
BSW22 – dark sector highlights

Angeles Faus-Golfe, Giuliano Franchetti and Frank Zimmermann



R. Jacobsson



R. Jacobsson



R. Jacobsson



R. Jacobsson



R. Jacobsson



R. Jacobsson



R. Jacobsson



W. Krasny



W. Krasny



W. Krasny



W. Krasny



W. Krasny



W. Krasny



W. Krasny



W. Krasny



W. Krasny



W. Krasny



W. Krasny



W. Krasny



W. Krasny



F. Kling



F. Kling



F. Kling



F. Kling



F. Kling



F. Kling



F. Kling



F. Kling



F. Kling



F. Kling



Horizon 2020
Livingston Curve: Success of RF Accelerators

R. Assmann - IFAST Workshop - 30 March 2022

Master-pieces of technology: LHC, LHC HiLumi, SuperKEKb, DAFNE, LEP, 

LEP-2, Tevatron, HERA, RHIC, SLC, Eu-XFEL, SwissFEL, SACLA, ESRF-EBS, …

Examples of new ideas and 

solutions: RF, AG focusing, beta 

squeeze, stochastic cooling, polarized 

beams,  super-conducting 

magnets/RF, advanced materials for 

vacuum/collimators, plasma / laser 

accelerators, … 

Nobel prize Physics 

2013 Englert/Higgs
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Horizon 2020
The Plasma Accelerator Opportunity

R. Assmann - IFAST Workshop - 30 March 2022

27 km

100 km

100 m 10 cm

Nobel prize 
Physics 2018
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Horizon 2020
Timely to Build Something Useful

R. Assmann - IFAST Workshop - 30 March 2022

• Particle accelerators are a fascinating research topic but define 

their purpose through producing usable beams for important 

research or applications.

• RF based particle accelerators serve about 70,000 users in 

science, enabling discoveries, advances in human knowledge.

• Plasma particle accelerators have made great progress but 

have not served in a user facility so far.

• “Emerging since 40 years”: timely to demonstrate first user 

applications before end of 2020`s (within 50 years of idea).

• Basic R&D can continue in parallel but we should focus on 

usable beam.

34↑ R. Assmann



Horizon 2020

Consortium
(from 16 to 40 members in new Dec 2020 consortium)

40 Member institutions in:
▪ Italy (INFN, CNR, Elettra, ENEA, Sapienza Università di 

Roma, Università degli Studi di Roma “Tor Vergata”)

▪ France (CEA, SOLEIL, CNRS)

▪ Switzerland (EMPA, Ecole Polytechnique Fédérale de 

Lausanne)

▪ Germany (DESY, Ferdinand-Braun-Institut, Fraunhofer 

Institute for Laser Technology, Forschungszentrum Jülich, 
HZDR, KIT, LMU München) 

▪ United Kingdom (Imperial College London, Queen’s 

University of Belfast, STFC, University of Liverpool, 
University of Manchester, University of Oxford, University 
of Strathclyde, University of York)

▪ Poland (Institute of Plasma Physics and Laser 

Microfusion, Lodz University of Technology, Military 
University of Technology, NCBJ, Warsaw University of 
Technology)

▪ Portugal (IST)

▪ Hungary (Wigner Research Centre for Physics)

▪ Sweden (Lund University)

▪ Israel (Hebrew University of Jerusalem)

▪ Russia (Institute of Applied Physics, Joint Institute for 

High Temperatures)

▪ United States (UCLA) 

▪ CERN

▪ ELI Beamlines

R. Assmann - IFAST Workshop - 30 March 2022 35
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Horizon 2020
ESFRI Projects Roadmap 2021

R. Assmann - IFAST Workshop - 30 March 2022

• Two new entries in 2021: Einstein Telescope (ET) and EuPRAXIA

• EuPRAXIA is the only accelerator facility selected in the last 5 years

• EuPRAXIA is the first plasma accelerator facility ever included

36

↑ https://roadmap2021.esfri.eu
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https://roadmap2021.esfri.eu/


Horizon 2020

•10.1 B€ invest
•730 M€ OP / year

Accelerator 
Facilities

•6.0 B€ invest
•197 M€ OP / year

Telescopes

•0.85 B€ invest
•80 M€ OP / year

Laser 
Facilities 

(ELI)

•0.19 B€ invest
•100 M€ OP / year

Reactor 
neutrons 

(ILL)

•0.17 B€ invest
•20 M€ OP / year

Magnet lab 
(EMFL) 

R. Assmann - IFAST Workshop - 30 March 2022
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ESFRI: 17.3 B€ in Physical Sciences & Engineering
Cost
(M€)

Project Duration (Years)

ESFRI Roadmap 2021
(Physical Sciences & Engineering – Projects Red Triangles)

Average project duration: 12.4 years
Average project cost: 1.08 B€
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Horizon 2020
EuPRAXIA Deliverables and User Interests

EuPRAXIA is designed to 
deliver at 10-100 Hz ultra-
short pulses of 
• Electrons (0.1-5 GeV, 30 pC) 
• Positrons (0.5-10 MeV, 106)
• Positrons (GeV source)
• Lasers (100 J, 50 fs, 10-100 Hz)
• Betatron X rays (5-18 keV, 1010)
• FEL light (0.2-36 nm, 109-1013)

Expressions of interest from 95 
research groups representing 
several thousand scientists in total.

