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2014. SOFIA development phase - operations phase

’ -http:llwww.sofia.usra.edu

' SOFIA is doing Cycle 6 observations (~100 flights)



What is SOFIA? o g
SOFIA = Stratospheric Observafdry for Infrared Astronomy
flying at ~12-14km

= _ -

Boeing 747SP

2.7-meter

* International partnership:

> 80% -- NASA (US)

> 20% -- DLR (Germany)
 Global deployments, incl. southern hemisphere (NZ)
« ~ 120 flights per year (goal) in full operation, ~250 staff.
« ~ 20 year projected lifetime, International Observatory
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The SOFIA Telescope (DLR German contribution)

Onboard telescope

= Bent Cassegrain, 2.7
meter diameter mirror §
(~10 feet) :

= Wavelength: 0.3 to
1,600 mu (mirror),
effectively 1-250 mu

= |nstalled weight:
17 metric tons
(mirror: 600 kg)

sw?i-i"’l SRB 2013 PIR - SOFIA 5
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SOFIA - The Observatory

Open cavity
Educators work station (door not shown)

Pressure bulkhead

Scientist stations, telescope and Telescope
instrument control, etc.

Scientific instrument
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Why SOFIA: Motivation for Airborne Astronomy

Mauno Keo

For much of the infrared, the
Earth’s atmosphere blocks
all transmission.

— The problem is water vapor
— esp. 30-300 microns

5 & &

Tronsmigsion
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SOFIA

If we can get above this
water vapor, much more can
be observed (average PWV

is 10-20 mu, < 0.2%)

50x better than Mauna Kea

1 10 O 100 000 20x better than ALMA site

& & &

Transmigsion
&7
NS

5 K



USRA D+ o=l

What is SOFIA’s science mission?

SOFIA is a primarily far-IR Observatory for studying
interstellar matter cycle + feedback processes:

-atomic/molecular gas spectroscopy (high spectral res.)
collapse, outflows, shocks / heating, cooling, PDR
-dust emission broad-band, narrow-band, pol. imaging
mid-IR/far-IR sources, PAH spectroscopy, magn fields

ASTROPHYSICS - dynamics, FS line cooling (eg. C+)
ASTROCHEMISTRY - molecules, fractionation (H2D+)

Continuing IRAS, 1SO, Spitzer and Herschel observations

8
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Astrochemistry (light molecules, hydrides)

| will discuss 5 key examples: SH, OH, OD, H2D+,
NH3, all observed with the SOFIA GREAT instrument

Rotational transitions in the THz range (cf. HIFI, but
HIFI on Herschel could not cover those frequencies)

mention: light hydrides as H2 proxies, e.g. HD J=1-0
(also HF J=1-0, CH J=1-0, and C+ for CO-dark gas)

H20 ro-vib. transition at 6.1mu (Indriolo et al. 2015)
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Importance of Far IR / Sub-mm

Molecular Cloud SED
Most of the key 10"t o ;_NH:" MI:U e O

atomic/ionic and R T /lU_
molecular tracers oll ] :
of the Interstellar
Medium are in the
far-infrared and

sub-mm
SH, OH, OD, HD . Vi
0-NH3, p-H2D+ ol | ) \
Cll, Ol. Olll, NII gl TN

L nr.v.:- [on
/\ ,Lll’l._l

Ted Bergin, 2008

UCISSIWISUBL ]
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Multitude of mid-IR and far-IR instruments

SOFIA's suite of instruments comprehensively covers
the wide range of wavelengths and spectral resolution
(NIR, MIR, FIR; spectral resolution up to 10,000,000)

near-infrared: 1-5 micron
mid-infrared: 5-30 micron
far-infrared: 30-300 micron

11
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SOFIA's Instrument Complement

10°
° FORCAST 10’ SOFIA Science Instruments
« GREAT, UpGREAT (LFA/HFA) ¢ _
+ FIFI-LS S
« EXES 210‘, EXES
« FPI+ % ol e
- HAWC+ (2nd gen, polarimetry) @ Fo
- 3rd gen instrument selected & m
- (HIRMES, 25-122 microns) 10' e e

