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Ground Based Large Scale O(100m) Projects

MIGA: Terrestrial detector using atom _
interferometer at O(100m) VLBAI: AION : Terrestrial shaft detector
(France) Terrestrial tower LASER using atom interferometer at 10m
using atom Al i O(100m) planned

intArfAranm AtAr

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

In

are funded by national funding agencies and foundations.

Timeline 2020 to 2030ish
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Mar 13 — 14, 2023 > CERN

Terrestrial Very-Long-Baseline
Atom Interferometry

The event will take stock of the developing international
landscape of large-scale Atom Interferometer prototypes and
discuss their synergies and complementarity. Such devices
will be able to detect ultralight dark matter and gravitational
waves in the mid-frequency band, complementing the
capabilities of optical interferometers on Earth and the

future LISA space mission, and offering unique sensitivity to
ultralight bosonic dark matter.

Organisers:

Kal Bongs, University of Birmingham, UK
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Oliver Buchmueller, imperial College London, UK
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Michael Doser, CERN, Geneva, Switzerland

Elina Fuchs, CERN, Geneva, Switzerland

April 3-5, 2024 > Imperial College - London

Terrestrial Very-Long-Baseline

Atom Interferometry

The primary objectives of the workshop are to discuss
the technology and physics drivers for large-scale Atom
Interferometry as well as to establish the foundation for
an international TVLBAI proto-collaboration. This proto-
collaborative effort aims to bring together researchers
from diverse institutions, fostering strategic discussions
and securing funding for terrestrial large-scale Atom
Interferometer projects. The goal is to develop a
comprehensive roadmap outlining design choices,
technological considerations, and science drivers for one
or more kilometer-scale detectors, expected to become
operational in the mid-2030s.

Gianluigi Arduini, CERN, Geneva, Switzerland

Timothy us
Emst Rasel, Leibniz Universitat Hannover, Germany
lan Shipsey, Oxford University, UK

Y. UK

Dennis 1, Leibniz
Maurits van der Grinten, Rutherford Appleton Laboratory, UK

https://indico.cern.ch/event/1369392/
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Terrestrial Very-Long-Baseline
Atom Interferometry

15t Workshop Summary now
published with more 200 co-
authors:
EPJ Quantum Technology, 12
42.
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The primary objectives of the workshop are to discuss
the technology and physics drivers for large-scale Atom
Interferometry as well as to establish the foundation for
an international TVLBAI proto-collaboration. This proto-
collaborative effort aims to bring together researchers
from diverse institutions, fostering strategic discussions
and securing funding for terrestrial large-scale Atom
Interferometer projects. The goal is to develop a
comprehensive roadmap outlining design choices,
technological considerations, and science drivers for one
or more kilometer-scale detectors, expected to become
operational in the mid-2030s.

Imperial College
London

Organisers:

Gianluigl Arduini, CERN, Geneva, Switzerland
Kal Bongs, DLR Institute for Q:
Philippe Bouyer, L of
Ofiver Buchmueller, Imperial College London, UK
Serglo Calatroni, CERN, Geneva, Switzerland
Benjamin Canuel, CNRS, Institut d'Optique, France
Marili Chiofalo, University of Pisa and INFN Pisa, Raly
Michael Doser, CERN, Geneva, Switzerland
John Elis, King's College London, UK
Naceur Gaaloul, Lelbniz Universitiit Hannover, Germany
Jason Hogan, Stanford University, US
Peter Knight, imperial College London, UK
Timothy L us
Emst Rasel, Leibniz Universitat Hannover, Germany
lan Shipsey, Oxford University, UK
Guglieimo Tino, Universita di Firenze and LENS, italy
Wolf von Kiitzing, IESL-FORTH, Greece
Zhan, Wuhan Instits of Physics and Mathematics, China

