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Cycle	
  3	
  Summary	
  StaNsNcs	
  

Campaign Flights Instrument
Flight
Hours

GTO
Hours

GI
Hours

Cal
Hours

DDT
Hours

OTHER Notes

OC3A 1 EXES 47.67 21.38 14.62 5.47 0.00 6.21 1GCancelled

OC3B 8 FIFIKLS 75.63 12.85 44.25 9.50 0.91 8.12

OC3C 6 FORCAST 53.45 3.22 29.87 12.70 0.00 7.62

OC3D 7 FORCAST 66.22 6.08 40.91 12.83 0.00 6.39 3GCancelled

OC3E 2 FLIPO 13.91 4.83 4.20 0.00 0.00 4.88

OC3G 5 GREAT 47.69 14.92 16.26 3.50 8.00 5.02 1GCancelled

OC3H 5 EXES 29.31 5.83 14.57 4.70 0.00 4.21

OC3I 5 FORCAST 46.44 1.54 29.48 9.30 0.00 5.42 1GGCancelled

OC3J 3 FLITECAM 28.18 3.03 13.28 7.92 0.00 3.96 1GCancelled

OC3K 9 FIFIKLS 74.15 20.70 30.58 13.13 0.00 9.73

OC3L 9 FORCAST 83.47 6.81 50.35 16.82 0.00 9.49 InGProgress

OC3M 10 GREAT 93.75 13.65 47.23 8.65 12.17 12.05 InGProgress

Totals 70 659.86 114.86 335.59 104.52 21.08 83.08
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Details	
  of	
  CompleNon	
  Rates	
  for	
  Individual	
  
Programs	
  are	
  Available	
  for	
  ExaminaNon	
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Indriolo	
  et	
  al.	
  (2015)	
  	
  

•  Water	
  is	
  one	
  of	
  the	
  key	
  components	
  
of	
  the	
  interstellar	
  medium	
  and	
  
protostellar	
  environments.	
  

•  Most	
  observaNons	
  of	
  H2O	
  (even	
  from	
  
space)	
  have	
  been	
  of	
  emission	
  from	
  
excited	
  (hot)	
  water.	
  

•  The	
  important	
  and	
  dominant	
  low	
  
excitaNon	
  levels	
  are	
  best	
  observed	
  in	
  
absorp+on	
  against	
  a	
  background	
  
source.	
  

•  AbsorpNon	
  observaNons	
  require	
  high	
  
spectral	
  resoluNon–	
  uniquely	
  
provided	
  in	
  the	
  mid-­‐IR	
  by	
  EXES	
  

•  First	
  spectrally	
  resolved	
  observaNons	
  
of	
  n2	
  lines	
  from	
  H2O	
  and	
  H2

18O.	
  
•  Water	
  column	
  density	
  in	
  oualow	
  

much	
  higher	
  than	
  previously	
  
inferred.	
  

EXES	
  Detects	
  H2O	
  in	
  the	
  AFGL	
  2591	
  	
  
Star	
  Forming	
  Region	
  	
  

(A)  Spectrum	
  of	
  AFGL	
  2591	
  divided	
  by	
  standard	
  star	
  spectrum	
  
showing	
  residual	
  water	
  in	
  disk	
  of	
  young	
  star.	
  

(B) Spectra	
  of	
  young	
  star	
  AFGL	
  2591	
  and	
  standard	
  star	
  Vega.	
  	
  
Most	
  of	
  the	
  deep	
  absorpNons	
  are	
  due	
  to	
  H2O	
  in	
  the	
  Earth’s	
  
atmosphere,	
  but	
  blue-­‐shieed	
  H2O	
  is	
  present	
  in	
  the	
  young	
  star	
  
spectrum.	
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Figure 1. Bottom: Spectra of AFGL 2591 (black) and Vega (gray) scaled to match in arbitrary intensity units. Water absorption
features in AFGL 2591 are marked by vertical lines and labeled accordingly. They are blue-shifted by about 40 km s−1 with respect to
their telluric counterparts due to the Earth’s motion and gas velocity. Top: Spectrum of AFGL 2591 following division by boxcar averaged
Vega spectrum and normalization. Gaps correspond to regions where the atmosphere is opaque, and poor removal of moderately strong
atmospheric lines can be seen as spikes to the right of the astrophysical lines (e.g., near 6.089 µm.

