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b) Scientific Challenges

Activities inside TC-PR towards Improved Optical Radiation 

Metrology for Quantum Optics

― JRP 2.3  „Quantum Candela“

a) General TC-Work 

Projects

Comparisons

CMC‘s

TC-meetings

Deals with:
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ProjectsProjects

1 pr. Closed :

Project  581 (Fibre optic 

consultation working group) 

closed - covered by CCPR TG 

Number of agreed or 
proposed TC-PR projects

2000 2011

Traceability 9 16

Comparison 7 9 

Cooperation 3 2

Consultation 3 1

No new project registered  since 

last GA. All activities focussed of

EMRP  (existing or planned)

Traceability projects on 

significant increase since year 

2000 

28 projects currently registered within TCPR:
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ComparisonsComparisons (1/2)(1/2)
BIPM - Identifier Euramet Nr Quantity status as of 2011- 01-24 action, comments

EUROMET.PR- K1.a 1103 spectral irradiance (250-
2500nm)

Started in October 2010 Return measurements to be done by 
participants by 2011-06-30

EUROMET.PR-K2.a 1116 spectral resp. (900-1600nm) To st art in June 2011 Participants receive artefacts by
2011-06-15

EUROMET.PR-K2.b 587 spect. resp. (300-1000nm) Draft A. 1 in discussion, started 2002

EUROMET.PR-K2.b.1 1023
spect. resp. (300-1000nm)

bilateral
In progress, no news

EUROMET.PR-K3.a 569 luminous intensity Draft A, in pro gress

EUROMET.PR-K4 569 luminous flux In progress Lamps of 1 participants still at pilot 
lab

EUROMET.PR-K4.1 823 luminous flux, bilateral draft B
Report in discussion with 
CCPR WG KC

EUROMET.PR-K5 619 spectr. diffus. reflectance Draft A- 2 in discussion

EUROMET.PR-K6 538 spectr. regular. 
transmittance

completed, 2009

EUROMET.PR-K6.1 766
spectr. regu;ar

transmittance, bilaterl
measurement completed

EUROMET.PR-K6.2 1073
spectr. diffus. 

transmittance, bilaterl
In progress

EUROMET.PR-S2 156 high laser power Part 1 (power up to 10W) 
completed, 2009

EURAMET.PR-Sx 443 Comparison of Ultraviolet 
Power Meters.

In preparation
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A:
Significantly slow progress issue still lingering
TCPR focused on the topic 
Outcomes:
Workload of  pilot labs underestimated

Evaluated effort of pilot lab for one completed KC ~ 
1.2 M€

Possible ways out:
Avialability of more routine-guidelines – analysis 
and reporting circles  (CCPR WG KC)
create an independent expert panel to help to 
evaluate the data
Sharing the capacities in preparing comparison 
artefacts (where appropriate)

ComparisonsComparisons (2/2)(2/2)

B:
TCPR adopted new  CCPR WG KC rule for 
running bilateral key comparison

BKC consulted another RMO through TCC to 
reduce nr of BKC

C:
Selection criteria for EURAMET members 
particiation in CCPR-KC 2nd round

CCPR ->EURAMET+COOMET max 6 laboratories
, EURAMET TCPR agreed slection criteria
Negotiation with COOMET in progress yet
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CMCsCMCs

Little activities over the past few years
Higher activity expected in 2012-2013  in connection with new KC results

APMP.7.2010 batch has been reviewed by TCPR EURAMET  

Designation Contents Status

EURAMET.PR.8.2008 CMCs from DE, FR, FI, NL Approved, should be published  2009-03-26

EURAMET.PR.9.2009
CMCs form AT, CH, CZ, 

DE, ES, FR, HU, RO,RS
Approved, should be published 2010-10-15

EURAMET.PR.10.2011 CMCs from DE, PL, RO,ES CH

Submitted to Inter-RMO review 2011-05-06,

Review promised by SIM and APMP by 2011-06-

30
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TCPR in EMRPTCPR in EMRP

call Project Short name Code

iMERA PLUS 2007 Candela : Towards Quantum Based Standards Qu Candela T1 J2.3

EMRP ENG 2009 Solid State Lighting SSL ENG05

EMRP ENV 2010
Traceability for Surface Spectral Solar Ultraviolet Radiation

solarUV ENV03

EMRP ENV 2010

Towards European Metrology Centre for Earth Observation 
and Climat EMCEOC ENV04

EMRP IND 2010

Metrology for Industrial Quantum Communication 

Technologies MICQ IND06
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Last TCLast TC--PR PR meetingmeeting : : MarchMarch 20201111, , KjellerKjeller, , NorwayNorway

Next TCNext TC--PR PR meetingmeeting : : 77--8 8 MarchMarch, 2012, , 2012, HelsinkiHelsinki, , FinlandFinland
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Scientific ChallengesScientific Challenges

Improved Optical Radiation Metrology for Quantum
Optics

EURAMET acivity with the gobal impact
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The Joint Research Project T1 J2.3
Candela: Towards quantum-based photon standards

(“qu-Candela”)
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Origin of this JRP: Is there a possibility/necessity of a 

reformulation of the definition of the Candela?

one of the impacts of JRP: ability to give answer to CIPM whether it will be 

possible to reformulate the Candela definition in photon number rather than 

in optical power 

However, main scientific and technological impact:

improving “classical” and “quantum” radiometry 

JRP had the aim to support:

the established “classical” radiometry

the emerging quantum technologies

OOriginrigin of this JRPof this JRP
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WP 2
Predictable 
Quantum 

Efficient Detector 
(PQED)

