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SMO	Leadership	Changes	

•  Effec+ve	October	15,	2016	Hal	Yorke	became	SMO	Director	

•  DSI	SMO	Deputy	Director	Hans	Zinnecker	stepped	down	
effec+ve	December	31,	2016	
–  Hans	will	con+nue	to	work	with	the	SOFIA	project	for	2018	Senior	

Review	prepara+on	
–  Hans	will	organize	the	German	TAC	scheduled	for	September	2017	

•  Effec+ve	January	30,	2017	Holger	Jakob	became	ac+ng	SMO	
Deputy	Director	
–  DSI	is	preparing	ad	for	SMO	Deputy	Director	
–  German	ci+zenship	is	not	required	



Cycle	4	General	Inves+gator	Time	Usage	

EXES Echelon-cross-Echelle Spectrograph (PSI) 
FIFI-LS Field-Imaging Far-Infrared Line Spectrometer (FSI) 
FLITECAM First-Light Infrared Test Experiment Camera (PSI) 
FORCAST Faint Object InfraRed CAmera for the SOFIA Telescope (FSI)  
GI  General Investigator 
GREAT German Receiver for Astronomy at Terahertz Frequencies (PSI) 
HIPO High Speed Imaging Photometer for Occultations (Special Purpose)  
SSMO SOFIA Science Mission Operations 

389	hrs	were	put	into	flight	plans		
for	123	awarded	proposals	

FIFI-LS	



SOFIA	Publica+ons	

•  TOTAL:		76	(2/5/2016)		refereed	science	papers	
–  Does	not	include	instrument,	calibra+on,	or	observatory	papers	
–  Mostly	from	Cycle	3	data	and	earlier	

•  Most	recent	published	papers:	
–  Different	Origins	or	Different	Evolu1ons?	Decoding	the	Spectral	

Diversity	Among	C-type	Asteroids,	Vernazza,	P.	et	al.	2017,	AJ	153,	72.	
–  Massive	Star	Forma1on	in	the	LMC.	I.	N159	and	N160	Complexes,	

Gordon,	M.	S.	et	al.	2017,	ApJ	834,	122.	
	

•  Working	database	of	publica+ons:	
–  Data	Cycle	System,	short	link:	hdp://goo.gl/1t2uQt	
–  Includes	preprints,	linkage	to	SOFIA	Instrument,	Observing	Cycle	



goo.gl/1t2uQt	



Cycle	5	Progress	

•  Call	issued:	April	29,	2016		✔	
•  Call	update:	June	10,	2016	✔	
•  US	Proposal	deadline:	July	1,	2016	✔	
•  German	TAC	deadline:	July	8,	2016	✔	
•  US	TAC:	17-19	Aug	2016	✔	
•  German	TAC:		September	1-2,	2016	✔	
•  Selec+ons	announced:	24	October	2016	✔	
•  Nominal	Cycle	5	observing	period:	 	 	 	

	4	February	2017	–	1	February	2018.	
–  First	observing	series	(OC5-A	upGREAT	starts	tonight)	



Major	Changes	from	Cycle	4	

•  HIPO	not	offered	as	a	Guest	Inves+gator	Instrument.		Use	of	
HIPO	available	through	Guaranteed	Time	Observa+ons	
assigned	to	PI.	
–  High-speed	visual	photometry	s+ll	available	through	the	Focal	Plane	

Imager	Plus	(FPI+)	

•  FLITECAM	not	offered	for	Southern	Deployment	in	Cycle	5	
•  HAWC+	offered	only	as	a	Shared-Risk	instrument	
•  For	GREAT,	the	H-channel	opera+ng	at	4.7	THz	offered	as	in	

previous	Cycles.	The	CfP	offered	the	possibility	that	H-channel	
observa+ons	will	be	done	with	the	High	Frequency	Array.	



