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Kepler’s Mission:
Search for Earth-size and

smaller planets in
‘habitable zone around

sun-like-stars in our
+ galactic neighborhood
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| _Se_a.réhing for Habitable Worlds

The right size but hotter than Earth
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..' B -Sea'réhing for Habi’éa'bie_ Worlds oo o

The right distance 'fr.om'ift_s star but I.aigef,thaﬁ Earth

i TS Artist's concept



Searchlng for Habltable Worlds -

The right size and dlstance from the star'

Artist's concept
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MORE DENSE



Kepler monitors
100 000+ stars
in-Cygnus Lyra
Constellations

Portrq bﬂi the.lhlky Way E.;Jr.-r'l l..ufﬂberg
i Wlnnlamberg cam
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The Making Ofl'.KepIéf
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' $chmidt Carrector .

Spider with Focal Plane
and®Local Detector Electronics

2 Focal Plane
95 Mega pixels, 42 CCDs

5

Fully assembled Kepler 'photo'méter_- .
Mounted on the spacecraft

Primary Mirror.

» Spacecraft bus integration
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“The Making of Kepler

Cross-section

Optical Axis
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Photometer

™ schmidt Correcto
0.95 m dia.
CCD

Graphite-cyanate !
Radiator

Metering Structure

~ Local Detector Electronics

" Focal Plane Array
42 CCDs,
=100 sg.deg. FOV

™ Primary Mirror, 1.4 m dia.

«Schmidt Tel®cope
' oF/1.473 5 = 2

. Focal length 1399:22 mm _' K el

e 105 sq. deg. Field (10 x 10) '

* 1.4 m primary (ULE-glass) __

*0.85 m corrector . - ' B

* 214,100 photoelectrons per second for m=12 star

Antenna

" The spacecraft 2>









R o Keple
-~ How Does It Work? | 4
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Kepler 4b
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‘,..kepler’s First Rocky Planet: Kepler-10b



‘,Kepler’s_ First Hafgitable Zone PIanet;-KepIQrLZZb .

Kepler-22 System
Habitable Zone
Solar System _—— |

Kepler-22b



Kepler s First Multi- Planetary System
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Kepler-11: Six Planets ~ Kepler-11 System

Solar System
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Kepler- 16b | /@
A Planet In A Two Star SystemI Tatoome?||

Kepler-16b







Kepler;62e:
Super-Earth .

" HZ of same star

Orbital period 122 days
0 percent Iarger than Earth




Habitable Zone
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Planets and orbits to scale
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Kepler-69 System

o Habitable Zone

e

69c

Planetc and orbhitc to ccale

69b

Mercury Venus Earth Mars

Solar System

- Kepler-69c: -
‘Super-Earth

HZ of sunlike star

2,700 light-years

Orbital period 242 days |
70 percent larger than Earth
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I_<-epl'er 186-b : Earth Cou‘si‘n!

The first validated
Earth-size planet
In the habitable zone
of another star!!

Kepler-69c:

Only 10% larger

HZ of M-dwarf

490 light-years

Orbital period 130 days

Kepler
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Earth Kepler-186f

5 Kepler 186_1'S§/s"'t'eyh' : D

Kepler-186 System

Solar System




\Y dwarf

‘Smaller, Cooler, Dimmer

~ Most Abundant and Nearest Stars, 7 out of 10
stars in our galaxy are M dwarfs &

c dwarf

S ~+ The Sun’s: nearest neighbors are M dwarfs -
M dwarf planets interact differently with their
parent star: effect,of changed Gravity and

Radiation .« | mE



Detecting Planets around '/‘_é L

M dwarfs EaS|er
G dwarf = | _

M dwarf

& L cpler-186

BRIGHTNESS
BRIGHTNESS

- TIME - TIME * 37



" . Instrument = =

KEPLER: A Wide Field-of-View Photometer that Monitors 100,000 Stars for
3.5 yrs with Enough Preusmn to Find Earth -size Planets ih the Habitable Zone

. 0.95 meter aperture prowdes enough photons
. Observe for several years to detect transit patterns
Monitor a single large area on the sky contlnuously to avoid missing transits .