10" ”1 l 10 ‘.100 | 1000
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German REceiver for Astronomy at Terahertz frequ. (Pl: R. Guesten, MPIfR/Bonn)

Channel Frequencies [THz] Astronomical lines of interest

low-frequency #1 1.25-1.50 [NII], CO(12-11), **’CO(13-12), HCN(17-16), H,D"
low-frequency #2 1.82 -1.92 [CIl], CO(16-15)

mid-frequency 24 -2.7

HD, OH(°T15), CO(22-21), "®'c0O(23-22)
high-frequency ~4.7 [Ol]
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HAWC+ science and instrument sheet

e

High-resolution Airborne
Wideband Camera

.

Princpal Investigator: Dr. Darren Doawell,
Jet Propulsion Laboratory

HAWC Specifications

SOFIA Instrument pages - httpy/ fwww sofie usra.edu/Soence/instruments

HAWC is a Faclity-class, tar-infrared camera
and palarimeter far SOFA. It is scheduled for
commissioning in early 2016. HAWC's optics,
state-of-the art detectar arrays, and
upgradabidity will permat a broad range of
iMmportamt astrophysikal irvestigations,  Th
ongaing HAWC+ upgrade adds capadlity to
measure linear polarization, providing the
unique and powertul abilty to map magnetic
Felds In molecular douds.

| HAWC+
Beam Size

Magnesic ekt woctors (100 um | cvedaid on a
SOFWTORCAST Scolor mage |20, 32 37
wn} of the circumacfear disk in the Galsric
centey |Hiketrands 1933, Agd 417:565, Laus
2013, Agl 1ISA3T) The sogulat resclution of
SOE AW+ wil pliow for 3 more detabes
PPN g of NS and many other negions

HAWC+ wil proauce maps of inesr polarization,
akin to the Kuiger Alborne CRservatory map of
Ovien |above D, A, Schisuring 1958, Ap) &53311)
SOFAMAWE s has much tetter sensmwity, 1050
better areal resoltion, and mukiple wanelength
bards.  The pelaczation b due o desl grabs
d with respect 1o the interstabar magnetic
eld. Polarization mapging reveals the structre of
g netie Aeteds dendd eabrmates Dhr strangth

HAWE« will mvwstigate many topikes, nehdbg

¢ Estmates of magnetc fedd streegeh ind turtukem
pumer spoctam in ety moketudar douds

o [Micwncy of dust gran slignment

¢ Mapnesic ekt configuraion of the Galactic Conber

o Polarizanos and [potentialy) the primary magretic
Aeid onmatation of T Tawr! star dinky ang envelnpss

¢ Magnesic structure in the dense interstestar medum
of naarty beight galanies

HAWE « wetl ot ks inedid polarization mags and mages

with thousands of wectors I part of 3 siegle SOFLA Sight

Puwh Alie kb Pide b welbe

HAWC Dptyes

HAWCY |5 designed to offer imaging and
potarimetry in each of five bands from A = 83 to
216 um. NASA/Goddard and NIST are producing
the two balomoter detector arrays for HAWC,
For SOFIA far-IR continuum bands, the
detactors will deliver background-dimited
perfarmance with high quantum effickency. The
baseline format of each array & 32x40, and the
system s dosigned to support Lp 10 E4waD,
HAWC+ uses standard chopped-nodded SOFA
observng pattarns for poladmetry and will
optimally use cross-linked scans for Imaging. o

[, | B | o [

(SO ey

Expected Footpeint of the 64x40 HAWC+ Arra

ALSY 037 54T Fee SEpm WP
8/62 ym 042 64" Tk 58 um Hwe
C/ it 039 AU TwhM 89 pm HWY
DJI5S ym naz 167 FWHM 155 am WP
£/ 236 um 020 27 FWHM 216 um HWP

Predicted perfeemance for continuum imaging and polarimetry

- -

Wirsdlengos {um) 53 81 155 216
Imagiog NEFD* [hy/Swam v o om0 a9 o4 0.55
Field of vew Dguare arcming 3 55 " »n
Min. fux dessity® for ofPf < 0.3% an .

