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The Kepler mission 2009-2013
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Observing standing waves
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&2 Ensemble seismology: M, R, L
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Our Galaxy

Stellar halo

Bulge |
ame o Stellar disk(s)

Hippoarcos +
Copenhagen-Geneva
Survey
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Early results from Kepler and CoRoT

025-Kepler data
02-(MS+subgiants)
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Photons of sunlight exert pressure
on the spacecraft. If properly
positioned, the spacecraft
can be balanced against the
prassure much as a . Spacecraft rotated
pencil can be balanced : to pravent sunlight from
on your finger. __CAMPAiGy, entering telescope

START
e

4
== Solar Panels

Reaction____—
Wheal 3

Solar Balance
Ridge Reaction
Wheel 1

TOP-DOWN VIEWS OF SPACECRAFT
UNSTABLE STABLE

Solar Balance

Ridge ] ﬁijh?

/ /
Solar Panals Ny | 4
EE I’z’ 3
. 5 { Day 1 /

“~.__Solar panel
illuminated

START

When the spacecraft is balanced, the telescope is
stable enough to monitor distant stars in search
of transiting planets. A specific portion of the sky is
studied for approximately 83 days, until it is necessary
to rotate the spacecraft to prevent sunlfight from entering
the telescope. There are approximately 4.5 viewing pericds
or campaigns per orbit or year,
CONCEPTUAL ILLUSTRATION OF SPACECRAFT
5 DU TO PHOTON PRESSURE. NOT SOLAR WIND.




K2: Funded 2 yrs of campaigns

Each campaign field: 10-20K stars observed for ~80 days

B 2014 Fields
Bl 2015 Fields

Campaign 6 Campaign 1
Campaign's
Campaign 2
R :
Whn o 1, Campaign 0
' ' ~ Campaign 7
Campaign 4

Campaign 3

“Galactic coordinates”
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RA (Hours)

Sep 2014
Dec 2015

March 20157

Field

Stop

RA (J2000)

Dec (J2000) Targets Comments

Near Galactic Anti-center,

0 2014 Mar08 2014 May 30 06:33:11.1 +21:35:16 M35 NGC 2158
1 2014 May 30 2014 Aug 21 11:35:45.5 +01:25:02 North Galactic Cap
Near Galactic Center, M4,
2 2014 Aug 23 2014 Nov 10 16:24:312  -22:27:00 M&0, M19, Upr Sco, rho
Oph
3 2014 Nov14 2015Feb03 2226408  -11:06.00 south Galactic Cap,
Neptune
. . M45 (Pleiades),
4 2015Feb 07 2015 Apr24 (0356182  +18:39:38 NGC1647, Hyades
5 2015 Apr26 2015 Jul 11 08:40:37.8  +16:49:47 M44 (Beehive), M67
6 2015 Jul 13 2015 0ct 01 1339276  -11:17:43 North Galactic Cap
aa e Near Galactic Center,
7 20150ct03 2015 Dec26 19:11:168.8 -23:21:36 NGC 6717
Galactic Center, Baades
9 2016 Apr06 2016 Jun29  18:01:251 -21:46:47 Window, M21, M18, M25,

M3




K2: Summary

e Instrument is performing well.

e Spacecraft has fuel for at least 2 years, perhaps 4+ years.

« Remaining reaction wheels are behaving.

« Temperature increases in electronics (beyond normal).

 Initial increase in reaction time for Attitude Control
System (ACS) resulted in noise being motion dominated.

 Decrease in ACS reaction time starting in C3 (reduce

motion noise by factor 3-4).

 Kepler : 12mag, 6.5hr =>30ppm

« K2 CO-2: 60ppm (CO worst!)

e K2 C3+: 40ppm expected

* noise likely to depend on star location on CCD array.



The K2 Galactic Archaeology
Program (GAP)
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The K2 Galactic Archaeology
Program (GAP)
.

