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PAnNdAS map
courtesy Mike Irwin
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1

* HEN GOD BEGAN TO
. : '1 CREATE HEAVEN AND
ey EARTH, THE EARTH
f : ‘! %

WAS THEN WITHOUT FORM,

AND VOID, AND DARKNESS

PORERC IR ISt " WAS OVER ‘THE DEEP, AND

o 3,’;‘, (OD'S BREATH HOVERING
. WIAUE OVER THE WATERS.

From CruMB’s ILLUsTRATED Boox oF GENESIS

MOoDbpELING GOALS

CoxstrUcT A REALISTIC MODEL OF
Tue Locar GrRoUP INCLUDING THE
M31, M33, THE MiLky WAy AND
SATELLITES

Use TH1s EXPERIMENTAL PLATFORM TO
INVESTIGATE THE DYNAMICS OF THE
LocaL Group INcLUDING
INTERACTIONS AND SATELLITE 1IDAL
DisrurTioN AND STREAM/SHELL
CREATION
(In PROGRESS...)

GALAXY MODELS: WIDROW ET AL. 2008
N-Bopy: DUBINSKI 1996
SATELLITE DATA: BRASSEUR, COLLINS,
McCONNACHIE
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Tidal Distortion of M33?

What is this stuff?

Did M33 interact with M3 recently?
(Bekki 2008 has also considered an
interaction re: the gas “bridge”)

Tuesday, June 26, 2012



STELLAR DI1sTRIBUTION AROUND M33

—2.0 < [Fe/H] < —1.0 dex

® ~1% in tidal extensions

® very low surface
brightness

E (degrees)
0
|

1| e low metallicity

S (degrees) McConnachie et al. 2010
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Declination (J2000)

32°00’

31°30’

31°00’
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HI DisTtrRIBUTION
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G Northern.Arc 4
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= a \ 1=
Southern Cloud .
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1h3gm 36 34 327" 30™ 8%

Right Ascension (J2000)

Putman et al. 2009
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E (degrees)

0

HI DisTtrRIBUTION

—2.0 < [Fe/H] < —1.0 dex

S (degrees)

W
Putman et al. 2009
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Tue WarpPeD Disk oF M33
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F1G. 4—Maps of flux and velocity residuals for the basic model

Aa (arcmin)

Ao (arcmin)

Corbelli & Schneider 1997
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M33
M31-M33 Interaction

Panoramic View

10 kpc
M31

100 kpc

Elapsed time 3.4 Gyr (70 Myr/s)
M33 interaction occurs about 2.5 Gyr ago
Orbital pericentre 50 kpc

25 kpc
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M33
M31-M33 Interaction

L

\

Panoramic View

10 kpc
M31

100 kpc

Elapsed time 3.4 Gyr (70 Myr/s)
M33 interaction occurs about 2.5 Gyr ago
Orbital pericentre 50 kpc

25 kpc
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M33
M31-M33 Interaction

Panoramic View

10 kpc
M31

100 kpc

Elapsed time 3.4 Gyr (70 Myr/s)

M33 interaction occurs about 2.5 Gyr ago
Orbital pericentre 50 kpc 25 kpc
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M33

M31-M33 Interaction

\

Panoramic View

100 kpc

Elapsed time 3.4 Gyr (70 Myr/s)

M33 interaction occurs about 2.5 Gyr ago
Orbital pericentre 50 kpc 25 kpc
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M31 KK

N)

Edge-on Views

M31 is mildly warped by encounter - maybe explains
the observed warp?

M33 - outer disk is pulled into the orbital plane
- strongly warped disk
- consistent with the inferred gas warp
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M33 aND THE Locar GRroup

e Mj;3 interaction seems plausible but is the

model unique?

How can this interaction constrain the
structure and dynamics of the Local Group?

e We perform a Bayesian analysis of possible

M33 orbits assuming different M31 potentials
and M33 orbital parameters constrained by
observations

Tuesday, June 26, 2012

19



M (102 M)

Consider different M31 potentials
with varying mass and halo extent

3 Standard NEW .-~ 1

N A e e
— —— m— m— —
R —

0 100 200 300 400
r (kpe)
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D3
D33

Ur M31,helio
Ur,M33,helio
Ur M31,G

Ur M33,G
U, M 33
Us,M33
Ve, M 31

U§, M 31

Local Group Data

(Priors)
785 kpc errors +/- 25 kpc
309 kpc McConnachie TRGB distances
—301 km/s
179 f&m/s errors +/- 1 km/s
—115 km/s errors +/- 15 km/s
—42 km / S LSR uncertainty
—70 km/s errors +/- 50 km/s
140 km / q Brunthaler et al. 2005
? In this analysis, these are
5 posteriors but now there 1s a

measurement

Tuesday, June 26, 2012
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Relative Orbital Velocity in terms of

galactocentric transverse and radial velocity

components of M31 and M33

V=SV sV D

(M33 orbital velocity wrt M31 now )