and drives a bipolar outflow. It was previously observed
at 5–7 µm as part of the aforementioned ISO-SWS study,
from which Boonman & van Dishoeck (2003) reported a
best-fit water column density of N(H2O) = (3.5± 1.5)×
1018 cm−2 at T = 450+250

−150 K, assuming a Doppler line
width of 5 km s−1. Known kinematic components associ-
ated with AFGL 2591 include: (1) the protostellar enve-
lope with systemic velocity−5.5 km s−1 in the local stan-
dard of rest (LSR) frame (van der Tak et al. 1999); (2) a
blue-shifted outflow at −25 km s−1 ! vLSR ! −6 km s−1

(Emprechtinger et al. 2012; van der Tak et al. 2013); (3)
a red-shifted outflow at 3 km s−1 ! vLSR ! 15 km s−1

(Lada et al. 1984); (4) material entrained in a jet or
wind, indicated by absorption in the v = 1–0 band
of 12CO that extends to −196 km s−1 in the form
of an asymmetric blue wing (van der Tak et al. 1999).
There is also evidence for a rotating disk around
VLA 3, although gas velocities in the disk match those
of the envelope (van der Tak et al. 2006; Wang et al.
2012). The interested reader is referred to cartoon pic-
tures (van der Tak et al. 1999, 2006; van der Wiel et al.
2011; Sanna et al. 2012; Wang et al. 2012) and multi-
wavelength images (Johnston et al. 2013) of AFGL 2591
to gain a better understanding of the region. Because
of the low spectral resolution of the ISO-SWS observa-
tions, it has been impossible to say with certainty which
component gives rise to the H2O absorption. To do
so—and to better constrain the water column density
and rotational temperature—we have targeted multiple
transitions in the ν2 band of H2O using the Echelon-
Cross-Echelle Spectrograph (EXES; Richter et al. 2010)
on board the Stratospheric Observatory for Infrared As-
tronomy (SOFIA; Young et al. 2012).
SOFIA operates at altitudes above 39,000 ft (11887 m),

where the precipitable water vapor overburden is rou-
tinely less than 0.02 mm. Under these conditions the
6 µm region of the Earth’s atmosphere is no longer
opaque, as it is from the ground. EXES provides high
spectral resolution (∼ 3 km s−1) capabilities in the 4.5–
28.3 µm range, making it well-suited for velocity-resolved
observations of individual ro-vibrational transitions of
the ν2 band of H2O in astrophysical sources. We present
here the first spectrally resolved detections of 10 absorp-
tion lines from transitions in the ν2 bands of H2O and
H18

2 O, including a detection probing the ground para
level, 00,0. This highlights the opportunity to further
probe water in cold molecular clouds without the need for
a space-based observatory by utilizing EXES on SOFIA.

2. OBSERVATIONS AND DATA REDUCTION

AFGL 2591 VLA 3 was observed using EXES on
board SOFIA at an altitude of 43000 ft (13106 m)
on 2014 Apr 10 (UT) as part of instrument commis-
sioning observations. Spectra were acquired in cross-
dispersed high-resolution mode with a central wavelength
of 6.1125 µm, using a slit length of 9.′′9, and a slit width
of 1.′′9 to provide a resolving power (resolution) of 86,000
(3.5 km s−1), with the resolution element sampled by 8
pixels. The telescope was nodded after every 27 seconds
of integration, enabling subtraction of telluric emission
lines, and the total exposure time for AFGL 2591 was
1134 s. Prior to observing the target, a calibration se-
quence was taken using the same wavelength setting and
slit width. This sequence consisted of observations of the
internal blackbody unit set to 260±0.1 K and of blank
sky (Lacy et al. 2002). These calibration frames were
used to correct for blaze efficiency, pixel-to-pixel sensi-
tivity variations, and also to provide a first order flux
calibration using the expected photon counts from the
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Lau	
  et	
  al.	
  (2015)	
  ,	
  	
  Science	
  

•  Where	
  did	
  the	
  dust	
  in	
  the	
  early	
  
universe	
  come	
  from?	
  

•  Does	
  ejecta-­‐formed	
  dust	
  survive	
  the	
  
interacNon	
  with	
  hot,	
  shocked	
  gas	
  in	
  
supernova?	
  

