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1. Summarize the progress in your laboratory in realizing top-level standards of:

(a) broad-band radiometric quantities :

(b) spectral radiometric quantities :
Metrology for single photon source and detectors
INRIM has coordinated the European joint research project MIQC2 « Optical
metrology for quantum enhanced secure telecommunication » (2015-2018) ;
INRIM is active in the development single-photon sources based on colour centers
in nanodiamonds and cryogenic photon number sensitive detectors (based on
Transition-Edge Sensor) for visible to microwave applications.

Spectral responsivity

INRIM spectral responsivity facility for the calibration of broadband detectors has
been upgraded with a laser driven plasma source with large improvement in the
signal-to-noise ratio in the short wavelength region.

INRIM participate to the European joint research project chipS:CAlLe, “Self-
calibrating photodiodes for the radiometric linkage to fundamental constants”; the
main focus of the project is the development of a more robust linkage to the
revised S| candela for optical power measurements. An improved and simplified
traceability chain is vitally important for spectrally resolved measurements in
photonic science and industry. INRIM will contribute with ellipsometric
characterization of the passivation layer (SiO,,SiN,,Al,03), linearity measurements of
photodiodes and electronic development.

INRIM partecipated to the following comparison :

- CCPR pilot study on the detection efficiency of single-photon detectors (850 nm);

- EURAMET.PR K6 comparison — regular spectral transmittance;

- European joint research project MIQC2 : intercomparison of detection efficiency of
fiber coupled single photon detector (1550 nm) and Glauber second-order auto-
correlation function of an heralded low-noise CW and a nitrogen vacancy single-
photon source.

(c) photometric quantities :
- INRIM participate to the luminous intensity comparison of LED standard lamps
using PQED, without V(M) filter, within the European joint research project
PhotoLED.
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2. What other work has taken place in your laboratory in scientific or technological
areas relevant to the CCPR?

INRIM has coordinated the European joint research project MIQC2 “Optical

metrology for quantum-enhanced secure telecommunication” (2015- 2017) in the

technological areas relevant to the CCPR;

INRIM participates in the following ongoing European joint research projects in the

technological areas relevant to the CCPR:

e SIQUST: Single-photon sources as new quantum standards (2018-2021);

e BeCOMe: Light-matter interplay for optical metrology beyond the classical spatial
resolution limits (2018—2020);

e Chip SCALe: Self-calibrating photodiodes for the radiometric linkage to
fundamental constants (2019-2021);

e SURFACE: Pavement surface characterisation for smart and efficient road lighting
(2018-2020).

3. What work in PR has been/will be terminated in your laboratory, if any, in the past
/future few years? Please provide the name of the institution if it has been/will be
substituted by a DI or accredited laboratory.

INRIM has terminated Luminous exposure calibration services for flashing light sources
and exposure photometers; no other institution will provide this service.

4. What are present, new or emerging needs of users of your services that are not being
supported sufficiently by current CCPR activities or initiatives? In the light of this
information please suggest desirable changes in the future working program of the
CCPR.

none

5. What priorities do you suggest for new research and development programmes at
NMls in the area of Photometry and Radiometry?

The techniques developed in quantum radiometry field can be applied in the
photometry frame for the investigation of the linearity of the eye response at different
regimes, from mesopic downto single photon, aiming to the development of new
guantum photometry techniques. Moreover, the exploitation of a deterministic source
of single photons can provide a different physical basis to the estimation of K,
representing a powerful tool for a more precise measurement of all the photometric
quantities.

6. Are there any research projects where you might be looking for collaborators from
other NMils or are there studies that might be suitable for collaboration or
coordination between NMls?

A research project for the pioneering study of the quantum photometry is desirable.
It is important to provide the necessary skills for the design a psychophysical experiment
for the measurement of K with photon sources and its relationship with physical
constants. The first step is to establish a consortium in order to explore the possibility of
realizing an experiment to test eye response at few or single photon level and to test the
linearity of the retina response.
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7. Have you got any other information to place before the CCPR in advance of its next

meeting?
No

Bibliography of radiometry and photometry papers of your laboratory since the last
CCPR (September 2016)?

Piacentini F, Avella A, Rebufello E, Lussana R, Villa F, Tosi A, Gramegna M, Brida G,
Cohen E, Vaidman L, Degiovanni IP, Genovese M: Determining the quantum
expectation value by measuring a single photon. Nature Physics, Vol. 13, no. 12, pp.
1191-1194, 2017

Moreva E, Traina P, Forneris J, Degiovanni IP, Tchernij SD, Picollo F, Brida G, Olivero P,
Genovese M: Direct experimental observation of nonclassicality in ensembles of
single-photon emitters. Physical Review B, Vol. 96, no. 19, Article No. 195209, 2017
Tchernij SD, Herzig T, Forneris J, Kupper J, Pezzagna S, Traina P, Moreva E, Degiovanni
IP, Brida G, Skukan N, Genovese M, Jaksic M, Meijer J, Olivero P: Single-Photon-
Emitting Optical Centers in Diamond Fabricated upon Sn Implantation. Acs Photonics,
Vol. 4, no. 10, pp. 2580-2586, 2017