I'4 - rotation matrix from M33 to M31 tangent plane coordinates

Vfx— TA,llva,MSS

— UV, M31

1'A 21V5,Mm33

1'A 13V M33

Vg =14 21V0,M33 + T4 20U5 m33 + T'A 23Uy 133

—U§,M31

(O TA731?JQ,M33 i TA,32U5,M33 s TA,BSUT,MSB

—Ur, M 31

X2 i (Uf,z,obs T Uf,z,orbit)z/gg

L e_X2/2

Tuesday, June 26, 2012
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Likelihood Function Involves the z component of final
orbital velocity in M31 tangent plane coordinates

Vf = VM33 — VAM3i

(relative velocity)

I'4 - rotation matrix from M33 to M31 tangent plane coordinates

(Cyitiohas TA,llva,MSS

— UV, M31

1'A 215,133

1'A 13V M33

Vg =14 21V0,M33 + T4 20U5 m33 + T'A 23Uy 133

—U§,M31

—Ur,M31

Vf o= TA731Ua7M33 -+ TA,32U5,M33 = TA,SSUT,MSB

X2 — (/Uf,Z,ObS o vfazaorbZt)z/O-g

L e_X2/2

Tuesday, June 26, 2012
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Derive a marginal posterior pdf for M31
transverse velocities

Vf g = TA711UQ,M33 + TA,21U<S,M33 + TA,lSUT,MSB

Vfy=1A210a,M33 T TA,22U5,M33 + TA,23UT,M33
—Us§,M31

Vi =1'A 310a,M33 + 1A 32U5 M33 + LA 33U 133
—Ur,M31
For a given orbit, solve for M3 1 transverse

components and use 1ts derived
Bayesian probability to determine a pdf

Tuesday, June 26, 2012
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500

400

300

r (kpc)

200 m

100

The Importance of Dynamical Friction

M33 model orbit

Friction off
Friction on

+ + + +

t (Gyr)

200

100

—100

—200

I I | I I I I l I I I I | I I I I | I

M33 model orbit
Friction off
Friction on

| ] ] ] ] | ] ] ] ] 1 ] ] ] ] | ] ] I ] | ]

200

100 0 —100
X (kpc)

Compute orbits in M31 potential that are consistent with

Local Group priors - must include Chandra friction
calibrated to N-body simulations

—200
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Likely M33 orbits
" for the case:

tpem’ < 4 Gyr
30 kpc < rperi < 60 kpe

‘\\‘\_A -

© Ms;3 initially falls from behind
M31 towards us

Apocentre ~200-400 kpcC

M33 is currently falling towards
M31 - collision within < 1 Gyr

Tuesday, June 26, 2012
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Increasing M31 Halo Mass and Extent
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cted M31 Galactocentric Transverse Velocity

>

kpc

I I ‘ I I I Y ‘ 77777 _N I I I ‘ I I

I ‘ I I I

SR -‘...__\N I ‘

30 < 1, < 60

RS {

Vi e Hmy el

“Predicted” proper motion for M31

Vous (km/s)

Vous (km/s)

pdf Contours: 10% 50% 95% 99%

A

(m,cos6,u,) .., =( 29,—-11) parcsec/yr

JENSN ‘ (S8 &4 ‘ L JF Sl ‘ (3 Yy ‘ e LS i ‘

B

(mcos6,u,) . =( 32,—14) parcsec/yr

L ‘ L2 AN NK | ‘ ILdR L | ‘ [ | ‘ [SS|E 99| ‘

(m cos6,u,) . =( 36,—-16) parcsec/yr

e e

‘ il | ‘ [E 0]l 38 ] ‘ [ |4 ¥ ‘ 55 |

60 40 20 0
M, ys1C0S S(uarcsec/yr)

5 <0

60 40 20 0
[y s:COS O(uarcsec/yr)

|
4N
O

60 40 20 0
Mo ysiCOS 6(uarcsec/yr)

\
0\
O

Tuesday, June 26, 2012

27



Expected M31 Galactocentric Transverse Velocity

Increasing M31 Halo Mass and Extent
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Increasing M31 Halo Mass and Extent >
M33 apocentre
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Local Group evolution as viewed from Sun’s current position fixed in inertial
space 785 kpc from M31 grazmg CoII|S|on
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The Milky Way recedes into the distance towards encounter with M31+M33 and
merger and transformation into an elliptical.
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