•  ObservaNons	
  of	
  Sgr	
  A	
  East	
  remnant	
  
near	
  the	
  GalacNc	
  Center	
  with	
  
FORCAST	
  

•  First	
  discovery	
  of	
  dust	
  in	
  an	
  older	
  SNR	
  
that	
  has	
  survived	
  the	
  passage	
  of	
  the	
  
reverse	
  shock	
  

•  Supports	
  hypothesis	
  that	
  supernovae	
  
may	
  have	
  been	
  responsible	
  for	
  the	
  
formaNon	
  of	
  the	
  early	
  dust	
  

FORCAST	
  ObservaNons	
  of	
  SNR	
  at	
  GalacNc	
  Center	
  

(A)  Composite	
  false-­‐color	
  image	
  of	
  the	
  Sgr	
  A	
  East	
  SNR	
  overlaid	
  
with	
  contours	
  of	
  the	
  31.5	
  μm	
  emission	
  east	
  of	
  the	
  
Circumnuclear	
  Disk.	
  	
  Blue:	
  2	
  -­‐	
  8	
  keV	
  (Chandra),	
  green:	
  160	
  μm	
  
(Herschel),	
  red:	
  6	
  cm	
  (	
  VLA).	
  	
  

(B) Fe	
  Kα	
  (6.7	
  keV)	
  emission	
  from	
  the	
  SNR	
  overlaid	
  with	
  the	
  31.5	
  
μm	
  emission	
  



SOFIA	
  Users’	
  Group	
  	
  	
  18	
  November	
  2015	
  

upGREAT	
  

•  upGREAT	
  an	
  enhancement	
  of	
  
the	
  GREAT	
  heterodyne	
  
instrument	
  developed	
  by	
  Rolf	
  
Güsten	
  and	
  collaborators.	
  

•  The	
  instrument	
  was	
  
commissioned	
  in	
  May	
  2015	
  

•  Compact	
  heterodyne	
  arrays	
  
–  7	
  pixels	
  x	
  2	
  polarizaNons	
  	
  

@	
  1.9	
  	
  THz	
  
–  7	
  pixels	
  @	
  4.7	
  THz	
  [O	
  I]	
  	
  

(ready	
  in	
  2016)	
  
•  Maps	
  more	
  than	
  an	
  order	
  of	
  

magnitude	
  faster	
  than	
  the	
  
previous	
  instrument	
  

What	
  was	
  one	
  
beam	
  on	
  the	
  
sky	
  is	
  now	
  
seven	
  beams	
  

Measured	
  upGREAT	
  
beam	
  profiles	
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upGREAT	
  Mapping	
  of	
  S106	
  

•  upGREAT	
  is	
  a	
  14-­‐pixel	
  
array	
  operaNng	
  at	
  the	
  
158	
  mm	
  Fine	
  Structure	
  
Line	
  of	
  [C	
  II]	
  

•  Able	
  to	
  produce	
  velocity-­‐
resolved	
  maps	
  an	
  order	
  
of	
  magnitude	
  faster	
  than	
  
before	
  

•  Robert	
  Simon	
  and	
  GREAT	
  
ConsorNum	
  (MPIfR)	
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upGREAT	
  Mapping	
  of	
  S106	
  

•  upGREAT	
  is	
  a	
  14-­‐pixel	
  
array	
  operaNng	
  at	
  the	
  
158	
  mm	
  Fine	
  Structure	
  
Line	
  of	
  [C	
  II]	
  

•  Able	
  to	
  produce	
  velocity-­‐
resolved	
  maps	
  an	
  order	
  
of	
  magnitude	
  faster	
  than	
  
before	
  

•  Robert	
  Simon	
  and	
  GREAT	
  
ConsorNum	
  (MPIfR)	
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upGREAT	
  Mapping	
  of	
  S106	
  

•  upGREAT	
  is	
  a	
  14-­‐pixel	
  
array	
  operaNng	
  at	
  the	
  
158	
  mm	
  Fine	
  Structure	
  
Line	
  of	
  [C	
  II]	
  

•  Able	
  to	
  produce	
  velocity-­‐
resolved	
  maps	
  an	
  order	
  
of	
  magnitude	
  faster	
  than	
  
before	
  

•  Robert	
  Simon	
  and	
  GREAT	
  
ConsorNum	
  (MPIfR)	
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•  Occultation of 12-mag star by Pluto on 2015 
June 29


•  Simultaneous SOFIA observations with HIPO, 
FLITECAM, & Focal Plane Imager.


