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|||||- Astronomy and Astrophysics

e CubeSat Opportunities and Limitations
— Some Limitations = Technology Development

e Cosmic dawn

e Galactic evolution

e Stellar evolution

e Extrasolar planets

e To Infinity and Beyond!

e Technology Development
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|||i|- CubeSat Opportunities and Limitations mfr

e Opportunities
— Above the atmosphere
— Can sit and stare at targets (assuming pointing is good enough)
— More launch opportunities
— Lower cost*

e Limitations

— Aperture
e Deployables
e Distributed apertures

— Pointing

— Navigation

— Limited downlink data rates
— Limited power

— Orbits determined by host

*hardware costs may be lower, however, still have personnel, and carry higher risk
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Cosmic Dawn: Neutral Hydrogen
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Fly distributed CubeSat HF and VHF receivers
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|||||- Cosmic Dawn: Missing baryons

Observations fail to locate about half of the baryons required in

cosmology.
— Maybe they are in hot galactic halos?
— Absorption spectra suggest this, but limited directionality of observations

HaloSat will map O VIl and O VIl line emission to look at Milky
Way to see if we have a massive, extended, hot halo.

SaC




|||i|- Cosmic Dawn: Missing baryons M%IAR.M‘!

HaloSat:

6U with Amptek X-ray detectors
Measure the oxygen emission in
400 fields over 90% of the sky.
Study:-soelar wind charge
exchange emission to remove

uncertainty on the oxygen line
emission measurements.

XB1 bus

UHF antenna /

Detector electronics  collimator (3x)
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Kaaret et al., American Astronomical Society, HEAD meeting #14, #116.21 (2014)
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* NGCA4151 .
* © Abright Active Galactic Nucleus (AGN)
outside our galaxy ®

Position
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I - MIT -
I ||| Cosmic Dawn: Diffuse X-ray Background SIA&!FH

Is the diffuse X-ray background-due to AGN that'are t8o far
away to resolve, or someth/;ng} else? .

We know where this intensity is
coging from ¢

.
But what about ¥ ¢
this Diffuse Background?

Position
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e Cosmic X-Ray Background

Nanosatellite-2 (CXBN-2)
— CXBN-2 a follow-on to CXBN-1
launched by NASA ELaNa in 2012
— CXBN-1S/C Bus operated
successfully but the Experimental
Detector Array did not achieve
nominal operation %

» CXBN-2 NASA ELaNa selected S
mission for launch in 2016

e Goal is to make a precise measurement of the cosmic (diffuse)
X-ray background in the 20 — 50 KeV range using a 2U CubeSat
platform

Healea, Malphrus, McKneil, Brown, Kruth, Twiggs, Dang, Cavins Byleborodov, CXBN-2, Cal Poly Developer’s Workshop, 2015
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|||||- Astronomy and Astrophysics %
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e Galactic evolution

e Stellar evolution

e Extrasolar planets

e To Infinity and Beyond!

e Technology Development
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| ||| Galactic Evolution: Black Hole mass STAR 1

e Active Galactic Nuclei
— Supermassive black hole

with accretion disk

Dust
e Black Hole mass? ey

— Ifit’s nearby, measure
. ) Black Hole
Doppler shift of material
orbiting black hole
— But most aren’t nearby

e Reverberation Mapping:
— Region of gas called the
Broad Line Region that High Velocity
.. Clouds

gets photoionized by
accretion disk and emits
light at characteristic
wavelengths.

Accretion
Disk




IilT Galactic Evolution: Black Hole mass K’m

e Broad Line Region emissions are
“reprocessed” from central
continuum source -

e Need to stare at AGN
continuum source and record

variability and events Time delay:
. . 7 t=(1+ Cos 8)r/c 7
* Radius of BLR ~few light days s
— Continuously observe to correlate  gusiien
source events with BLR emission Ll B
2" Stage ! Mass 37 kg (wi contingency)
e Can put UV detector on Poring. B | OV Two 07°x07°
. Bands  210nm, 280nm
CubeSats to do this UV optmized f T Smeseare
era y reguws;je'dn:em

— E.g., Space Explorer for Accretion
and Reverberation (SpEAR)

1% Stage . | Poning  2-stage: Jeer 10" in 10
Pointing: S/C ? mn

Cadenc Once & daylarget for
- ~100days, SIN=100

http://asd.gsfc.nasa.gov/conferences/uvvis/missions/UVVis_Missions_Ardila.pdf
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|||||- Galactic Evolution: Stellar Populations:

e Compact Lyman Ultraviolet Explorer (CLUE)
e UV observations help distinguish young, ==

