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German Receiver for Astronomy at THz Frequencies  
ATM 1-5 THz, 14 km altitude 

Last news from SOFIA and the GREAT instrument 
Christophe Risacher ï Max Planck Institute for Radioastronomy 

Bonn, Germany 



NRAO ï CDL  March 14th 2014    Page 2 

MPIfR 

KOSMA 
MPS 

DLR-Pf 

C.Risacher 

Outline 

ÁSOFIA observatory status / introduction 
 

ÁGREAT instrument overview 
 

ÁupGREAT instrument 
 

ÁCycle I and II science overview 
 

ÁCall for proposals Cycle III 
 

ÁCross-calibration prospects SOFIA/Herschel 
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SOFIA Overview 

Ç 2.5-m telescope in a modified Boeing 747SP aircraft 

ü Imaging and spectroscopy capable from 0.3 mm to 1.6 mm 

ü Emphasizes the obscured IR (30-300 mm) 
 

Ç Operational Altitude 

ü 39,000 to 45,000 feet (12 to 14 km) 

ü Above > 99.8% of obscuring water vapor, PWV ~ 1-20 µm 
 

Ç Joint Program between the US (80%) and Germany (20%) 

ü First Light images were obtained on May 26, 2010 

ü 20 year design lifetime ï can respond to changing technology 

ü Science Ops at NASA-Ames; Flight Ops at Armstrong FRC (Palmdale- Site 9) 

ü Deployments to the Southern Hemisphere and elsewhere 

ü Goal is >120 x 10 hours flights per year 
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ü SOFIA just transitioned from development to operations Phase on May 29th 

2014. Milestone in the project and 6 science instruments are now available 

for Cycle III (EXES, FIFI-LS, FLITECAM, FORCAST, GREAT, HIPO) 

 

ü Successful commissioning of the last two instruments FIFI-LS (based on 

PACS/Herschel) and EXES (Echelon-cross-Echelle Spectrograph) in early 

2014.  

 

 

 

 

 

 

 

SOFIA status 



NRAO ï CDL  March 14th 2014    Page 5 

MPIfR 

KOSMA 
MPS 

DLR-Pf 

C.Risacher 

SOFIA status 

 

ü US White House initial budget proposal in March 2014 for FY 2015 envisioned 

shelving SOFIA in 2015 (drastic cut in funding : only 12M$).  
 

ü A revised budget is proposed, after passing Congress and Senate and propose to 

allocate ~ 70-87 M$, enough to normally operate SOFIA in 2015.  
 

ü New bill still to be approved by the full Senate. Final vote before October 1st 2014 
 

ü SOFIA airplane just arrived in Germany for heavy maintenance by Lufthansa 

(~8MEuros cost)  - 3.5 month period 
 

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

ü Then, formal review committee will judge on science output 
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The SOFIA Observatory 
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Telescope and Optical Layout 
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Telescope and Optical Layout 
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SOFIA instruments 

Commissioned 

In February -April 

2014   
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GREAT -  the Consortium 

 

 

Ç MPI Radioastronomie 

ü R. Güsten (PI) 

ü S. Heyminck (system engineer, PA/QA) 

ü B. Klein (FFT spectrometer) 

ü C. Risacher (upGREAT) 

 

Ç Universität zu Köln, KOSMA 

ü J. Stutzki (Co-P: software) 

ü U. Graf (system engineer) 

ü K. Jacobs (HEB mixers up to 4.7 THz) 

 

Ç DLR Planetenforschung 

ü H-W. Hübers (Co-PI: 4.7 THz HEB & 
QCL) 

 

Ç MPI Sonnensystemforschung 

ü P. Hartogh et al. (CO-PI: CTS) 

Principle Investigator instrument  - funded, developed & operated by  
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GREAT - System Overview 

Ç GREAT is a highly modular heterodyne spectrometer  (R ~108) 

Ç operating in science-defined frequency bands 1.25 < n < 4.7 THz  

Ç 2 out of currently 4+1 cryostats can be operated simultaneously 
     

Ç channel availability (as of May 2014) 