Policies	Con+nued	in	Cycle	5	

•  Large	“Impact”	proposals	were	encouraged	
–  Mechanism	for	dividing	+me	80:20	between	US	and	Germany	for	large	

proposals	maintained	
–  U+lity	of	large	impact	proposals	needs	to	be	reviewed	

•  High	Level	of	Guest	Inves+gator	funding	maintained	



US	Queue	Proposal	Size	Distribu+on	
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Target	Distribu+on:	Cycle	5	Selected	Targets	
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Hours	Awarded	vs.	Hours	Scheduled	

Note:	Currently,	there	
are	no	hours	planned	
for	deferral	to	Cycle	6	
	
Note:	Needed	flights	
calculated	assuming	
5.5	hours	on-target	
science	observa+on	
+me	(i.e.	excluding	
calibra+on	and	setups)	
per	flight	for	all	SI	
except	HAWC+,	which	
assumed	5	hr	per	flight	
(due	to	lower	hold	
+me).	For	FLITECAM	
we	added	1	flight	to	
account	for	the	Triton	
occulta+on.	*	FLITECAM	awards	are	planned	to	be	performed	in	the	FLIPO	

configura+on.	FPI+	observa+ons	for	accepted	proposal	05_0002	will	
occur	during	its	associated	FORCAST	flight	



Science	Highlight:	Galac+c	Center	

Four	very	highly	rated	proposals	were	selected	to	
inves+gate	the	Galac+c	Center	with	upGREAT	
• [CII]	Mapping	
– 05_0076			Bally	–	“Impact	Program:	The	Outer	CMZ	C+	Survey”	
– 05_0022		Harris	&	05_0033	Guesten	–	“Joint	Impact	Proposal:	
Mapping	C+	Across	the	Galaxy's	Central	Molecular	Zone”	

• [O	I]	Mapping	
– 05_0021		Ragan	–	“Cooling	and	kinema+cs	in	the	Central	
Molecular	Zone”	
– 05_0102		Morris	–	“Characterizing	Neutral	Gas	in	the	Central	
Parsec	of	the	Galaxy”	
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Figure 1: The CMZ from l=358o to l=2o showing the distributions of dust column density 
derived from Herschel/Hi-GAL which traces N(H2) (red), λ=24 µm emission from Spitzer 
(green), and dust temperature derived from Hi-GAL (blue).  Most compact λ=24 µm sources 
are to the right of Sgr A* while most dense gas is to the left.  The major star forming 
complexes, the “Galactic Center Bubble”; (GCB), three foreground HII regions, the 105 Mo 
cloud, G0.253+0.016 (a.k.a. the “Brick”), the massive l=1.6o complex, and Wray 17-96, an 
(LBV dust shell) are shown.  The dashed yellow and dark blue boxes shows the inner CMZ 
fields in the Reserved Object Catalog.  Yellow strips and circles show the regions to be 
observed in the proposed program. The small circles show 24 µm compact sources to be 
targeted   The magenta circle shows the OFF position use by Langer et al. (1015).  

      Goal I:  (Field 1; the left horizontal and vertical strips in Fig. 1.)  Determine the state of 
the non-star-forming outer CMZ gas at positive longitudes beyond Sgr B2. The l ~0.8o to 2.0o 
region contains >50% of the CMZ gas traced by species such CS, HCN, NH3, and dust, but 
only supports little star formation (e.g. the Sgr D).  The l ~1.6o clouds may be pre-stellar GMCs 
condensing either from a recent injection of gas from beyond the CMZ or reforming from 
previously disrupted CMZ clouds as part of the CMZ’s `Galactic fountain’ powered by 
feedback. Infall could occur from leading-edge dust lanes in our barred Galaxy such as 
“Bania’s Clump 2” (Bania & Stark 1986) or by gas ejected from the CMZ itself by a previous 
generations of massive stars.  Turbulence and shear may suppress gravitational instabilities 
until the in-spiraling gas reaches the ~100 pc region where Sgr B1, SgrB2, and Sgr C are 
located today.  Assuming that all compact 24 µm sources are young massive stars, the CMZ 
star formation rate (SFR) is ~0.14 Mo yr-1 (Yusef-Zadeh et al. 2009).  The free-free emission 
from WMAP implies an order of magnitude lower current CMZ SFR of  0.012 to 0.018 Mo yr-1 

