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1.1 Project Overview

Sensors have become indispensable for both fundamental research and everyday applications.
Quantum-enhanced sensors, by using quantum properties, promise even higher precision and
robustness than classical devices. Among them, photonic-based quantum sensors stand out for their
resilience to environmental noise due to photons’ weak interactions with other sources of
interference. The QUANTIFY project aims to achieve “quantum sensing beyond classical
capabilities” by integrating essential photonic building blocks into chip-scale quantum-enhanced
optical clocks, optically pumped magnetometers, and optomechanical temperature sensors.
QUANTIFY will develop and combine different photonic integrated platforms, leveraging hybrid
integration techniques to bring key optical and optomechanical functionalities onto a single chip. A
novel photonic integrated squeezed light source will enhance sensor performance and support future
universal photonic quantum computing. By exploiting lithographic precision and dispersion
engineering, QUANTIFY will tailor quantum states of light and matter for improved reproducibility.
Finally, the presence of metrological institutes in the consortium will benchmark these cutting-edge
sensors against existing standards and advance new metrological procedures.

The QUANTIFY main objectives are:

1. Develop a photonic integrated squeezed light source (PICSQ)

2. Develop a quantum-enhanced optically pumped magnetometer (OPM) using a
photonic-integrated squeezer and miniaturized atomic vapor cells
2.1. Development of PICSq for OPM applications
2.2. Development of squeezed-light-compatible MEMS cells for OPM applications
2.3. Development and demonstration of quantum-enhancement OPM protocols for
photonic-integrated squeezers and MEMS cells in application-relevant
conditions

3. Develop a miniaturized quantum enhanced TPOC with PIC and MEMS components
3.1. Develop low-noise PIC laser source at Rb wavelength and Rb MEMS cells
3.2. Develop a squeezed enhanced two-photon optical clock

4. Develop a photonic/phononic integrated Quantum Enhanced Temperature sensor
4.1. Development of an integrated optomechanical thermometer
4.2. Development of classical and quantum-based read out protocols

5. Metrological assessment and performance characterization of the quantum enhanced
sensors

Quantum-enhanced sensors hold immense promise, serving both fundamental research and a wide
array of emerging industrial applications. QUANTIFY aims to address key scientific challenges, such
as utilizing quantum correlations and entanglement to surpass the standard quantum limit and
establishing appropriate measurement and calibration protocols. Economically, quantum sensors
can tap into a multi-billion-euro sensor market primed for growth, with potential applications in battery
diagnostics for the renewable energy and automotive industries, healthcare with more accessible
MEG systems, and autonomous driving through integrated quantum-enhanced optical clocks.
Socially, improved diagnostics and treatments for brain disorders could reduce the substantial
societal burden, while enhanced battery monitoring contributes to sustainability goals in line with the
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Green Deal. Moreover, better timing solutions can strengthen network security and resilience, and
optomechanical temperature sensors can help disseminate the redefined kelvin beyond metrology
labs. By tackling scientific, economic, and social challenges, QUANTIFY aims to establish quantum
sensors as a transformative tool for real-world applications.

Quantum technologies are rapidly emerging, and although still in their infancy compared to other
digital technologies, more than 20% of global organizations are already working or planning to work
with them. QUANTIFY aims to accelerate European leadership in this field by developing quantum
sensors entirely designed, fabricated, and integrated in Europe. Leveraging European know-how,
intellectual property, and legacy R&D, the project focuses on photonic building blocks that fit into a
large, established global industry—estimated around €500B with about €100B in Europe—and
employs nearly 390,000 people. QUANTIFY will create new synergies within Europe’s PIC
ecosystem, strengthening the entire supply chain through updated process flows, wafer-level
scalable fabrication, and openly accessible design kits.

A key advantage is the direct involvement of industrial partners (QUIX QUANTUM BV and Noisy
Labs) who will test the newly developed PICSq technology using small “toy” circuits. This approach
ensures early adoption, offering a clear path from proof-of-concept to marketable solutions.
QUANTIFY’s technology will address current challenges in pushing quantum sensors toward real-
world impact—identifying suitable quantum effects, ensuring reliable generation and control of these
states, and performing rigorous metrological validation. The project will develop a range of
components, including low-noise, tunable PIC-lasers at alkali atomic transitions, integrated
squeezed light sources, miniaturized MEMS atomic vapor cells, and hybrid nano-optomechanical
oscillators. These building blocks will combine to demonstrate quantum-enhanced optical clocks,
optically pumped magnetometers, and temperature sensors with applications in telecom network
synchronization, autonomous driving, energy storage assessment, aerospace instrumentation, and
healthcare diagnostics.

Beyond the immediate goals, QUANTIFY’s developments in PICSq and integrated quantum
photonics will support future directions like continuous variable quantum computing and
communication. By building on the legacy of prior EU projects (e.g., macQsimal) and adding
advanced functionalities, QUANTIFY ensures the long-term retention and growth of quantum
competencies in Europe. The resulting solutions could bolster markets ranging from LiDAR and
optical phased arrays to battery diagnostics and transportation, potentially serving billions of devices
and unlocking hundreds of millions of euros in new revenue streams. In this way, QUANTIFY
positions Europe not only as a key technology developer but also as a driver of economic growth,
industrial competitiveness, and strategic autonomy in the quantum era.
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1.2 Report Purpose

The Project Activity and Management Report provides an overview of the QUANTIFY project’s
progress, achievements, and organizational aspects for the reporting period. This deliverable
summarizes the status and developments within each WP, highlighting milestones reached, tasks
completed, and any deviations from the planned schedule. In addition, it outlines key management
and coordination efforts, resource allocation, risk mitigation strategies, and overall consortium
performance. By integrating both technical and administrative details, the report serves as a
comprehensive reference for partners, stakeholders, and funding bodies, ensuring transparency and
informed decision-making throughout the project’s lifecycle.