ü 2 low-frequency channels are operational since Early Science (2011) 

ü 2 mid frequency channels:  

ÁMa operational; Mb on hold for mixer upgrade, waiting for commissioning slot 

ü high-frequency channel (commissioned in 05/14) 

 

Channel  Frequencies (THz)  Lines of Interest  

low-frequency L1 a,b 1.25-1.50 (single pixel [NII], CO series, OD,HCN,H2D
+ 

low-frequency L1 a,b 1.81-1.91 (single pixel) NH3,OH,CO(16-15),[CII] 

mid-frequency M a,b 2.5 ï 2.7  (single pixel) OH(2
3́/2),HD 

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

 upGREAT Low Frequency Array (LFA) 1.9 ï 2.5   (14 pixels) OH lines, [CII],CO series, [OI] 

 upGREAT High Frequency Array (HFA) 4.7            (7 pixels)  [OI] 
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GREAT -  the Consortium 

GREAT, L1 & L2 channels 
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System description 
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GREAT optics 

Ç pre-adjusted to the nominal optical axis 

Ç diffraction-limited 

ü HP beam-width: 22± (1.4 THz) and 16 ± (1.9 THz) 

Vtwo optics-plates 

VLO-injection 

VCalibration unit  

VBeam-measurement 

   setup 

Dewar Cal-unit 
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KOSMA waveguide mixer 

Ç top (left to right) 

ü optical image of the 1.9 THz HEB inside the wave-

guide 

ü SEM micrograph of a 2.5THz NbTiN HEB on SiN 

substrate with beam-leads 

Ç right: 

ü mixer block with horn antenna and IF-connector 
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2011 

Goal PSR 

PSR 2009 

  2013 

2.0 

1.0    < IF > 

0.5 

1.0   < IF > 

Receiver noise temperatures 

The performance of the Cycle-1 GREAT has improved significantly  
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Comparison GREAT channels Trec  



NRAO ï CDL  March 14th 2014    Page 19 

MPIfR 

KOSMA 
MPS 

DLR-Pf 

C.Risacher 

GREAT Spectrometers 

 

 GREAT operates a wide suite of back-ends,  

  integrating new technologies as available. 
   

Å until now the usable IF bandwidth was defined by the HEB roll-off 

Å with new NbN HEB devices this will change  

Å for upGREAT, a ~4 GHz IF bands/pixel have to be processed 

         Note: (#) spectral resolution is measured as equivalent noise bandwidth, the 3 dB bandwidth is generally smaller. 

 

 

back-end spectrometer Bandwidth [GHz] Resolution [MHz]   Status 

 AOS: acousto-optical array 4 x 1.0 1.6   de-commissioned 

 CHIRP Transform spectrometer   de-commissioned 

 AFFTS: Fast Fourier Transform 2 x 1.5 0.212   operational 

 XFFTS: Fast Fourier Transform 2 x 2.5 0.088/0.044   operational 

 4G-FFTS 2 x 4.0 0.035   in development 
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Newest addition: 4.7 THz H-channel 

 

Our latest addition, the high-frequency channel successfully commissioned 

with truly outstanding peformance:   
 

Å observations of  [OI] at 4.74 THz (mostly galactic, due to ATM) 
  

Å based on new technologies: the NbN HEBs will be pumped by a novel QCL local 

oscillator (DLR-Pf) 
 

Å We had a choice of 2 mixers with comparable noise figure Trx ~1400 K 

Å an open-structure HEB [DLR-Pf, Hübers] 

Å a waveguide HEB [KOSMA, Jacobs] 
 

Å 3 flights commissioning in May 2014 ï very successful 
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upGREAT development 

 

extension of GREAT into 2 hexagonal arrays, operating in parallel 

Å 2x 7 low-frequency pixels (LFA)  

Å 1x 7 high-frequency pixels (HFA),  

Å or (m)any combination with GREATôs single pixel detectors 
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GREAT -  the Consortium 

