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The Herschel Heterodyne Instrument 
for the Far-Infrared (HIFI)

LayLay--out Presentation:out Presentation:
Scientific motivationScientific motivation
•• HIFI consortium HIFI consortium 
•• Instrument designInstrument design
•• Instrument Observing modesInstrument Observing modes
•• First ILT resultsFirst ILT results
•• Instrument CapabilitiesInstrument Capabilities
•• “HIFI” key programs“HIFI” key programs

HIFI Programmatic Status:HIFI Programmatic Status:
•• 2004 CQM delivered2004 CQM delivered
•• 2005 CQM successfully tested/ 2005 CQM successfully tested/ 

FPUFPU--FM integrated (1235) and start testingFM integrated (1235) and start testing
•• 2006 FPU2006 FPU--FM fully integrated and testing ongoing; FM fully integrated and testing ongoing; 

Final Instrument Level tests, including calibration and Final Instrument Level tests, including calibration and 
characterisation, start midcharacterisation, start mid-- August till end of the year, August till end of the year, 

after after delivery and integration in August of last LO delivery and integration in August of last LO 
unit (LSU)

HIFI FPU-FM

unit (LSU)
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Herschel Herschel isnaddressingisnaddressing the last unexplored the last unexplored 
region of the EM spectrum:region of the EM spectrum:

The Cool UniverseThe Cool Universe

•• Herschel spectral coverage is Herschel spectral coverage is 
the entire FIR/the entire FIR/SubmmSubmm
•• blackblack--bodies 5bodies 5--50 K50 K

•• continuum radiationcontinuum radiation
•• dust grains (redust grains (re--)radiating)radiating

•• gasses 10gasses 10--few100 Kfew100 K
•• Zillions of Zillions of 

atomic/ionic/molecular atomic/ionic/molecular 
spectral linesspectral lines

•• HIFI unique scienceHIFI unique science is in the is in the 
area of formation and evolution of area of formation and evolution of 
galaxies & star/planet systemsgalaxies & star/planet systems
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Herschel Unique Science: Observations of WaterHerschel Unique Science: Observations of Water
Water abundant from SWAS, ODIN, ISO, Spitzer, etcWater abundant from SWAS, ODIN, ISO, Spitzer, etc

HIFI has coverage for variety of densities and excitation conditHIFI has coverage for variety of densities and excitation conditionsions
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Role Water as chemical and physical probeRole Water as chemical and physical probe

•• HH22O abundance shows large variations in SF regions: O abundance shows large variations in SF regions: 
<10<10--88 –– 3. 103. 10--44 => unique probe of different physical regimes=> unique probe of different physical regimes

•• Traces basic processes of freezeTraces basic processes of freeze--out onto grains and out onto grains and 
evaporation, which characterize different stages of evolutionevaporation, which characterize different stages of evolution

prepre--stellar cores ¬> stellar cores ¬> YSO’sYSO’s ¬> disks ¬> comets¬> disks ¬> comets

•• HH22O’s role in the thermal balance: when and where does HO’s role in the thermal balance: when and where does H22O O 
become dominant heating or cooling agent?become dominant heating or cooling agent?

•• HH22O as a dynamical probe of high density gas: O as a dynamical probe of high density gas: infallinfall (?), (?), 
outflow, quiescent gas, mixing, …outflow, quiescent gas, mixing, …

•• HDO/HHDO/H22O: determined by gasO: determined by gas--phase or grainphase or grain--surface surface 
processes? Relation with comets?processes? Relation with comets?
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HIFI Unique Science: HIFI Unique Science: 
Molecular Universe Spectral Line SurveysMolecular Universe Spectral Line Surveys

CSO Spectrum of Orion: 8 nights
For HIFI: < 1 hr; Total HIFI range in 12 hours

Spectral survey of Orion-KL showing 
hundreds of molecular lines with 
atmospheric transmission overlaid.

HIFI will be able to survey outside of the 
atmospheric windows and at frequencies 
never probed before, allowing for searches 
of new molecules.

