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SOFIA Data Products 

Defined in the Data Processing Plan for SOFIA SIs : 
Level 1: raw SI data in standardized format (FITS) 
Level 2: corrected for instrument artifacts (e.g. dark current, bad pixels, 

etc…) 
Level 3: flux calibrated (using FITS keywords; Jy/pix) 
Level 4: high-order products possibly combining multiple observations 

   (e.g. mosaics, spectral cubes) 



Since Last SUG (Oct 2014) 

•  Completed all remaining Level 3 processing for OC2 
(Imaging/Grism, Nov 2014) 

•  Completed all processing for OC2H (Feb 2015) on-schedule 
•  Released v1 of EXES pipeline (Mar 2015) 
•  Supported both EXES and FIFI-LS commissioning flights. 
•  Hired new scientist, Ed Chambers (Univ. Cologne), to support 

GREAT 
•  Hired new engineer, Jennifer Holt (Keck), to work on FIFI-LS 

pipeline (and QA database). 
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Data processing team has produced ~270 GB 
L2/3 data (>62000 files) for OC1 and 2. 



Operational Status 

•  All processing for FORCAST/FLITECAM in OC2 complete. 
–  Data available in archive; GIs notified. 

•  Supporting EXES OC3A processing. 
–  Header fixes and manual processing in work. 

•  Reprocessing: 
–  Update FORCAST grism response curve uncertainty spectra for 

OC1 -- Processing DONE, notification imminent 
–  Reprocess data from 01_0042 (PI: Sankrit) – processing DONE, 

notification imminent. 
–  Reprocessing OC1B FORCAST imaging data to correct problem 

with large chop throws – IN WORK 
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SI Pipeline Readiness 

SI Pipeline Status 
FORCAST Imaging Automatic pipeline in operation. 
FORCAST Grism Automatic pipeline in operation. 
FLITECAM Imaging Automatic pipeline in operation. 
FLITECAM Grism Automatic pipeline in operation. 
EXES Manual pipeline tested/deployed; automatic mode 

under test with OC3A data. 
FIFI-LS Preliminary pipeline received; alpha version complete; 

algorithm updates and DPS IT&V underway. 
HAWC+ Preliminary pipeline for HAWC received; update for 

HAWC+ expected in May (TBC). 
GREAT Processing handled by SI team; results archived at 

SSC. 
HIPO N/A 
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DPS Pipeline Development for CY 2015 

•  FORCAST:   
–  Minor engineering updates for OC2H (DONE) 
–  Minor engineering updates for OC3 (IN WORK) 
–  Develop slit response function (IN WORK) 
–  Review/test wavecals vs. TAAS data 
–  Improve Droop correction in LWC 

•  FLITECAM:  
–  Complete integration with DPS infrastructure (DONE) 
–  Minor Updates for OC3 (IN WORK) 
–  Update wavecals for LM+A grism (WAITING) 
–  Update wavecals for 1” slit (imminent) 

•  FIFI-LS: 
–  Complete IT&V with DPS (IN WORK) 
–  Update telluric correction & flux calibration algorithms (WAITING) 
–  Release v1 in time for OC3K (Oct 2015) 

•  EXES:   
–  Finish/release v1.0.0 (DONE) 
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DPS Infrastructure Development for CY 2015 

New capabilities/tools: 
–  Update grouping algorithm/implementation (DONE) 
–  Auto pipeline timeout support (DONE) 
–  Automatic email notification tool (DONE) 
–  Deploy prototype internal QA database (IN WORK) 
–  Display QA comments in DCS archive (IN WORK) 
–  Update WCS QA reporting 
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Management Tools 

•  All documents stored/shared internally using local Wiki. 
•  All Issues (developmental/operational) tracked using JIRA and 

assigned to specific software versions for release. 
•  Development schedules follow NASA SMP using Gannt charts to 

track progress. 
–  Driven primarily by flight series start dates. 

•  Operational schedule/resources estimated using Gannt charts. 
•  Operational status tracked using Kanban Board (Trello) 

–  Allows easy tracking/notification of processing on a flight-by-flight basis 
(web/mobile apps) . 

