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The/Centen “ry of Quantum I\/Iechanlcs (1925 1 2025)
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transistor hard disk laser

The first quantum revolution

Observation and macroscopic
manifestation of quantum principles

er Heisenberg (1901-1976)
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Planck’s quantum theory transistor hard disk laser

Control of single quantum particles
First quantum algorithms

Riz’lllgi‘; Ff;’;lg)lan Serge Haroche The second quantum revolution

Active manipulation of single quantum particles and
And also Alain Aspect, Charles Bennett, . . . . . .
Gilles Brassard. Artur Ekert. Peter Shor. .. interaction between multiple particles for applications
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Light vs. Cold Atoms: Atom Interferometry
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Atom Interferometry and Atomic Clocks

U Atomic clocks are
incredibly precise. Atomic clock error

INn the lifetime of the universe

U Their precision is
equivalent to losing only
0.5 seconds over the
entire 13.7 -billion -year
lifespan of the Universe.

10 minutes

20 seconds

U We harness this
unparalleled atomic 1 second
precision and combine it
with atom interferometry
to achieve the highest 1995 2000 2005 2010 2015 2020
possible accuracy and Year
sensitivity.
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Atom Interferometry and Atomic Clocks

U Atomic clocks are
incredibly precise. Atomic clock error

. . o In the lifetime of the universe
U Their precision is

equivalent to losing only 10 minutes
0.5 seconds over the
entire 13.7 -billion -year

ifespan of the Universe. o Atomic clocks are the only quantum

technology that has truly achieved
U We harness this guantum advantage.

unparalleled atomic

e - 1 second
precision and combine it
with atom interferometry

to achieve the highest 1995 2000 2005 2010 2015 2020

possible accuracy and Year
sensitivity.
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Atom Interferometry and Atomic Clocks

U Atomic clocks are
incredibly precise.

U Their precision is
equivalent to losing only
0.5 seconds over the
entire 13.7 -billion -year
lifespan of the Universe.

U We harness this
unparalleled atomic
precision and combine it
with atom interferometry
to achieve the highest
possible accuracy and
sensitivity.

AION



arometry and Atomic Clocks

=] ra-high frequency sTabiIity clock build
\ i ~ inAION Lab at ICLT based on a/{}SUK design
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Simple Example: Two Atomic Clocks
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Simple Example: Two Atomic Clocks

GW changes
light travel time

AT ~ hL/c

Time
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Simple Example: Two Atomic Clocks
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AION Project in the UK

I | — _, . Project executed in
14.7m : :
_ national partnership
J o . with UK National
e ) Ground Ie\iel AI Quantum
o e Technology Hub in
| : ﬁ Sensors and Timing,
] i Birmingham, UK,
10.0m — ﬁﬁ and international
. partnership with The
77m 2 g W G MAGIS Collaboration
g - | o , and The Fermi
=0 — National Laboratory,
5.0m us
Feed thr‘ogh To push the state-of-the-art single photon Sr Atom Interferometry, the
to laser lab AION project builds dedicated Ultra-Cold Strontium Laboratories in:
Birmingham, Cambridge, Imperial College, Oxford, and RAL
> ST The laboratories are expected to be fully operational in summer 2023.
L. Badurina et aI.,\WAION: An /‘-\ton; rlrnterferometer Observatory and 18

Network, JCAP 05 (2020) 011, [arXiv:1911.11755]
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The AION Programme consists of 4 Stages

W

C Stage 1: to build and commission the 10 m detector, develop existing technology and the AT
infrastructure for the 100 m. L ~10m
C Stage 2: to build, commission and exploit the 100 m detector and carry out a design e
study for the km-scale detector. L ~ 100m
U AION was selected in 2018 by STFC as a high-priority medium-scale project.
ua Al ON will work i n equal partner shi p -swtylhe AMA ( |
network & collaboration, providing a pathway for UK leadership. W

SOURCE

Stage 1 is funded with more £15M by the QTFP Programme and other
sources and Stage 2 could be placed at national facility in Boulby or
Daresbury (UK), possibly also at CERN (France/Switzerland).

ATOM
SOURCE

C Stage 3: to build a kilometre-scale terrestrial detector. L~ 1km

C Stage 4: long-term objective a pair of satellite detectors (thousands of kilometres scale) e—
[AEDGE proposal to ESA Voyage2050 call]

U AION has established science leadership in AEDGE, bringing together collaborators
from European and Chinese groups (e.g. MIGA, MAGIA, ELGAR, ZAIGA).

Stage 3 and 4 will likely require funding on international level (ESA, EU, etc) and AION
has already started to build the foundation for it.
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Ground Based Large Scale O(100m) Projects

MIGA: Terrestrial detector using atom

interferometer at O(100m) VI_.BAI: T A_ION : Terrestrial shaft detector
(France) Terregtrlal tower e using at(?_m interferometer at 10m
using atom i O(100m) planned
interferometer (UK)
O(10m)
(Germany) ATOM

SOURCE

ZAIGA: Terrestrial detector  for large scale atomic
interferometers, gyros and clocks at O(100m)

(China) dlli ATOM

SOURCE
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MAGIS: Terrestrial shaft detector
using atom interferometer at
ATOM O(100m)

SOURCE (US)

Planned network operatign
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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

MAGIS: Terrestrial shaft detector
using atom interferometer at
ATOM O(100m)

SOURCE (US)

Planned network operatign
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I nternational Organisation Committee
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