121 W {fbadenl 10.) a2 a1 13 63
Min surface brightress’ In 1 beam

flr 0P < 0.3% i 1 tv (M) 13,500 B0 4100 1090 AE)
Min coliznn densky in 1 bewm for 09 13 s . g

B S I SUTRN
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HIRMES is a direct detection spectrometer covering the
spectral range from 25 to 122 um (H2 and HD)

There are four spectroscopic modes to HIRMES

— High-res mode (FPI) R ~ 100,000
— Mid-res mode (FPI) R~ 10,000
— Low-res mode (grating) R ~ 600

- Imaging spectroscopy mode (FPI): R ~ 2000

The modes are optimized to deliver the maximum
sensitivity achievable with SOFIA. HIRMES uses:
— Background limited bolometers
— Combination of Fabry-Perot Interferometers and gratings
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" GREAT SOFIA Science beyond Herschel: 2.5 THz OH absorption

. g First >2 THz spectroscopy from SOFIA
auo |- I — | - OH ground-state absorption against W49N
~ 1” - spectral features of Sagittarius spiral arm
£ _ - - : :
Sl o S o % Optlc?a!lly thick, but 180H optically thin
o o - possibility to study oxygen gas
= o = % |\ 1, @abundance
100 - 18 OH, Ny, J = 52 = 545 p = 2014 THe I { d
~100 ” M@[
0r —0 LL 0 l .|]‘1.u] 'r
Z.; .’J] rr.lh]. f_l ! |
- H] l H J [,'1_1] J’-l[
- discovery of 180H towards W49N core U 1 I
(Wiesemeyer et al. 2012, A&A 542, L7) AT

18
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Detection of OD Toward the Low-Mass Protostar
IRAS 16293

Detection of the OD ground state
line at 1.39 THz in absorption
(inaccessible to Herschel HIFI)

t

oward the line-of-sight of a low-
mass protostar.

First detection of OD outside of
the solar system.

o

ThntK)

Mt

|
Analysis is ongoing, but high OD abundance suggests a
higher than predicted OH fractionization
19

Work of B. Parise and the GREAT Team

Velopity “\1 "w)
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Frequency (GHz)

o
USRA S+ 774
GREAT THz early science highlights
WA49N

| SSFIA A'doub“ng' W- Neufeld 2012: discovery of
2 ; interstellar mercapto radical
§ 5o l l in absorption against W49N.
54 1 SH is endothermic (9800 K):
% asf SH 1 Evidence for warm chemistry
8 [M,1=5/2-372 (more detections of SH, e.g.

sof A % ] inabs. against G34.3, W51)

1382.6 13828 1383.0 1383.2






USRA

S+ o7 774

What is lambda doubling?

22

Total electronic orbital angular momentum L and spin S
projected along intermolecular axis

CH, OH, SH hetero-nuclear molecules: L =1, S=1/2
Slight difference in energy, symmetry broken
Hyperfine structure on top of lambda doubling

SH: lambda doubling gs/1st amounts to 72 km/s
OH: gs lambda doubling yields 18 cm radio lines
Note the case of HF: S=0, no lambda doubling
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H+H
H +cr/y
C+ecer/y

Hy+ HT
Hf + HD
Hy +C*

CHY+0
23 OH+C

NAS/

GREAT: first firm detectlon‘

H,D* 1370 GHz

H2D+ ortho/para ratio as chemical clock:
— age of star forming cloud ~ 1 Mio years

o

LLE

Hy
H™ +e
Ct+e

- H;—
-_ /s +H+
- Hy

-— CH™+H
— CO+HT"
— CO+H

Nature paper:
Briinken et al, 2014

NOTE:

