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(all quantum technologies) o felid R

Russia
150 B RUB = USD 1.83 B

India
60 B INR=USD 720 M

France
1.8 BEUR=USD 207 B
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Global effort 2025
USD 55.7 B

(ESti m Qte) _ New Zealand

— 48.75 M NZD = USD 29 M

' South Africa
’ 196 M ZAR = USD 10.7 M

https://www.qureca.com/quantum-initiatives-worldwide/



(all guantum technologies)

United States of America
USD 767 B

Denmark
299 B DKK = USD 448 M

France
18 BEUR=USD 207 B

India
60 B INR =USD 720 M

Finland
2742 M EUR = Usogsam

Europeon Quantum

fe R Uso uf @f”’p;

Austria
107 M EUR = USD 123 M

Hungary
7 B HUF = USD 20 M

Spain
111B EUR=USD 127 B

Global effort 2025
USD 55.7 B
(Estimate)

https://www.qureca.com/quantum-initiatives-worldwide/

$106 B by the year 2040
according to McKinsey

hilr

Israel
1.25 B NIS = USD 338 M

g s it e b il

Germany
3BEUR=USD 345B

South Africa
196 M ZAR = USD 10.7 M

Russia
150 B RUB = USD 183 B

South Korea
30579 B KRW = USD 2.14 B

Philippines
868 M PHP = USD 15.6 M

New Zealand
48.75 M NZD = USD 29 M



PUTTING IT INTO PERSPECTIVE
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PUTTING IT INTO PERSPECTIVE

Enough to fund CERN
for 75 years
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PUTTING IT INTO PERSPECTIVE

Or to build 6 FCCs
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PUTTING IT INTO PERSPECTIVE

Or to build 6 FCCs
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Two new players have emerged in the QS ecosystem.

Number of QS start-ups by country

+ change since 2021

Country 2022 Country 2022
United States 14 + Singapore 1
Switzerland 5 Sweden 1
Germany 5 Turkey 1
France 4 Total 46 +2
United Kingdom 4

China' 8

Netherlands 2

Denmark 2

Australia 1

Canada 1

Finland 1

Japan 1

Credit: McKinsey



In QS, half of the players are in components; however,
more investment has tlowed to hardware manufacturers.

Number of QS players by value-chain segment

lllll

lllll

Equipment/
components

19
'

Hardware

Al

=
Application soft- Total
ware and services

Share of start-up 22%
investment?

50%

28%

Credit: McKinsey
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Credit: Lockheed Martin
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MATERIAL SCIENCE

Tilted

a  Surface
stripe

c LT -&\" :

Surface

Stray-field
imaging

eyt Skyrmion
‘ displacement

+
iy

W,
iyt fe hefe W
" " "’."'l"l"l' '''''''''''
L

/QA Fakulta jaderna
- u?i‘l?ﬂ a fyzikalné inzenyrska

Nature Nanotechnologyolume8, pages32§328 (2013) 13



https://www.nature.com/nnano

OIL AND TUNNELS

Data Processing 3D Modeling / Inversion
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Remote Sens. 2022, 14(3), 735 19
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MEDICAL IMAGING

Jonah A. Majumder MIT ILP R&D Conference 20
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AND NEW ONES POPPING UP AS W

Single Molecula/Mucleus Sensing
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arXiv:2503.11645

Nature volume 643, pages955i 960 (2025)

Sensor-'H Distance (nm)

ACS Cent. Sci. 2021,
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A DEFINITION

Fakulta jaderna
‘ v 7% afyzikalné inZenyrska




An ultra-sensitive measuring system that requires quantum
physics for its making, understanding, and improvement.
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DRDs

