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The 3rd TVLBAl workshop follows the formation of the TVLBAI Proto -

Collaboration and will focus on discussing] the technology and physics drivers 

for large -scale Atom Interferometry as well as establishing a comprehensive 

roadmap. The primary objectives are to bring together researchers from diverse 

institutions, foster strategic discussions, and develop a pathway towards 

funding for Terrestrial Very -Long Baseline Atom Interferometer projects

expected to become operational in the mid -2030s.
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Ground Based Large Scale O(100m) Projects

MIGA: Terrestrial detector using atom 
interferometer at O(100m)  

(France)

ZAIGA: Terrestrial detector for large scale atomic 

interferometers, gyros and clocks at O(100m)

(China)

MAGIS: Terrestrial shaft detector 
using atom interferometer at 

O(100m)  

(US)

AION : Terrestrial shaft detector 
using atom interferometer at 10m 

ïO(100m) planned 

(UK)

Planned network operation

VLBAI:
Terrestrial tower 

using atom 
interferometer 

O(10m)  

(Germany)
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Ground Based Large Scale O(100m) Projects

MIGA: Terrestrial detector using atom 
interferometer at O(100m)  

(France)

ZAIGA: Terrestrial detector for large scale atomic 

interferometers, gyros and clocks at O(100m)

(China)

MAGIS: Terrestrial shaft detector 
using atom interferometer at 

O(100m)  

(US)

AION : Terrestrial shaft detector 
using atom interferometer at 10m 

ïO(100m) planned 

(UK)

Planned network operation

VLBAI:
Terrestrial tower 

using atom 
interferometer 

O(10m)  

(Germany)

Examples of large -scale CA projects that act as demonstrators for 

GW mid -frequency band and ULDM detectors. 

All these projects are represented in the TVLBAI Community.  

Each project requires an investment of O(10M+) currency units. 

All projects (AION, MAGIS, MIGA, VLBAI, ZAIGA) 

are funded by national funding agencies and foundations. 

Timeline 2020 to 2030ish 



V
L
B

A
I 

W
o

rk
s
h

o
p

 a
t 

C
E

R
N

: 
In

tr
o

d
u

c
ti
o

n
  

 

44



V
L
B

A
I 

W
o

rk
s
h

o
p

 a
t 

C
E

R
N

: 
In

tr
o

d
u

c
ti
o

n
  

 

55

1st Workshop Summary now 

published with more 200 co-

authors:  

EPJ Quantum Technology, 12 , 

42. 

https://epjquantumtechnology.sprin

geropen.com/articles/10.1140/epjqt

/s40507-025-00344-3

https://epjquantumtechnology.springeropen.com/articles/10.1140/epjqt/s40507-025-00344-3
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2nd Workshop Summary now 

published with more than 250 co-

authors:  

AVS Quantum Science (Vol. 6, 

Issue 2

https://doi.org/10.1116/5.0185291

DOI: 10.1116/5.0185291

1st Workshop Summary now 

published with more 200 co-

authors:  

EPJ Quantum Technology, 12 , 

42. 

https://epjquantumtechnology.sprin

geropen.com/articles/10.1140/epjqt

/s40507-025-00344-3

https://doi.org/10.1116/5.0185291
https://epjquantumtechnology.springeropen.com/articles/10.1140/epjqt/s40507-025-00344-3
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2nd TVLBAI Workshop was held 

in LONDON in APRIL with the 

goal of forming a proto -

collaboration.  

2nd Workshop Summary now 

published with more than 250 co-

authors:  

AVS Quantum Science (Vol. 6, 

Issue 2

https://doi.org/10.1116/5.0185291

DOI: 10.1116/5.0185291

1st Workshop Summary now 

published with more 200 co-

authors:  

EPJ Quantum Technology, 12 , 

42. 

https://epjquantumtechnology.sprin

geropen.com/articles/10.1140/epjqt

/s40507-025-00344-3

https://doi.org/10.1116/5.0185291
https://epjquantumtechnology.springeropen.com/articles/10.1140/epjqt/s40507-025-00344-3
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2nd TVLBAI Workshop was held 

in LONDON in APRIL with the 

goal of forming a proto -

collaboration.  