JCMT Spectral SurveySpectral Survey IRAS16293IRAS16293-- 24222422

(Caux et al.)
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Cycle of Organic Molecules in the Universe: Cycle of Organic Molecules in the Universe: 
Interstellar Organics are formed in ISM Gas, Stellar Outflows anInterstellar Organics are formed in ISM Gas, Stellar Outflows and on Dust Grains; d on Dust Grains; 
Organic material integrated in Solar System, chemically processeOrganic material integrated in Solar System, chemically processed/destroyed; In d/destroyed; In 

Final Stage of Stars, dust and elements are returned to the ISM;Final Stage of Stars, dust and elements are returned to the ISM; Organic molecules Organic molecules 
may have seeded the Earth during this cyclemay have seeded the Earth during this cycle
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HerschelHerschel--HIFI Science: Life Cycle of Gas and DustHIFI Science: Life Cycle of Gas and Dust
Star Formation & EvolutionStar Formation & Evolution

Solar System:
• Water in Giant
Planets
• Atmospheric           
chemistry
• Water activity and

composition of comets

ISM in Galaxies:
• Normal galaxies
• Physical properties 

of star-forming ISM

Dense cores and 
star-formation:
• Temperature, 
density 

structure
• Dust properties
• Stellar IMF

ISM in the 
Milky Way:
• Structure
• Dynamics (pressure)
• Composition
(gradients)

Late stages of 
stellar 
evolution:
• Winds
• Shells
• Asymmetries
• Composition
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HIFI Instrument: HIFI Instrument: 
Top Level Requirements and Resulting ConceptTop Level Requirements and Resulting Concept

•• Heterodyne spectroscopyHeterodyne spectroscopy
•• single pixel on the skysingle pixel on the sky
•• very high spectral resolutionvery high spectral resolution

•• 7 dual7 dual--polpol mixer bandsmixer bands
•• 480480--1250 GHz (6251250 GHz (625--240 240 µµm) m) 

5x2 SIS mixers, 5x2 SIS mixers, 
IF 4IF 4--8 GHz8 GHz

•• 14101410--1910 GHz(2121910 GHz(212--157 157 µµm; m; 
2x2 HEB mixers, 2x2 HEB mixers, 
IF 2.4IF 2.4--4.8 GHz4.8 GHz

•• 14 LO sub14 LO sub--bandsbands
•• LO source unit in commonLO source unit in common
•• LO multiplier chainsLO multiplier chains

•• 2 spectrometer systems;2 spectrometer systems;
•• for each polarisationfor each polarisation

-- autoauto--correlatorcorrelator spectrometerspectrometer
-- acoustoacousto--optical spectrometeroptical spectrometer

Angular Resolution (with Herschel): 
12”- 40”

HIFI designed for:
- Spectral Scans  and Spectral line 

surveys
- Very high spectral resolution
- Widest possible coverage in the 

unexplored FIR/Submm range

1. Frequency coverage:
480 – 1250 GHz (625-240 µm)

1410 – 1910 GHz (212-157 µm)

2. Sensitivity
Near-quantum noise limit sensitivity
• IF bandwidth/Resolution:

- 4 GHz (in 2 polarisations)
- 140 – 280 kHz –0.5 and 1 MHz

3. Calibration Accuracy: 10% baseline; 
3% goal
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HerschelHerschel--HIFI ConsortiumHIFI Consortium

 

Demirm
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HIFI FPU FM with mixer bands HIFI FPU FM with mixer bands 
1,2,3,5           and      complete1,2,3,5           and      complete

Common Optics Asembly
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HIFI Signal Chain: Mixers and AmplifiersHIFI Signal Chain: Mixers and Amplifiers
HIFI Dual IF System - one polarisation

N. D. Whyborn, 021016

N.B. There is an identical arrangement for the other polarisation.
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HIFI Flight Mixer PerformanceHIFI Flight Mixer Performance
at Unit level (open symbols) and at Unit level (open symbols) and 

after integration in the FPUafter integration in the FPU
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BandBand--3 SIS Noise Temperature 3 SIS Noise Temperature 
as function of IFas function of IF
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LO subsystem block diagram for LO subsystem block diagram for 
LO Source Unit and LO assembliesLO Source Unit and LO assemblies

W
 a v e g u i d e s
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HIFI LO HIFI LO frequency multiplication scheme with frequency multiplication scheme with 
allall--planar devices and no mechanical tunersplanar devices and no mechanical tuners

LOU with 7 LO assemblies LOU with 7 LO assemblies 
each with 2 LO chainseach with 2 LO chains

(from (from J.PearsonJ.Pearson et al.)et al.)