–  Collects deadlines, responsibility, status, and notes all in one place. 
–  No deliverables or sensitive info stored there; purely tracking tool. 
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SW Development Lifecycle 
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SW Engineering Lifecycle 
SOFIA Science Project SW Management Plan 
SCI-AR-PLA-PM20-2004 (Rev C.2) 



Development Lifecycle Schedule 
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Data Processing Operational Flow 
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OC2H Processing Schedule (Planned) 
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OC2H Processing Schedule (Actual) 
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OC2H QA:  Data Disposition 

Flight N_Obs* Nominal (%) Usable (%) Problem (%)** Fail (%) Notes 

190 Imaging 74 90 0 0 10 Focus issues. 

190 Grism 13 75 0 25 0 Problems w/ Juno flux 
calibration. 

191 Imaging 60 85 15 0 0 

191 Grism 24 79 0 21 0 Problems w/ Juno flux 
calibration. 

192 Imaging 82 100 0 0 0 

192 Grism 28 60 0 30 10 Problems with Juno flux 
calibration; Juno not in slit. 

193 Imaging 83 97 3 0 0 

193 Grism 18 76 0 24 0 Problems w/ Juno flux 
calibration. 
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*   All observations, including standards, GTO, DD, etc… 
** No “PROBLEM” data distributed for GI programs; used for standards/GTO data only. 

No off-line reprocessing needed for OC2H.  



Top 4 Data Processing Issues 

1.  FIFI-LS pipeline and calibration procedure still in-work 
–  Supporting Christof Iserlohe (Stuttgart) on algorithm updates (flats, 

telluric correction, flux calibration, etc…). 
2.  QA is time-consuming 

–  Trend is positive for FORCAST – OC2 D/F/H QA (FORCAST) took only a couple 
days per flight. 

–  Still an issue for EXES and FIFI-LS (Level 1) 
–  See Backup Slides for QA process details 

3.  SI Configuration Changes 
–  Changes in SI often cause changes to pipelines which require formal test and 

release according to NASA software management plan; can impact processing 
schedule. 

–  Mitigated by new “beta release” procedure. 
4.  Processing staff (~6 FTE) matrixed into other observatory activities 

(e.g. flight ops). 
–  Short Term: Sometimes conflicts with processing schedule/deadlines. 
–  Long Term:  Benefits pipeline operations due to increased familiarity with SI data 

and observing modes/strategies. 
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Backup Slides 



FORCAST Measured Image Quality (OC2) 
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Output from flux calibration analysis. 



FORCAST Imaging Response 
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Output from flux calibration analysis. 



Recent (Independent) Results 
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Witnessing the Emergence of a Carbon Star 3

structure with a radius of 500⇥400 in the visible (Li et al. 2002)
and 600⇥500 in radio (Bryce et al. 1997), while a much larger
extension of the faintest part of the nebula is detected in
the near-infrared (Phillips & Ramos-Larios 2007). Previous
mid-infrared imaging observations of BD+30� 3639 with a
spatial resolution of 1.500 found that the 8.6 and 11.3µm
(PAHs) bands are slightly more extended than the contin-
uum emission (Bentley et al. 1984). Higher spatial resolution
imaging and spectroscopic observations of BD+30� 3639,
taken with the Subaru telescope, confirmed that the PAH
emission bands are more extended than the dust continuum
emission, but show a similar extent to the [Ne II] 12.8µm
emission (Matsumoto et al. 2008). These observations also
show evidence for a 10µm absorption feature, attributed to
silicates.

Until SOFIA, it was not possible to map the silicate
emission features in this object, because the features emit at
longer infrared wavelengths where no instrument was able to
o↵er the necessary combination of wavelength coverage, sen-
sitivity, and spatial resolution. Using the expansion velocity
of the silicate shell of 10 km/s, and a distance of 1.2 kpc
(Li et al. 2002), the expansion rate of the shell is 1.76±0.25
mas yr�1 in radius. Using the images we compared the size
of the C-rich to the O-rich shell. For the C-rich shell we av-
eraged all the images of the PAHs filters (6.4 to 11.3µm),
for the O-rich shell we used the image of the silicates filter
(33.6µm). We measure the size (radius) of the C-rich and
the O-rich shells to be 5±0.7500 and 7.5±0.7500, respectively.
These correspond to dynamical ages of 2,800±580 yr for the
C-rich shell and 4,300±740 yr for its O-rich counterpart.
This means that the transition of the star from O- to C-rich
took place within a window of 1,500±940 yr. These values
are entirely consistent with the post-AGB age of the central
star determined by comparison of its luminosity and tem-
perature to evolutionary tracks (Vassiliadis & Wood 1993;
Blöcker 2001).

