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topic which has inspired physicists for past 50 years



Numerous questions, e.g. 

• Is there a realistic possibility for detecting and/or generating  gravitational 
waves with storage rings?

• How does sensitivity/effect scale w ring size, beam energy, particle type?

• Could there be another use of the LHC, or 2nd motivation for the FCC?

• Need we build a dedicated smaller ring?

• Or should we just use accelerator technologies ? SRF, atomic beam  
interferometry etc.

• Could one perhaps envision a network of storage rings around the globe 
for this type of application? (Bill Barletta)



SRGW2021 Scientific Programme

Session 1, Tuesday 2 February 2021, chaired by Pisin Chen, NTU 
15:00 Welcome, Frank Zimmermann
15:05 A Brief History of Gravitational Waves, Jorge Cervantes Cota ;
15:45 Expected sources of gravitational waves, Bangalore Sathyaprakash ;
16:25 Response of a storage-ring beam to a gravitational wave – a few considerations, Katsunobu Oide ;
16:45 Discussion

Session 2, Thursday 18 February 2021, chaired by SY Lee, Indiana U
14:30 Measurement approach and sensitivities of detectors like LIGO and VIRGO, Raffaele Flaminio ;
15:15 Storage ring sensitivity to tides & large-scale perturbations, earthquakes, noise – examples from LEP and LHC, Jorg Wenninger ;
15:55 Discussion

Session 3, Thursday 4 March 2021, chaired by Jörg Wenninger, CERN 
14:30 Detection of gravitational waves in circular particle accelerators - a proposal for the LHC, Suvrat Rao ;
15:15 Storage rings as detectors for relic gravitational-wave background?, Andrei Ivanov ;
16:00 Update on Theoretical Effects of Gravitational Waves on Storage Rings, Raffaele Tito D’Agnolo ;
16:40 Discussion 

Session 4, Thursday 11 March 2021, chaired by Frank Zimmermann, CERN
14:30 Radiofrequency cavities and gravitational wave signals?, Sebastian Ellis ;
15:00 Using storage rings as a GW source, Pisin Chen ;
15:45 Gravitational synchrotron radiation, some history revisited, and FCC-hh, John Jowett;
16:00 Use of atom-interferometry for possible GW detection and other gravity experiments, Oliver Buchmüller, John Ellis;
16:45 Discussion

Session 5, Thursday 18 March 2021, chaired by Giuliano Franchetti, GSI and John Ellis, CERN 
14:30 Ground Vibration at SSRF Site, Rongbing Deng;
15:00 What Governs the Flow of Energy? Questions on Gravitational Impedance Matching, Peter Cameron ;
15:15 Discussion



“Since past colliders turned into photon 
sources, it would be logical if future ones 
became graviton sources …”

John Jowett
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gravitational synchrotron radiation
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gravitational beamstrahlung



Detection by SRF cavity

In the late 1970s, proposals to search for GWs using superconducting 
radio-frequency (SRF) cavities were made by Pegoraro, Picasso and 
Radicati (PPR) and by Caves.

Prototypes were constructed in the 1980s and early 2000s, culminating 
in the MAGO collaboration. The approach was abandoned, however, due 
to political decisions prioritizing other GW searches where known 
astrophysical sources exist.

Due to the renewed theoretical and experimental interest in high-
frequency GWs, and advances in SRF technology, we have revisited the 
use of carefully-controlled SRF cavities to detect gravitational waves. 



Measurements of the seismic noise power spectrum in the LHC tunnel (J. Wenninger)

Storage ring sensitivity to tides, perturbations, earthquakes, noise



Response of a storage-ring beam to a gravitational wave
(K. Oide)

ring optics for a GR antenna

F. Zimmermann, SRGW2021, final discussion 18 March 2021

GW detection by resonant betatron oscillations
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sensitivity of resonant betatron oscillations



other GW responses of storage rings: longitudinal & very slow



Detection by Storage Rings



Detection (& Generation) by Storage Rings

Suvrat Rao, Hamburg U.