1.3 Consortium

QUANTIFY partners come from all over Europe. Research and technology organizations, institutions
and SME working together, sharing knowledge, and driven by one goal: increase the TRL of key
quantum sensor components and demonstrate quantum sensing beyond classical capabilities for
real-world applications. The Consortium Partners are listed below. The same list is available within
the project’s website (https://www.quantify-project.eu/consortium/).
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1.4 Project Timeline

Below is the project’s Gantt Chart, with the M12 milestone highlighted. At this stage, all tasks for
WP1 and WP2 are ongoing, and activities for WP3, WP4, WPS5, and WP7 have commenced. WP6
activities are scheduled to begin at M18, which falls in June of next year. By M12 only the Deliverable
1.3 is due.
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In the table below the status of each task is reported, with a brief comment, when needed.

Task Status Project Partner // Comments |

T1.1 On-time INRIM

T1.2 On-time INRIM

T1.3 On-time INRIM

T2.1 Ongoing - | CNRS, UPCité, LIONIX INT. BV
3M delay

T2.2 Ongoing - | THALES, CNRS, UPCite
3M delay

T2.3 Ongoing - | CSEM
3M delay

T2.4 On-time CSEM, ICFO-CREA

T2.5 On-time UGent

T3.1 On-time ICFO

T3.2 On-time ICFO

T3.3 On-time ICFO

T4.1 Ongoing - | CSEM // Laser and cell definition of specification performed.
3M delay Characterization setup available. Next steps are laser and cell
characterization upon reception.

T4.2 Not started | CSEM // Waiting for early results from T4.1 and from WPZ2 to perform
quantum enhanced TPA spectroscopy and characterization of the
intermodulation noise.

T5.1 On-time SU

T5.2 On-time SuU
T7.1 On-time INRIM
T7.2 On-time INRIM

www.quantify-project.eu
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2. Work progress and achievements during the
period

WP1 - Coordination and management (INRiM)

Objectives

01.1 Grant fulfilment as intended on-time, on-cost, on-quality;

01.2 EC and partners satisfaction;

01.3 Management of deployment time scheduling and coordination.

Key progress and achievements

D1.1 - Project management handbook, standard documentations, and internal document repository
and management (M2); D1.2 - Data Management Plan (M6); and D1.3 - Project activity and
management report (M12) have been accomplished on time.

Task progress

T1.1 Overall strategic coordination, contract management and EC interface:
All activities are proceeding as planned. The project’s strategic coordination is on track, with regular
monitoring of progress, time, quality, and costs. Reporting activities, including costs, efforts, and
risk monitoring, have been performed. Communication with the EC is ongoing and effective,
ensuring that all partners are supported and informed.

T1.2 Project management:
Project management activities are on schedule. Legal, ethical, financial, and administrative tasks
are being handled efficiently. Communication and cooperation between partners are facilitated
through a shared document repository and regular meetings (both teleconferences and in-person
assemblies). Internal controls, including a management handbook, and project templates have
been implemented.

T1.3 IPR management:
So far, no IPR issues or disputes have arisen, and no specific actions have been required. The IPR
framework remains in place should the need for mediation or support on registration and protection
of IP arise in the future.

Next steps

The next steps would be:

- preparing the deliverable: D1.4 - Project activity and management report and the update of the
Data management Plan at M24;

- proceeding with the Amendment to allow QuiX QUANTUM GmbH within the Consortium.

www.quantify-project.eu
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WP2 - Realization of photonic integrated building blocks (UGent)
Objectives

This work package focuses on developing technology to miniaturize key components of quantum-
enhanced sensors. The specific objectives are:

02.1 Realization of photonic integrated tunable lasers on SiN at 780 nm and 1550 nm;

02.2 Realization of PIC (GaP and LNOI components) and hot vapor Rb MEMS cells;

02.3 Realization of uTP of LNOI and GaP structures on SiN to deliver the PICSq and nano-
OMO.

Key progress and achievements

The WP2 focus on three main pillars: (i) Developing photonic integrated tunable lasers on SiN at
780 nm and 1550 nm wavelengths; (ii) Developing photonic integrated circuits (PIC) comprising
components made of Gallium Phosphide (GaP) and Lithium Niobate on Insulator (LNOI), along with
hot vapor Rb MEMS cells; (iii) Realizing micro-transfer printing (uTP) of LNOI and GaP structures
on SiN to produce photonic integrated circuit systems and nano-optomechanical oscillators (nano-
OMO).

During the first period of the QUANTIFY project, all partners involved in WP2 collaborated to define
the technical requirements for the GaP photonic crystal, LNOI structures, gain chips for the 1560nm
and 780nm lasers and SiN motherboard. These building blocks are crucial for the hybrid photonics
platform and the subsequent integration steps using micro-transfer printing (uTP), as well as for the
realization of Rbo MEMS cells.

This collaboration is necessary to reach Milestone 1 at M25 and accomplishing Deliverables D2.1
and D2.2 at M18, and D2.3 at M24.

The realization of the photonic integrated building blocks presented various challenges at different
phases, which have been analyzed, and strategies to overcome them have been developed and
implemented.

The key progresses at this stage have been achieved for the specification of the requirements and
consensus on the scheme to achieve the desired functionalities.