Use seismology of red giants (K2)
combined with Teff and [Fe/H] (ground-based) \
to probe the structure of the Milky Way -

a Mathur, Andrea
h Anders, Borja An
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Fundamental questions

The K2 Galactic Archaeology
Program (GAP)

(1) Is the halo made entirely of debris of accreted material
or does it include stars born in the Milky Way?

(2) How is the thick disk formed?
(3) What does the age—metallicity and velocity—metallicity
relations look like at large distances from the Sun?




- Observational strategy:
- Target 5K-10K stars (~5K red giants) at each campaign

- Use simple/reproducible section criteria!

J-K > 0.5,V >9sorted by V (entire field)
or
J-K >0.5,9<V<135random by V (few dense sub-fields)

=
(=}

— f(H)
— N(<H)/10000

o o o
E~ (@] 00]

Fraction of giants, N(<H)/10000

o
o
~

11 12 13

8 9 10
H ma g Credit: Sharma



- Observational strategy:

- Target 5K-10K stars (~5K red giants) at each campaign

- Use simple/reproducible section criteria!

J-K > 0.5,V >9sorted by V (entire field)
or
J-K >0.5,9<V<135random by V (few dense sub-fields)

Dec (degrees)

Campaign-1

T 7 —
—Prelim. APOGEE-2/K?2 Fields

"I" % APOGEE-1 Sources K2 Gal. Arch. Targets ob}
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175 170
RA (d €g I'eeS) Credit: Kevin Covey
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......... e
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Campaign §  Nigets IAPOGEE-l APOGEE-2 GALAH Gaia-ESO LAMOST SAGA
0 | 4521 @ P4 P4 ? O P4
1| 8201 @ O O ? O @,
2 | 5138 | G G O ? 8 G
31 3004, 88 C O ? % C
1yl & O Q¢ O O
sl 16 O O - O O
«/ 1& O O - & G

{ ~40%

- Don’t forget serendipitous red giants
that fall within the pixel stamps of any
K2 target => unbiased sample.
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K2 GAP: CO
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K2 GAP: C1
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Gala (ESA) launched Dec 2013

1 billion stars Positions (2D),
distances (3D), proper motions
(5D)

Radial velocities (15%) 6D phase
space

Abundances (0.3%)




TESS: 2017-2019+

- Primary Goal: Discover Transiting Earths
and Super-Earths Orbiting Bright, Nearby
Stars

- Rocky Planets & Water Worlds
- Habitable planets

« Discover the “Best” ~1000 Small
Exoplanets

- “Best” means “Readily characterizable”

- Measurable mass & atmospheric
properties

PLEA, 75 R¢ Transfer Qrbit

+ Large Area Survey of Bright Stars
= F, G, K dwarfs: +4 to +12 magnitude G /2 Msion O

= M dwarfs known within ~60 parsecs
= “All sky” observations in 2 years:

- >,200,000 targef stars af <2'mincadence

.
s®

+"- >20,000,000 stars in full frames at 30 mir ’

Moon Orbit




All-sky observing strategy

ECLIPTIC POLE
<« 24° —> B > 27 days |
. -, ; .

Y “
ecliptic | " : 54 days
e | / :
pole
L | \ 108 days
96° ! e
- 0 gy 12 CICH,  oesERATICH } 139'13};"5
T Illl-l
i ; v =
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=y
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PLATO: 2022-2028+

Large Area Survey
= 4-16 magnitude

- 50% of entire sky observed in 6 years:
- ~ 100,000 target stars at 2.5 sec cadence
- > 1,000,000 stars at 25 sec cadence

Propfields

PLATO =% = I
long|pointing

. = step&stare

 PLATO ‘
I long pojnting



2 Discussion topics

- Ground-based follow-up for K2

- K2 light curves optimised for red giant
seismology

- Serendipitous red giants in pixel stamps
- The K2 GAP beyond campaign 9

- We should start thinking about TESS
(Target selection, Data access, Data
products, Ground-based follow-up).
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