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Fluctuations in the early universe




Size scale of fluctuations
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Discovering New Phenomena

After Fig. 3.10 in Cosmic Discovery, M. Harwit
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Why Instruments on SOFIA (Becklin)

Infrared transmission in the . Mouna Kea
Stratosphere very good: >80%
from 1 to 1000 microns

Tronsmission

Instrumentation: wide
complement, rapidly ;
interchangeable, state-of-the 1 gt o)
art SOFIA

Long lifetime

Outstanding platform to train
future Instrumentalists

10 100
Near Space Observatory that Wovetengtn (um)
comes home after every flight




SOFIA in Observational Phase Space (Marcum)

Herschel
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Science Flight Hours Ramp Up
1000

800 - SOFIA plapded
sciencg’hrs
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With the onset of science flights in 2010, science hours available
using SOFIA will steadily increase as all of the 8 first-generation
iInstruments are commissioned, envelop expansion flights
conclude, and aircraft system development is completed.




H, Herschel
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Spitzer

Flux Density (mJy), 1 sigmain 1 hour

100
Wavelength (1m)

SOFIA is as

sensitive as I1SO

Angular Resolution
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~50% Enclosed Light
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=

100
Wavelength (um)

SOFIA is diffraction limited
beyond 25 um (Omin ~ A/10 in
arcseconds) and can produce
images three times sharper than
those made by Spitzer
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BN: V~30 km s’!
I: V~13kms!
n: V~20kms!
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The Feedback Ladder (Bally)




SOFIA Roles (Bally)

FORCAST imaging of MYSOs & embedded clusters
High-resolution spectroscopy of FIR lines

Narrow-band, velocity resolved wide-field imaging
R~10%; A~3-300 Um

R>108; A~ 3-300 UWm
linear, circular, multi-object, W-FOV

dichroic split, MKIDs, bolometers?



Physics of the ISM (Schinnerer)

Galactic Context
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) Circinus Galaxy SWS + LWS
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The Case for a (mid-)IR Analog: H,

Brunner et al. (2008)
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Strong molecular Hydrogen and little elsel
(Appleton et al. 06, Cluver et al. 2010).

H, 0-0 S(3)
contours -

g
0.000
-

This H> signature may well be the best way to detect
earliest collapse of gas clouds to form galaxies

14 kpc image: X-ray - 17um S(1) line resolved! FWHM=860+40 km/s
Cluver et al. 2010 - G,,~1, so low dust emission (Guillard+, “10a)
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(@l Shaping occurs early in PPN stage
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AGB dust envelope in PN (Kwok)

| BD +30° 3639 Tonized (104-106 K),
molecular (10!-10% K)

and dust (102 K)
M ! components
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Aromatic and aliphatic features in PPN
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Molecular Astrophysics (Neufeld)

Heterodyne spectroscopy at frequencies
above 2 THz (GREAT):

access to HD, OH, [Ol] etc...

Il. Very high resolution mid-IR spectroscopy
(EXES): access to vibrational bands

Ill. Spatial multiplex advantage:
Heterodyne arrays for mapping




IR spectroscopy of the exoplanet
HD 209458b (Neufeld)

—[CH,]=2x107% [H,0]=1x107* [CO,]=1x10"°% Trop @ 0.001 bar
__[CH,]=6x107% [H,0]=1x107% [C0,]=5x10"% Trop @ 0.01 bar
—_[CH,]=6x107% [H,0]=1x107° [C0,]=5x107% No inversion
—[cH,]=2x107% [H,0]=8x10""; [CO,]=1x10"°% Trop @ 0.1 bar

Swain et al. 2009
Knutson et al. 2007
Swain et al. 2008

IIIIIIIIII|IIIIIIIII|II\I\L'|i;‘/l\\II|III'-IIIIII|II"IIIIIII|IIIIII

10

Wavelength (um)

Swain et al. 2009, ApJ




Default, Pn=0.1
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But there are degeneracies
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Knutson et al. ApJ 691, 866 (2009)




Exploit transits to characterize
exoplanet atmospheres (Deming)

few x 103 FLITECAM
& FORCAST(?)

See thermal radiation from
Transits require ;

planet disappear & reappear
: 1F Measure size of transiting . -
photometrlc Stablhty planet,see radiation from Transit @

star transmittedthrough the Gravitational tug of unseen
But tolerate poor planet’s atmosphere planets alters transit times

Image quality —

Eclipse

few x 104 HIPO + FLITECAM




The very hot Jupiters
WASP-12 atmospheres perturbed
~ by strong irradiation?

losing mass by tidal stripping?

0.0010

CoRoT-2 : 0.008

1 0.006

1 0.004

1 0.002
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FLITECAM
(eclipse of WASP-12)

Instrument considerations:
maximize the spectral range
R ~ 100 is OK
maximize stability
consider A-dithering




SOFIA: Long operational life
The “Sweet Spots”

« Tackle hard, important problems not solved by limited- Ilfe

MIsSsIons:
« Star formation, esp. high mass SF (Orion et al.)
« Creation and destruction of dust, molecules, and interaction with
sites of creation (AGB, PN, SN, maybe clouds)
* Understand cloud collapse, cooling (H,), possibly early universe

« Exploit time variable phenomena:
* Proper motions at all A/A\ (continuum, lines, esp. FIR)
« Rare transits of exo-planets in interesting orbits (large) & stars

« Exploit targets of opportunity, esp. new exo-planets
« There will be many in an era of many observatories on the
ground and in space: ALMA, TMT, JWST (eventually)

« Continually upgrade capabilities to exploit all photons

(FOV, AE) at quantum limit; train the next generation
+ |t's (almost) all about focal plane detectors, but also about phase
space (e.g. polarization)