Prestopino G, Marinelli M, Milani E, Verona C, Verona-Rinati G, Traina P, Moreva E,
Degiovanni IP, Genovese M, Tchernij SD, Picollo F, Olivero P, Forneris J: Photo-
physical properties of He-related color centers in diamond. Applied Physics Letters,
Vol. 111, no. 11, Article No. 111105, 2017

Meda A, Losero E, Samantaray N, Scafirimuto F, Pradyumna S, Avella A, Ruo-Berchera
I, Genovese M: Photon-number correlation for quantum enhanced imaging and
sensing. Journal of Optics, Vol. 19, no. 9, Article No. 094002, 2017

Samantaray N, Ruo-Berchera I, Meda A, Genovese M: Realization of the first sub-
shot-noise wide field microscope. Light-Science & Applications, Vol. 6, Article No.
e17005, 2017

Meda A, Degiovanni IP, Tosi A, Yuan ZL, Brida G, Genovese M: Quantifying backflash
radiation to prevent zero-error attacks in quantum key distribution. Light-Science &
Applications, Vol. 6, Article No. e16261, 2017

Singh A, Pradyumna S, Rau ARP, Sinha U: Manipulation of entanglement sudden
death in an all-optical setup. Journal of the Optical Society of America B - Optical
Physics, Vol. 34, no. 3, pp. 681-690, 2017 (IF 1.843)

Fazio B, Irrera A, Pirotta S, D'Andrea C, Del Sorbo S, Lo Faro MJ, Gucciardi PG, lati MA,
Saija R, Patrini M, Musumeci P, Vasi CS, Wiersma DS, Galli M, Priolo F: Coherent
backscattering of Raman light. Nature Photonics, Vol. 11, no. 3, pp. 170-176, 2017
Donsberg T, Manoocheri F, Sildoja M, Juntunen M, Savin H, Tuovinen E, Ronkainen H,
Prunnila M, Merimaa M, Tang CK, Gran J, Muller |, Werner L, Rougie B, Pons A, Smid
M, Gal P, Lolli L, Brida G, Rastello ML, lkonen E: Predictable quantum efficient
detector based on n-type silicon photodiodes. Metrologia, Vol. 54, no. 6, pp. 821-836,
2017

Filippo R, Taralli E, Rajteri M: LEDs: Sources and Intrinsically Bandwidth-Limited
Detectors. Sensors, Vol. 17, no. 7, Article No. 1673, 2017

Degani L, Gulmini M, Piccablotto G, lacomussi P, Gastaldi D, Dal Bello F, Chiantore O:
Stability of natural dyes under light emitting diode lamps. Journal of Cultural
Heritage, Vol. 26, pp. 12-21, 2017



Bureau
‘ International des

T Poids et
{ Mesures (V1, 25 May 2019) CCPR 19/03

e Forneris J, Tchernij SD, Tengattini A, Enrico E, Grilj V, Skukan N, Amato G, Boarino L,
Jaksic M, Olivero P: Electrical control of deep NV centers in diamond by means of
sub-superficial graphitic micro-electrodes. Carbon, Vol. 113, pp. 76-86, 2017

e lacomussi P, Carcieri P, Rossi G, Migliario M: The factors affecting visual discomfort of
dental hygienist. Measurement, Vol. 98, pp. 92-102, 2017

e Martella D, Nocentini S, Nuzhdin D, Parmeggiani C, Wiersma DS: Photonic Microhand
with Autonomous Action. Advanced Materials, Vol. 29, no. 42, Article No. 1704047,
2017

e Dialameh M, Ferrarese Lupi F, Honicke P, Kayser Y, Beckhoff B, Weimann T,
Fleischmann C, Vandervorst W, Dubcek P, Pivac B, Perego M, Seguini G, De Leo N,
Boarino L: Development and Synchrotron-Based Characterization of Al and Cr
Nanostructures as Potential Calibration Samples for 3D Analytical Techniques.
Physica Status Solidi A - Applications and Materials Science, Vol. 215, no. 6, art
1700866, 2017

e Brida G: Measuring light. Metrology: From Physics Fundamentals to Quality of Life —
Proceeedings of the International School of Enrico Fermi, pp. 345-356, IOP Press,
2017.

