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A SOFIA observatory status / introduction

A GREAT instrument overview

A upGREAT instrument

A Cycle | and Il science overview
A Call for proposals Cycle Il

A Cross-calibration prospects SOFIA/Herschel
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MPIfR
W SOFIA Overview PS
DLR-Pf

2.5m telescope in a modified Boeing 747SP aircraft
Imaging and spectroscopy capable frommBto 1.6 mm
Emphasizes the obscured IR {300 m)

Operational Altitude
39,000 to 45,000 feet (12 to 14 km)
Above > 99.8% of obscuring water vapor, PWV-2A.um

Joint Program between the US (80%) and Germany (20%)
First Light images were obtained on May 26, 2010
20 year design lifetimé can respond to changing technology
Science Ops at NASAmes; Flight Ops at Armstrong FRC (Palmddie 9)
Deployments to the Southern Hemisphere and elsewhere
Goal is 2120 x 10 hourdlights per year
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MPIfR
’HEWJJ SOFIA status
DLR-Pf

U SOFIAjust transitioned from development to operations Pbadéay 29"
2014 Milestone in the project arélscience instruments are now available
for Cycle Ill (EXES, FIFILS, FLITECAM, FORCASTGREAT, HIPQ

U Successfucommissioning of the last twastruments FIFLS (based on
PACS/Herschel) and EXEHE&chelonrcrossEchelleSpectrograph) in early
2014.
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MPIfR
W SOFIA status P
DLR-Pf

U USWhite Housanitial budget proposah March 2014 for FY 2015 envisioned
shelving SOFIA in 2015dfastic cut in funding : only 12M$

U Arevisedbudgets proposedafter passingongresand Senatand propose to
allocate ~ 7687 M$, enough tonormally operate SOFIA in 2015.

U New bill still to be approved by the fullenate. Final votieefore Octobers12014

U SOFIA airplane just arrived in Germany for heavy maintenance by Lufthanse
(~8MEuros cost)- 3.5 month period

U Very good chances that SOFIA continues at least for 2 years

U Then, formal review committee will judge on science output
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’ﬁﬁm The SOFIA Observatory s

EDUCATORS’ STATION PRESSURE BULKHEAD

TELESCOPE CAVITY
(DOOR NOT SHOWN)

TELESCOPE
ENVIRONMENTAL
SYSTEM

MISSION OPERATIONS &
INSTRUMENT WORKSTATIONS TELESCOPE

SCIENCE INSTRUMENT
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’ﬁﬁm Telescope and Optical Layout pE

DLR-Pf

Pressure Bulkhead

Spherical Hydraulic Bearin

Nasmyth Tub\

Science
Instrument

*

Focal Plane
Imager

Primary Mirror
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MPIfR
’ﬁﬁm: Telescope and Optical Layout WPS
DLR-Pf
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MPIfR

SOFIA instruments Y

DLR-Pf
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W GREAT - the Consortium s

Principle Investigator instrument - funded, developed & operated by

C MPI Radioastronomie
U R. Gusten (PI)
U S. Heyminck (system engineer, PA/QA)
U B. Klein (FFT spectrometer)
U C. Risacher (upGREAT)

C Universitat zu Kéln, KOSMA
U J. Stutzki (Co-P: software)
U U. Graf (system engineer)
U K. Jacobs (HEB mixers up to 4.7 THz)

C DLR Planetenforschung

U H-W. Hubers (Co-Pl: 4.7 THz HEB &
QCL)

C MPI Sonnensystemforschung
U P. Hartogh et al. (CO-PI: CTS)
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’ﬁﬁm: GREAT - System Overview s

Channel Frequencies (THz) Lines of Interest
low-frequency L1 a,b 1.25-1.50 (single pixel [NII], CO series, OD,HCN,H,D*
low-frequency L1 a,b 1.81-1.91 (single pixel) | NH;,0OH,CO(16-15),[ClII]
mid-frequency M a,b 2.571 2.7 (single pixel) | OH(*" ;,),HD

high-frequency H 4.7 (single pixel) [Ol]

C GREAT is a highly modular heterodyne spectrometer (R ~108)
C operating in science-defined frequency bands 1.25<n<4.7 THz
C 2 out of currently 4+1 cryostats can be operated simultaneously

C channel availability (as of May 2014)
U 2 low-frequency channels are operational since Early Science (2011)