Workshop Summary now 

published with more than 250 co-

authors:  

AVS Quantum Science (Vol. 6, 

Issue 2

https://doi.org/10.1116/5.0185291

DOI: 10.1116/5.0185291

https://doi.org/10.1116/5.0185291
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TVLBAI Proto -Collaboration

Austria

ÅInstitute of Science and 

Technology Austria

Bosnia and Herzegovina

ÅUniversity of Sarajevo - Faculty of 

Science

Denmark

ÅAarhus University - Department of 

Physics and Astronomy

Estonia

ÅNational Institute of Chemical 

Physics and Biophysics (KBFI)

France

ÅUniversity of Toulouse III ïPaul Sabatier

ÅÉcole Normale Supérieure

Germany

ÅTechnische Universität Darmstadt

ÅLeibniz University Hannover

ÅUlm University

Mexico

ÅAutonomous University of 

Aguascalientes (UAA)

Greece

ÅLaboratory of Theoretical and Computational 

Physics, National Technical University of Athens 

(LThCP)

ÅFoundation for Research and Technology ïHellas 

(FORTH)

ÅLaboratory of Astronomy, Aristotle University of 

Thessaloniki (AUTH)

Ireland

ÅTyndall National Institute

Italy

ÅUniversity of Florence ïDFA

ÅLENS Laboratory

ÅUniversity of Pisa

Malta

ÅUniversity of Malta

Netherlands

ÅUniversity of Amsterdam

Poland

ÅSpace Technology Centre, AGH University 

of Science and Technology, Krakow

ÅCenter for Theoretical Physics, Polish 

Academy of Sciences (CTP PAS)

ÅUniversity of Warsaw

Portugal

ÅInstituto de Telecomunicações

Romania

ÅInstitute of Space Science

Serbia

ÅInstitute of Physics Belgrade (IPB)

ÅSouth East European Network for 

Mathematical and Theoretical Physics 

(SEENET-MTP) Centre

Spain

ÅInstitute of Theoretical Physics (IFT UAM-

CSIC)

ÅInstitute of Corpuscular Physics (IFIC), 

Valencia

ÅAutonomous University of Madrid (UAM)

ÅInstitut de Fisica d'Altes Energies (IFAE)

Switzerland

ÅUniversity of Geneva

ÅCERN

ÅUniversity of Neuchâtel

ÅUniversity of Zurich

ÅFachhochschule Graubünden

United Kingdom

ÅImperial College London

ÅKing's College London

ÅUniversity College London (UCL)

ÅUniversity of Birmingham

ÅUniversity of Cambridge

ÅUniversity of Liverpool

ÅUniversity of Manchester

ÅUniversity of Oxford

ÅUniversity of Southampton

ÅUniversity of Sussex

ÅUniversity of Warwick

ÅUKRI-STFC RAL

United States

ÅUniversity of Arizona

ÅJohns Hopkins University

ÅStanford University

ÅNorthwestern University

ÅUniversity of Delaware

ÅUniversity of Kentucky

ÅBates College, Maine

Australia

ÅUniversity of Western Australia

Observers (Under Evaluation)

Germany

Å German Aerospace Center (DLR)

Iran

Å Isfahan University of Technology

United States

Å Fermi National Accelerator Laboratory (Fermilab)

Å Jet Propulsion Laboratory (JPL)

55 institutions from 21 countries

TVLBAI Chair: Prof. O. Buchmueller
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TVLBAI Proto -Collaboration
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Mexico
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Thessaloniki (AUTH)

Ireland

ÅTyndall National Institute

Italy

ÅUniversity of Florence ïDFA

ÅLENS Laboratory

ÅUniversity of Pisa

Malta

ÅUniversity of Malta

Netherlands

ÅUniversity of Amsterdam

Poland

ÅSpace Technology Centre, AGH University 

of Science and Technology, Krakow

ÅCenter for Theoretical Physics, Polish 

Academy of Sciences (CTP PAS)

ÅUniversity of Warsaw

Portugal

ÅInstituto de Telecomunicações

Romania

ÅInstitute of Space Science

Serbia

ÅInstitute of Physics Belgrade (IPB)

ÅSouth East European Network for 

Mathematical and Theoretical Physics 

(SEENET-MTP) Centre

Spain

ÅInstitute of Theoretical Physics (IFT UAM-

CSIC)