As for the PICSq, CSEM performed a careful power budget analysis considering nonlinear efficiency
of the hybrid PPLN sections, insertion, transition and propagation losses at different wavelengths,
and availability of suitable integrated gain chips. It has been concluded that the original squeezing
scheme, in which a first PPLN waveguide performs SHG of the 780nm laser and a second identical
one performs SPDC of the generated 390nm pump to obtain a squeezed source at 780nm, is not
likely to deliver the required squeezing level. Therefore, CSEM proposed a second approach, in
which the 780nm laser first undergoes a down conversion process and generates squeezed state
at 1560nm which is eventually up-converted with a strong CW telecom laser in a second PPLN to
the 780nm region. This approach can leverage the standard Triplex waveguide cross-sections,
proven to guide with low-loss both 1560nm and 780nm and featuring low insertion losses. Moreover,
the up conversion efficiency can be boosted by increasing the power of the additional telecom CW
laser. Finally, a first SHG stage can be used to generate 780nm radiation with the same hybrid PPLN
technology, in the case the 780nm PIC laser will result in too low output power.

Simulations of light coupling between SiN (TripleX) waveguides and GaP/LNOI (T2.1 & T2.2) have
been performed. Also, the coupling of the optomechanical crystal and waveguide in the GaP coupon
has been simulated. This has allowed us to determine the width/distance, tapering (to improve
coupling efficiency and avoid interferences), and the effect of misalignment. Concerning the 780
nm laser cavities, they have been tested with conventional gain sections, and specifications such
as wavelength, power output, linewidth, and tunability have been analyzed. Also, the first growth of
780nm section (GaAs) has been carried out and it will be tested shortly.

www.quantify-project.eu
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For the realization of uTP of GaP and LNOI structures on SiN, the GDS of both the donor and hosting
materials has been designed considering the features of the structures and materials. GaP samples
have been shared with UGent, that performed the test of the encapsulation for the uTP. During this
first iteration, preliminary information on material properties, for optimizing the uyTP was acquired.
This methodical approach has helped us to identify and address any potential issues early, ensuring
a smooth and efficient integration on the final platform.

Further characterization of both GaP and the different LNOI structures that have been designed,
and the fabrication is ongoing.

The Triplex laser cavity was tested and validated by LIONIX INT. BV using test gain sections from a
previous project. Although these gain sections were short-lived (a few days), they allowed for the
characterization of the resonator at 780 nm and validation of its design.

Due to the challenging fabrication of GaP and LNOI structures and the maintenance of key clean
room tools, a three-month delay has been accumulated. However, we plan to absorb this delay in
the coming months.

Task progress

T 2.1 Photonic Integrated Tunable Lasers and Circuitry on TriplexTM
This task involves the realization of photonic integrated tunable lasers and circuits on the Triplex
platform, developed by CNRS and LIONIX INT. BV. The key activities include:

e Production of Gain Chips: The gain chips necessary for the tunable lasers have been
produced. A first run of fabrication run has been carried out for the gain section at 1550nm.
Preliminary optical characterization is in progress.

o Testing on existing 780 nm cavities with conventional gain sections has been conducted,
defining laser specifications such as wavelength, power output, linewidth, and tunability
(LIONIX INT. BV).

o Triplex Vernier cavity for 780nm wavelength has been tested with legacy/conventional gain
chips. Laser running for few days has been demonstrated with few milliwatt of power output.

T 2.2 Realization of GaP Optomechanical Crystals
This task has focused on the design and fabrication of GaP optomechanical crystals. The key
activities include:

o Design and Fabrication: 2D optomechanical crystals have been designed and fabricated,
including multiphysics simulations to target specific resonance frequencies have been
carried out.

e Mode Field Converters: Mode field converters have been designed for efficient coupling to
the SiN motherboard (THALES).

T 2.3 Realization of the LNOI Structure
This task involves the realization of LNOI structures. The key activities include:

e Simulations: CSEM performed simulations of the hybrid SiN-LNOI waveguide to determine
nonlinear frequency conversion efficiency. Losses at different wavelengths have been
carried out, along with simulations to determine the poling period. Such information have
been used to determine the circuitry design for the PICSq.

e CSEM started the fabrication process of PPLN coupon on a first dedicated LNOI wafer and
successful electric field poling has been revealed by TPM inspection. The remaining process
is planned in the first quarter of 2025.

T 2.4 Realization of the Rb MEMS cell
1.Two-Photon Optical Clock Application:
e The need for low buffer gas pressure in vapor cells for two-photon optical clock application

www.quantify-project.eu
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prevents us from using CSEM'’s patented fabrication method, which relies on in-situ the
decomposition of RbN;3 into metallic Rb and N.. As an alternative process we have
investigated the possibility of releasing Rb from a RbBi alloy upon heating which does not
release gas contaminants upon activation. However, despite various tests and heating
methods (in the oven, by IR laser), Rb vapor formation within the cell was not observed.
Consequently, MEMS cells were fabricated using commercially available micro-pills
composed of a zirconium-aluminum alloy powder mixed with chromium-free natural
rubidium. These cells will be tested shortly for compatibility with the required buffer gas
limitation. Mitigation measures include making a new batch of cells (either with pills, or RbN3)
and a getter that will be activated after sealing the cell and activation of the Rb.
2. OPM Application:

e Rb vapor cells for the OPM application, CSEM has provided cells to ICFO-CREA for testing
and re-fining the specifications. Based on these measurements, we recently fixed the
specifications in terms of buffer gas composition and pressure for a dedicated batch of cells
which will be started beginning of 2025.