(Longmore et al. 2013b).  Without cloud destruction, a CMZ mass MCMZ ~5x107 Mo and SFR 
~10-1 Moyr-1 implies a CMZ depletion time of order tCMZ ~500 Myr due to star formation, 
orders of magnitude longer than the orbit time (to < 10 Myr at RG~250 pc from the center). 
Without a very recent major injection of mass, or fast cloud destruction, the observed CMZ gas 
asymmetries will be smeared out rapidly by differential rotation.   
    The CMZ is surrounded by an extended halo of HI in 21 cm observations (Burton & Liszt  
1983; McClure-Griffiths et al. 2012) and lower-density molecular gas (Liszt 2008).  If clouds in 
the l~1.6o complex are forming from lower-density atomic material then foreground C+ should 
be redshifted compared to low-J 13CO.  High-J 12CO may trace shock-heated cloud surface 
layers or PDRs.  SOFIA observations will determine if the cloud surface layers are condensing 

Comparison	of	Mapped	Regions	

Yellow:	05_0076	Bally	
White:	05_0022/0033	Harris-Güsten	



Ragan	and	Morris	Fields	

Overview
Our Galactic center, because of its proximity, is the only galactic nucleus we can observe in detail
at wavelengths across the entire electromagnetic spectrum. Multi-wavelength studies have been
critical in understanding its structure, contents, energetics, dynamics, star formation activity and
history, and chemistry. Velocity-resolved spectroscopy with resolution of . 15 km sec�1 has proved
essential in separating di↵erent gas components that overlap along the line of sight. Questions
of how the dense gas collected at the center, why the large clouds are distributed as they are,
and why star formation occurs in some places but not others, are all key to understanding the
Galactic center. It is not only very important to study the Galactic center in the context of its
role in Galactic structure and evolution, but also because studies of our own Galactic center form
the basis of our understanding of all other “normal” galactic nuclei. With far less information
on these, including those at high redshift that are increasingly within the reach of ALMA and
JWST, or those that are potential targets for the Far-IR Surveyor under NASA study, we search
for similarities and di↵erences from measurements of our Galactic center to interpret those less
complete measurements.
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!!!!! !!!!! !!!!! !!!!! !!!!! !!!!! !!!!!!!!!!

Figure 1: Composite orientation view of the Central Molecular Zone (CMZ). Labels indicate some
of the dominant massive clouds. Red shows ATLASGAL 870µm dust continuum (Schuller et al.,
2009), blue Herschel 70µm (Molinari et al., 2011), and green dense molecular gas (Jones et al.,
2012). The outline box shows the region we propose to map in the 158µm [C ii] line.

The Central Molecular Zone (CMZ) surrounds the nucleus with a radius of about 250 pc (see,
e.g., Morris & Serabyn, 1996; Ferrière et al., 2007). Its most famous resident is a surprisingly
quiescent ⇠ 3 ⇥ 106M� black hole. Young hot stars, many in dense clusters, are distributed
throughout the region. Most of the mass in the CMZ, however, is in a collection of molecular
clouds (including SgrB2, SgrC, and the +50 and +20 km sec�1 clouds) with a few⇥107M�. These
clouds are typically substantially denser, warmer, and more turbulent than typical disk clouds
(Güsten et al., 1981; Genzel & Harris, 1994; Morris & Serabyn, 1996; Mart́ın-Pintado et al., 1997;
Ferrière et al., 2007; Ginsburg et al., 2016, and references therein).