To FPU

LO Assembly
with 
two chains
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LSU LSU -- DMDM

1818
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Latest update LO chain performance:Latest update LO chain performance:
Bands 1Bands 1--4 by RPG4 by RPG; ; Bands 5, 6L, 6H by JPLBands 5, 6L, 6H by JPL
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WBO FM (one Polarisation)WBO FM (one Polarisation)
with 1.1 MHz resolution and 4GHz bandwidthwith 1.1 MHz resolution and 4GHz bandwidth

Source
module

Bragg-
cell

Imaging
optics

Cyl.
lens

CCD

IF Processor



HIFI@SPIE_2006 21

HIFIHIFI--HRS (autoHRS (auto--correlatorcorrelator) FM Capabilities ) FM Capabilities 

2 HRS FM modules
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HIFI Observing Modes and AOT summaryHIFI Observing Modes and AOT summary

• Dual Beam Switch with internal copper and telescope nod
• Position Switch efficiency depending on off-position slew
• Frequency Switch with switching LSU
• Optimum AOT depending on stability Telescope-Instrument System
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HIFI Data Products and Processing LevelsHIFI Data Products and Processing Levels
(ground(ground--based heritage)based heritage)

OffPos Switch: On

Level 0 Level1

Level1

Freq. Switch

Level2
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Expected HIFI sensitivitiesExpected HIFI sensitivities
derived from FPU testsderived from FPU tests
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Summary for HIFISummary for HIFI

Methanol spectrum with 
HIFI Development model
near 500 GHz.

• Integration and Testing progressing well
• Delivery expected before the end of this year
• Preparations for operations well on track

• Frequency coverage as designed
• Sensitivity at State-of-the-art level; 

Close to expected baseline; 
Sensitivity lower at high frequency end where 
technology development progress was somewhat less
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HIFI Key ProgramsHIFI Key Programs
with possible Open time Key projects with possible Open time Key projects (*)(*)

OVERVIEW: (with coordinator’s name)OVERVIEW: (with coordinator’s name)

11. The Star Formation Program. The Star Formation Program
1.1 WATER (E. van 1.1 WATER (E. van DishoeckDishoeck))
1.2 Spectral Scans (C. 1.2 Spectral Scans (C. CeccarelliCeccarelli))
1.3 The Orion and 1.3 The Orion and SgrSgr B2 regions (T. Bergin)B2 regions (T. Bergin)
(1.4 Maps of the ORION region (J. (1.4 Maps of the ORION region (J. CernicharoCernicharo))))**
(1.5 Molecular Oxygen (P. Goldsmith))(1.5 Molecular Oxygen (P. Goldsmith))**

2. ISM2. ISM
2.1 The Warm ISM (V. 2.1 The Warm ISM (V. OssenkopfOssenkopf))
2.2 Hydrides and Molecular Carriers ( M. 2.2 Hydrides and Molecular Carriers ( M. GerinGerin))

3. Late stages of Stellar Evolution 3. Late stages of Stellar Evolution (coordinator V. (coordinator V. BujarrabalBujarrabal))
3.1 WATER and CO observations of AGB envelopes, 3.1 WATER and CO observations of AGB envelopes, PPNePPNe and and PNePNe
(3.2 HIFI frequency surveys of AGB, (3.2 HIFI frequency surveys of AGB, PPNePPNe and and PNePNe; ; coordcoord. . PardoPardo))**

4. Extragalactic Science 4. Extragalactic Science (R. (R. GuestenGuesten))
4.1 Physical and Chemical Conditions of the ISM in Galactic Nucl4.1 Physical and Chemical Conditions of the ISM in Galactic Nucleiei
4.2 The Physics of the ISM in Low4.2 The Physics of the ISM in Low--MetallicityMetallicity EnvironmentsEnvironments**

5. Water and Chemistry Studies in the Solar System 5. Water and Chemistry Studies in the Solar System (P. (P. HartoghHartogh and E. and E. 
LellouchLellouch))
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