4 ANALYSIS & DISCUSSION

In Figure 1 and 2, we can see the di↵erent extensions of the
two major components presented here, PAHs and silicates.
It is important to note that no continuum filter observations
were made, as such, the dust continuum contribution is not
subtracted from any of the presented observations. There-
fore, one must consider the level of continuum contamination
in each filter before drawing conclusions as to the relative
distribution of PAHs and silicates.
In the case of PAHs, from Figure 3, we can see that the
FOR F064 filter has a negligible contamination by dust con-
tinuum and thus traces the PAHs emission. From Figure 2
we can see that the emission in this filter has the same ex-
tension as the other PAHs filters, as such, we can assume
that the measurements made in the PAHs filters are tracing
the PAH emission, rather than just extended dust contin-
uum.
Unfortunately, the observation made in the filter encompass-
ing the silicates emission, the FOR F336 filter, includes a
significant contribution of dust continuum, as shown in Fig-
ure 3. Based on the images alone, we are unable to determine
the spatial distribution of the silicates with respect to the

Figure 1. SOFIA images of BD+30� 3639 using the 6.4µm,
7.7µm, 11.1µm, 11.3µm, and 33.6µm filters. To compare the size
of each image, we have overplotted a blue circle of 500 radius in
all of them. The white line in the top left panel represents the PA
of the cut made to all the images.

dust continuum in the nebula. In order to resolve this degen-
eracy, a radiative transfer model of the nebula was created.

We constructed simple 3D photoionisation and dust ra-
diative transfer models using the mocassin code (Ercolano
et al. 2003, 2005, 2008). The model consists of neutral
PAHs and graphitic carbon (optical constants from Li &
Draine 2001), and amorphous silicates (optical constants
from Laor & Draine 1993) and crystalline fosterite (optical
constants from Jager et al. 1998). In both the dust density
is proportional to r�2 and the grain size distribution is
standard Mathis, Rumpl, & Nordsieck (1977 [MRN]). We
adopted a distance of 1.2 kpc, and a central star luminosity
and temperature of 4.25⇥103 L� and 55,000 K. We varied
the shell radii, the position of the silicates and carbon,
and the mass of dust in each shell to obtain a good fit
to the data. For the model to fit the ISO spectrum and
the SOFIA data points, the carbon material has to be in
the inner parts, while the silicates need to be in the outer
parts of the nebula. If silicate dust is present in the inner
warmer regions of the shell, emission features at 10 and
18µm are predicted, opposite to what it is observed. The
total mass is constrained to within 10% by the models. In
the best fitting model (Figure 4), the carbon shell extends
from 1.5 to 5.500 on the plane of the sky and contains
6.6⇥10�5 M� of dust, while the silicate shell extends from
5.5 to 7.500 and has a mass of 8.1⇥10�5 M�. The carbon
dust mass loss rate, assuming the switch happened 2,800 yr
ago, would be 2.4⇥10�8 M� yr�1, so a total mass loss rate
of 7.0⇥10�6 M� yr�1 if the gas-to-dust ratio is 300. The
silicate dust mass loss rate would be 5.4⇥10�8 M� yr�1 for
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Figure 2. Radial cuts along the major axis of BD+30� 3639,
along a PA of 135� for all the SOFIA images: Top image shows
the PAHs filters only (6.4µm, 7.7µm, 11.1µm, 11.3µm). The mid-
dle image shows the PAHs filters and the silicates filter (33.6µm),
while the bottom image shows all the filters with the flux nor-
malised.

a total mass loss rate of 1.6⇥10�5 M� yr�1.

The observed C/O ratio in the ionized region is 1.59
(Bernard-Salas et al. 2003). Assuming instant, homogeneous
mixing, and a solar O abundance, an initial C/O ratio of 0.8,
and an envelope mass of 0.01M�, the numbers suggest that
the thermal pulse dredged-up 4⇥10�5 M� of carbon, this is
almost the same value we obtain. However, the current wind
from the central star has C/O = 30 ± 15 (Yu et al. 2009),
so that even if the mass-loss rates are low, the current wind
can still add significantly to the carbon budget. The range of
C/O and the somewhat low carbon dust mass may suggest
that the carbon dredge-up was not instantaneous but that
the C/O increased while the mass loss continued.