Chariles Baynham, Imperial College London, UK

Ofiver Buchmueller, Imperial College London, UK

John Ellis, King's College London, UK

Richard Hobson, Imperial College London, UK

Adam Lowe, Oxford University, UK

Christopher McCabe, King's College London

Sean Paling, Boulby Underground Laboratory, UK

Ulrich C L UK

Dennis Leibniz L

Maurits van der Grinten, Rutherford Appleton Laboratory, UK

hitps://indico.cern.ch/event/1369392/



https://epjquantumtechnology.springeropen.com/articles/10.1140/epjqt/s40507-025-00344-3

Ul Mar 13 — 14, 2023 > CERN

Terrestrial Very-Long-Baseline |&
Atom Interferometry

April 3-5, 2024 > Imperial College - London

Terrestrial Very-Long-Baseline
Atom Interferometry

2"d \Workshop Summary now
published with more than 250 co-
authors:

AVS Quantum Science (Vol. 6,
Issue 2

15t Workshop Summary now
published with more 200 co-
authors:
EPJ Quantum Technology, 12
42.

DOI: 10.1116/5.0185291

VLBAI Workshop at CERN: Introduction
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% 1IN LONDON in APRIL with the
goal of forming a proto -
collaboration.
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Memorandum of Understanding
for the Terrestrial Very Long Baseline Atom Interferometer
Study

THE INSTITUTES, LABORATORIES, UNIVERSITIES, FUNDING AGENCIES
SIGNATORIES OF THIS MEMORANDUM OF UNDERSTANDING (“the
Participants™)

Whereas

The scientific community wishes to draft a framework for the development and
realization of Terrestrial Very-Long-Baseline Atom Interferometry (TVLBAI)
experiments, with a view to executing a Conceptual Design Study for a TVLBAI (the
“TVLBAI Study”),

It is hereby acknowledged:

1. Purpose of this Memorandum

1.1. This Memorandum establishes a common basis among the Participants for the
collaborative effort required for the TVLBAI Study. The TVLBAI Study and
its results shall be used for peaceful purposes only.

1.2. By signing this Memorandum, the signatory becomes a Participant in TVLBAI
Study, together with the other institutes, laboratories, universities, and their
funding agencies who are, or who subsequently decide to become, Participants
in TVLBAI Study. A Participant shall officially join TVLBAI Study on the
date of their signature to this Memorandum.

1.3.1It is expressly acknowledged that, except for Articles 5, 6 and 7, this
Memorandum is not legally binding and each Participant’s involvement in the
TVLBALI Study is on a goodwill basis. This Memorandum does not imply any
commitment of resources. Each Participant’s involvement in the TVLBAI
Study is governed_as the case may be, by its internal policies and regulations
and the laws to which it is subject.

1.4. Participants in the TVLBAI Study intend to organise, conduct and disseminate
their collaborative research work with due regard for equity, diversity and
inclusion.

2. Scope
2.1. The maip focps of the TVLBAI Study shall be to prepare a full science and
technology Roadmap accompanied by a Conceptual Design Report for a

potential TVLBAI project that may consist of one or more demonstrators in
various locations using a combination of design options, e.g., vertical and
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TVLBAI
| | | I | | |
WP-1 WP-2 WP-3 WP-4 WP-5 WP-6
Scientific Advanced Atom Site Options and T e P B e Community Building
Foundations and Interferometry Engineering & 9 ysSis
Physics Goals Techniques Infrastructure and Synergies Interpretation and Outreach
Laser Stability : . Horizontal and Signal
Theory , Site Selection - - Workshops and
Development and Noise and Evaliation: Vertical Network Processing Conferences
|[ We are appointing co -conveners for each WP. If your
institution is part of TVLBAI and you are interested or wish to
Simulation and propose candidates, please send nominations to: or [T)r\e}ler;lsr:g/
Modelling ) ) Education
Oliver.Buchmueller@cern.ch , John.Ellis@cern.ch
| Sergio.Calatroni@cern.ch
Synergies with : Public and
Existing GW and L Atom Species L Irgrea:dtir#gtslgr‘e L Dgtr%tigglr;]g L Data Analysis Industry
DM Experiments ' Engagement
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TVLBAI Logo Contest 1 slide from Sergio

