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Overview:
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1. Motivation
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Photonics21 Press Release Sep. 14, 2011

→ 7 billion Euro Public-Private-Partnership Proposal
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March 28, 2012
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1976
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http://www.aip.de/Euro3D/
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MUSE + KMOS, 

2nd Generation VLT Instruments
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LARR IFU PPak IFU

74 arcsec8 arcsec

Integral Field Spectroscopy : the thorny road of innovation…



OPTICON Board Meeting October 2012            p. 13

PSF-fitting CCD photometry → Spectroscopy !
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Kamann et al. A&A, submitted
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MUSE „Dry Run“ (Kamann et al. A&A, submitted)

47 Tuc, 36.000 stars from HST

Crowded-field PSF-fitting 3D spectroscopy

of globular clusters with MUSE
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MUSE „Dry Run“ (Kamann et al. A&A, submitted)

47 Tuc, 36.000 stars from HST

Crowded-field PSF-fitting 3D spectroscopy

of globular clusters with MUSE
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MUSE „Dry Run“ (Kamann et al. A&A, submitted)

⇒ derive:

• Teff
• log g
• Fe/H
• vrad

Crowded-field PSF-fitting 3D spectroscopy

of globular clusters with MUSE
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http://www.caha.es/CALIFA/
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The CALIFA Survey Sample
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FIREBALL Proposal FIREBALL Baseline Parameters

� FLAMES OzPoz patrol field with 26’ diameter FoV
� 90 hexabundle IFUs, each with ~5” diameter FoV
� Hexabundles: 61 fibres, 0.6” projected fibre core 

diameter
� 6 spectrographs, adapted for fibre-feed, R~1200-2100 
� free spectral range: 430-850nm (goal: blue extension)
� total throughput goal: 30%
� sensitivity:  R ~19.8 survey limit, resulting in 100-

160 galaxies per FLAMES field at median z ~ 0.2; 
typical half-light sizes for disk galaxies 2”-6” diameter

� detector head, NGC CCD controller, vacuum/cooling 
system adapted from MUSE

� individual spectrograph shutters
� no moving parts other than shutters + fibre positioner
� retain full existing facility and utilise as much FLAMES 

infrastructure as practical
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MaNGA Prototype Ferrule (August 2012)

SDSS

„AS3“

→ Europe may loose the lead !
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2. Roadmap 2013-2016
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812241824Person-months 

UBATHHWUAAOUDURAIPParticipant short 
name

2423111719Participant number

RTDActivity type

AstrophotonicsWork package title
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event

WP 3Work package 
number



OPTICON Board Meeting October 2012            p. 30



OPTICON Board Meeting October 2012            p. 31

http://web.archive.org/web/20051206035043/http://as.nasa.gov/aboutus/trl-introduction.html

Technology Readiness Level System

Technology for the mid-infrared

Plane Lightwave Circuits

3D Waveguide Structures

Structured Fibres

Photonic technologies

Photonic Switching

Photonic Reformating (Pupil/Image)

Photonics in Interferometry

Photonic Calibration

Integrated Spectrographs

Photonic Filters

Major applications
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3. R&D Examples
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Fibre Tapers

440 µm 20 mm 

88 µm 

5mm 

Cladding Diameter (μm) 

Down-taper Length (mm) 

Waist Length (mm) 

Up-taper Length (mm) 

Waist Diameter (μm) 

Efficient coupling telescope to photonics

• Photonic Lanterns (PL) [later slide]

• Replace conventional bulk optics

• Multimode Taper Transitions (MTT)

• SM tapers

• Hexabundles [later slide]

• Planar waveguide coupling

• Astro-combs

Collaborations and industry links

• AAO: MANIFEST Study for GMT

• Polymicro Technology (MOLEX)

• Ceram Optec

• Leoni FiberTech

• University of Aston (FBG’s and Sensing)



OPTICON Board Meeting October 2012            p. 34

Photonic Lanterns & Multicore Fibres

Multimode to Single Mode

• Photonic Lantern (PL)

• Conventional (1x61)

• Multicore (1x121)

• Fibre Bragg Gratings

• GNOSIS bulky filter

• Next Gen. Multicore

Characterisation of PLs

• Modal Noise

• Chromatic effects

Collaborations

• University of Bath

• ASPIC (AAO and USyd)

• Heriot Watt University
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Fibre Bragg Gratings and Photonics Filters

OH Suppression

• Sensitivity increase of up to 30

• Photonic Lantern (PL)

• Fibre Bragg Gratings (FBGs)

• FBG Facility at innoFSPEC in 2013 (400 K€)

• on-sky demonstrator: GNOSIS@AAT

• PRAXIS new OH suppression in 2013

• Next generation filters in multicore fibre

→ compact, Robust, Lower cost

Collaborations

• University of Bath

• University of Aston

• Friedrich-Schiller-Universität Jena 

• University of  Valencia

• ASPIC (AAO and USyd)

• Heriot Watt University
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Photonic Calibration Techniques

[B]

Initial 

lasers23 THz

[C]

100 µm

Laser Frequency Combs
- Nonlinear optical fibres 

- Micro-resonators

(1) Nonlinear fibre approach

• Two lasers with tuneable comb spacing 

• Dispersion, nonlinear coefficients, length

(2) Micro-resonators

• Phase matched and equal spaced resonances

• Dispersion optimised Si3N4/SiO2 waveguides

• Tailor waveguide material and structure

Collaborations:

• LZH and Andres Rieznik: Fibre approach

• IHP (Si3N4): Micro-resonator approach

• InFaSe: Waveguide characterisation
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Integrated Photonic Spectrographs (IPS)

IPS based on arrayed waveguide gratings (AWG)

• Replicable, modular and robust

• Small and costs effective 

• Astronomy, remote sensing, etc

Si3N4 and silica-on-silicon

• Two substrate platforms

• 48 channels, 0.4nm spacing

• R ~ 7600

Collaborations

• OCR Soton, Gemfire (SoS)

• IHP (Si3N4)

• MQ-Photonics and AAO
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On-sky Demonstrators: GNOSIS & PRAXIS

GNOSIS
• Commissioned in 2011

• Excellent OH Suppression 

• Low efficiency

• Limited S/N gains

• High thermal background

• Detector noise limited

• Photonic Lanterns co-funding1) 200 K€

PRAXIS
• Development 2012 – 2013

• ASPIC (AIP, UP, AAO, USyd)

• New high efficiency design

• Cold fibre slit

• low noise detector co-funding1) 350K€

1) innoFSPEC Potsdam
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High multiplex / imaging spectroscopy –
technology transfer

phenyl stretch acetaminophen

ERA2:
Lab Demonstrator from WtW Program 2010

Multichannel spectroscopy for:

• label-free imaging Raman spectroscopy

• Multiple marker fluorescence spectroscopy

• Hyperspectral autofluorescence imaging

Wavelength range: 460-930nm

Δλ< 0.3nm and 400 spectra

Collaborations and industry links

• LMTB GmbH in Berlin

• Charite University Hospital Berlin

• IPHT Jena
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Innovation Center for fiber-optical Spectroscopy and Sensing

Headquarter at AIP Campus in Potsdam Babelsberg
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4. Conclusions

• Astrophotonics = key enabling technology ?

• broad range of applications

• currently at an early stage

• European joint activities leading world-wide

• OPTICON WP3 promising focus for numerous

activities with funding from elsewhere