KAO Betz et al.
tentative detection Orion
T,..=30000 K

T4 N‘i

o kf!h{vHF
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1hﬁn,ﬂ,};t
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rip mu.J
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ey ke ) X

4020 - MOK

|y
372 GHz (APEXT Wy

+
H: l370 GHz (SOFIA) HqD
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ortho/para (parallel/antiparallel spins)
ortho-para ratio of H2 from H2D+
can be used as a chemical clock:

more and more para from initial ortho

due do collisional exchange reactions

meanwhile, even HD2+ detected !

likely an even better chemical clock
new way to calibrate cloud core ages

2
£
—
By

@ ki1
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Cold Molecular Hydrogen using HD

SOFIA will study deuterium in the
galaxy using the ground state HD line
at 112 microns. This will allow
determination the cold molecular

hydrogen abundance.
. : A . . g tmospheric transmission around the HD line at 40,000 fe
Deuterium in the universe is created in the Big é‘angp. | ’ D

vvvvv v v

Measuring the amount of cold HD (T<50K) can best be done with the ground st:
rotational line at 112 microns accessible with SOFIA (HD in emssion and in absorptior

Detections with ISO means that GREAT high resolution spectroscopic study is possible

HD has a much lower excitation temperature and a dipole moment that alme
compensates for the higher abundance of molecular hydrogen.

As pointed out by Bergin and Hollenbach, HD traces the cold molecular hydrogen
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Summary

26

Light hydrides are beginning of astrochemistry
including warm chemistry (SH) and deuterium
fractionation (OD) and chemical clocks (H2D+)

light hydrides to study astrophysical processes eg.
protostellar infall (NH3), protopl disks (HD)

Light hydrides trace atomic and molecular gas,
including the amount of H2 via proxies like HD, HF

SOFIA plays a key role in this (GREAT, HIRMES)
Astrochemistry and Astrophysics often intertwined
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EXES Commissioning : Water in abs. in AFGL 2591

10 Mo protostar in Cygnus

Water Vapor

0(0,0)=>1(1,1) H20 transition .
in Protostar

and other ro-vib. water lines

unobservable from ground

T ~ 500 K, likely produced by
evaporation of grain mantles
(base of molecular outflow)

Intensity
Telluric Water Vapor

Telluric Water Vapor

improves on R=2000 ISO studies

paper: Indriolo et al. 2015, ApJ

6.112 6.114 6.116
Wavelength (microns)

27
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EXES Commissioning Science:
Ortho/para H, maps on Jupiter

S(1) S(1) continuum

- spectral maps by stepping slit position across
extended source

Arcsec
Arcsec

- Jupiter stratospheric H2 emission: limb brightening

- S(0) at 28.3 mu unobservable from ground

0 5 10 15 20 0 5 10 15 20

uuuuuuuuuuuu

Arcsec 5(0) Coggnseucm - S(1)//S(0) gives temperature, with long latency

- Combined with other temperatiure measurements,
implies convective motion into the stratosphere
and circulation

Arcsec
Arcsec

unpublished

0 10 20 30 40 0 10 20 30 40
Arcsec Arcsec

P
S
s
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iGMC:CO 1-0 W a5 @ o] | o

Fukui et al. £008 | o7 "4 MR el o (e
NANTEN:4m Teb | 200 cfuin g0« pfh e 0 L7 g |

The question

} —
' T |
|

of CO-dark H2 gas

i [l

| C+ is a key tracer
;f . | %

i -

L2

& o 7 e "’"f, = ARRAK 3 : - 1000%%
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vr'nl
Cll (red) in 30 Dor in LMC

30












ngh Resolution Mld infrarEd Spectrometer

Pl: Harvey Moseley (GSFC)
Deputy PIl: Alexander rev (GSFC)
Project Manager: We i

Science team
D. Neufeld (JHU)
G. Melnick (SAQO)
D. Watson (Rochester)
G. Stacey (Cornell University)
K. Pontoppidan (JHU)
E. Bergin (Univ. of Michigan)
J. Staguhn (JHU/GSFC)
S Rinehart (GSFC) . N
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In 2019: HIRMES (High Resolution

0AU

Mid-InfrarEd Spectrometer)

Wavelength range: 25um — 122um,; diffraction limited

Variety of observing modes
Spectroscopy with R=600 to R=100,000

Spectral imaging capabilities for a few selected emission lines

0.1AU

od ot X
e —)-—-'..
- e

o »5 s _ﬁ’ matlolﬂi

.—-)W \, », w 'q‘
--- . ,' -’ -& - g

Diffusive transport
of water?