Katsunobu Oide,
KEK + GF + FZ

Pisin Chen,
NTU

G. Franchetti et al. 



The principle of atom interferometry: blue lines are atoms in 
the ground state, red dashed lines are atoms in the excited 
state and the wavy lines are laser pulses; and a typical 
interference pattern

One possible location of the 100m 
Stage 2 of AION at CERN is in the PX46 
access shaft to the LHC

Detection by Atom Interferometer



Workshop summary , 
arXiv:2105.00992 
https://arxiv.org/pdf/2105.00
992

SRGW2021 summary paper 

https://arxiv.org/pdf/2105.00992


final SRGW2021 discussion



The landscape of the GW frequency spectrum, illustrating the ranges in which various astrophysical and 
cosmological sources are expected, and the sensitivities of some present and planned experiments. Also shown are 
the frequency ranges targeted by some of the proposals discussed during this Workshop. 

landscape of the GW frequency spectrum with some workshop proposals



F. Zimmermann, SRGW2021, final discussion 18 March 2021

bunch bunch

direction of motion

grav. forcegrav. force

A B

S. Rao

how does the bunch “know”
whether it is in ring A or B?

perhaps force occurs inside dipoles?

gravitational wave as a force on the beam ?!



objective(s) for this workshop

derive and agree on (frequency-dependent?) “equations of motion” for a 
beam in a storage ring subject to gravitational waves, in a format useful for 
accelerator physicists

• design optimization (big or small?), synergies with other precisions storage rings 
(EDM, quantum computing)  

• limitations

use of accelerator technology (SRF cavities) for gravitational wave detection
• pushing the state of the art?

steps for atomic interferometry 
• status of experiments in UK and around the world 
• updated timeline and steps for installation at CERN



spare slides



ARIES Workshop on Storage Rings and Gravitational Waves (SRGW2021),  virtual space, 2 February -18 March 2021 ;

chaired by G. Franchetti, Marco Zanetti, and F. Zimmermann

115 registered 
participants

Sessions: 
2/2/2021, Introduction to Gravitational Waves and their effects, chair: Pisin Chen / NTU Taiwan
18/2/2021, Measurements and sensitivity, chair: Shyh-Yuan Lee / Indiana U
4/3/2021, Proposals and Schemes, chair: Jörg Wenninger / CERN 
11/3/2021, Gravitational wave generation and detection, chair: Frank Zimmermann / CERN 
18/3/2021, Ground motion and final discussion, chairs: Giuliano Franchetti/GSI; John Ellis/CERN 

main focus: detection and/or generation of gravitational waves or other gravity effects using 
storage rings & accelerator technologies

https://indico.cern.ch/event/982987/


B.S. Sathyaprakash 
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F. Zimmermann, SRGW2021, final discussion 18 March 2021

source summary & ground-based detectors



“Accelerator Research and Innovation for European Science
and Society” (ARIES) is an Integrating Activity project which
aims to develop European particle accelerator infrastructures,
co-funded under the European Commission's Horizon 2020
Research and Innovation programme, coordinated by M.
Vretenar (CERN)

ARIES WP6 “Accelerator Performance and Concepts” (APEC), 
coordinated by G. Franchetti (GSI) and F. Zimmermann (CERN)  
covers Beam Quality Control in Hadron Storage Rings and 
Synchrotrons, Reliability and Availability of Particle Accelerators, 
Improved Beam Stabilization, Beam Quality Control in Linacs
and Energy Recovery Linacs, and 

Task 6.6 “Far Future Concepts & Feasibility”, coordinated by Marco 
Zanetti (INFN & U. Padova), Frank Zimmermann (CERN)



“Accelerator Research and Innovation for European Science
and Society” (ARIES) is an Integrating Activity project which
aims to develop European particle accelerator infrastructures,
co-funded under the European Commission's Horizon 2020
Research and Innovation programme, coordinated by M.
Vretenar (CERN), May 2017-April 2022

ARIES WP6 “Accelerator Performance and Concepts” (APEC), 
coordinated by G. Franchetti (GSI) and F. Zimmermann (CERN)  
covers Beam Quality Control in Hadron Storage Rings and 
Synchrotrons, Reliability and Availability of Particle Accelerators, 
Improved Beam Stabilization, Beam Quality Control in Linacs
and Energy Recovery Linacs, and 

Task 6.6 “Far Future Concepts & Feasibility”, coordinated by Marco 
Zanetti (INFN & U. Padova), Frank Zimmermann (CERN)