~ Use heliocentric orbit _
" Get statlstlcally valid results by monltormg 170, OOO stars

Random probability of detecting a Sun Earth analog is about O. 5%

* . Wide Field-of-view,telescope
Large array of CCD detectors .
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A8 - Managing the Data Volume/""Wf

Total imaged on board 3.35 TB/day
After selecting pixels to be  195.53 GB/day 5.4M pixels of 95M total per frame

downlinked
| After co-adding 741.58 MB/day Stacks of 270 exposures

After requantization 494.38 MB/day 3 bytes per pixel -> 2 bytes per pixel

After Huffman encoding 139.05 MB/day 4.5 bits per pixel

e 95M pixels

" e.~6 second gxpoéures; one after another, around the EI_ock (93% of the time)
e . . ™

liagts Monthl'y-dow.nlinrk: ~4 GB
* Ka-band maximum rate: 4.331 Mbj/sec (USB 1.1 m'aximum,ra’qe: 12 Mb/seé)

- Kepler downlink’speed _(pixels'/sec)': 1,009,196 'pixei§/sec



»

»

e s .
Deep Space Network
Canberra/Madrid/Goldstone

Raw
Pixels

Calibrated Pixels . -

Calibrated Light Curves

_—Dbata Management Center .
_ ;.-,§[5ﬂ"|’elescope Science Institute
' Baltimore, MD '
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SOC Pipeline Architecture  [e@ler
_ 64 hosts
| il W'”WUﬂlwlummnm | 4| 512 CPUSs
B | 2.3 terabytes of
RAM A
=+|{ 200 terabytes of raw
E| disk storage
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Infrastructure code
is Java, algorlthms
‘are MATLAB
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v 'Dlstrlbuted scalable architecture for parallel processmg of large data sets i
Pluggablg Afchitecture —custom unit of work deflned for each module =
Data-Accountability and Pafameter Management

Deploymenf Scalability — from ‘desktop to 128 CPU cluster

Java/MATLAB Integration — Ilghtnlng quick debugglng/rapld evolutlon of

: SC|ence code.

Other Features — Graphlcal console, Iogglng aIerts real-time monltonng



+ SOC Pipeline Ar'(_:h,itekc':ture- Q@Wf

i m 64 host
o | N . 512 CPUS

2.3 terabytes of
RAM :

200 terabytes of raw
disk storage

i P] M

InfrastruE‘_cure code
is Java, algorithms
| "are MATLAB

e

Kepler Science Processing Pipeline

Front End Back End

Pixel-level Photometric Presearch Photometer Transiting Data e
Calibration Analysis Data Performance Planet Validation 4
Conditioning Assessment Search

By CCD channel, single orientation all data interesting

_ points | | events
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v B SOC Baseline Af'c'hitec_ture

Oracle . Worker Nodes

Dell R900

64 GB RAM Worker 1

8 Cores Dell 1950

Fiber HBA 32 GB RAM, 8 Cores

Worker 2
Dell 1950
32 GB RAM, 8 Cores

3PAR :
KeplerDB . Worker 3

Disk Array , Dell 1950
Dell R900
64 GB RAM 32 GB RAM, 8 Cores

8 Cores
Fiber HBA

Worker N

Dell 1950
32 GB RAM, 8 Cores

Worker Node

Java worker MATLAB transient

Science
process Algorithm process

Inputs

Science
5 Algorithm 4

Qutputs



¢ _ . Kewler
Extendmg the Plpelme to PIelades

.- : . . pfe back-end
Worker | W hode
Node

Java | j (J/ave MATLAB

remote :
worker 4 (pull) worker . transient
process process . . process

Science Algorithm Science Algorith
Inputs Outputs

Module # Tasks # PBS jobs # Sub-tasks

84 * # of Quarters / 8 cores | 84 * # of Quarters / 8 cores 84 * # of Quarters
8a [sa  [10004000(pertasl
B [s4  [20300(ertas)




		Module

		# Tasks

		# PBS jobs

		# Sub-tasks



		PDC

		84 * # of Quarters / 8 cores

		84 * # of Quarters / 8 cores

		84 * # of Quarters



		TPS

		84

		84

		1000-4000 (per task)



		DV

		84

		84

		20-300 (per task)
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http://www.nasa.gov/multimedia/videogallery/index.html?media_id=13854412

Exoplane

M i SS i ons L i 4 g | WjFI RST-

AFTA

New Worlds
Telescope

Astronomy and Astrolahysics
in the New Millennium

Decadal
Survey

- H—'H\_
Ground-based e
Observatories e i s S
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SETI is Listening... -

b

SETI INSTITUTE
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. Are We Alone??
. _ .



- il TR - & .

= -. .‘I-‘ .+L : - * ]
STIC VR | "
ey B ot & . " J "

i o

=) Kepler Mission:

A search for habitable planets.
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WatcH NASA TV Tomorrow!!

Contact Me :'anima.'_sa'bal'e@nasa;gov'


http://kepler.nasa.gov/
https://legacymail01.ndc.nasa.gov/owa/redir.aspx?C=dI62aQyboki0-00swlIUDJ3BvJAPD9BISdlpIYTcEKTFV4dyS6Fnx35kfxWEep_92bv2-Z-X6-E.&URL=http://www.nasa.gov/ntv
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