16x64 TES Detector Array
Low and Mid resolution mode .
T

[nstrument Slit

Spatial/FPI
ispersion

AN
C N Slitilluminates
. onerow of
.~ detectors per
-+ FPlsetting

4\
R\
%
L% % W
12
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__MDLE: High Resolution = R =105

Line/ obs Natm | €warm | Ycold plxel NEP NEF MDLF
wavelength (kmis) (%) A A (Watts) (W/HZ1/2) <y (W/m2/Hz12) | (W/m2, 50/
(um) hr)

H

, 8.4E-15 1.34E-17 24E-17 1.4E-18
34.9823

+20 84 28 24E-14 2.22E-17 4.4E-17 2.6E-18

+40 93 20 8.5E-15 1.34E-17 24E-17 1.4E-18

[O1] 40 52 65 43 32 14E-14 1.33E-17 60 3.7E-17 2.2E-18
63.1837

0 62 45 1.5E-14  1.36E-17 4.0E-17 2.4E-18

+40 59 48 1.6E-14  1.40E-17 4.4E-17 2.6E-18

HD 40 92 58 48 37 1.3E-14 1.00E-17 60 2.8E-17 1.6E-18
112.0725

0 58 48 1.3E-15 1.01E-17 2.8E-17 1.6E-18

+40 56 50 1.4E-15 1.02E-17 3.0E-17 1.7E-18

37
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These are for point sources!
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Astrophysics (star formation, collapse, outflows)

Part 2

38
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ATLASGAL submm clump G23.21 (Spltzer IRDC)

2.5 10°
2
—0.36 210
—~ 1.5 10
(D)
L
o
o —0.38
e 10%
—0.4
1

39



uska  Using THz Lines @4 probing collapse £2.552

' esp. NH3 at 1.81 THz, Wyrowski 2015 '

Absorption measurements against
a FIR continuum source are much
more strainghtforward to interpret.
Infall (“collapse”) is the Holy Grail
of star formation, and SOFIA THz
absorption allows us to measure
the gas infall rate (“accretion rate”)
and infall speed (in units of free-fall)

Interpretation of infall using

optically thick emission lines is difficult,
due to complicated radiative transfer and
possible contributions from outflowing
molecular gas.

40
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G23.21 gas clump: protocluster infall

80 km/s

redshifted absorption line *

| 1.6 km/s wrt systemic vel.
n L 5 NH3 354 —25_

SOFIA/GREAT 1.81 THz / 165mu -

41
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More examples of 1.81 THz absorption lines
against bright FIR continuum sources (infall)

S32.20 -
= Y T T > T
o PR 1 Je b o
_asE 'i:
3 1 I
;
=X x | "vJ. |
20 4
eigsizy (km s}
G23.21—-0.3
=5 =
> e mm“ﬁﬂﬂrk r'“]tﬂ)ﬂ‘lw ol
E 3
&0 RO
Velocity (km/s)
G334, .264C
:.,4«'-1(\ &E};A{( T 7;11—1\. 1y -va\_
L 1 q
= L \ 4 =
B | .
o 1'1 'I .
4= »l'l B
0 1 Lss s L. M 1 [
10 80 70 S0
elocity (km /=)
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UpGREAT [C Il] map vs. APEX CO 3-2 map

Horsehead C+ emission

4 5= 30= 15= 41" 00= 5k
Right Ascension (J2000)

ﬁAPEx CO -2, Stanke unpubl.