ÅInstitute of Corpuscular Physics (IFIC), 

Valencia

ÅAutonomous University of Madrid (UAM)

ÅInstitut de Fisica d'Altes Energies (IFAE)

Switzerland

ÅUniversity of Geneva

ÅCERN

ÅUniversity of Neuchâtel

ÅUniversity of Zurich

ÅFachhochschule Graubünden

United Kingdom

ÅImperial College London

ÅKing's College London

ÅUniversity College London (UCL)

ÅUniversity of Birmingham

ÅUniversity of Cambridge

ÅUniversity of Liverpool

ÅUniversity of Manchester

ÅUniversity of Oxford

ÅUniversity of Southampton

ÅUniversity of Sussex

ÅUniversity of Warwick

ÅUKRI-STFC RAL

United States

ÅUniversity of Arizona

ÅJohns Hopkins University

ÅStanford University

ÅNorthwestern University

ÅUniversity of Delaware

ÅUniversity of Kentucky

ÅBates College, Maine

Australia

ÅUniversity of Western Australia

Observers (Under Evaluation)

Germany

Å German Aerospace Center (DLR)

Iran

Å Isfahan University of Technology

United States

Å Fermi National Accelerator Laboratory (Fermilab)

Å Jet Propulsion Laboratory (JPL)

55 institutions from 21 countries

TVLBAI Chair: Prof. O. Buchmueller

This is an open science collaboration, and 

we welcome applications from other 

institutions at any time.
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Work Packages (Proposal adopted by ICB)

11

TVLBAI

WP-1 

Scientific 
Foundations and 

Physics Goals

Theory 
Development

Simulation and 
Modelling

Synergies  with 
Existing GW and 
DM Experiments

WP-2

Advanced Atom 
Interferometry 

Techniques

Laser Stability 
and Noise 
Mitigation

Atom Source 
Development

Atom Species

WP-3

Site Options and 
Engineering & 
Infrastructure 

Site Selection 
and Evaluation:

Engineering 
Requirements:

Infrastructure 
Readiness:

WP-4

Network Integration 
and Synergies

Horizontal and 
Vertical Network 

Design

Collaborative 
Experimentation

Data Sharing 
Protocolsl

WP-5

Data Analysis and 
Interpretation

Signal 
Processing 
Algorithms

Systematic Error 
Mitigation

Data Analysis 

WP-6
Community Building 

and Outreach

Workshops and 
Conferences

Training, 
Diversity, 
Education

Public and 
Industry 

Engagement
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Work Packages (Proposal adopted by ICB)

12

TVLBAI

WP-1 

Scientific 
Foundations and 

Physics Goals

Theory 
Development

Simulation and 
Modelling

Synergies  with 
Existing GW and 
DM Experiments

WP-2

Advanced Atom 
Interferometry 

Techniques

Laser Stability 
and Noise 
Mitigation

Atom Source 
Development

Atom Species

WP-3

Site Options and 
Engineering & 
Infrastructure 

Site Selection 
and Evaluation:

Engineering 
Requirements:

Infrastructure 
Readiness:

WP-4

Network Integration 
and Synergies

Horizontal and 
Vertical Network 

Design

Collaborative 
Experimentation

Data Sharing 
Protocolsl

WP-5

Data Analysis and 
Interpretation

Signal 
Processing 
Algorithms

Systematic Error 
Mitigation

Data Analysis 

WP-6
Community Building 

and Outreach

Workshops and 
Conferences

Training, 
Diversity, 
Education

Public and 
Industry 

Engagement

We are appointing co -conveners for each WP. If your 

institution is part of TVLBAI and you are interested or wish to 

propose candidates, please send nominations to: 

Oliver.Buchmueller@cern.ch , John.Ellis@cern.ch , 

Sergio.Calatroni@cern.ch .
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TVLBAI Logo Contest ïslide from Sergio 

Send to: Oliver.Buchmueller@cern.ch , John.Ellis@cern.ch , Sergio.Calatroni@cern.ch .
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TVLBAI Proto -Collaboration

Austria

ÅInstitute of Science and 

Technology Austria

Bosnia and Herzegovina

ÅUniversity of Sarajevo - Faculty of 

Science

Denmark

ÅAarhus University - Department of 

Physics and Astronomy

Estonia

ÅNational Institute of Chemical 

Physics and Biophysics (KBFI)