T 2.5 Realization of uTP of LNOI and GaP Structures on SiN
This task involves the realization of uyTP of LNOI and GaP structures on SiN. The key activities
include:

o Dimensions and Mask Design: The dimensions of the stack, already in use at Ugent that
facilitate uTP have been provided, and the masks have been designed.

e Coupling Simulations: For GaP, the asymmetrical double-stripe Si3N4 waveguide platform
and the GaP-Si3N4 platform coupling simulations have been performed by CNRS, while
simulations of the transition of the mode in the SiN waveguide at 1560nm and 780nm to the
hybrid SiN-LNOI waveguide have been performed by CSEM

e Fabrication Process Design: The fabrication process design concept has been prepared,
and dummy wafers for electron beam lithography have been processed.

e Encapsulation and Post-Processing: Encapsulation has been performed by UGent. The first
tests on GaP encapsulation helped to establish the conditions for optimal pTP.

e Critical Parameters: Critical parameters such as coupon size, tapers, and distance have
been provided by UGent to adapt for the uTP.

e The design and GDS file of the Triplex motherboard to host the GaP and LNOI coupon has
been done. First chips are expected to be delivered in April.

Next steps

e CSEM will finish the fabrication of the LNOI wafer to give to UGent the coupons to be
transferred with the planned layer stack and geometry.
o LIONIX INT. BV will start the fabrication of the TripleX motherboard in agreement with the
LNOI and GaP coupon
e CNRS will start the fabrication of the GaP photonic crystal coupons.
e CNRS will continue the investigation on the InP (1560nm) gain chips and will finish the
fabrication of the GaAs (780nm) ones.
e CSEM will test MEMS cells fabricated using commercially available micro-pills
UGent will develop the optimal strategy for encapsulating LNOI, similar to the approach
used for GaP. Once the encapsulation strategy is established, we will conduct tests by
printing the systems on dummy substrates first. This step is crucial to optimize the
parameters and ensure the process is refined before applying it to the actual motherboard
provided by LIONIX INT. BV. The pTP will be performed either for GaP and LNOI on SiN
waveguides.

www.quantify-project.eu
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WP3 - Development of an optically pumped magnetometer (ICFO)

Objectives

03.1 Develop a photonic-integrated polarization-squeezed light source for OPM
applications;

03.2 Develop squeezed-light-optimized MEMS cells for OPM application;

03.3 Develop and demonstrate quantum enhancement protocols tailored to photonic-
integrated squeezers and MEMS cells.

Key progress and achievements

Defined specifications for a photonic-integrated squeezer and MEMS cell for OPM.

Developed protocols for OPM operation under Earth-field conditions using a macroscopic cell.
Task progress

T3.1 Development of a 780 nm PICSq for OPM (M1-30) [ICFO-CREA, CSEM] We held meetings
with CSEM and University of Hamburg to define specifications for a photonic-integrated squeezer.
T3.2 OPM-MEMS vapor cell development (M1-24) [ICFO-CREA, CSEM] We have calculated the
required parameters for the Earth-field OPM MEMS cell, including geometry, buffer gas type, and
pressure. We have discussed the specifications and design of the MEMS cell with CSEM.

T3.3 Development of quantum enhancement protocol for miniaturized Earth-field OPM (M1-
24) [ICFO-CREA] We have developed protocols for OPM operation under Earth-field conditions
using a macroscopic cell. We have started characterizing Earth-field OPM. We have installed new
pump laser for the benchtop squeezer.

T3.4 quantum-enhanced OPM with PIC squeezer and MEMS vapor cell will start at M24.

Next steps

Improvement of the benchtop squeezer for quantum-enhancement tests with new pump laser.
Characterization of the Earth-field OPM (sensitivity, bandwidth) and establishing the standard
quantum limit for the chosen OPM protocol.

www.quantify-project.eu
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WP4 - Development of a Rb-based Optical Clock (CSEM)

Objectives

This work package focuses on three main objectives:

04.1: Development of Key Building Blocks for the miniaturization of a two-photon clock - This
objective involves the miniaturization of the optical local oscillator sub-system and of the atomic
reference sub-system of a two-photon optical clock system. This will be achieved through the
development of the laser source via heterogeneous photonic integration and the Rb cell using
MEMS technology.

04.2: Quantum Enhancement Investigation - We will explore the quantum enhancement effects
obtained by squeezed states on the short-term stability of a two-photon optical clock.

04.3: Photonic Integrated Squeezed Light Source - This objective aims to develop a photonic
integrated squeezed light source to miniaturize the light source of the quantum-enhanced two-
photon optical clock and assess its performance.

Key progress and achievements

The first period of the Quantify project has focused on developing the building blocks for the
miniaturized two-photon clock.

Optical Oscillator Sub-system: The key specifications of the laser have been defined and
discussed among the laser end user (CSEM), the laser integrator (LIONIX INT. BV), and the provider
of the laser gain section (UPCité) (T4.4.1). This process has been monitored through monthly on-
line meetings. The fabrication of the gain section at 780 nm proved more challenging than
anticipated, postponing the delivery of the laser sub-system from August 2024 to February 2025. In
parallel, mitigation strategies have been discussed, such as using another type of gain source (1560
nm) or purchasing a gain section from a commercial provider.

MEMS Cell: The key specifications of the MEMS cell have been defined (T4.1.2). A critical
requirement is maintaining low buffer gas in the cell (<1 mbar). Using CSEM’s standard RbN3; cell
production techniques necessitate a getter to capture the gaseous N; released during the Rb
activation process. As explained in the Task progress of the T2.4, another promising fabrication
method was tested, but Rb vapor formation within the cell was not observed. Consequently, MEMS
cells were fabricated using commercially available micro-pills. These cells will be tested shortly for
compatibility with the required buffer gas limitation. Mitigation measures include making a new
batch of cells (either with pills, or RbN3) and a getter that will be activated after sealing the cell and
activation of the Rb.