- Spoilers: T AI
TV.BAI

* We think a logo is a good idea and we propose a contest open to
all TVLBAI members
* Propose a logo (send to Sergio, Oliver and John)
» We’ll show all the received logos the first day of the Hannover workshop
* All participants can vote, and the winner will be selected on the last day

* Please encourage all collaborators from your Institute to propose ideas
for the logo, in particular the younger member

VLBAI Workshop at CERN: Introduction

Send to: Oliver.Buchmueller@cern.ch , John.Ellis@cern.ch , Sergio.Calatroni@cern.ch .
13
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B TS DR S A rnla Niarmala Quindrianira

Long-Baseline Atom Interferometry

Abstract

Long-baseline atom interferometry is a promising technique for probing various aspects of fun-
damental physics, astrophysics and cosmology, including searches for ultralight dark matter
(ULDM) and for gravitational waves (GWs) in the frequency range around 1 Hz that is not
covered by present and planned detectors using laser interferometry. The MAGIS detector is
under construction at Fermilab, as is the MIGA detector in France. The PX46 access shaft
to the LHC has been identified as a very suitable site for an atom interferometer of height
~ 100m, sites at the Boulby mine in the UK and the Canfranc Laboratory are also under
investigation, and possible sites for km-class detectors have been suggested. The Terrestrial
Very-Long-Baseline Atom Interferometry (TVLBAI) Proto-Collaboration proposes a coordi-
nated programme of interferometers of increasing baselines.

Submission to the 2026 update of the European Strateqy for Particle Physics on

behalf of the TVLBAI Proto-Collaboration®

@: Contact emails: Oliver. Buchmueller@cern.ch, John.Ellis@cern.ch;
The full author list is provided following the bibliography
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Long-Baseline Atom Interferometry
—— Pl
Abstract

S

Long-baseline atom interferometry is a promising technique for probing various aspects of fun-
damental physics, astrophysics and cosmology, including searches for ultralight dark matter
(ULDM) and for gravitational waves (GWs) in the frequency range around 1 Hz that is not
covered by present and planned detectors using laser interferometry. The MAGIS detector is
under construction at Fermilab, as is the MIGA detector in France. The PX46 access shaft
to the LHC has been identified as a very suitable site for an atom interferometer of height
~ 100m, sites at the Boulby mine in the UK and the Canfranc Laboratory are also under
investigation, and possible sites for km-class detectors have been suggested. The Terrestrial
Very-Long-Baseline Atom Interferometry (TVLBAI) Proto-Collaboration proposes a coordi-
nated programme of interferometers of increasing baselines.

Submission to the 2026 update of the European Strateqy for Particle Physics on

behalf of the TVLBAI Proto-Collaboration®

@: Contact emails: Oliver. Buchmueller@cern.ch, John.FEllis@cern.ch;
The full author list is provided following the bibliography
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VLBAI Workshop at CERN: Introduction

Possible site for a vertical VLBAI at CERN: 140 m deep pit at LHC Pt 4
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Safety, access, evacuation, etc.: demonstrated
feasibility for 365d/y 24h24 access and AION
operation, also when the LHC beam is on

’ ; P'h.y.‘sics

*Beyond
~“Colliders

FFT amplitude [uT]

RMS Power Spectral Density { (m/s2)/YHz)

-
o
b

1073

—
9
=

10-3

PX46 1 P4 Support shaft

Depth 143m, diameter 10.10m
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PX46 / SX46 Ground motion overview

AION requirements

—SX46 (LHC radial axis)
——SX46 (LHC arc axis)
—SX46 (LHC Vertical axis)
——PX46 (LHC radial axis)
PX46 (LHC arc axis)
PX46 (LHC Vertical axis)
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VLBAI Workshop at CERN: Introduction

College

CERN In a Nutshell

CERN was founded in 1954 with 12 European Member States

pners see

CERNOGOs annual
Is 1200 MCHF (equivalent
to a medium-sized European

23 Member States C R i, university)
Austria T Belgium i Bulgariai Czech Republic s -’;.

Denmark i Finland i France i Germany i Greece
Hungary 1 Israel i Italy i Netherlands i Norway As of 31 December 2020

