson Pullen, Moustakas, AJB (2014)

10 March 2015 Milky Way Satellites

1.0




Summary

e« SAMs + MCMC
- Powerful method to fit observational data
e Cruclal to account for

- Covariance
- Random errors (data and model)
- Systematics (data and model)

* Next step: predictions and model testing
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Data Covariance Model

| Data covariance | | | | Next time.....
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Data Covariance Model
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Data Covariance Model
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Model: Differential Evolution

| Model | | | Next time

MISM = _!_Mcool Mwmd - Msf
M* == ,_‘l'Msf
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Model: Punctuated Evolution

M hot,host = hot

“Strangulation”
Mhot,subhalo .
M1sM host —> MisM,host + M
Mism,subhalo — 0 3
Merging

M*,host T M*,host e M*,s
M*,Subhalo — 0
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Model Convergence

= Very well converg
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Model Covariance Model
| | Model | | extime.... ;Off—diagonal covariance ju—
w0l Hcﬂamainr‘bmhqﬂa@tm&e(sadak aemhals)er

—aontrals haye bnomlaJ

Simple Poisson modeﬂ
gives

Poisson+Binomial
model gives correct
result tion

e ; 1a] ey J
—~ —d N ) B -12
D040 e 1
10-"2
10—18
107"
. UO-\J_\O:) 10—16

20 25 30 35

10 March 2015 Milky Way Satellites 25



“Nuisance” Parameters

| | Systematics | | Next time.....

Systematic Errors in Stellar Masses:
: M*
logyo(My) — logy(Miy) + p i "3_10%10 (1011-3]\/[@)

Systematlc Errors Ir Random errors on stellar N
mass accounted for by

‘ VI del
n(M) = n(M ] fynction with a gaussian plo/ 10" Mo)]

Cosmological Parameters: B :
9 Modeled as multivariate Gaussian

O b5 Hojns; 083 7 with covariance matrix measured
Or=1-—0Q from MCMC chains from WMAP-9
AT analysis
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Model Discrepancies

| | Systematics | | Next time.....

S1% effect

Known limitations of the model, e.qg.; <197 offoni

e Use of extended Press-Schechter merger ‘t/re/es

e Lack of variability in subhalo orbits/merging timescales
e Finite mass resolution of merger trees

* Fixed cosmology for merger trees \

\ S10% effect
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Posterior Distributions
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Effect of Systematics
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Projections

| Constraining | Next time.....

* Which parameter combinations are
constrained?

- And by what?
Do PCA (i.e. find eigenvectors of posterior)

- Minimum variance vector is most strongly
constrained

- Perturb the model along this vector
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Projections
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Additional Constraints
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