It is well known that two-photon clocks are sensitive to helium permeation through the cell walls.
CSEM successfully tested the use of an aluminosilicate-based glass in the anodic bonding process,
which has a higher helium permeation coefficient than the borosilicate glass used previously.

Test Setup: A breadboard test setup has been designed and is currently being assembled. It can
accommodate different light sources (including those developed within QUANTIFY) and Rb cells
(including the MEMs cells developed within QUANTIFY). In parallel, a more compact setup is being
designed to meet the volume and power consumption specifications for the two-photon clock and
will be used for the performance testing.

Task progress

T4.1 Two-photon optical clock with low noise on-chip laser and MEMS cell (M1-36) [CSEM,
LIONIX INT. BV]

The two sub-tasks: T4.1.1 Define key laser specifications (wavelength, power output, tunability and
linewidth) based on the target clock performances. (CSEM, LIONIX INT. BV) and the T4.1.2 Define
MEMS vapor cell specifications: cavity design, vacuum level, A/R coating (CSEM) have been
accomplished.

www.quantify-project.eu
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T4.2 Quantum enhancement by squeezed states of light for 2-photon optical clocks -
Literature review and definition of specifications are in progress to define the probing protocol using
squeezed light.

T4.3 Quantum enhanced two-photon optical clock with PICSq and MEMS cell will start at M30.
Next steps

T4.1.3 Characterize photonic integrated laser: power level, wavelength, tunability, thermal
sensitivity, relative intensity noise and phase/frequency noise over the target frequency range
(CSEM). Input from T2.1 — Planned reception of the laser M14 - 02/2025

T4.1.4 Test the MEMS vapor cell: two-photon absorption linewidth (linked to the vacuum level),
optical clock transition frequency shift, helium leak induced optical clock frequency drift (CSEM).
Input from T2.4 — First tests on micropill cells M13 — 01/2025 // alternative design M18 — 06/2025
T4.1.5 Include the miniaturized laser and MEMS cell in the 2-photon optical clock system with
wavelength and temperature control system for the PIC-laser and MEMS cells (CSEM). Input from
T2.1 and T2.4. - First tests on the breadboard test setup (M17) then in the miniaturized system
(M22)

T4.1.6 Characterize the 2-photon clock with the PIC-laser and MEMS cell: measure the clock short-
and long-term (M24)

T4.2.1 Build a set-up to test the probing protocol using squeezed light source.

WP5 — Development of an Optomechanical Thermometer (SU)

Objectives

The objectives of WP5 are as follows:

05.1: Characterize and demonstrate the operation of novel quantum temperature sensors
based on an optomechanical 2D membrane.

05.2: Provide new standards for self-calibrated embedded sensor applications or optimized
high resolution and high reliability optomechanical sensors based on multi-physics read-
out to measure temperature at the nano and meso-scales and over a large temperature
range (cryogenic to room temperature).

05.3: Development of multi-physics classical and quantum optical read-out to make a proof
of principle that these new sensors could be either used as very sensitive relative
thermometers or directly as primary sensors over a large temperature range (possible
replacement for the Standard Platinum Resistance Thermometers, broadly used in
temperature metrology).

05.4: Preliminary test on a highly integrated design.

Key progress and achievements

Two tasks are now active 5.1 (Development of the optomechanical resonator) and 5.2
(Development of probing/read-out protocol for photonic, noise and quantum thermometry) and they
are in progress and on time. Task 5.3 will start on M24.

Task progress

For task 5.1 Development of the optomechanical resonator, THALES has provided a first set of
2D otpomechanical devices to SU to be characterized. The samples exhibit optical resonances.
Mechanical modes need more investigation.

For task 5.2 Development of probing/read-out protocol for photonic, noise and quantum
thermometry, SU has acquired AOM, 1Q-mixer, and other optical/electrical components and has
set up a heterodyne detection (yet to be tested).

Task 5.3 Development of a nano-optomechanical thermometer system will start at M24.

Next steps

Discussion on optical and mechanical parameters needs to continue to define the best geometry
for the optomechanical device. The new heterodyne detection will be characterized and compared
to previous detection scheme (homodyne and side of the fringe).
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WP6 — Metrology Assessment of key building blocks and quantum sensors (INRiM)
Objectives

06.1 Metrological assessment and calibration of free advanced quantum sensors
(magnetometer, thermometer, optical clock) and essential building blocks.

Key progress and achievements

The WP6 starts at M18.

Task progress

Some activities have been already taken in place for the T6.1: Realization and characterization
of a balanced homodyne detector for 780nm, indeed a first prototype has been assembled and
tested by the UHAM. The tasks T6.2, T6.4, T6.6, and T6.8 will start at M41. The tasks T6.3, T6.5,
and T6.7 will start at M18.

Next steps

Based on the tests that the UHAM had done with the first version of the balanced detector, the
electronic circuits will be optimized to improve the bandwidth and dark-noise clearance of the
device. INRiM will start in January meetings with all the partner involved in the development of the
quantum enhanced sensors. The idea is to start assembling the measurements set-ups.

WP7 - Dissemination, exploitation and impact (UHAM)
Objectives

O7.1 Develop a communication, dissemination and exploitation successful strategy.
07.2 Develop its researched technology concepts
07.3 Realized hardware towards commercial applications and devices.

Key progress and achievements

D7.1 - Communication, dissemination and exploitation Plan, D7.2 - Communication Pack have
been accomplished on time. The project communication pack with a uniform design language has
been established. It contains the rules for using the logo, the technical data sheet, a roll-up that can
be presented at conferences and fairs, and all the materials to help all the dissemination and
communication activities.

