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SIM Science Team 
Key Science Projects 

Dr. Geoffrey Marcy U. California, Berkeley Planetary Systems 

Dr. Michael Shao NASNIPL Extrasolar Planets 

Dr. Charles Beichman NASNJPL Young Planetary Systems and Stars 

Dr. Andrew Gould Ohio State University Astrometric Micm-Lensing 

Dr. Edward Shaya Raytheon ITSS Corp. Dynamic Observations of Galaxies 

Dr. Kenneth Johnston U.S. Naval Observatory Reference Frame-Tie Objects 

Dr. Brian Chaboyer Dartmouth College Population Il Distances & Globular Clusters Ages 

Dr. Todd Henry Georgia State University Stellar Mass-Luminosity Relation 

Dr. Steven Majewski University of Virginia Measuring the Milky Way 

Dr. Ann Wehrle MSC/Caltech Active Galactic Nuclei 

Mission Scientists 
Dr. Guy Worthey Washington State University Education & Public Outreach Scientist 

Dr. Andreas Quirrenbach U. California, San Diego Data Scientist 

Dr. Stuart Shaklan NASNJPL Instrument Scientist 
Dr. Shrinivas Kulkami Caltech Interdisciplinary Scientist 

Dr. Ronald Allen Space Telescope Science Inst. Synthesis Imaging Scientist 

Only Principal Investigators listed. Including co-investigators the SLUScience Team har 86 members. 

Narrow Angle Observing Scenario 

I EL 

m 

Reference stars surround target star (--J All observations are 30 seconds 
All optics slews are 15 seconds 
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Planet Search Observing Scenario 
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Planet Detection with SIM 

Deep search for 
terrestrial planets 
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Planetary systems 
Around young 
stars 
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Deep Search for Terrestrial Planets ,,,-, 
08, 0.1 I I D  ,m 

Several Neptune-sized planets 
have been discovered recently 
- Planets with masses of 15-30 

Earth-masses appear to be 
common 

- They all have short orbit periods 
(3 - 10 days) and orbit very close 
to the star 

- These are not Earth-like planets: 
they have very short periods and 
are more than 15 times as 
massive 

SIM will extend the search to 
Earth-mass planets, with a survey 
of 250 nearby stars 
Complete survey will reach -3 
Earth-masses in 5 years 
First detections of terrestrial 
planets could occur within the first 
year 
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Flight System Architecture 
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Solar Array 
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Combined grid star + science target observing 
scenario 
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Science stars Grid stars Spacecraft slew direction 
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SIM astrometric grid: 1302 'bricks' 

Bricks are -evenly spaced at - 5' 
SIM uses the best candidate star in each 'brick' 

Raair Grid Layout 
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Planets around Young Stars 
How do planetary systems 
evolve? 
Is the evolution conducive to 
the formation of Earth-like 
planets in stable orbits? 
Do multiple Jupiters form and 
only a few (or none) survive? 

SIM will: 
Search for Jupiter-mass 
planets around young stars 
- Pick stars with a range of ages 

Measure the ages and 
'evolutionary state' of young 
stars 
- Need precise distances and 

companion orbits 
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SIM's Reach Extends Across our Entire Galaxy 

This combination of 
capabilities lets SIM do 
uprecisi~r&mphyscs" 
across o .entire Galaxy, and 
beyond 

/ \ * .  SIM 
25 kpc 

. , 

What makes SIM unique? 

It is the combination of 
extreme astrometric precision 
and the ability to observe 
faint targets: 
- 4 pas (microarcsec) positions 

and 
- Targets as faint as 20th mag 



Dark Halo of our Galaxy 

'Dwarf spheroidal' galaxy 
orbits the Milky Way 
Gravitational forces pull out 
'tidal tails' of stars 
The orbits of these tails 
trace the past history of the 
dwarf 
They also trace the mass 
distribution of the Milky Way 

SIM provides: 
- Astrometric motions of stars 

out to 20 kpc 

* Why SIM? 
- Need astrometric accuracy 
- and sensitivity 

Simulation by Kathryn Johnston 
(Wesleyan University) 
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Galactic Structure from Microlensing 
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Taking the Measure of the Milky Way 

Unique, legacy, measurements of 
fundamental parameters of the 
Milky Way: 

- Mass scale -. Total mass 

- Distance scale -, Size 

I 
- Dynamical scale + Rotation 

curve 
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Probe of Inner Galactic Potential 
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SIM will measure: 

- V,,(R) -. disk potential to 2-3% s 2R, 
- Galactic rotation curve across entire disk 2 

0 
5 10 15 20 - Local mass volume density and column densit$ , (,,,) 

- Amplitude, pattern speed, shape, wavelengths, phase for large 
non-axisyrnmetries: 

bars, warps, spiral arms 
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Mass of the Galaxy (Dark Halo) 

SIM is the only means for obtaining precision velocities in 
outer Galaxy 
SIM can determine mass vs. radius to R > 200 kpc via 
complementary methods: 
- Jeans Equation: -1000 random field giants, Galactic globulars 

and satellite galaxies 
- Stars in tidal streams (e.g., Sagittarius): Milky Way potential 

from true 3-D orbits 
Simulation: For ation of tidal tails 
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Physics of Active Galactic Nuclei 

Does the most compact non- 
thermal optical emission from an 
AGN come from an accretion disk 
or from a relativistic jet ? \ 

RrlldOph.1 Jd 
bmO(nm-tbral) 

Ammm Dmk 
( t h d )  

Do the cores of galaxies harbor \ 

binary supermassive black holes 
remaining from galaxy mergers ? 'm 
Can AGNs be used to 'anchor' the 
SIM astrometric reference frame 
(the grid) ? 
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- 
State-of-the-art Masses for Binary 
System GL748AB 

Masses - four parameters with HST: 

P 2.4664 f 0.0081 (0.3%) 
a 0.1480 f 0.0009 (0.6%) 
A 0.0981 f 0.0004 (0.4%) 
f 0.3358 f 0.0021 (0.6%) 

MA 0.3750 f 0.0088 (2.4%) 
MB 0.1896 f 0.0046 (2.4%) 

The Need for SIM: 

this is a relatively easy system 

i f P , a e m r s = O  mgssecfor~til11.3% 

l if P, a errors = 0.1% and SIM determines 
a to 4 pas, f to 0.000014 (both 0.004%) 

masses are known to 0.4% 
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Dynamics of Galaxy Groups within 5 MDC 

I You are 
Simulation from 

dynamical model 
Fidelity is limited 
because only I -D 
velocity info is 
available (RV) 

SIM will provide 
critical data for 
improving the 
models 
SIM will measure 
current 2-D 
velocities across the 
sky 
Models will then 
sample the full 6-D 
phasespace almularea -nine-lapse. pnoto or 

30 galaxies closest to our Milky Way 

I (1 -billion year ftmmure) .. Lu , 







SIM Synoptic Baseline Schedule 
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Conclusions 

SIM is on track for a launch in 2010 
Project 'Phase C' start in October 2005 
SIM is a flexibly-pointed instrument 
Astrometric capability (wide angle) 
- 4 pas parallax precision on targets down to V = 20 

= Stellar and Galactic astrophysics 
- 1 pas single measurement accuracy 

Sensitive to terrestrial-mass planets around the nearest stars 

New proposal opportunities 
- AO-2 for new (large) Key projects - 2005 
- General Observer program, for smaller proposals - 2006 
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