•  Final ground-based shadow updates 
required course adjustments of 230 km


•  Detection of strong “central flash” confirms 
accuracy of course corrections


•  Comparison of multi-wavelength 
observations will allow detailed analysis of 
atmospheric profiles and aerosol content. 


Focal Plane Imager+ observation of Pluto 
occultation event on UT 2015-06-29 16:55.  

Video is approximately 4X real time. 

Science Highlight: Pluto Occultation




SOFIA	
  Users’	
  Group	
  	
  	
  18	
  November	
  2015	
  
Lau	
  et	
  al.	
  (2015)	
  ,	
  	
  Science	
  

•  Where	
  did	
  the	
  dust	
  in	
  the	
  early	
  
universe	
  come	
  from?	
  

•  Does	
  ejecta-­‐formed	
  dust	
  survive	
  
the	
  interacNon	
  with	
  hot,	
  shocked	
  
gas	
  in	
  supernova?	
  

•  ObservaNons	
  of	
  Sgr	
  A	
  East	
  
remnant	
  near	
  the	
  GalacNc	
  
Center	
  with	
  FORCAST	
  

•  First	
  discovery	
  of	
  dust	
  in	
  an	
  older	
  
SNR	
  that	
  has	
  survived	
  the	
  
passage	
  of	
  the	
  reverse	
  shock	
  

•  Supports	
  hypothesis	
  that	
  
supernovae	
  may	
  have	
  been	
  
responsible	
  for	
  the	
  formaNon	
  of	
  
the	
  early	
  dust	
  

FORCAST	
  ObservaNons	
  of	
  SNR	
  at	
  GalacNc	
  Center	
  

(A)  Composite	
  false-­‐color	
  image	
  of	
  the	
  Sgr	
  A	
  East	
  SNR	
  overlaid	
  
with	
  contours	
  of	
  the	
  31.5	
  μm	
  emission	
  east	
  of	
  the	
  
Circumnuclear	
  Disk.	
  	
  Blue:	
  2	
  -­‐	
  8	
  keV	
  (Chandra),	
  green:	
  160	
  μm	
  
(Herschel),	
  red:	
  6	
  cm	
  (	
  VLA).	
  	
  

(B) Fe	
  Kα	
  (6.7	
  keV)	
  emission	
  from	
  the	
  SNR	
  overlaid	
  with	
  the	
  31.5	
  
μm	
  emission	
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Cycle	
  4	
  Preview	
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Cycle	
  4	
  Timeline	
  

•  Call	
  issued:	
  May	
  1	
  
•  Observers’	
  Workshop:	
  May	
  20-­‐21,	
  Mountain	
  View	
  
•  Condensed	
  workshop:	
  June	
  3-­‐4,	
  Columbia	
  MD	
  
•  Call	
  update:	
  June	
  8	
  
•  Proposal	
  deadline:	
  July	
  10	
  
•  US	
  TAC:	
  Aug	
  19-­‐21	
  
•  German	
  TAC:	
  Sep	
  1-­‐3	
  
•  SelecNon	
  announcement:	
  October	
  23	
  

•  Nominal	
  Cycle	
  4	
  observing	
  period:	
  
1	
  February	
  2016	
  –	
  2	
  February	
  2017.	
  

19	
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Cycle	
  Comparison	
  

20	
  

Cycle&1 Cycle&2 Cycle&3 Cycle&4 Cycle&5
CfP&Date 141Nov111 291Apr113 291May114 11May115

Cycle&Execution Jun&20131&Feb&2014 Feb&20141&Feb&2015 Mar&2015&1&Jan&2016 Feb&2016&1&Jan&2017 Feb&2017&1&Jan&2018

US&Hours&Offered 200 175 450 500
DE&Hours&Offered 48 47 45 80

US&Proposals 132 89 122 155
DE&Proposals 39 27 31 30

US&Hours&Requested 1293 545 1075 1582
DE&Hours&Requested 186 67 104 150

US&Approved&Proposals 42 62 63 80
DE&Approved&Proposals 18 19 24 18

US&Hours&Awarded* 178 165 419.5 478.3 62**
DE&Hours&Awarded* 52.5 43.8 45.8 80.4

Hours&Executed 149 173 280
As&of&10/31/2015

*&Does&not&include&"Do&If&Time" **Deferred&Cycle&4&

time&for&large&Impact&

Proposals
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Cycle	
  4	
  Science	
  Areas	
  

