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1. [bookmark: _Toc53503206][bookmark: _Toc104820186]Work package summary  

	
MICROCOMB WP 8 Report

Work package title: Microcomb Technologies for Spectroscopy, Metrology and Astronomy


	Participating partner
	Principal Investigator
	ESR number according to the GA
ESR numbering explained

	1 – BATH
	D.Skryabin
	ESR N°1 – Mr Zhiwei Fan
ESR N°2 - Mr Vladislav Pankratov;

	2 – EPFL
	T. Kippenberg

	ESR N°3 – Mr Mikhail Churaev;
ESR N°4 – Mr Connor Skehan (left the project)
ESR N°4 – Mr Aleksandr Tusnin
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	B.Kuyken
	ESR N° 7 – Mr Ewoud Vissers

	8 – MENLO
	R.Holzwarth & K.Stockwald
	ESR N°11 – Mr Ignacio Baldoni

	9 – MPQ
	N.Picqué
	ESR N°9 – Ms Ruyu Ma (left the project)

	9 – MPL
	P. Del’Haye
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	K.Gallo
	ESR N°12 – Mr Halvor Rogers Fergestad

	12 – IBM
	P.Seidler
	ESR N°15 – Mr Alberto Nardi

	Lead Beneficiary
	9 - MPQ / N.Picqué




In this work package, tools, and techniques to use microcombs for broadband molecular spectroscopy, metrology and astronomy will be developed. In particular, directly self-referenced microcombs on a chip (EPFL, IBM, LGT, VLC) and several approaches to dual-comb spectroscopy with two microcombs of slightly different repetition rates (MPQ, MPL, GENT, BATH) will be explored. Novel microresonator materials for comb generation in the mid-infrared, of interest to molecular spectroscopy, will be investigated. The beneficiaries MPL and BATH will collaborate on resonator development using silicon nitride, SiO2 and novel mid-infrared materials. GENT and MPQ will establish electrically pumped mode-locked lasers on a silicon platform for an integrated dual-comb spectrometer. Furthermore, methods to generate frequency combs using multiple nonlinear processes will be explored, using spectral broadening (supercontinuum) in LiNbO_3-on-insulator waveguides (KTH) or comb generation in resonators with cascaded chi(2) and chi(3) processes (KTH, BATH, FRB, IBM), which could facilitate comb self-referencing and provide access to new spectral regions. BATH will also develop theories directly applicable to the experiments in MPL, EPFL, MPQ and KTH. The developed microresonator systems will be harnessed for future space applications (MPL, MENLO), molecular spectroscopy and kinetics in the gas- and condensed-phases (MPQ, GENT, MPL) and spectrograph calibration (MENLO) for astronomy applications. This research WP is linked to the intensive courses 4,5 in the training WP 5 and it comprises activities of the associated ESRs as outlined in the tasks listed below. Technical details of the tasks can be found in the descriptions of the various ESR projects.
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1. [bookmark: _Partner_progress_on][bookmark: _Toc104820187]Partner progress on tasks in Work Package 8

	[bookmark: _Hlk104823392]Milestones
	Milestone title
	Means of verification

	MS3 (BATH)
	ESRs 1 & 2 have numerical codes for modelling of comb solitons and comb generation in the experimental schemes developed by consortium
	ESRs 1,2 have numerical codes for modelling of comb solitons and comb generation in the experimental schemes developed by consortium

	MS4
(EPFL)
	Demonstration of octave spanning dual dispersive wave comb spectra, solitons and low phase noise microwaves on SiN and GaP platforms
	ESRs 1,2 have numerical codes for modelling of comb solitons and comb generation in the experimental schemes developed by consortium

	MS8 (MPL)
	Demonstration of frequency stabilized dual-comb with counter-propagating waves, multi-heterodyne measurements, and designs for spectroscopy experiments
	demonstration of frequency stabilized dual-comb with counter-propagating waves, multi-heterodyne measurements and designs for spectroscopy experiments

	MS9 (MPQ)
	Operational dual-comb spectrometers using electrically-pumped III/ V-on-silicon near-infrared mode-locked lasers and microresonators
	demonstration of frequency
stabilized dual-comb
with counter-propagating
waves, multi-heterodyne
measurements and designs for
spectroscopy experiments

	MS11 (KTH)
	Demonstration of supercontinuum generation in quasi-phasematching (QPM) LNOI waveguides; fabrication and characterisation of microresonator samples
	demonstration of frequency
stabilized dual-comb
with counter-propagating
waves, multi-heterodyne
measurements and designs for
spectroscopy experiments