GREAT, L1 & L2 channels 

GREAT receivers  upGREAT receivers  
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upGREAT general layout 
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Low Frequency Array (LFA)  High Frequency Array (HFA)  

RF Bandwidth 1.9-2.5 THz (goal ) ~4.745 THz 

IF Bandwidth  0.2-4 GHz 0.2-4 GHz  

HEB technology Waveguide-based HEB NbN on 

Si membrane 

Waveguide-based HEB NbN on 

Si membrane 

LO technology Cooled photonic mixers (goal) /  

solid-state chains ( backup) 

Quantum cascade lasers (QCL) 

LO coupling Beamsplitter (goal) or Diplexer 

(backup) 

Beamsplitter 

Array layout  2x7 pixels for orthogonal 

polarizations in hexagonal 

configuration with central pixel 

1x7 pixels  in hexagonal 

configuration with a central 

pixel 

Expected TREC ~600-1200K DSB 0-4GHz IF   ~800-1600K DSB 0-4GHz IF   

Backends 0-4 GHz (goal) with 128k 

channels 

0-4 GHz (goal) with 128k 

channels 

upGREAT Instrument Characteristics  
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upGREAT LFA Cryostat  
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Pulse tube closed-cycle cooler 
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HEB development for upGREAT 

Á Hot Electron Bolometer (HEB) new 

development at KOSMA of NbN HEB on Si  

Á Devices for 1.9-2.5 THz and 4.7 THz ï 

waveguide based 

Á Improved IF bandwidth compared to the 

GREAT mixers (0.5-4GHz compared to 

0.5-2.5 GHz)  

Á Fabrication of first LFA and HFA 

devices finalized. 

 

Á HFA mixers tests in December 

2013 

 

Á LFA mixers to be tested and 

integrated Q1-Q2 2014. 
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ÇGREAT performed 15+2 flights during SOFIAós Early Science  

üobserved a total of 26 science projects (G+US)  

ü final release of data completed in Nov 2011 

ü22 papers published in A&A Special (Vol.542)  
 

Çduring Cycle 1 GREAT concluded 

ü15.2 successful flights so far, incl.  

ü9 flights during New Zealand deployment. 

ü3 in Jan 14 closed Cycle 1 

ü6 Flights in May 2014 started Cycle II 
 

üFor Cycle1, more than 2 dozen projects will have received quality-validated 

data.  

üWe aim at Ăpooledñ publication in October 2014 

 

 

 SFB 956 retreat     31.05.2012 
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Astrochemistry:  detections of light hydrides 

Detection of OD ground-state (1.39 THz) during Basic Science  (Parise et al. A&A 542 L5). p-H2D
+ 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.)  

OD 2P3/2 (5/2-3/2) 

p-H2D
+ (101 - 

000) 

Search for light hydrides has been very succesful: SH, OD, p-H2D
+ 

IRAS 16293-2422 

background false-color infrared image  from WISE .  

G34.26 during Cycle1 /improved GREAT 
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Probing infall with ammonia absorption against dust continuum  

Å during ES 3 massive clumps with red-shifted absorption detected  

Å modeled with infalling envelope (Wyrowski et al. 2012, A&A 542, L15) 

Å half dozen additional targets observed during cycle 1 follow-up 
 

 

G34.26+0.15 VLA X band 

NH3 absorption: probing infall   
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Probing clean MHD shocks  

Color image: CO(6-5)  

CO profiles towards southern tip of shock (blue circle) 

Gusdorf et al.:   SN driven MHD shocks 

W28F (A&A 542), IC443 ongoing in Cycle 1 

Å  - CO and rot H2 complemetary data base 

Å  - GREAT: subthermally excited high-J CO 

Å  - model: only stationary C-type shock fit  

Å physics: [104 cm-3, 45-100 µG, 25 km/s] 
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Probing clean MHD Shocks - II  

CO excitation study towards 3 IC443 cores ï archetypal SN driven MHD shock 

GREAT spectra  

CO (11-10) 

CO (13-12) 

CO (16-15) 

Laboca 1.3mm CHAMP+ /APEX 