Solar&&
System&

Interstellar&Medium&

Supernovae&

Star&Forma5on&

Stars&
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Cycle	
  4	
  Instrument	
  DistribuNon	
  

EXES$

FIFI'LS$

FLITECAM$FORCAST$

GREAT/upGREAT$

HAWC+$

Cycle&4&Flights&

106.5	
  Science	
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D/H	
  RaNo	
  on	
  Mars	
  

•  What	
  is	
  the	
  history	
  of	
  water	
  on	
  
Mars?	
  

•  Proposal	
  04_0018	
  
–  Therese	
  Encrenaz	
  

(LEISA,	
  Paris	
  Observatory)	
  
•  Measurements	
  of	
  H2O	
  and	
  HDO	
  

at	
  7.2	
  mm	
  with	
  EXES	
  will	
  
measure	
  the	
  D/H	
  raNo	
  of	
  the	
  
outgassing	
  water	
  on	
  Mars	
  

•  ObservaNons	
  will	
  have	
  sufficient	
  
angular	
  resoluNon	
  to	
  study	
  the	
  
sublimaNon/condensaNon	
  cycle	
  
as	
  well	
  as	
  the	
  sources	
  and	
  sinks	
  
of	
  water	
  on	
  the	
  planet	
  

Map	
  of	
  D/H	
  raNon	
  on	
  Mars	
  
inferred	
  from	
  EXES	
  commissioning	
  
observaNons	
  in	
  April	
  2015.	
  	
  The	
  
proposed	
  invesNgaNon	
  will	
  study	
  
posiNon	
  as	
  well	
  as	
  seasonal	
  
variaNons	
  in	
  the	
  D/H	
  raNo.	
  



SOFIA	
  Users’	
  Group	
  	
  	
  18	
  November	
  2015	
  

Structure	
  of	
  Vega’s	
  Debris	
  Disk	
  

•  Is	
  Vega’s	
  debris	
  disk	
  
sculpted	
  by	
  planets?	
  

•  Proposal	
  04_0065	
  Kate	
  Su	
  
(Univ.	
  Arizona)	
  

•  FORCAST	
  observaNons	
  at	
  
35	
  mm	
  will	
  explore	
  the	
  
possibility	
  that	
  the	
  debris	
  
disk	
  of	
  the	
  classic	
  Vega	
  
system	
  is	
  shepherded	
  by	
  
unseen	
  planets.	
  

•  ObservaNons	
  will	
  
disNnguish	
  between	
  
compeNng	
  models	
  for	
  the	
  
warm	
  excess	
  emission	
  
observed	
  in	
  photometry	
  

Models	
  of	
  35	
  mm	
  emission	
  from	
  the	
  debris	
  disk	
  
of	
  Vega.	
  	
  Upper	
  panels	
  show	
  disk	
  with	
  Kuiper	
  
Belt	
  (K.B.)	
  and	
  Asteroid	
  Beld	
  (A.B.).	
  	
  Lower	
  
panels	
  have	
  Kuiper	
  Belt	
  plus	
  dragged-­‐in	
  
PoynNng-­‐Robertson	
  dust.	
  	
  Gaps	
  in	
  both	
  models	
  
are	
  due	
  to	
  unseen	
  planets.	
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MagneNc	
  Fields	
  in	
  High	
  Mass	
  Star	
  FormaNon	
  

•  What	
  is	
  the	
  role	
  of	
  
magneNc	
  fields	
  in	
  
supporNng	
  dense	
  
filaments	
  from	
  
gravitaNonal	
  collapse?	
  

•  Proposal	
  04_0068	
  
–  Ian	
  Stephens	
  	
  
(Boston	
  University)	
  

•  ObservaNons	
  with	
  
HAWC+	
  polarimeter	
  
will	
  probe	
  the	
  
magneNc	
  field	
  in	
  the	
  
interior	
  of	
  filamentary	
  
infrared	
  dark	
  cloud	
  

Spitzer	
  3.6,	
  8,	
  &	
  24	
  mm	
  observaNons	
  of	
  
the	
  Snake	
  Infrared	
  Dark	
  Cloud.	
  	