Poland i Portugal i Romaniai Serbiai Slovakia ’ | EmployeeS'

Spaini Sweden 1 Switzerland 7 United Kingdom

2635 staff, 756 fellows
3 Associates Member States
in the pre-stage to membership

Cyprus i Estonia i Slovenia A _ - 11 399 users, 1687 others
7 Associate Member States More than 50 Cooperation Agreements
Croatia1 India1 Latviai Lithuaniai Pakistan Wlth non-Member States and Territories

Turkey 1 Ukraine ) ] . . ) A .
Albania i Algeria Argentinai Armeniai Australia’i Azerbaijan i Bangladesh i Belarus i Bolivia

Bosnia and Herzegovina i Brazil i Canadai Chile i Colombiai Costa Ricai Ecuadori Egypti Georgiai Iceland

6 Ol?ser\_/e"rs Irani Jordani Kazakhstani Lebanoni Maltai Mexico i Mongoliai Montenegroi Morocco i Nepal
Japani Russiai USA New Zealand i North Macedonia i Palestine i Paraguay i People's Republic of China i Peru i Philippines i Qatar
European Union i JINRT UNESCO Republic of Korea i Saudi Arabia i Sri Lanka i South Africai Thailand i Tunisia i United Arab Emirates i Vietnam
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A laboratory for people around the world

Distribution of all CERN Users by the country of their home institutes as of 31 December 2020
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Geographical & cultural diversity

Users of 110 nationalities
~ 23% women

Member States 6632

Austria 8271 Belgium 1227 Bulgaria 371 Czech Republic 221
Denmark 357 Finland 7971 France 7941 Germany 1185
Greece 1381 Hungary 677 Israel 6371 Italy 1388

Netherlands 1667 Norway 787 Poland 2727 Portugal 80
Romania 991 Serbia 3571 Slovakia 661 Spain 325

Sweden 961 Switzerland 32971 United Kingdom 875

Associate Member States 27

in the pre-stage to membership
Cyprus 117 Slovenia 16

VLBAI Workshop at CERN: Introduction

Associate Member States 390

Croatia 381 India 1517 Lithuania 1371 Pakistan 35
Turkey 1247 Ukraine 29

Observers 3071

Japan 2117 Russia 102171 United States of America 1839

e

Non-Member States and Territories 1279

Algeria 21 Argentina 157 Armenia 1071 Australia 2371 Azerbaijan 271 Bahrain 2 i Belarus 261 Brazil 108
Canada 19671 Chile 22 7 Colombia 157 Cuba 37 Ecuador 471 Egypt 141 Estonia 261 Georgia 35

Hong Kong 2017 Iceland 371 Indonesia 77 Iran 137 Ireland 6 Kuwait 27 Latvia 61 Lebanon 17

Malaysia 41 Malta 37 Mexico 491 Montenegro 51 Morocco 1871 New Zealand 117 Oman 1

Peopl eds RepulB3di Peruo2fi PietoiRit@ 21 Republic of Korea 1327 Singapore 3

South Africa 571 SrilLanka 871 Taiwan 5071 Thailand 161 United Arab Emirates 2
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London

Thi s Study Requlresee

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
resul ting particles as
point of collision.

3. Computing: to collect, store, distribute and
analyse the vast amount of data produced by
these detectors

VLBAI Workshop at CERN: Introduction

4. Collaborative Science on a worldwide scale:
thousands of scientists, engineers, technicians and
support staff to design, build and operate these
compl ex fAmachineso.
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The Large Hadron Collider (LHC) T CERNOs FI| ag s hProgranttne | e |

pp, B-Physics,
CP Violation

LHC : 27 km long ATLAS
§  100munderground
é
5 © CMS
S ATLAS
s
< General Purpose,
> - pp, heavy ions o LHCh

Heavy ions, pp
ALICE ALICE

CMS