1 1 1
10 15 20
Velocity [km /s]

=NV W = Ul

-
()
Jl
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HAWC+ hardware

45




USRA D o=l

30 Dor: Far-IR polarimetric image

Near Infrared Image from 2MASS Far Infrared Image + "texture” from SOFIA
903 00" G9*03'00"
orant o400
3
: oo § oo %
; g
06'n0" e
oroo* oroo
Ce'no*

o0'nn” - Y
Sh19m00s 3BmAaHs e 2as

. -
5h35mocs 33meds ics 24s
R Ascenzon

Rght Ascension
+ location of R136a, a starburst region
30 Doradus is one of the nearest laboratories to test the laws of star formation under extreme
conditions. Near-IR shows older stars. Far-IR photometry reveals newer star forming regions.
Never before seen magnetic fields structure (shown by "texture”) at this scale.
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SOFIA In Context with Other Observatories

Herschel ran out of cryogens in Spring 2013: SOFIA
natural successor, Herschel community using SOFIA

SOFIA will provide the only regular access for you to
the far-IR (30 to 300 micron) for quite some time

JWST (MIRI 5-28 micron) not really a competition ...

Synergies with ALMA/APEX, IRAM/NOEMA, SMA,
alas CCAT cancelled (spatial res. similar to SOFIA)

47



Brief summary of SOFIA ISM science highlights

A new mid-IR self-luminous source in Orion BN-KL (IRc4, brighter than BN)

Young star clusters embedded in Hll regions (e.g. W43, Wd1;Spitzer saturated)
A mid-IR dusty circumnuclear ring (CNR) in the Galactic Center (3pc diameter)
Dust emission in Sgr A East supernova remnant(dust surviving reverse shock)

[for upGREAT - R. Guesten talk]
Detection of two new molecules: SH, OD (THz rot transitions in Herschel gaps)
Detection of the ground-state OH absorption towards W49N at 2.5 THz (strong)
Detection of the ground-state HD emission towards SgrB2 at 2.7 THz (v. weak)
Detection of protocluster infall in absorption against ATLASGAL cont. sources
Detection of para-H2D+ in absorption towards IRAS 16293 (strong continuum)
High-res velocity-resolved spectroscopy of [Ol] 63mu line in planetary nebulae
High-res velocity-resolved spectroscopy of [Ol] 63mu line in outflow sources
Tracing MHD-shocks in supernova remnants via CO high J ladder (eg. IC433)
[CII] in 30 Dor and N11/LMC massive photodissociation regions (CO-dark H2)
Optically thick [CII] and optically thin [13CIl] in NGC 2024, extragal. implication
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Brief summary of SOFIA ISM science highlights

28mu J=2-0 para-H2 emission, also 177mu J=3-1 ortho-H2 emission (on Jupiter)
6.1 mu high-res. ro-vib H20 absorption in AFGL 2591: outflow vs. disk origin?

[CII] 158mu and [OI] 63mu and 145mu emission in the Orion Nebula+Bar (PDR)
[ClI] 158mu, [Olll]] 52mu and 88mu emission in M82 (rotation + starburst wind)
[CII] and [Ol] mapping of GC CND, and nearby spiral galaxies (e.g. NGC6946)
CO J=16-15 emission in He2-10: XDR vs. PDR (BH), cf. A. Krabbe poster

SN 2014J (M82) near-IR spectrum, evolving with time (ionised Cobalt lines)
Pluto occultation (June 29, 2015) in support of NASA’s New Horizons Mission

