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Baseline AFTA survey

» 432 days split
across 6 72-day ;

e 10 fields, total ¥ ol
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The WFIRST microlensing survey
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The WFIRST microlensing survey

What do we learn?
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The WFIRST microlensing survey

What do we learn?
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The WFIRST microlensing survey
What do we learn?

~3000 cold
bound planets
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The WFIRST microlensing survey
What do we learn?

~3000 cold
bound planets
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The WFIRST microlensing survey:
What do we learn?

~3000 cold
bound planets
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The WFIRST microlensing survey:
What do we learn?

~3000 col
poundPan - And that's just cold planets!
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Free-floating planets

* Free-floating
planets may be

M =0.1Mg Ayx®=552

215} W49 —— i more common than
| The world’s best-selling astronomy B o stars |n th e Galaxy
¥ WHY BILLIONS OF o O WEIRST-AETA

. - can
.*ROGUE u _
& detect free-floating
=
DRIFT THROUGH ® , o 218 planets down the
. SPACE,. @ S mass of Mars.
: | 21.9 | 1
importanttmbers i bt phe 444 | ¢ Expect to detect
m.theu% 8 * ; = &f&t ﬁ} fﬁ}}{%}#ﬁ‘ }’ﬁ}{ i hundreds of

163175 1632 1632.2 free-floating planets.
Time (days)

* Sensitive to moons
of free-floating
planets.

Free floating Mars
(~23 sigma)

From AFTA SDT interim report
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Required FFP abundance for WFIRST-AFTA
to expect 3 detections (95% exclusion CL)

| . *N\0 points > 30
10° 3 points > 30"+

~9 dex

Number of ejected objects
of mass M (per star)

log(M/Meg)
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Required FFP abundance for WFIRST-AFTA
to expect 3 detections (95% exclusion CL)

 —
-
o
|
1

10! |

< 3 dex

Sana V.

3 points > 30

Total mass in ejected objects
of mass M (Mg per star)
2

log (M /Myg)

AAS 224™ Meeting. Jun 2014 Matthew Penny (Ohio State University)



Required FFP abundance for WFIRST-AFTA
to expect 3 detections (95% exclusion CL)
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Simulations of Ejected Oligarchs
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e Simulations of planet
formation in the oligarchic
growth phase can predict the
number of low-mass FFPs

* Two examples:

* Planetesimals + oligarchs with
giant planets (Raymond et al.
2011, 2012)

* Planetesimals + oligarchs
without giant planets (Mann et
al. 2010)

 Many other sims can make
similar predictions
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Starting conditions

1000.0005""."'|""I""|"||§
i o ® Raymond+2011 1
100.000 ¢ \ /

Outer disk:
10.000 50 Me of 0.05 Me objects

rth masses)
\

E

1.000¢ .

3 Giant planets:

>90% unstable &3 0.100 B r N -
<10% stable S ?
0.010 - .
0.001 . | | L

0 5 10 15 20 25
Orbital Distan AU
Inner disk:

2.5 Me of 0.005 Me objects
2.5 Me of ~0.1 Me Embryos

AAS 224™ Meeting. Jun 2014 Matthew Penny (Ohio State University)



Dynamics and Growth

0.1 Myr

E‘I'"I'"I'"I"
D
P

1 Myr

LIJIIIlIIIIIIIIII

© 00 0o 00 O O
> wmo p O B ®

Eccentricity

.

.
.
.
.

—a—

o
o]
o III|III|III|III|II IIIIIIIIIIIIIIIIII IIIIIIIIIIIIIIIIII IIIIIIIIIIIlIIIlII IIIIIIIIIIIIIIIIII IIIIIIIIIIIIIIIIII T

N
o
(@]
=
<
I\) IIIIIIIIIIIIIIIIII IIIIIIIIIIIIIII}II Ll

1 2 3 4 5 7 8 9 101112 13 14 15 16 17 18 19 20
Semlmajor Axis (AU)
Log(Water Mass Fraction)

-5 -4 -3 -2 -1 0.3

1

AAS 224™ Meeting. Jun 2014 Matthew Penny (Ohio State University)



Required FFP abundance for WFIRST-AFTA
to expect 3 detections (95% exclusion CL)
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Required FFP abundance for WFIRST-AFTA
to expect 3 detections (95% exclusion CL)
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Conclusions

Bound

« WFIRST-AFTA wil
cold planets what
has done for hot p

system moons

do for
Kepler

anets

« Will measure abundance
of cold bound planets
down to mass of solar

« Will measure masses of
most of its bound planets

Free-floating

e WFIRST-AFTA will find
hundreds of FFPs

e Sensitive to planetesimals
pushed beyond ~10 AU or
ejected

 Will measure “total

loosely- or un-bound mass
In objects of mass M per
star” for Plutos to Jupiters

If It IS above 1 Mearth/star
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