INTEGRATED OPTICS
INTERFEROMETRY ACTIVITIES
IN POISDAM AND JENA
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INTERFEROMETRY PROJECIS JENA/POTSDAM

e ALSI (ADVANCED LASER WRITING FOR STELLAR INTERFEROMETRY) 2014-2017, JENA
* |A (INTEGRATED ASTROPHOTONICS) 2016-2021, POTSDAM.

* NAIR (NOVEL ASTRONOMICAL INSTRUMENTATION BASED ON PHOTONIC LIGHT REFORMATTING)
2017-2020, POTSDAM (JENA)
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COLLABORATIVE PROJECT JENA-COLOGNE (2014-2017)
JENA CONTRIBUTION:

e DEVELOPMENT OF ULIIN GLS.

* FABRICATION OF SAMPLES.

e  TEST COMPONENTS IN MONOCHROMATIC MIR LIGHT.
AFTER DECEMBER 2017/:

* JENA: FABRICATION ON DEDICATED ULI SETUP.

ULTRAFAST LASER INSCRIPTION (ULI) + PoOTSDAM: TEST OF DBC COMPONENTS.
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|A PROJECT

SPECTRO-INTERFEROMETRY
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DESIGN AND TEST BEAM COMBINERS
FOR NIR STELLAR INTERFEROMETRY.

o GENERATE NIR ASTROCOMBS IN SIN »
MICRO-RING RESONATORS FOR
R>20000 SPECTROGRAPHS.

e DEVELOP AND TEST COMBINER ON-

e DEVELOP AND TEST CALIBRATOR SKY.

ON-SKY.

AQO/PHOTONIC LANTERNS
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DIAB

 DESIGN AND TEST PHOTONIC
LANTERNS AND AQ SYSTEMS.

» DEVELOP AND TEST INTEGRATED
SPECTROMETER ON SKY.



NAIR PROJECT

COLLABORATIVE PROJECT POTSDAM-COLOGNE-HEIDELBERG-JENA (2017-2020)

GOAL: TEST PUPIL REMAPPING WITH MULTI-APERTURE COMBINERS
[MINARDI, LABADIE, LACOUR SPIE 2012].

I

ABANI SHANKAR
e DESIGN&CHARACTERISATION OF H-BAND REFORMATTERS/BEAM COMBINERS. NAYAK

* ASSEMBLY HARDWARE FOR ON-SKY TEST.

POTSDAM CONTRIBUTION:



POTENTIAL SCIENCE CASES

AlIP HAS TWO BRANCHES INVESTIGATING STELLAR PHYSICS AND GALACTIC ARCHEOLOGY.

STELLAR PHYSICS:

- RESOLVE FEATURES ON STELLAR SURFACES (J/H).
- CHEMICAL SPOTS ON MAGNETIC STARS (J/H).

STELLAR ENVIRONMENTS:

- PROTOPLANETARY DIsks (L/M).

AGN:

- IMAGES OF DUST TORI (J/H/K/L/M).

GALACTIC ARCHEOLOGY:
- STAR DIAMETERS (J/H).

[Haubois 2009] [Rottenbacher 2016]
T = 1650K o 100 0] @ 1 PC
[Kluska 2014]

[Wittkowski et al. 2004]



AVAILABLE/PLANNED FACILITIES IN POTSDAM
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NIR INTERFEROMETRIC TESTBENCH. »  NUMERICAL SIMULATION TOOLS. »  SCAO SETUP.
LASER AND CONTINUUM SOURCES. »  CRYOGENIC CHAMBER.

100/400 Hz cOOLED INGAAS CAMERA.
60 Hz INSB CAMERA.
UPGRADETO >6 CHANNELS PLANNED.



ULI WAVEGUIDES IN GLS

PEAK INDEX CONTRAST ~5-103
PROPAGATION LOSS 0.9+/-0.2 dB/cm

BEND LOSS <1dB/BEND FOR R>40 mm
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THE DISCRETE BEAM COMBINER

ARRAY OF COUPLED
WAVEGUIDES

ARRAY OF
DETECTORS

e SIMPLE DESIGN/FABRICATION.

e SCALABLE TO LARGE NUMBER OF TELESCOPES.

e RATHER CHROMATIC.
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HOW DO DBC WORK
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SINGLE WAVEGUIDE EXCITATION

V2P M DESCRIPTION OF SYSTEM:

T=( AP ([ Ay Py A 45 (A Ay Ay A

[MINARDI, PERTSCH Opt. Lett. 35, 3009 (2010), MINARDI MINRAS 422, 2656 (2012).]



ACCURACY OF COHERENCE RETRIEVAL

{Q(fni}

« (PSEUDO)-INVERSION OF {ou} IS POSSIBLE IF Nyo>N2
e THE MATRIX SHOULD BE WELL CONDITIONED.

e CONDITIONING DEPENDS ON INPUT SITES AND ARRAY
LENGTH.



POLYCHROMATIC OPERATION

[Saviauk et al. Appl. Opt. 52, 4556 (2013)]



[1G-ZAG DBC

NEXT-NEAREST-NEIGHBOR COUPLING IS A SUFFICIENT O Q O
CONDITION FOR USING ARRAYS OF WAVEGUIDES AS )"O
COMBINERS.

[MINARDI PHYS REV. A 92, 013804 (2015)] O O
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FIRST EXPERIMENTAL RESULTS WITH ZIG-ZAG

Baseline T1+T2 Baseline T1+T3

OPERATING WAVELENGTH IN MIR (3.39 um)

RETRIEVAL OF FRINGES WITH HIGH SNR
WITH ~2000 COUNTS PER FRAME.

[Diener et al. Opt. Exp. 25, 19262 (2017)] TOTAL LENGTH: 30 mm ~2.7 dB loss



6T ZIG-ZAG AND COMPENSATION OF CHROMATISM
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 (CURRENTLY TESTING PROTOTYPES OF 61 DBC FOR H-BAND.

)]

e J-BAND COMBINERS UNDER DEVELOPMENT.

* [NVESTIGATION ON IMPACT OF ASYMMETRIES ON BANDWIDTH OF COMBINATION.



4T NULLING CHIP
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e PHOTONIC ANGEL/WOLF 4T NULLING SCHEME.

* FLAT NULLING AT THE CAMERA NOISE LEVEL
DEMONSTRATED.

* VIS BAND BUT SCALABLE TO MIR.

Flux (normalized)
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[Errmann et al. Appl. Opt. 54, 7449 (2015)]
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CONCLUSIONS

IMAGING BEAM COMBINERS WITH STRAIGHT WAVEGUIDES TESTED IN MIR.

INVESTIGATION OF METHODS FOR COMPENSATION OF CHROMATISM GOING ON.

COMMITTED TO ON-SKY TEST OF ASTROPHOTONIC TECHNOLOGIES.

OPEN TO COLLABORATIONS.