ADCS Actuators o

massive stellar populations in wa g

star-forming galaxies. IS ’
— Lyman alpha, 912-1100 angstroms

L AISO energetIC radlation from the M.Beasley, Planetary Resources

hot upper atmospheres of o SIS R 11 M Populton, N =200
LT <t
low-mass exoplanet host stars. = ) I ET T
Egp;w _13'*1 g 8 3 » ifferenfiation @
e And also supernova remnants & .. £ 3 zdnit
3 ‘ E 1
e Modest pointing requirements ! F
— 15 arcsecond resolution Leitharorer ol 080;

2010; age in Myr shown

— 2.66 degree field of view
e Long integration times help counter

small aperture
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|||||- Stellar Evolution: Variability

e Study variability of massive,
luminous stars and supernova
e BRITE (BRIght Target Explorer)

Constellation
— 7 kg, 20 cm cube nanosatellites
— Space Flight Laboratory at UTIAS
— Req. was 60 arcsec (0.0167 deg)

e Multiple satellites help with
continuous viewing

e Different filters on satellites

e Demonstrated up to 12 arcsec
RMS pointing over 15 min

http://utias-sfl.net/?page_id=407
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|||||- Stellar Evolution: X-ray polarimetry

STAR

e Neutron stars have the highest
magnetic fields known in the

universe
— Quantum electrodynamics predicts
they should be highly polarized
— Use X-ray detectors and reflective
multilayer optic

e Gamma ray bursts are one of the
most powerful explosions, but
understanding the nature of their

central engine is uncertain
— Measure X-ray polarization
— Gas chamber detector

Posters 24, 28, and 59

) i "\:
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|||||- Extrasolar Planets: Technology "Elmm

ASTERIA: Arcsecond Spa
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Enables precision photometry to%ii@&iy*‘

exoplanets...
— E.g., stare at targets as long as needed.to capture transit.events
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|||||- Extrasolar Planets: Habitable zone &2

Lab
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Extrasolar planets
around M-dwarf
stars are closer, have

shorter periods
— Helps with
detection
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Extrasolar Planets: Radiation Mgm&m

Measure M-dwarf activity and exoplanet radiation environment
— Habitable?

Atmospheric

scape
UV radiation
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I ||| Extrasolar planets: Multi-wavelengt SIAB.;m

Extreme Far
Soft X-ray ultraviolet ultraviolet Optical

0.98 1.00 1.02 0.98 1.00 1.02 008 1.00 1.02 098 1.00 1.02
Phase

Llama and Shkolnik (2015)




N . . . >
MiI' Extrasolar Planets: Magnetic fields MéIAﬁn

fie B

Polar ovals Transpolar emissions

*~ 1% of input energy to
auroral region emitted in UV

*~ 1% of auroral input energy | SEEERNNLEEEE S

-
-
= -

into electron cyclotron maser i ot
radio emission

Dayside aurora

Ganymede spot  Eyropa spot
p-//en.spaceengine.orgiorum/22-3224-
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Illil- Extrasolar Planets: Technology M.é';m

e Miniature “Exo-S” and “Exo-C”
Exoplanet-Starshade and Exoplanet-Coronagraph
e Direct imaging of exozodiacal dust and exoplanets

Miniaturized Distributed

Occulter/Telescope (mDOT) MiniCOR

Koenig, D’Amico, Macintosh, Titus SPIE 2015

Korendyke et al., SmallSat 2015 Poster 30
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H N
I|||| Extrasolar Planets: Solar System Analogues i ==
STAB.M‘]
" The newly discovered planet reportedly possesses an atmosphere of
similar thickness to our own and has a ratio of surface water to land

areathat is essentlally |dent|cal to that on Earth - The Onlon com

http://www.theonion: com/artlcle/astronomers discover-planet-identical-to-earth- Wlt 37437
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I ||| To Infinity and Beyond! SR

@ stars with astrospheres @ stars with planets

e Stars with astrospheres
and planets nearby

e Can technology
development with
CubeSats get us there?
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lilf  To Infinity and Beyond! Lightsail m{--*‘m

e Lightsail is a citizen-funded project by
The Planetary Society

PHOTONS HAVE ENERGY AND THE PHOTONS REFLECT OFF THE SAIL,
MOMENTUM TRANSFERRING MOMENTUM
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http://www.deepspace.ucsh.edu/wp-céntent/uploads/2015/04/DEEP-laser-sail.png

* Photonic Laser Thrusters amplify
photon thrust with an active
resonant optical cavity formed
between two mirrors on paired
spacecraft.
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I i e MIT
I ||| Technology Development: Aperture SIAR.mn

Autonomous Assembly of a
Reconflgurable Space
Telescope (AAReST)

o =N a-.