Maps of selected parts of the Galactic center clouds in fine structure lines have provided almost
all of our understanding of the gas ionization states and how the hardness of the ionizing sources
varies across the region. Only now, however, does the combination of SOFIA and upGREAT
make it possible to make complete large-scale velocity-resolved maps at sub-parsec resolution (at
8.3 kpc, upGREAT’s 14.800 beam covers 0.6 pc). As shown by the box in Figure 1, our target for

1

G	0.495+0.019	

G	0.376+0.04	

White	Boxes:	05_0022	Ragan	
Yellow	Box:	05_0102	Morris	



Science	Highlight:	Water	on	Europa	

•  05_0153		Sparks		
“Confirma+on	of	Water	
Plumes	on	Europa”	

•  Observa+ons	with	EXES	at	
6.27	µm	to	confirm	HST	
observa+ons	of	water	plumes	
on	the	moon	of	Jupiter	
•  Vibra+onal	band	of	H2O	

•  These	observa+ons	would	
provide	input	to	planning	for	
mission	in	development	to	
send	a	probe	to	Europa	



Science	Highlight:	Occulta+on	of	Triton	

A New Look at Triton’s Atmosphere  Science Justification Page 3 

Proposed Event 
We propose to use SOFIA with HIPO and FLITECAM (FLIPO) as well as the FPI+, to 

observe a bright Triton occultation in the fall of 2017, primarily attempting to observe a central 
flash.  Table 1 displays a listing of the circumstances of our proposed event and Figure 3 shows a 
plot of its (currently) expected shadow path (see Feasibility section).  We will also apply for time 
at numerous East Coast telescopes was well as deploy one or more portable ground-based 
stations to acquire additional chords to improve the final occultation geometry. The magnitudes 
of this star (see Table 1 and Feasibility section) makes it and excellent candidate for the FLIPO 
combined wavelength observations that are necessary to characterize the  atmospheric haze in 
the micron-sized particle region (Rannou and Durry 2009; Elliot et al. 2003a; Thomas-Osip et al. 
2002). Given the high SNR from SOFIA observations (see Table 2), we will be able to detect a 
change in temperature as small as a few degrees that would signal either continuing expansion or 
the beginning of a contraction phase for Triton’s atmosphere. 
Table 1: Circumstances of Proposed Events 

Event1 Closest Approach 
Mid-time (UT) 

Geocentric Closest 
Approach (arcsec) 

Magnitude 
(R2, K3) 

Shadow 
Velocity 
(km/s) 

Current (2016 05) 
Prediction Error 

(1s, km) 

Tr20171005 2017 10 05 23:51 0.21 12.3, 11.1 16.84 ~485 
1The proposed event requires two SOFIA legs, one before or after the event to calibrate signal levels 
while targets are well-separated, and one to observe the occultation. 2R magnitudes were obtained from 
the NOMAD Catalog. 3K magnitudes were obtained from the 2MASS Catalog. 
 

 

Figure 3: Circumstance Globe for 
Proposed Event: The Earth is shown as 
viewed from Triton at the time of the 
proposed occultations.  The sun is below 
the horizon in the shadowed area.  Due to 
elevation angle limits, SOFIA can only 
point at Triton (and hence the occultation) 
when between the two overlaid circular 
annuli.  The shadow path for Triton is 
overlaid, with the currently predicted 
northern limb, central flash, and southern 
limb paths represented by solid lines, and 
the northern and southern limit 3-sigma 
error bars represented by the dotted lines. 
Observations can be made from anywhere 
within the outlined shadows and elevation 
annuli, but our objective would be to place 
SOFIA at the Triton shadow centerline to 
obtain a central flash revealing the 
atmospheric structure of the lowest 
portions of Triton’s atmosphere. 

•  GTO	observa+on	of	occulta+on	of	
star	by	moon	of	Neptune	on	2016-
Oct-06	

•  05_0125		Person	–	“A	New	Look	at	
Triton's	Atmosphere”		
•  Proposal	was	evaluated	by	TAC	
and	rated	Excellent/Very	Good	

•  Will	be	conducted	using	GTO	
+me	

•  Requires	a	mini-deployment	to	
the	US	East	Coast	(Daytona	
Beach?)	