Task progress

T7.1 Facilitate and set wup all Dissemination & Communication activities:
The Communication, Dissemination, and Exploitation Plan has been defined, and partners are
being encouraged to promote the project’s results. All partners are adhering to dissemination and
access rights obligations, and a project communication pack is available for external presentations.
Initial contacts have been made to foster interaction with other European and national projects, and
the open access policy has been implemented for depositing generated data. The project website
is up and running, and plans for a video, workshop organization, and other dissemination activities
are moving forward.

T7.2 Implement, manage, and monitor all Dissemination & Communication activities:
The Communication, Dissemination, and Exploitation Plan is being actively monitored, ensuring
that we reach the scientific community, industry stakeholders, and the general public. Early
dissemination efforts include preparing manuscripts for submission to top-tier journals and
conference proceedings, as well as using media and social networks to share results. Engagement
with the public through popular science magazines and blogs is underway, and potential
interactions with interested companies are being explored to enhance the project’s visibility and
impact.

The T7.3 - Feasibility study to extend photonic integrated squeezed laser application and
T7.4 - Exploitation plan implementation and QUANTIFY further development will start at M36.

Next steps

The Communication, Dissemination and Exploitation plan will be reviewed and updated by M24.
Communication and Dissemination activities will increase thanks to two new social media
campaigns (“Meet the Partner” and “Good Stories”) and a solid link with the QUCATS staff
(https://qt.eu/projects/csa-projects/qucats).
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3. Project management and Administration
3.1 Financial status

Overall Budget

Estimated eligible’ costs (per budget category) Estimated EU contribution”
Direet casts Tmireet costs EU contritrution to cligible costs

Mazimum
Total cosis -

B, Subcontracting D, Other cost s . MaximemEU | Requested EU | grant amoust’
A Personnel costs €. Purchase costs E. Indirect costs’ Funding rate %’ mtion’ contribution

A1 Employees (or equivalent) A4SMEowners | B. Subcomncting | C.l Traveland | C2Equipmem | C3Othergoods, | D2 Intermally E. Indirect costs
and natural persen subsistence works and services | invoiced goods and
A2 Natural persons under direct contract | beneficiaries services

A3 Seconded persons
Unit casts {usual Unit casts (usual
Forms of funding Actual gosts. amsaanting Unit costs” Actual costs. Actual costs Actiual costs Actual costs. scounting Flat-rate costs®
practices) practices)
a ¢ <

1= INRIM 40000000 ] 080 000 30 000.00

00
2-CNRS. 14209200 a0 000 000 500000 00 297200 o 5381600 267 53000 10 267 $s000
21 uPCHE 593600 000 om0 .00 00

3-CNAM 00000 0o 20 000 00000 000 400000 [ 260000 130 000.00 10 13000000 | 13000000 130 090,00

4-ICPO-CERCA

5 UGent

- LIONIX INT. BY
7-QUIXQUANTUMEY |
lmass

p— 1734 56800 000 000 .00 11000000 108100 463 349,00 ) 600 000,00 soomooe| | 30000 o0 3000 000.00 300000000

In the table below, you will find a brief update on the budget used by the Consortium during its first
year of activity. The budget is broken down into three cost categories under Purchase Costs (C):
Travel and Subsistence (C.1), Equipment (C.2), and Other Goods, Works, and Services (C.3).
Alongside Personnel Costs (A), these are the only categories in which the Consortium has planned
to allocate funds over the course of the project.

Travel and Equipment Other goods, works and

subsistence services
INRIM - - 16 k€ (Communication pack,
logo and website), 2.5 k€
(Kick-off meeting)
CNRS - - -
UPCiteé - - -
CNAM -
LNE 250,00 € - -
ICFO-CREA | 526,59 € - 1.279,42 €
UGent Masks for the GaP and LNOI
computer graphics
2.183,00 €
LIONIX INT. | 1.873,00 € - -
BV
QUIX - - -
QUANTUM
BV
THALES
UHAM 135,00 € - 1.632,02 €
SuU
Note: The previous table includes the spending data provided by the partners who submitted their
information before this deliverable’s deadline. Some partners are still in the process of collecting or
validating their data; therefore, the figures presented here may be subject to change and may not
fully reflect the total costs incurred by the Consortium during this first year.
Any missing data will be incorporated into the next report.
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3.2 Consortium meetings

During the first year of the project, the Consortium held four meetings: the Kick-Off Meeting, which
took place in person in Turin on 11-12 January 2024; the first Plenary Meeting online on 5 June
2024; the first Extraordinary Plenary Meeting online on 20 September; and the second Plenary
Meeting online on 17 December 2024. All these meetings achieved a high attendance rate, with
around 70% of participants present.

Two decisions required the involvement of the General Assembly: the inclusion of QuiX Quantum’s
German branch alongside its Belgian counterpart, during the first online Plenary Meeting, and the
Coordinator’s request to submit a proposal for the Hop-On Call in collaboration with the Institute of
Physics in Zagreb, during the first Extraordinary Plenary Meeting.

3.3 Risk Management

Below is the table of critical risks and the associated management strategy, relating to the existing
WQPs in the project. So far, none of the identified risks has required the implementation of a mitigation
strategy. However, as stated in Chapter 2, certain scientific difficulties have been encountered, which
may currently be considered as part of the normal progression of a highly ambitious research project.
It will therefore be the coming months that determine whether a mitigation strategy will need to be
introduced in response to the planned actions.

Critical risks & risk management strategy

Grant Preparation (Critical Risks screen) — Enter the info.