e S. Ditalia Tchernij, T. Luhmann, T. Herzig, J. Kiipper, A. Damin, S. Santonocito, M.
Signorile, P. Traina, E. Moreva, F. Celegato, S. Pezzagna, |. P. Degiovanni, P. Olivero,
M. Jaksi¢, J. Meijer, P. M. Genovese, J. Forneris: Single-Photon Emitters in Lead-
Implanted Single-Crystal Diamond. ACS PHOTONICS, Vol. 5, Issue 12, pp. 4864-4871,
2018

e E. Moreva, P. Traina, A. Tengattini, F. Picollo, A. Battiato, S. Ditalia Tchernijb, I.P.
Degiovanni, G. Brida, V. Rigato, M. Genovese, P. Olivero, J. Forneris: Quantum-optical
characterization of single-photon emitters created by MeV proton irradiation of
HPHT diamond nanocrystals. NUCLEAR INSTRUMENTS & METHODS IN PHYSICS
RESEARCH SECTION B-BEAM INTERACTIONS WITH MATERIALS AND ATOMS, Vol. 435,
pp. 318-322, 2018

e M. Gea, T. Schiliro, P. lacomussi, R. Degan, S. Bonetta, G. Gilli: Cytotoxicity and
genotoxicity of light emitted by incandescent, halogen, and LED bulbs on ARPE-19
and BEAS-2B cell lines. JOURNAL OF TOXICOLOGY AND ENVIRONMENTAL HEALTH-
PART A-CURRENT ISSUES, Vol. 81, Issue 19, pp. 998-1014, 2018

e Dilascio, A; Di Lazzaro, P; lacomussi, P; Missori, M; Murra, D.: Investigating the color
of the blood stains on archaeological cloths: the case of the Shroud of Turin. APPLIED
OPTICS, Vol. 57, Issue 23, pp. 6626-6631, 2018

e Rossi, G; lacomussi, P; Zinzi, M: Lighting Implications of Urban Mitigation Strategies
through Cool Pavements: Energy Savings and Visual Comfort. CLIMATE, Vol. 6, Issue
2, Article Number 26, 2018.

e Nocentini, S.; Parmeggiani, C.; Martella, D.; Wiersma, D.S.: Optically Driven Soft Micro
Robotics. ADVANCED OPTICAL MATERIALS, Vol. 6, Issue 14, Article Number 1800207,
2018

e Tiwari, A.K; Pattelli, L; Torre, R; D.S. Wiersma: Remote control of liquid crystal
elastomer random laser using external stimuli. APPLIED PHYSICS LETTERS, Vol. 113,
Issue 1, Article Number 013701, 2018.



Bureau
‘ International des

T Poids et
{ Mesures (V1, 25 May 2019) CCPR 19/03

o Pattelli, L.; Egel, A.; Lemmer, U.; Wiersma, D.S.: Role of packing density and spatial
correlations in strongly scattering 3D systems. OPTICA, Vol. 5, Issue 9, pp. 1037-1045,
2018.

e Forneris, J.; Ditalia Tchernij, S.; Traina, P.; Moreva, E.; Skukan, N.; Jaksi¢, M.; Grilj, V.;
Bosia, F.; Enrico, E.; Amato, G.; Degiovanni, |.P.; Naydenov, B.; Jelezko, F.; Genovese,
M.; Olivero, P.: Mapping the Local Spatial Charge in Defective Diamond by Means of
N-V Sensors-A Self-Diagnostic Concept. PHYSICAL REVIEW APPLIED, Vol. 10, Issue 1,
Article Number 014024, 2018

e losero, E; Ruo-Berchera, I; Meda, A; Avella, A; Genovese, M. Unbiased estimation of
an optical loss at the ultimate quantum limit with twin-beams. SCIENTIFIC REPORTS,
Vol. 8, Article Number 7431, 2018

e Piacentini, F.; Avella, A.; Gramegna, M.; Lussana, R.; Villa, F.; Tosi, A.; Brida, G.;
Degiovanni, l.: Investigating the Effects of the Interaction Intensity in a Weak
Measurement. SCIENTIFIC REPORTS, Vol. 8, Article Number 6959, 2018

e Rebufello, E., Piacentini, F., Lopez, M., Kirkwood, R. A., Berchera, |. Ruo, Gramegna,
M. Brida, G. Kueck, S., Chunnilall, C. J., Genovese, M., Degiovanni, |. P., Tl Towards a
standard procedure for the measurement of the multi-photon component in a CW
telecom heralded single-photon source, METROLOGIA, Vol. 56, Issue 2, 025004, 2019.

e Moreva, E., Traina, P., Kirkwood, R. A., Lopez, M., Brida, G., Gramegna, M., Ruo-
Berchera, I., Forneris, J., Tchernij, S. Ditalia, Olivero, P., Chunnilall, C. J. Kueck, S.
Genovese, M. Degiovanni, |. P. Feasibility study towards comparison of the g((2))(0)
measurement in the visible range, METROLOGIA, Vol. 56, Issue 1, 015016, 2019.



	Consultative Committee for Photometry and Radiometry (CCPR)
	Questionnaire on activities in radiometry and photometry
	Reply from: Giorgio Brida and Alice Meda
	Delegate: Giorgio Brida