U 2 mid frequency channels:
A M, operational; M, on hold for mixer upgrade, waiting for commissioning slot

U high-frequency channel (commissioned in 05/14)
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. . MPIfR
W System description KOSMA
DLR-Pf
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’ﬁﬁm GREAT optics s

Dewar Cal-unit

C pre-adjusted to the nominal optical axis

C diffraction-limited
U  HP beam-width: 22+ (1.4 THz) and 16 (1.9 THz)

\Vtwo optics-plates '
VV LO-injection ‘
\/ Calibration unit
\V Beam-measuremen
setup
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MPIfR
KOSMA

KOSMA waveguide mixer VPS

DLR-Pf

C top (left to right)

U optical image of the 1.9 THz HEB inside the wave-
guide

U SEM micrograph of a 2.5THz NbTiN HEB on SiN
substrate with beam-leads

C right:

U mixer block with horn antenna and IF-connector
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MPIfR
KOSMA
MPS
DLR-Pf

fREIC

The performance of the Cycle-1 GREAT has improved significantly

Receivernoisetemperatures
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MPIfR

Comparison GREAT channelsTrec KoswA

DLR-Pf

GREAT Trec for all channels
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W GREAT Spectrometers pE

DLR-Pf
4.0
in development:
GREAT operates a wide suite of bacq | e A
. . . A= 30+
Integrating new technologies as avaif:
E XFFTS (2012)
A until now the usable IF bandwidth was defifz | soseo
A with new NbN HEB devices this will chang|z: |/
E 1.0 :;;
A for upGREAT, a ~4 GHz IF bands/pixel ha :
2
. l ’3 8 32 128
back-end spectrometer Bandwidth [GHz] |Re _number of spectral channels [x 1024]
AOS: acousto-optical array 4x1.0 1.6 de-commissioned
CHIRP Transform spectrometer de-commissioned
AFFTS: Fast Fourier Transform 2x1.5 0.212 operational
XFFTS: Fast Fourier Transform 2X2.5 0.088/0.044 operational
4G-FFTS 2x4.0 0.035 in development

Note: #) spectral resolution is measured as equivalent noise bandwidth, the 3 dB bandwidth is generally smaller.
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W Newest addition: 4.7 THz Hchannel  wes™

Our latest addition, the higinequency channel successfully commissioned
with truly outstanding peformance:

A observations of [Ol] at 4.74 THz (mostly galactic, due to ATM)

A based on new technologies: the NbN HEBs will be pumped by a novel QCL I
oscillator (DLRPT)

A We had a choice of 2 mixers with comparable noise figureIA00 K
A an openstructure HEB [DLRPf, Hubers]
A awaveguide HEB [KOSMA, Jacobs]

A 3 flights commissioning in May 2071i4very successful
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MPIfR
KOSMA
MPS
DLR-Pf

llpb_bl_t_]iﬂq ~L

extension of GREAT into heterodyne arrays for SOFIA
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W UpGREAT development EA‘EE“::

extension of GREAT into 2 hexagonal arrays, operating in parallel
A 2x 7 low-frequency pixels (LFA
A 1x 7 highfrequency pixels (HFA
Aor (m)any combination with GREATDO®S:s
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MPIfR

UpGREAT general layout Y
p g y MPS
DLR-Pf
Local Oscillator
LFA
l 14 times 14 times
IF
) Q Q ? >_ % processor XFFTS
Optics LFA HEE mier Blas  LMA1
-T CITLEA IF
@—@—j}\'— | XFFTS
pracessar
HEE miner Bias LA 1
-T CITLF4
Cryostat - 4K
UpGREAT crgnstat LFA
ignal f
AT B Common Optics
telascope
7 times 7 times
IF
@ - >_ [:: pracessar XFFTS
Elp-tiﬂ HEA HEB mixer Blas LA 1
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MPIfR
W UPGREAT Instrument Characteristics E”?Eﬁf

Low Frequency Array (LFA)  High Frequency Array (HFA)

RF Bandwidth 1.92.5THz (goal ) ~4.745THz

IF Bandwidth 0.2-4 GHz 0.2-4 GHz

HEB technology WaveguidebasedHEB NbN on WaveguidebaseddEB NbN on
Si membrane Si membrane

LO technology  Cooledphotonic mixers (goal) / Quantum cascade lasers (QCl
solid-state chains ( backup)