Risk Description Work Package Proposed Mitigation Measures
number No(s)
1 Fiber glueing for laser injection in the resonator not | WPS, WP2 The alignment system for the light injection in the
operational in the whole temperature range. optomechanical resonator can be used.
2 Nonlinear Zeeman splittings introduce excessive | WP3 Adopt OPM protocols that evade the effects of nonlinear
heading errors. Zeeman splitting and can be implemented with a
squeezed-light 780 nm Faraday rotation probe.
3 MEMS cell with insufficient vacuum level. WP4 Use of legacy glass-blown cells.
4 PIC-laser at 778 nm with insufficient power level. | WP4 Use of frequency PP-LNOI or legacy bulk PPLN to
frequency double the PIC-laser at 1550 nm.
5 Optomechanical devices or read out detection may | WP5 Explore lower temperature range with dilution fridge
have insufficient performances that prevents from available in partners’ facilities.

achieving the target sensitivity at 4K.

6 Temperature gradients in the thermostat for| WP6, WP5 The comparison block contains several thin-film
the characterization of the optomechanical calibrated thermometers that can be used to characterize
thermometer. the gradient near the thermometer and to correct for it.
7 Lower efficiency of PPLNOIL WpP2 Longer waveguides, higher laser power (quadratic scaling of the efficiency with these

quantities).

8 Metrological Standards for characterization failure. | WP6 Doubling standards for each sensor. Temp., 2 laboratories
with standards; Frequency, 2 primary clocks at INRIM;
Magnetic field: INRIM would rely on its standard and the
European Association of Metrology (Euramet).

9 One or more key persons are no longer available. | WP1 Appointing deputies for all the key persons making sure the project is smoothly monitored.

10 Intellectual property issues, WP6, WPS5, WP4, | Issues might be identified with adverse IP rights in the use cases — risk mitigation strategies
WP2, WP3, WP7 will be developed on a case-by-case basis by the General Assembly.

11 International politics issues (such as e.g., Ukrainian | WP6, WP5, WP4, Lack of materials or energy may prevent the industries involved in the project to produce
war) may create energy problems or problems in the  WP2, WP3, WP7 the equipment to be tested. Mitigation will be achieved by testing devices already available
general supply chains. in the labs, even if not completely analogous to the one in the activities, it will provide an

initial validation of the testing procedure.
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4. Impact, Communication and Dissemination
Activities

4.1 Communication and Dissemination actions

During the project’s first year, numerous communication and dissemination activities were planned
and successfully carried out. Below are the main initiatives undertaken so far:

1. 19 March — The QUANTIFY project was presented as a case study to postgraduate students
in Public and Political Communication at the University of Turin, illustrating how to define an
effective communication strategy and plan for a research project.

2. 17 April —= QUANTIFY’s Coordinator presented the project during the Time and Frequency
Technical Committee (TC-TF) at the Observatoire de Paris, LNE-SYRTE. These committees
are EURAMET'’s forum for scientific and technical collaboration, bringing together institutes
that maintain national measurement standards across Europe.

3. 13 September — The project was introduced again by its Coordinator at the Nanoinnovation
Conference in Rome (https://www.nanoinnovation2024.eu/home/), specifically within the
Nano and Metrology Symposia. This provided an excellent opportunity to showcase our
ambitious research to both the scientific community and companies interested in metrology
and nano-technologies.

4. 18-20 November — As a Quantum Flagship event, the European Quantum Technology
Conference - EQTC 2024 (https://www.eqtc.eu/) brought together leading experts and
groundbreaking initiatives in quantum technologies. QUANTIFY took the stage to present its
goals, progress, and vision for quantum-enhanced photonic integrated sensors for metrology.
This was a remarkable chance to foster collaborations and further expand the project’s reach
within an inspiring quantum ecosystem.

In addition, the ICFO-CREA team published the three articles listed below, acknowledging
QUANTIFY project and the EC for the fundings received:

- Zarraoa, Laura, et al. "Quantum jump photodetector for narrowband photon counting with a
single atom." Physical Review Research 6.3 (2024): 033338.

- Pifol, Eloy, et al. "Telling different unravelings apart via nonlinear quantum-trajectory
averages." Physical Review Research 6.3 (2024): L032057.

- Hernandez Ruiz, Maria, et al. "Cavity-enhanced detection of spin polarization in a
microfabricated atomic vapor cell." Physical Review Applied 21.6 (2024): 064014.

Moreover, to positively respond to the EC's letter that arrived in September this year:

- a meeting between the coordinator of the project, the INRiIM’s Communication Office staff
and the QUCATS’ communication office staff had been organized with the aim to better
understand the possibility of engagement between the two parts for giving more emphasis to
the project’s results, maximise impact and better coordinate the everyone efforts.

- the project coordinator provides regular updates concerning the project and its progress by
using the slide deck provided by QUCATS via the EC tool CIRCABC.

- the INRiIM’s Communication Office staff joining the Quantum Coordination Board (QCB)
thematic committee for communications and outreach.
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These three actions have been communicated to all the project’s partners during the December
Plenary meeting and previously discussed with the Executive Board during the monthly meeting in
September.

Finally, it is important to note that, during the early months of the year, a Communication Pack
(D7.2 - https://www.quantify-project.eu/pubic-deliverables/) was created to facilitate partners’
dissemination activities. This pack includes a coordinated visual identity, logo, roll-up, technical
sheets, and other materials that support the project’s outreach efforts.

Looking Ahead to 2025, between the communication and dissemination activities that have been
already planned, some of them are highlighted below:

1. Together with ePIXfab and three other European projects focused on quantum applications,
we have organised the Workshop on Quantum Applications in Integrated Photonics in
Ljubljana (3—4 February 2025). The workshop will feature a presentation by the QUANTIFY
Coordinator, as well as early results from five out of the project’s eleven partners. More
details can be found here: Workshop on Quantum Applications in Integrated Photonics.