	MS12 (UGENT)
	Hybrid integration of III/V source and comb generators on SiN platform for dualcomb spectroscopy
	demonstration of frequency
stabilized dual-comb
with counter-propagating
waves, multi-heterodyne
measurements and designs for
spectroscopy experiments




1.1. [bookmark: _Toc104820188]Task 8.1 Demonstration of self-referenced microcombs with octave spanning spectrum directly generated in a microresonator

Beneficiaries and partners involved in the task: ESR 3 (EPFL), ESR 5 (MPL), LiGenTec
Objectives of this tasks are to develop, and exploit microresonator-based, dual-comb spectroscopy systems.

ESR 3 (EPFL):

ESR 5 (MPL):

Milestones met:

[bookmark: _Hlk106625716]Publications:
·  
·  
· 
Please complete this Dissemination and communication spreadsheet for your individual project
Please complete the secondments google sheet and if the secondment didn’t take place please provide the justification in the column “L”.



1.2. [bookmark: _Toc104820189]Task 8.2 Development of dual-comb spectrometers based on micro-resonators and integrated silicon-based electrically pumped mode-locked lasers

Beneficiaries and partners involved in the task: ESR 5 (MPL); ESR 7 (GENT); ESR 13 (MPQ); ESR 2 (BATH)
Objectives for this task are to realise and exploit an electrically pumped integrated dual-comb spectrometer on a silicon platform.

ESR 5 (MPL):

[bookmark: _Hlk57106615]ESR 7 (GENT):

ESR 13 (MPQ):

ESR 2 (BATH):

Milestones met:

Publications:
·  
·  
· 
Please complete this Dissemination and communication spreadsheet for your individual project
Please complete the secondments google sheet and if the secondment didn’t take place please provide the justification in the column “L”.




2.2. [bookmark: _Toc104820190]Task 8.3 Observation and modelling of the low threshold comb solitons in GaP rings

Beneficiaries and partners involved in the task: ESR 15 (IBM); ESR 1 (BATH)
Objectives for this task are to develop on-chip self-referencing of microcombs for precision spectroscopy.

ESR 15 (IBM):

ESR 1 (BATH):
Milestones met:

Publications:
·  
·  
· 
Please complete this Dissemination and communication spreadsheet for your individual project
Please complete the secondments google sheet and if the secondment didn’t take place please provide the justification in the column “L”.




2.3. [bookmark: _Toc104820191]Task 8.4 Demonstration of on-chip supercontinuum generation and microcombs on LiNbOon-insulator platform

Beneficiaries and partners involved in the task: ESR 12 (KTH); Toptica
Objectives for this task are to demonstrate comb generation with cascaded nonlinear processes and access new spectral regions.

Milestones met:

Publications:
·  
·  
· 
Please complete this Dissemination and communication spreadsheet for your individual project
Please complete the secondments google sheet and if the secondment didn’t take place please provide the justification in the column “L”.





2.4. [bookmark: _Toc104820192]Task 8.5 Design of a demonstrator of a microcomb generator for space applications

Beneficiaries and partners involved in the task: ESR 5 (MPL); AIRBUS
Objectives for this task are to develop microcombs for space applications and for calibration of astronomical spectrographs.

Milestones met:

Publications:
·  
·  
· 
Please complete this Dissemination and communication spreadsheet for your individual project
Please complete the secondments google sheet and if the secondment didn’t take place please provide the justification in the column “L”.




2.5. [bookmark: _Toc104820193]Task 8.6 Demonstration of dual-comb spectrometers in gas-sensing process applications and time-resolved circular dichroism

Beneficiaries and partners involved in the task: ESR 13 (MPQ); ESR 7 (GENT); ESR 5 (MPL); BATH (ESR 2)
Milestones met:

Publications:
·  
·  
· 
Please complete this Dissemination and communication spreadsheet for your individual project
Please complete the secondments google sheet and if the secondment didn’t take place please provide the justification in the column “L”.




2.6. [bookmark: _Toc104820194]Task 8.7 Demonstration of microcombs for calibration of astronomical spectrographs

Beneficiaries and partners involved in the task: ESR 11 (MENLO)
Milestones met:

Publications:
·  
·  
· 
Please complete this Dissemination and communication spreadsheet for your individual project
Please complete the secondments google sheet and if the secondment didn’t take place please provide the justification in the column “L”.

[bookmark: _Secondments]
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