LO coupling Beamsplitter (goal) or Diplexer Beamsplitter
(backup
Array layout 2X7 pixels for orthogonal 1x7 pixelsin hexagonal
polarizations in hexagonal configuration with a central
configuration with central pixel pixel
Expected Ty ~600-1200K DSB G4GHz IF ~8001600K DSB G4GHz IF
Backends 0-4 GHz (goal) with128k 0-4 GHz (goal) with128k

channels channels
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UPGREAT LFAC™ ~**  —— <
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MPIfR

Pulse tube closeeycle cooler MPS

DLR-Pf

Main characteristics of the PT coolers

Coolers are model PTD-406C from
transMIT (Giessen, Germany)

2"d stage cooling power of 0.88W@4.2K
with a ~7 KW compressor
or 0.6W@4.2K with a ~4 kW compressor

Custom modified to include small Helium
Pots to stabilize the lowest temperature.

fVibration are minimized by separating the
rotary valve fro the cold head by a 70cm
Helium line.

Tilting with £45° will be possible with low
impact on cooling power (10%)
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MPIfR

HEB development for uypGREAT W™

DLR-Pf

A Hot Electron Bolometer (HEB) new
development at KOSMA of NbN HEB on Si

A Devices for 1.9-2.5 THz and 4.7 THz i
waveguide based

A Improved IF bandwidth compared to the
GREAT mixers (0.5-4GHz compared to
0.5-2.5 GHz)

A Fabrication of first LFA and HFA

devices finalized. l 5 4+

A HFA mixers tests in December
2013

A LFA mixers to be tested and
integrated Q1-Q2 2014.
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MPIfR
KOSMA

GREAT Flight Records MPS

DLR-Pf

fREIC

C GREAT performedl5+2flights duringS O F | BadlysScience
U observed total of 26scienceprojects(G+US)
U final releaseof datacompletedn Nov 2011
U 22 papergpublishedn A&A Special (Vol.542

C during Cycle 1 GREAT concluded

U 15.2successfullights sofar, incl.

U 9flights duringNew Zealanddeployment
U 3inJanl4 closedCycle 1l

U 6 Flights in May 2014 started Cycle Il

U For Cyclelmore than 2 dozen projects will have received quabtydated
data.

i We aimatA p o o publidafionin October 2014

SFB 956 retreat 31.05.2012



MPIfR
Astrochemistry: detectionsof light hydrides e

DLR-Pf
Search for light hydrides has been very succesful: SH, OD, p-H,D*
WA49N
IRAS 16293-2422 o 39 xF:A A doubling W'
T '
gs.o \lv
§
g‘-’? SH :
8 [u1,,1=5/2-3/2 :
4ok , . A : +| K
13826 13828 13830 13832 o]

Frequency (GHz)

T (K]

| G34.26 during Cyclel /improved GREAT

background false-color infrared image from WISE . o

1
=50 o 50 100 150 200
velocity (kmys)

Detection of OD ground-state (1.39 THz) during Basic Science (Parise et al. A&A 542 L5). p-H,D* ground-
state during Cycle 1 (New Zealand - Schlecker et al. in prep.). SH L -doublet detected in BS, follow-up during
" Cycle 1 on half dozen targets (Neufeld et al.)



MPIfR
KOSMA

NH; absorption: probing infall MPS

DLR-Pf

fREIC

Probing infall with ammonia absorption against dust continuum

A during ES 3 massive clumps with red-shifted absorption detected
A modeled with infalling envelope (Wyrowski et al. 2012, A&A 542, L15)
A half dozen additional targets observed during cycle 1 follow-up
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MPIfR

: KOSMA
Probing clean MHD shocks MPS
DLR-Pf
500 ———F————7F—————1——
: | observations|5
Gusdorf et al.: SN driven MHD shocks ~ 400 B o coneniiiio o
W28F (A&A 542), IC443 ongoing in Cycle 1 £ _ 4 .
- CO and rot H, complemetary data base 3|
- GREAT: subthermally excited high-J CO = 200
o LVG layer,
o

- model: only stationary C-type shock fit
physics: [10% cm3, 45-100 uG, 25 km/s]

CO profiles towards southern tip of shock (blue circle)
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MPIfR

Probing clean MHD Shocks- I Vo

DLR-Pf

CO excitation study towards 3 1C443 cores i archetypal SN driven MHD shock
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