2. In collaboration with the INRIM Communication Office, two LinkedIn communication
campaigns have been planned to start in 2025. The first, “Meet the Partner”, aims to
introduce consortium members to a broader public; the second, “Good Stories”, will share
small yet significant achievements in quantum technologies. Both campaigns target
increased public engagement with guantum technologies.

3. The UGent Team is planning to participate to CLEO (https://cleoconference.org/) and publish
the results achieved within this project in Optics Express, Applied Physics Letters —
Photonics.

4. The research outreach project for high school students will start on April 2025.

4.2 Stakeholder Engagement

In its first year, QUANTIFY focused on establishing a solid foundation for stakeholder engagement.
This effort included identifying key audiences—such as academic groups, industrial partners,
governmental agencies, and the broader public—and planning targeted outreach activities. Early
engagement has aimed to raise awareness of QUANTIFY’s goals, foster dialogue with potential end-
users, and prepare the ground for deeper collaborative work in subsequent years.

The Consortium will proactively interact with industrial stakeholders and research institutions to
discuss both technological needs and potential collaborations. These interactions will offer critical
insights into real-world requirements and potential applications, helping QUANTIFY tailor its
scientific roadmap and prioritize the most impactful research avenues.

During 2024, QUANTIFY’s team participated in several workshops, symposia, and conferences to
introduce the project’s mission and objectives to the scientific community and beyond. In parallel,
QUANTIFY leveraged its newly established website and targeted social media presence to reach a
diverse audience. The Consortium’s communication materials, including videos, posters, and
informational brochures, were shared at both in-person and digital events, ensuring that
stakeholders could easily access and learn about the project’s aims and progress.

Recognizing the importance of public trust and policy support, QUANTIFY will devote part of the next
years to engaging broader societal stakeholders. Public lectures, informal roundtable discussions,
and short features in popular science outlets will introduce the project’s vision, focusing on how
quantum-enhanced sensors could contribute to societal goals—such as precision in health
monitoring, improved environmental data, and more efficient transport systems. Dialogue with policy
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makers will begin with preliminary briefings on quantum technologies and their potential socio-
economic impacts, preparing the way for more substantive policy collaboration in the project’s later
stages.

Moreover, INRiIM, UGent, CSEM, ICFO-CREA and QuiX QUANTUM teams will also participate in
the Workshop on Quantum Applications in Integrated Photonics. The workshop will be February 3rd
and 4th, 2025 in Ljubljana, organized by ePIXfab for the cross-fertilization of quantum applications
in integrated photonics.

Moreover, the photonics research group at UGent will enhance audience engagement by sharing
the project's main achievements across its social media platforms, which have several thousand
followers. This strategy will help disseminate the project's progress and successes to a broader
audience, increasing visibility and fostering greater interest and collaboration within the scientific
community and beyond.

Through an iterative approach that combines consistent feedback channels with ongoing
dissemination, QUANTIFY strives to maintain strong stakeholder involvement at every stage of its
research and development journey.

4.3 Impact

The first scientific year of QUANTIFY is mainly focused on the WP2 - Realization of photonic
integrated building blocks. This WP, which has a high technical content, mainly contributed to the
scientific impact of the project. It will serve as backbone for the development of the key technologies
(PICs and MEMS cells) required for the miniaturization of the quantum enhanced sensor.

Indeed, a major part of the impact created for this first year of the project comes from all the WP2
Partners. In particular, the Photonics Research Group at UGent, that is part of QUANTIFY, is
focusing on micro-transfer printing specific materials and devices, such as periodically poled lithium
niobate on insulator waveguides and Gallium Phosphide photonic crystal cavities. A very fruitful
collaboration between PRG and LIONIX INT. BV, CSEM, THALES, UPCité lead to the design of low-
loss transitions between the coupons and the motherboards, which is primordial to maintain the
performance of devices and materials after printing. By reducing on-chip and coupling losses through
tight integration, the end-user companies involved in QUANTIFY could significantly enhance the
sensitivity of their sensors. This improvement in sensor performance is crucial for various
applications, making the technology developed by PRG-UGent highly valuable and impactful. The
successful implementation of these advancements could lead to broader adoption and
commercialization, further driving innovation in the field of quantum sensing.
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5. Conclusion

During its first year, QUANTIFY has made substantial progress toward its primary objective of
advancing quantum-enhanced sensors. Key building blocks—ranging from photonic integrated
squeezed-light sources to miniaturized MEMS vapor cells—are under active development, and
preliminary results have demonstrated the feasibility of integrating these components for a next-
generation platform. This progress reflects strong collaboration among all partners, as evidenced by
successful milestone achievements, proactive risk management, and a consistent exchange of ideas
across the consortium.

Despite this positive momentum, a few challenges require attention moving into the next reporting
period. Notably, certain fabrication steps have experienced delays of approximately three months—
particularly in WP2—due to the complex nature of photonic integration and maintenance of
cleanroom facilities. These setbacks, while not insurmountable, necessitate careful scheduling
adjustments and ongoing monitoring to ensure that the overall project timeline remains manageable.
The consortium’s coordinated approach to problem-solving, including the implementation of
alternative technical solutions (such as different gain chips and vapor cell designs), underscores its
readiness to address any emerging obstacles.

Overall, QUANTIFY remains on track to achieve its scientific and technological goals. The
consortium’s comprehensive strategy—encompassing metrological validation, stakeholder
engagement, and an ambitious dissemination and exploitation plan—has laid a strong foundation
for future success. With continued collaboration and timely mitigation of identified risks, QUANTIFY
is poised to deliver pioneering results and move quantum sensor technologies closer to real-world
applications.
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