  
Proposed	
  observaNons	
  with	
  HAWC+	
  at	
  
214	
  mm	
  are	
  indicated	
  by	
  the	
  white	
  
rectangles.	
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Impact	
  Programs	
  
–  Large,	
  mulN-­‐year	
  (2-­‐3	
  cycles)	
  programs,	
  aimed	
  at	
  specific	
  scienNfic	
  

quesNons	
  of	
  high	
  potenNal	
  impact	
  (not,	
  primarily,	
  “just”	
  surveys).	
  	
  
•  AnNcipate	
  selecNng	
  2-­‐3	
  with	
  100hr-­‐class	
  observing	
  each	
  
•  Any	
  instrument	
  combinaNon	
  (except	
  no	
  mix	
  of	
  FSI/PSI	
  and	
  SSI)	
  

–  Selected	
  Impact	
  Proposals	
  
•  04_0116	
  (Pineda);	
  04_0122	
  (Stutzki)	
  	
  -­‐	
  	
  74.5	
  hours	
  

–  Joint	
  Impact	
  Proposal:	
  A	
  complete	
  velocity	
  resolved	
  3-­‐D	
  [CII]	
  map	
  of	
  the	
  M51	
  grand-­‐
design	
  spiral	
  galaxy:	
  Unraveling	
  the	
  impact	
  of	
  spiral	
  density	
  waves	
  on	
  the	
  evoluNon	
  
of	
  the	
  ISM	
  and	
  star	
  formaNon.	
  

•  04_0066	
  (Tielens)	
  -­‐	
  	
  75	
  Hours	
  
–  The	
  large	
  scale	
  [CII]	
  emission	
  from	
  the	
  Orion	
  molecular	
  cloud	
  

	
  

26	
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Impact	
  of	
  Density	
  Waves	
  on	
  Star	
  FormaNon	
  

•  What	
  is	
  the	
  role	
  of	
  density	
  waves	
  on	
  star	
  
formaNon	
  in	
  grand	
  design	
  spirals?	
  

•  Joint	
  Impact	
  Proposals:	
  
04_0116	
  Pineda	
  (JPL)	
  
04_0122	
  Stutzki	
  (Köln)	
  

•  Velocity-­‐resolved	
  observaNons	
  of	
  158	
  mm	
  [C	
  
II]	
  line	
  with	
  upGREAT	
  heterodyne	
  
spectrometer	
  and	
  mapping	
  with	
  FIFI-­‐LS	
  of	
  
inter-­‐arm	
  regions	
  in	
  classic	
  spiral	
  galaxy	
  M51	
  

•  For	
  the	
  first	
  Nme,	
  the	
  molecular	
  gas	
  will	
  be	
  
mapped	
  in	
  the	
  principal	
  cooling	
  line	
  of	
  the	
  
ISM.	
  

•  Project	
  is	
  also	
  a	
  demonstraNon	
  of	
  the	
  
technological	
  advancements	
  of	
  SOFIA,	
  
providing	
  mapping	
  speeds	
  more	
  than	
  an	
  order	
  
of	
  magnitude	
  faster	
  than	
  Herschel.	
  

Ha	
  image	
  of	
  M51	
  idenNfying	
  star	
  
formaNon	
  regions.	
  	
  Proposed	
  
mapping	
  grid	
  for	
  upGREAT	
  is	
  depicted	
  
by	
  the	
  squares	
  



SOFIA	
  Users’	
  Group	
  	
  	
  18	
  November	
  2015	
  

Large	
  Scale	
  [C	
  II]	
  Emission	
  in	
  the	
  Orion	
  Molecular	
  Cloud	
  

•  What	
  are	
  the	
  physical	
  diagnosNcs	
  
that	
  can	
  be	
  measured	
  with	
  the	
  [C	
  II]	
  
158	
  mm	
  emission	
  line?	
  

•  Proposal	
  04_0066	
  (Tielens)	
  to	
  map	
  
0.6	
  square	
  deg	
  of	
  the	
  Orion	
  
molecular	
  cloud	
  
–  Map	
  is	
  20x	
  the	
  area	
  of	
  Herschel	
  map	
  

and	
  explores	
  a	
  much	
  wider	
  range	
  of	
  
cloud	
  environments.	
  