WP 4
Single photon 

metrics

WP 1
Management

WP 5
Impact: Dissemination, 

Exploitation and 
Knowledge Transfer 

activities

WP 3
Linkage to SI

Structure of JRPStructure of JRP
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Project structureProject structure

WP2: development of high-photon flux detectors

beyond the state of the art (10-4 -> 10-6)

→→→→ Predictable Quantum Efficient Detector – PQED[1]

WP4: development in the field of single and few 

photon sources and detectors beyond the state 

of the art

→→→→ Metrology for the quantum signature of photons

WP3: linkage between classical and quantum 

radiometry

[1] Geist, Brida, Rastello, Metrologia 40, S132, 200 3
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Idea Idea ofof JRPJRP
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WP2WP2

To provide a detector in range of 10 13 - 1014 photons/s (10-100 microwatts) with 

predictable quantum efficiency for absolute  measure with an uncertainty of 1 ppm at 77 K
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WP2WP2
CharacterisationCharacterisation of Linearity and spatial uniformity of spectral responsivityof Linearity and spatial uniformity of spectral responsivity

Measurements Linearity and spatial 
unoformity of spectral responsivity of diodes 
done in PTB
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Validation of Si diode reflectance  SiO 2 layer 
thickness done  in cooperation INRIM and NPL 
in  JV via elipsometry measurement 

Received data back to JV to improve diode 
modelling
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WP2WP2
Comparing PQED with current primary standards Comparing PQED with current primary standards -- Cryogenic radiometersCryogenic radiometers

Measurements being run in parallel in 2 independent  systems at CMI and PTB

CMI measurements at 476.2 nm on setup with 
achievable standard uncertainty 80 ppm

PTB measurements at 761.2  nm on setup with 
achievable standard uncertainty 40 ppm
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Predicted PQED responsivity 0.3842092 A/W

Value measured at 77 K  0.3842029  A/W

Value measured at room temperature 0.3842017 A/W
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WP2WP2
CMI Preliminary Results:CMI Preliminary Results:

Way to evaluate h – Planck constant 
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Objectives:
Linkage between optical power measurements at the 100 µµµµW level to 

those at the level of one or more photons per second.

I. e. single photon regime linked to SI.

Extended NMIs capabilities in providing measurements from the µW 

level down to the single photon level

Work Package 3Work Package 3
Linkage to SILinkage to SI
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Linkage of single photon regime to SILinkage of single photon regime to SI

Intense cooperation NPL and CMI  → development Low Photon Flux TS Detector (to 20 fW)

The correlated photon absolute detector characteris ation technique has been validated by 
comparison with the conventional technique with agr eement between the two techniques 
of 0.16%

Tools for the LinkageTools for the Linkage
• the development of a stabilised laser source with 7 ppm stability over ½ hour period, at 761 nm (PTB) 
and the design and construction of a 10 element tra p detector as a 105 optical attenuator where the 
output beam maintains its quality  (NPL and METROSERT)

� these results represent an order of magnitude improvement over current capability
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All the linkage tools and expertise developed withi n participating NMIs used in 1 week  measurement ca mpaign 
hosted by PTB in June 2010 – SPAD  absolute calibrat ion on 761,2 nm @ ~ 500 kcps

PTB+CMI+INRIM+NPL+METROSERT
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1 photon/s

100 µW

1 nW
~109 photons/s

103 photons/s

~ 105

attenuator
Photon Counter by 
Spontaneous Parametric 
Down-Conversion

Photon N umber 
Resolving D etector (TES)

Validation

Photon N umber 
Resolving D etector (TES)

Predictable Q uantum 
Efficient D etector
(PQED)[1] against
Radiometer

Photon Counter against 
PQED

Transition E dge Sensor 
(TES) against
Photon Counter

Transition E dge Sensor 
(TES) against
Photon Counter

Work Package 4 – Single Photon Metrics
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PHOTON NUMBER RESOLVING DETECTORS

INRIM: TES 
Modul

T

Transition-Edge Sensor (TES)

A superconducting film operated in the
temperature region between the normal and the
superconducting state

∆∆∆∆Tc ~ 1 mK ���� high sensitive thermometer

Tc ~ 100 mK 

R Photon

Single Photon Metrics

Energy resolution down to 
0,17 eV
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SINGLE PHOTON METRICS
PHOTON NUMBER RESOLVING DETECTORS

OBJECTIVE
� Develop suitable metrics for

• single photon sources
• photon number resolving devices

� Develop methods and measurement
facilities for characterising non-classical
properties of light:
• antibunching
• indistinguishability
• entanglement
• quantumness

V > 2g(2)?

Entanglement?

HBTg(2)(ττττ)

HBT( ) ( ) 2
21 dtttV * ψψψψψψψψ∫=

ττττs

ττττc: g(1)(ττττ)

• 2nd order correlation: anti-bunching signature of a single 
photon source

• 2ττττs/ττττc: photons at transform-limit?
• 2-photon interference: indistinguishability of single photons
• parameters determine viability of entanglement from a given 

source

WHY SINGLE-PHOTON METROLOGY?

EXCITATION AND DETECTION
Confocal Microscope
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ANTI-BUNCHING g2(ττττ=0)
Hanbury-Brown-Twiss Interferometer

Ppump = 250 nW
count rate = 39kHz
tint = 18 min
g(2)(t = 0) = 0.05
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Ppump = 200 nW
count rate = 20 kHz
tint = 526 s
g(2)(τ τ τ τ = 0) = 0.07 g2(ττττ = 0) improves as pump power is reduced

COHERENCE LENGTH LC /TIME ττττC
Fourier-Transform-Spectrometer



09/06/2011

15

5th EURAMET General Assembly

Sarajevo, Bosnia and Herzegovina, 6 to 9 June 2011
29