Independently, a stellar evolutionary model was con-
structed with an initial stellar mass of 1.5M� and solar
metallicity, fairly typical values for a Galactic Disk PN. This

Figure 3. ISO spectrum of BD+30� 3639. The dashed lines are
used to show the position and width of the SOFIA filters used on
this paper. Dark-blue represents the bandpass for the FOR F064
filter, the FOR F077 filter bandpass is in purple, brown for the
FOR F111 filter, green for the FOR F113 filter, and light-blue for
the FOR F336 filter.

Figure 4. 3D model using mocassin. The blue dotted line is the
total SED given by the model, in cyan we show the contribution
of the O-rich dust and in pink the C-rich dust. The green crosses
are the SOFIA fluxes (assuming a 20% uncertainty), and the red
line is the ISO spectrum over-plotted.

model (Figure 5) derives a peak mass-loss rate at the point
where the model star becomes C-rich of ⇠1⇥10�5 M� yr�1

and a final central star remnant mass of 0.62M� (Karakas
2014), closely matching those values determined from the
observations and photoionisation modelling. The model
shows that the typical interpulse period near the end of the
star’s life is ⇠1⇥105 years, while the total duration of a
thermal pulse, a third dredge-up, and relaxation back to H-
shell burning is of the order of ⇠1000 years or more. The
numbers fit the duration of the change from oxygen-rich
to carbon-rich mass loss observed with SOFIA, and con-
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Data Processing Flow 

Two modes of Level 2 
Processing: 

–  Manual:  operator runs 
established version of 
pipeline interactively in 
stand-alone environment 
(workstation) on a single 
observation. 

–  “Automatic”:  pipeline is run 
automatically on data for a 
whole mission.  Some 
provision for user-interaction 
will be made. 

Level 3 Processing will be highly 
user interactive, utilizing both 
COTS and custom tools/
pipelines. 



Quality Assurance Activities 
Level 1: 

–  Validate header keyword values against observing log 
–  Spot check data (based on observing logs) for anomalies 
–  All discrepancies/changes tracked in JIRA 
–  Update headers and submit to DCS archive (scripts, DCS tools) 
–  Updated files are stored as new “revision” in DCS; only latest 

revision is displayed in DCS archive. 
Level 2: 

–  Inspect L2 products for issues outlined in Pipeline Users Manual 
(for all datasets, including commissioning/GTO) and assess 
overall data quality. 

–  Document discrepancies/issues and recommend fix for re-
processing in QA log sheets. 

–  Update DATAQUAL keyword for all products. 
–  Submit to DCS for final storage/archiving. 
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Flux Calibration for FORCAST and FLITECAM Imaging 

•  Commissioned SI calibration plans are under change control. 
•  For OC2, a new plan for FORCAST was approved:  one calibrator 

will be observed per flight (all filters) 
–  Effect on calibration accuracy still TBD. 

•  For imaging, fluxes and wavelengths have been derived for each 
standard star for each filter using a comprehensive model of the 
instrument throughput and atmospheric transmission 

•  Corrections for differences in airmass, altitude, and pwv, between 
targets and standards have been derived from ATRAN models for 
each passband and incorporated into the calibration software 

•  Calibration parameters applied to Level 2 data to produce Level 3 
products; calibration params also stored in archive for reference. 

•  All standards obtained in-flight are used for calibration. 



Standard Star Selection 

•  For FORCAST, standard stars chosen from list of Herschel 
standards for which good models covering the FORCAST 
bandpass are available: 
–  α Boo, α Cet, α CMa, α Tau, β And, β UMi, γ Dra,  σ Lib 
–  Asteroids (especially important for calibrating filter “blue leaks”) 

•  For FLITECAM, imaging standard stars chosen from Cohen 
et al. (2003) list of “Supertemplate” stars (~22 K-M giants 
with K ~ 5-8 ); grism standards are A0V’s, as used for 
ground-based NIR spectroscopy 



WCS Issues 

•  FORCAST 
–  C2NC2 and NMC observations have large WCS discrepancies, 

apparently related to nodding.  After correction, WCS much 
more accurate. 

–  FORCAST control software will need update to correctly account 
for nodding (and other minor discrepancies). 

•  FLITECAM 
–  WCS solution in headers appears accurate to ~0.7” at ref pixel; 

~3” at field edge (due to coma and distortion). 
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