•  The	
  invesNgaNon	
  will	
  explore:	
  
–  The	
  relaNonship	
  between	
  [C	
  II]	
  emission	
  

and	
  near	
  IR	
  PAH	
  emissions	
  
–  ContribuNon	
  of	
  CO-­‐dark	
  gas	
  to	
  the	
  [C	
  II]	
  

emission	
  
–  KinemaNcs	
  and	
  turbulence	
  of	
  [C	
  II]	
  

emission	
  in	
  PhotodissociaNon	
  Regions	
  

validity of the [CII] line as a star formation indicator at high redshifts during the era 
of vigorous star formation in the Universe.  

This study utilizes the unique capabilities of SOFIA. The increase in 
heterodyne receiver technology makes upGREAT on a per pixel basis more sensitive 
than HIFI/Herschel and the use of a 7-element detector array has increased the on-the-
fly mapping efficiency of the LFA by an order of magnitude as compared to the single 
pixel configuration. SOFIA's nimble telescope allows for the first time efficient 
mapping on a large scale and the proposed fully spatially sampled, [CII] survey (2000 
sq arcmin) is about 20 times the size of the undersampled area mapped by HIFI (~90 
sq armin), will reach a similar limited line flux (1K per spectral resolution element) 
and will have similar spectral resolution (0.2 km/s). Finally, the proposed map goes a 
factor ~100 weaker in terms of the intensity of the illuminating radiation field than 
HIFI. To put this into context, the [CII] intensity of Orion is estimated to be ~103 Lsun 
(Stacey et al 1993). In contrast, the total CII luminosity measured by HIFI in the inner 
Orion Nebula is only 170 Lsun and most of the CII luminosity must originate from the 
regions that we propose to map (likely reflecting a decrease in the heating efficiency 
with increasing UV field in the strongly illuminated region and the increased 
importance of the [OI] line at high density). Finally, we emphasize that, for the 
foreseeable future, SOFIA will be the only observatory that can map the [CII] 
emission in the Milky Way with such sensitivity and angular and spectral resolutions. 

 
 Fig. 1: (a) The CO J=2-1 emission measured by the IRAM 30 meter telescope at a spatial 
resolution of 11". We propose to map the same region (~0.6 sq degree) at similar resolution 
(16") in the [CII] 158 µm line. Contours are the 850 µm dust continuum emission measured 
by SCUBA tracing the dense gas associated with the S-shaped filament (eg., OMC 1 through 
4; Johnstone & Bally 1999). The white box outlines the region measured by HIFI. (b) The 
undersampled HIFI/Herschel [CII] map of the inner 90 sq arc min of the Orion PDR around 
θ1C (Goicoechea et al 2015). At this spatial resolution (12"), prominent features of the PDR 
clearly stand out. These features correlate well with other tracers of PDRs such as the PAH 
features and, except for the region associated with the embedded star cluster, the far-IR 
surface brightness. (c) The relation between the [CII]/FIR ratio and the FIR surface 
brightness. Different colors trace different regions in the HIFI map. Note how this ratio 
rapidly increases with decreasing IR surface brightness. 
 
  

Herschel /HIFI, [CII]

a) b)

c)

Colored	
  image	
  shows	
  CO	
  J=2-­‐1	
  
emission	
  mapped	
  by	
  IRAM	
  
telescope.	
  	
  Proposed	
  SOFIA	
  
mapping	
  region	
  covers	
  the	
  same	
  
extent.	
  	
  ExisNng	
  Herschel	
  mapped	
  
region	
  is	
  denoted	
  by	
  white	
  box.	
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Cycle	
  4	
  Items	
  Being	
  Worked	
  
•  Southern	
  Hemisphere	
  Deployment	
  

–  We	
  are	
  sNll	
  exploring	
  the	
  possibility	
  of	
  bringing	
  a	
  third	
  instrument	
  on	
  
the	
  Southern	
  Hemisphere	
  deployment	
  

–  Will	
  be	
  covered	
  in	
  PresentaNon	
  5	
  

•  Final	
  budget	
  for	
  FY	
  2016	
  
–  Depends	
  on	
  the	
  results	
  of	
  Congressional	
  acNon	
  

•  HAWC+	
  Commissioning	
  Schedule	
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