Science	Highlight:	High	Resolu+on	Spectral	Survey	
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Figure 1: Top: A portion of the SOFIA-EXES spectrum towards Orion IRc2 from our Cycle-3 program.
Line detections from the source are highlighted by red and underlined in the figure below; remaining
features are atmospheric lines. Bottom: Estimated IR band strengths relative to C2H2 for a sample of
interesting molecules with strong IR band intensities and predictions of substantial abundances, generally
from hot core models. Molecules indicated by an asterisk can only be studied in the MIR.

sensitivity to absorption lines, (c) the largest repository of complementary line surveys and (d) been
used as a principal template for the study of extragalactic star-forming regions.

A high-resolution (�v ⇠ 5 km s�1) 13 µm spectrum of Orion IRc2 covering ⇠0.4 µm was obtained
as part of our Cycle-3 SOFIA/EXES proposal (Rangwala et al. in prep). A portion of this spectrum is
presented in Figure 1. In about 500s of integration time, we detected C2H2 and HCN lines with S/N of
30 – 70. These observations yielded continuous coverage of R-branch lines for C2H2 from J = 9� 8 to
J = 18� 17, which include both ortho and para C2H2. Compared to previously published observations
of C2H2 from the ground (e.g., Evans et al. 1991), which did not have continuous coverage and had
larger uncertainties produced by atmospheric corrections, our data were clearly able to separate ortho
and para ladders and more accurately measure their column densities and the ortho-to-para ratio.
Moreover, a clean measurement of the C2H2 line profiles showed a significant di↵erence in the velocity
dispersion between the ortho and para species. We also detected 13CCH2 with optical depth of ⇠ 0.06,
which allowed us to measure the 12C/13C isotopic ratio. Inspired by the quality of these data, we
propose a similar resolution but higher sensitivity line survey over most of the EXES range.

3 Proposed Line Survey
Our proposed 6 – 28.5 µm line survey is designed to cover almost the entire wavelength range of EXES
with a S/N of 25 to 150 per resolution element and a spectral resolution of �v ⇠ 5 km s�1, su�cient to
resolve the 12 – 18 km s�1 line widths observed in our Cycle-3 program. Orion IRc2’s continuum flux
increases with wavelength by roughly two orders of magnitude over the EXES range. The bandpass for
a single EXES observation increases by a factor of 7 over the same range. These two factors lead to a
larger integration time and relatively lower S/N (⇠ 25) at shorter wavelengths and much more e�cient

2

•  05_0043		Naseem	
Rangwala	
An	EXES	High-Resolu+on	
Molecular	Line	Survey	
towards	Orion	IRc2	

•  Mid-infrared	survey	of	the	
spectrum	of	gas	towards	
Orion	IRc2,	a	prototypical	
hot-core	source.	

•  Unprecedented	resolving	
power	(R	=	50,000)	will	be	
5	to	50	+mes	more	
powerful	than	ISO	in	
iden+fying	narrow	lines	

•  Study	will	provide	a	
wealth	of	informa+on	on	
hot	core	chemistry	

a)  Spectrum	from	Cycle	3	pilot	program	
toward	IRc2	

b)  Likely	molecules	from	hot	core	models	



Science	Highlight:	Studying	Magne+c	Fields	
•  05_0133		Novak		-	“Joint	HAWC+/ALMA	study	of	magne+c	fields	in	Ophiuchus”	
•  HAWC+	will	have	35x	beder	angular	resolu+on	than	the	Planck	polarimeter	

and	provides	a	bridge	to	the	very	much	higher	resolu+on	observa+ons	of	
ALMA	

Large	scale	B-field	direc+ons	from	Planck	850	µm	polarimetry	superposed	
on	Herschel	160	µm	dust	emission	
Individual	targets	are	being	studied	using	ALMA	