2030-  2035-  2040-
<2030 o035 2040 2085 0%

DRDT1.1 Improve time and spatial resolution for gaseous detectors with & o ® E C F A
long-term stability
DRDT 1.2 Achieve tracking in_ gaseous detectors with dE/dx anq dN/dx capability & 3> ® Eu‘ropean Strategy European Committee
?clri;gmee\éolumes with very low material budget and different read-out Up d ate for Future Accelerators
DRDT1.3 Develop environmentally friendly gaseous detectors for very large B> B B B
areas with high-rate capability
DRDT 1.4 Achieve high sensitivity in both low and high-pressure TPCs =00
DRDT 2.1 Develop readout technology to increase spatial and energy R
resolution for liquid detectors . . . .
DRDT2.2 Advance noise reduction in liquid detectors to lower signal energy ———— DRDT6.1 Develop radlgtlpn-hard ca.lorlmeters with enhanced electromagnetic
thresholds energy and timing resolution
DRDT2.3 Improve the material properties of target and detector components o o DRDT 6.2 Develo.p high-granular ca_lorimeters with multi-dimensional readout
in liquid detectors for optimised use of particle flow methods
DRDT2.4 Realise liquid detector technologies scalable for integration in ey DRDT6.3 Develop calorimeters for extreme radiation, rate and pile-up
large systems environments
DRDT 3.1 g(l:\:g;e full Iintegration of sensing and microelectronics in monolithic ® ® DRDT7.1 Advance technologies to deal with greatly increased data density
pixel sensors 8 . . :
DRDT3.2 Develop solid state sensors with 4D-capabilities for tracking and @ ® DRDT7.2 Develop technologies for increased intelligence on the detector
calorimetry DRDT7.3 Develop technologies in support of 4D- and 5D-techniques
DRDT3.3 Ifflzzirlc;;:apablhtles e g ® DRDT7.4 Develop novel technologies to cope with extreme environments and
DRDT3.4 Develop full 3D-interconnection technologies for solid state devices e < & 5 requised longevily. . " "
in particle physics DRDT7.5 Evaluate and adapt to emerging electronics and data processing
technologies
DRDT4.1 Enhance the timing resolution and spectral range of photon s 2 S ® of
detectors DRDT 8.1 Develop novel magnet systems
PID and . - : -
Photon DRDT4.2 Develop photosensors for extreme environments @ ® @ ® DRDT8.2 Develop improved technologies and systems for cooling E
DRDT4.3 Develop RICH and imaging detectors with low mass and high o> D DRDT 8.3 Adapt novel materials to achieve ultralight, stable and high : =
resolution timing precision mechanical structures. Develop Machine Detector
DRDT4.4 Develop compact high performance time-of-flight detectors @ ® Interfaces.

DRDT5.1 Promote the development of advanced quantum sensing technologies % S S -® DRDT8.4 Adapt and advance state-of-the-art systems in monitoring

DRDT5.2 Investigate and adapt state-of-the-art developments in quantum _— o ) including environmental, radiation and beam aspects
technologies to particle physics

DRDT5.3 Establish the necessary frameworks and mechanisms to allow ¥ D Training
exploration of emerging technologies

DRDT 5.4 Develop and provide advanced enabling capabilities and infrastructure

Establish and maintain a European coordinated programme for training in
instrumentation

Develop a master’s degree programme in instrumentation

|l
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DRDs

DRDT1.1 Improve time and spatial resolution for gaseous detectors with
long-term stability

DRDT1.2 Achieve tracking in gaseous detectors with dE/dx and dN/dx capability
in large volumes with very low material budget and different read-out
schemes

DRDT1.3 Develop environmentally friendly gaseous detectors for very large
areas with high-rate capability

DRDT 1.4 Achieve high sensitivity in both low and high-pressure TPCs

2030-  2035-  2040-
2035 2080 2085 2045

il ECFA

® European Strategy, European Committee
Update for Future Accelerators

<2030

DRDT 2.1 Develop readout technology to increase spatial and energy
resolution for liquid detectors

DRDT2.2 Advance noise reduction in liquid detectors to lower signal energy
thresholds

DRDT 2.3 Improve the material properties of target and detector components
in liquid detectors

DRDT 2.4 Realise liquid detector technologies scalable for integration in
large systems

DRDT 6.1 Develop radiation-hard calorimeters with enhanced electromagnetic
energy and timing resolution

DRDT 6.2 Develop high-granular calorimeters with multi-dimensional readout
for optimised use of particle flow methods

DRDT 6.3 Develop calorimeters for extreme radiation, rate and pile-up
environments