France

ÅUniversity of Toulouse III ïPaul Sabatier

ÅÉcole Normale Supérieure

Germany

ÅTechnische Universität Darmstadt

ÅLeibniz University Hannover

ÅUlm University

Mexico

ÅAutonomous University of 

Aguascalientes (UAA)

Greece

ÅLaboratory of Theoretical and Computational 

Physics, National Technical University of Athens 

(LThCP)

ÅFoundation for Research and Technology ïHellas 

(FORTH)

ÅLaboratory of Astronomy, Aristotle University of 

Thessaloniki (AUTH)

Ireland

ÅTyndall National Institute

Italy

ÅUniversity of Florence ïDFA

ÅLENS Laboratory

ÅUniversity of Pisa

Malta

ÅUniversity of Malta

Netherlands

ÅUniversity of Amsterdam

Poland

ÅSpace Technology Centre, AGH University 

of Science and Technology, Krakow

ÅCenter for Theoretical Physics, Polish 

Academy of Sciences (CTP PAS)

ÅUniversity of Warsaw

Portugal

ÅInstituto de Telecomunicações

Romania

ÅInstitute of Space Science

Serbia

ÅInstitute of Physics Belgrade (IPB)

ÅSouth East European Network for 

Mathematical and Theoretical Physics 

(SEENET-MTP) Centre

Spain

ÅInstitute of Theoretical Physics (IFT UAM-

CSIC)

ÅInstitute of Corpuscular Physics (IFIC), 

Valencia

ÅAutonomous University of Madrid (UAM)

ÅInstitut de Fisica d'Altes Energies (IFAE)

Switzerland

ÅUniversity of Geneva

ÅCERN

ÅUniversity of Neuchâtel

ÅUniversity of Zurich

ÅFachhochschule Graubünden

United Kingdom

ÅImperial College London

ÅKing's College London

ÅUniversity College London (UCL)

ÅUniversity of Birmingham

ÅUniversity of Cambridge

ÅUniversity of Liverpool

ÅUniversity of Manchester

ÅUniversity of Oxford

ÅUniversity of Southampton

ÅUniversity of Sussex

ÅUniversity of Warwick

ÅUKRI-STFC RAL

United States

ÅUniversity of Arizona

ÅJohns Hopkins University

ÅStanford University

ÅNorthwestern University

ÅUniversity of Delaware

ÅUniversity of Kentucky

ÅBates College, Maine

Australia

ÅUniversity of Western Australia

Observers (Under Evaluation)

Germany

Å German Aerospace Center (DLR)

Iran

Å Isfahan University of Technology

United States

Å Fermi National Accelerator Laboratory (Fermilab)

Å Jet Propulsion Laboratory (JPL)

55 institutions from 21 countries

TVLBAI Chair: Prof. O. Buchmueller
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TVLBAI Proto -Collaboration
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France
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Spain

ÅInstitute of Theoretical Physics (IFT UAM-

CSIC)
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ÅUniversity of Geneva

ÅCERN
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55 institutions from 21 countries

TVLBAI Chair: Prof. O. Buchmueller
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Possible site for a vertical VLBAI at CERN: 140 m deep pit at LHC Pt 4

PX46 ïP4 Support shaft

Depth 143m, diameter 10.10m 

LHC beam on

Dose equivalent ïcase of beam loss

Shielding wall at the bottom of TX46

Safety, access, evacuation, etc.: demonstrated 

feasibility for 365d/y 24h24 access and AION 

operation, also when the LHC beam is on



The goal is to understand 

the most fundamental 

particles and laws 

of the universe.

CERN is the worldôs 

biggest laboratory 

for particle physics.

CERN:
Conseil Européenpour la 
Recherche Nucléaire", or 

European Council for Nuclear 
Research
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CERN in a Nutshell

19

23 Member States
Austria ïBelgium ïBulgaria ïCzech Republic 

Denmark ïFinland ïFrance ïGermany ïGreece 

Hungary ïIsrael ïItaly ïNetherlands ïNorway 

Poland ïPortugal ïRomania ïSerbia ïSlovakia 

Spain ïSweden ïSwitzerland ïUnited Kingdom

3 Associates Member States 

in the pre-stage to membership
Cyprus ïEstonia ïSlovenia 

7 Associate Member States
Croatia ïIndia ïLatvia ïLithuania ïPakistan

Turkey ïUkraine

6 Observers
Japan ïRussia ïUSA

European Union ïJINR ïUNESCO

As of 31 December 2020

Employees:

2635 staff, 756 fellows

Associates:

11 399 users, 1687 others

CERNôs annual budget 

is 1200 MCHF (equivalent 

to a medium-sized European 

university)

More than 50 Cooperation Agreements 

with non-Member States and Territories
Albania ïAlgeria ïArgentina ïArmenia ïAustralia ïAzerbaijan ïBangladesh ïBelarus ïBolivia

Bosnia and Herzegovina ïBrazil ïCanada ïChile ïColombia ïCosta Rica ïEcuador ïEgypt ïGeorgia ïIceland

Iran ïJordan ïKazakhstan ïLebanon ïMalta ïMexico ïMongolia ïMontenegro ïMorocco ïNepal  

New Zealand ïNorth Macedonia ïPalestine ïParaguay ïPeople's Republic of China ïPeru ïPhilippines ïQatar

Republic of Korea ïSaudi Arabia ïSri Lanka ïSouth Africa ïThailand ïTunisia ïUnited Arab Emirates ïVietnam

CERN was founded in 1954 with 12 European Member States



V
L
B

A
I 

W
o

rk
s
h

o
p

 a
t 

C
E

R
N

: 
In

tr
o

d
u

c
ti
o

n
  

 

2020

A laboratory for people around the world

20

Non-Member States and Territories 1279
Algeria 2 ïArgentina 15 ïArmenia 10 ïAustralia 23 ïAzerbaijan 2 ïBahrain 2 ïBelarus 26 ïBrazil 108 

Canada 196 ïChile 22 ïColombia 15 ïCuba 3 ïEcuador 4 ïEgypt 14 ïEstonia 26 ïGeorgia 35 

Hong Kong 20 ïIceland 3 ïIndonesia 7 ïIran 13 ïIreland 6 Kuwait 2 ïLatvia 6 ïLebanon 17 

Malaysia 4 ïMalta 3 ïMexico 49 ïMontenegro 5 ïMorocco 18 ïNew Zealand 11 ïOman 1

Peopleôs Republic of China 334 ïPeru 2 ïPuerto Rico 2 ïRepublic of Korea 132 ïSingapore 3 

South Africa 57 ïSri Lanka 8 ïTaiwan 50 ïThailand 16 ïUnited Arab Emirates 2

Member States 6632
Austria 82 ïBelgium 122 ïBulgaria 37 ïCzech Republic 221 

Denmark 35 ïFinland 79 ïFrance 794 ïGermany 1185 

Greece 138 ïHungary 67 ïIsrael 63 ïItaly 1388 

Netherlands 166 ïNorway 78 ïPoland 272 ïPortugal 80 

Romania 99 ïSerbia 35 ïSlovakia 66 ïSpain 325

Sweden 96 ïSwitzerland 329 ïUnited Kingdom 875

Associate Member States 27

in the pre-stage to membership
Cyprus 11 ïSlovenia 16

Associate Member States 390
Croatia 38 ïIndia 151 ïLithuania 13 ïPakistan 35 

Turkey 124 ïUkraine 29

Observers 3071
Japan 211 ïRussia 1021 ïUnited States of America 1839

Distribution of all CERN Users by the country of their home institutes as of 31 December 2020

Geographical & cultural diversity

Users of 110 nationalities

~ 23% women
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This Study Requireséé.

1. Accelerators: powerful machines that 

accelerate particles to extremely high 

energies and bring them into collision with 

other particles

2. Detectors: gigantic instruments that record the 

resulting particles as they ñstreamò out from the 

point of collision.

3. Computing: to collect, store, distribute and 

analyse the vast amount of data produced by 

these detectors

4. Collaborative Science on a worldwide scale:

thousands of scientists, engineers, technicians and 

support staff to design, build and operate these 

complex ñmachinesò.
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LHC : 27 km long

100m underground

General Purpose,

pp, heavy ions

CMS

ATLAS

Heavy ions, pp

ALICE

pp, B-Physics,

CP Violation

The Large Hadron Collider (LHC) ïCERNôs Flagship Science Programme

ATLAS

CMS

ALICE

LHCb