SOFIA publications from Early Science, Cycle 1 and Cycle 2+3 approaching 100

49
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Energy rotational; spin-orbit spin-orbit rotational; spin-orbit
A quadrupole fine-structure fine-structure dipole fine-structure
600 K —+
500K —— —— ——
e
400K — —_—

wrl gz
Ol= o
wrl g9 wrl G

300K —+

200K —-

100K = =

—_—
hyperfinestructure 372 pym
21cm

609 uym —F——

HN—"  He H2 cll cl co

wri gg|




: e
X et = 1

Energy
4

600K —1-

800K~

400K —

300K —+

200K —+

100K ~+=
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ground based

v

hyderfinestruct
2tcm

M He

rolabional, spin-ortyl spin-orbit rotational; spin-orbit
quadrupcie fine-structure fine-struciwe dipola fine-structure

airborne / space:
(Herschel) / SOFIA

wr gz
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GREAT 4.7 THz First Light

DEC offset [arcsec]
Q

|
o

52

[OI] 63um

GREAT [OI] 63um NGC 7027
/—\.4""
Ma vl \
? A /1 \
”' \
{ X o |
o
!
/r'l .\
/ \
P, o 909
b Mg gty gy DT
=]

SOFIA/GREAT

10 0 -10
R.A. offset [arcsec]

Tomography of a planetary nebula
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Relatve Intensity

Intensity (Arbirary Units)
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EXES Observations of Water
in AFGL 2591

»
= 25
—

| 1
o J o ! AFGL 2591 ~
& F ot I ]
Lo e & % ]
i B, h ! % 4
i z = 2 o atmosphere |
~
A o
o~
- -
; —— AFGL 2581
U Vega (scaled) -
= | i | > = ¥ ¢ i " N & 3 deuen il
8090 6 095 6 100 6105 6110 8120 8125 6130
Waveangth (um)

Indriolo, N. et al. 2015, ApJL, 802, L14.
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Airborne Astronomy Ambassadors “Pilot” Program

™

\ SOF\ [ AN
\ ™ — '-:7
| (L RORAERS Rove
e , ' & Ayl STRORGMNY
) o =

.
.

Mary Blessing, Herndon, Va.; Cris DeWolf,
Remus, Mich.; and Dana Backman (SETI)

Terry Herter (Cornell); Jim De Buizer (USRA);
Theresa Paulsen, Mellen, Wis.; and

Marita Beard, San Jose, Calif.
SSFIA

Cecilia Scorza (DSI); Wolfgang Vieser, Munich,
Germany; and Jorg Trebs, Berlin, Germany

Pamela Harman (SETI); Margaret
Piper, Frankfort, Ill.; and
Kathleen Fredette, Palmdale, Calif.

SRB 2013 PIR = SOFIA 54
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Airborne Astronomy Ambassadors (AAA) Program

 The initial Airborne
Ambassadors Pilot
Program has proven
the responsive chord
that SOFIA provides
to students

 Dozens of educators
from all over the US
are selected since
2012 to participate in
AAS competitive
program (and some
teachers from
Germany, too)
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SCFiA

SOFIA's ISM POTENTIAL
ISM cycle, feedback

cycle: gas - stars = gas (molecules, dust)
feedback: ionis. radiation, winds, SN remnants

chemical enrichment (heavy elements, dust)
cooling, condensation, fragmentation, protostars

collapse, outflows, turbulence, mag. fields
shocks (dissipation, cooling), PDR/XDR (heating)

how much gas does not get recycled? (- D/H ratio)
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some SOFIA publications

57

SOFIA early science
published in two 2012
special issues that
highlight the science
accomplished then

Many more results by
now, 2016 (new A&A
special issue coming)

HZ SOFIA AG review
AN 334, 558 (2013)

HZ SOFIA highlights 5th
Zermatt-Symp 2015
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Geographic Distribution of SOFIA Science Flights (2010-2011)
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Take home messages

SOFIA is in good shape (Cy6 in 2018, ~100 flights)

SOFIAis a SF/ISM machine, with unique potential
including astrochemistry/disks (simple molecules) &
astrophysics (cloud collapse, shocks, heating/cooling)

SOFIA is testing “local universe” and “local truth”.

SOFIA s currently YOUR only far-IR observatory &
fully supported by NASA/DLR for the next few years.

NASA provides substantial $$ support for US Pls.
As of Cycle 7, there are SOFIA legacy proposals
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