R e e e S e e ® DRDT7.1 Advance technologies to deal with greatly increased data density
pixel sensors i ) L
DRDT3.2 Develop solid state sensors with 4D-capabilities for tracking and " DRDT7.2 Develop technologies for increased intelligence on the detector
calorimetry DRDT7.3 Develop technologies in support of 4D- and 5D-techniques
DROTA3 Ifilﬁt;r::c;;:apablhtles of solid;siate sensors;to operale at.exinsme ® DRDT7.4 Develop novel technologies to cope with extreme environments and
DRDT 3.4 Develop full 3D-interconnection technologies for solid state devices & D DRDT75 éeq:uretd Ioné;e\gty tt . lSEtToR d dat .
in particle physics 2 t::hl;i;;ir;s adapt to emerging electronics and data processing
DRDT4.1 Enhance the timing resolution and spectral range of photon & <
PID and detectors DRDT8.1 Develop povel magnet systerT!s . ==
Photon DRDT4.2 Develop photosensors for extreme environments & @ DRDT 8.2 Develop improved technologies and systems for cooling ' e
DRDT4.3 Develop RICH and imaging detectors with low mass and high ® DRDT 8.3 Adapt‘novel m:tefialls tto acthieve Il;ltraI:ght,'vista:!e agd thigth B = —
esalution timi precision mechanical structures. Develop Machine Detector
2 E Interfaces.
DRDT5.1 Promote the development of advanced quantum sensing technologies = 8 = =) DRDT8.4 Adapt and advance state-of-the-art systems in monitoring . P
DRDT5.2 Investigate and adapt state-of-the-art developments in quantum e a including environmental, radiation and beam aspects
technologies to particle physics Establi intain = in A ining in 5
DRDT5.3 Establish the necessary frameworks and mechanisms to allow Training in stmrlﬁznatggomnajmal aRurapaen cparceeed progreamine for Usiing
exploration of emerging technologies : . .
DRDT5.4 Develop and provide advanced enabling capabilities and infrastructure Develop a master’s degree programme in instrumentation —
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UK:

France:

Canada:

USA:

Mexico:

Spain:

Switzerland:

96 groups (as of 3.6.2024)

Oxford University
Univ. of Warwick Germ any:
Univ. of Birmingham
NPL

Imperial College

Univ. of Southhampton

Univ. of Sussex

Netherlands: U. of Groningen

Norway: Oslo University

SYRTE / OBSPM

CNRS - U. Sorbonne Paris Nord
LKB

Univ. Claude Bernard Lyon

McGill Univ.
TRIUMF

ltaly:

UCLA

ORNL

Northwestern Univ.

Caltech

MIT

Arizona State Univ.

Yale . %) 00555
Univ. of Arizona - o o Pos
NIST

LBNL

Univ. of Delaware
FNAL

SLAC
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ORNL
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. de Aguascalientes ] Finland:

. de Zaragoza
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u Iran:
U

U. de Valencia

U

U

U

Isfahan U. of Tech.

Korea:
Korea University

Poland:

O HEP/related Quantush initiatives

. de Lleida :
Australia:
University of Queensland
University of Western Australia

Swinburne University of Technology

India:
IITTR, Tirupati
IISER, Kolkata
TIFR, Mumbai
University SOA Bhuvaneswar

Israel:
Technion, Haifa

Austria:

. of Geneva 1QOQI Vienna
. of Zirich

CERN

ETHZ

South Africa: Japan:

U. of Cape Town

Croatia:
Inst. of Physics, Zagreb

PTB

Univ. Ulm

Leibnitz Univ. Hannover
KIT, Karlsruhe

TU Miinchen

DESY

MPP Garching

HU Berlin

FBH Berlin

Univ. Heidelberg

Univ. Tibingen

Univ. Dusseldorf

Univ. Mainz

Univ. Bremen / ZARM
Semiconductor Lab HLL / MPG
TU Darmstadt

U. of Pisa & INFN

U. of Pavia

U. of Firenze

U. of Milano-Bicocca

Fondazione Bruno Kessler, Trento
IOM CNR, Elettra Sincrotrone, Trieste
Univ. of Bari / INFN

INFN Padova

Univ. Roma 1 & 3

Univ. Napoli

INFN Roma Tor Vergata

INFN LNF

INFN Trento (TIFPA)

INFN Torino

INFN LNL

INFN Lecce

INFN Roma Tor Vergata

U. of Camerino

Helsinki Inst. of Physics

VTT

Warsaw TU

Nat. Centre Nucl. Research / Warsaw
Nat. Lab. FAMO / Torun

Czech Republic:

Czech Tech. University

QUP / KEK
Kyoto University
Tokyo University / ICEPP
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UK: Oxford University
Univ. of Warwick

. de Cartagena
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