Autonomous rendezvous:
and docking for telescope
re-configuration

Low-cost active deformable
~ s mirrors
I Deformable

mirrors | 4 CalteCh




|||||- Technology Development: Wavefront »%%m

e AAReST deformable mirrors for on deployables
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|||||- Technology Development: Aperture %

e Utah State University Space Dynamics Laboratory “Petal”

— Deployable Petal Telescope '
4

S !

.
.

.

http://www.sdl.usu.edu/downloads/petal-telescope.pdf
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IIIII- Technology Development: Wavefront 4

e MIT high-actuator count DM test platform

— DeMi (deformable mirror demonstration)

ADCS

Aperture — -2 Optical
e ——— Payload

BMC Mini Mirror
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|||||- Technology Development: Formation

e CanX-4 and CanX-5 have demonstrated relative navigation

using carrier phase differential GP<
— Space Flight Laboratory at UTIAS

Table 5: Summary of formation control results

Averpoceed Avicnaal Aracss Arsce

— Newman et al., SmallSat 2015 Formation @ ic/orhit] [em/s/orbit] 3D-RMS [m] 3D-RMS [m]
— 1 ATO 1000 365 5.55 0.590 0.453
Separations from 1 km to 50 m AT0 500 - s 0345 0513
— . 1 PCO 100 089 1.63 0517 0.602
ATO along traCk Orblt PCO 30 307 1.27 0.554 0.594

— PCO: projected circular orbit

VHF Antenna "
k UHF Antenna (4)
[opticnal) \: — - +X ¥
GPS Recelver

tianal v i
{eptional) é’#s.hnu Antenna (2}
. Tray -Z Battery + BCOR (2]

Sun Sensor (6] G i - R Separatian Switch (2]

Reaction Wheels [3)

Magnetorguer (3) Receivers (Hidden)

GPS Antenna
¥ |optional)

Salar Cell Pair

Rate Sendar (3)
{optional)
VHF Receiver
{optional)
Loyt ISL Antenma [2) (optional)
I5L Radia (optional)

Imager (optional)
OBC Stack [Power Board,

e OBCs)
MAZNELOMALET m— +7 :
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III|| Technology Development: Interferometry

Space-borne radio aperture synthesis interferometer

(30 kHz£6 30 MHz)

— E.g.; SOLARA, Solar Observing Low-frequency
Array for Radio Astronomy «

F, .
£ I
£ i y
LT

— Can start with km-scale tethered interferometric/arra
Then evolve to free-flyers :

MIT

SIAB-I Fﬂ

Muno et al., ARTIR014




|||||- Technology Development: Other

e Use CubeSats as calibration sources for low

frequency ground based radio arrays

— Currently use Orbcomm 137 MHz, but would
like frequency comb

Solar pane
“wings”

e Solar gravity lens at 750 AU from the Sun /

deployable antenna

- COIIeCting dread ~80 km telescope http://kiss.caltech.edu/workshops/magnetic2013
Ipresentations/knapp.pdf

— Fly CubeSats (with coronagraphs) through the Einstein ring

() = @i, )

FOCAL
spacecraft

http://www.spaceroutes.com/astrocon/AstroconVTalks/Maccone-AstroconV.pdf and input from L. Friedman
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Summary

e CubeSats can obtain important scientific measurements toward answering
important astronomy and astrophysics research questions

They have time available on orbit to look around, to stop and stare
Distributed measurements for improved temporal and spatial characterization
Can complement larger missions

e Technology development areas:

X-ray, UV, IR detectors and low frequency radio receivers; thermal control

Deployable apertures
e Wavefront correction

Deployables for power, communications
Deployable sails for propulsion

Distributed constellations and formation flying
e Interferometry
e Gravimetry (planetary science)

Detector development and thermal control
Navigation and attitude control
Propulsion systems

SSB CubeSat Symposium — Irvine, CA a1



|||||- Acknowledgements

e Philip Kaaret, Evgenya Shkolnik, Joseph Lazio, Matthew Beasley,
Jason Davis, Robert Zee, Matthew Smith, Sergio Pellegrino,
Varoujan Gorjian, Jeremy Kasdin, Simon D’Amico, Anne
Marinan, Lou Friedman, Sara Spangelo, Robert Staehle, Charles

Norton, Mason Peck, James Lloyd, Dmitry Savransky, Mary
Knapp

SSB CubeSat Symposium — Irvine, CA 42