R. Assmann - IFAST Workshop - 30 March 2022 38
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Horizon 2020
EuPRAXIA Schedule

European World-
Class RI on compact 
accelerators for the 

end of the 2020‘s to the 
beginning of the 2060‘s

More detail 
in Master 
Schedule

SUCCESS – ON TRACK

R. Assmann - IFAST Workshop - 30 March 2022 40
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Horizon 2020
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Can we shrink the Linear Collider?

R. Assmann - IFAST Workshop - 30 March 2022

↑ Provide e- and e+ beams in the TeV energy regime and produce > 1034 cm-2 s-1 luminosity

TDR’s

published

TDR to be

worked out

FCC
Future Circular Collider

100 km, e+e-, pp

Technical design to be done

• No fundamental show-stopper but a lot of R&D still required. 

• There can be very interesting and useful interim steps (non-linear QED, fixed target, dark matter, …)

• Devil is in the details! Answer requires detailed simulation, calculations, R&D, designs and tests!

• How and when can we arrive at readiness for for high energy particle physics, e.g. a TeV collider?

from expert panel report

R. Assmann



Horizon 2020
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Can we shrink the Linear Collider?

R. Assmann - IFAST Workshop - 30 March 2022

↑ Provide e- and e+ beams in the TeV energy regime and produce > 1034 cm-2 s-1 luminosity

from expert panel report

R. Assmann



Horizon 2020

43

Possible Beam Parameters Spreadsheet I

R. Assmann - IFAST Workshop - 30 March 2022

↑

Column 1: CLIC reference
design

Columns 2-4: Advanced collider
sketches

Column 5-6: EuPRAXIA
conceptual design

In next 8 years:
• Up to 3e9 C/s high 

quality beam at up to 5 
GeV?

• Designed with
European laser
industry, RF labs

• Tradeoff with quality: 
can imagine factor 10 
more rate with lower
quality, not much more

R. Assmann



Recap of standard fully electric charged particle 

Electric Dipole Moment (cpEDM) ring

◼ “Frozen spin” concept (for MDM, neglecting EDM)

 Initial longitudinal polarization is maintained

◼ “Magic energy” – ideal case

 “Frozen spin” with radial electric field only choosing 

rel. factors                            and

with                                    describing the proton EDM

(average) fields                                                 and            with

and    the proton mass and charge and                  the circumf.

◼ Imperfect machine with average radial magnetic field

 Vertical electric field                      from quadrupoles compensates resulting vertical deflection

◼ Rotation of spin vector      in machine with additional radial magnetic field

 Described by Thomas-BMT equation (NO subtraction of angular frequency for rotation of direction)

 Gives

with                           describing the rotation of the direction

 corresponding to an EDM of                        or                     give both 
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Hybrid Ring Concept - Proposal 

◼ Ring operated at “magic energy” with electro-static bends without gradient (field index         )

 Geometry taken from strong focusing “magic energy” electric ring

 Quadrupoles magnetic with strength                              and                          (length                )

◼ Operation with two counter-rotating beams

◼ Thus, quadrupole polarity opposite for CW and CCW beam

 Working point QH = 1.754, QV = 0.673 almost identical for two beams

 Significant variations of horizontal betatron functions with periodicity four and larger dispersion

◼ Impact on IBS to be evaluated

 Tuning of machine for both

beams more delicate

◼ Closed orbit

◼ Working point

◼ Chromaticity and 2nd order

dispersion for spin coherence 

 Note some analogies with,

e.g., “doubly magic” proposal

(superposition of electric and

magnetic fields)

Hybrid EDM Ring & Axions                                                                           iFAST BSW22, 29th March to 1st April 2022
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Hybrid Ring Concept –
Recent proposal for high periodicity lattice

◼ “Symmetric-Hybrid” ring

 Each quadrupole is symmetry point

 “Vertical velocity effect” due to vertical 

quadrupole misalignments disappear

◼ Vertical velocity effect is transfer of radial 

spin component into vertical direction

◼ Proportional to average slope inside 

bending elements

◼ (Kind of) rotation around longitudinal axis

◼ Misaligned quadrupole at symmetry point

gives vanishing average slope and effect 

 Beam based methods for mitigation of 

systematic effects

◼ Intentional quad movement to 

 Many other possible effects not (yet) studied

(see list below with some possible effects)

Hybrid EDM Ring & Axions                                                                           iFAST BSW22, 29th March to 1st April 2022

Schematic of  the Symmetric-Hybrid ring C. Carli



Search for oscillating EDMs –
Signature of coupling from axions 

◼ Spin rotation w.r.t. particle direction with frequency equal to EDM oscillation

 Oscillating EDM means that ratio between EDM and spin oscillates 

◆ Frequency range and stability?

◆ Resonance condition                          !

◆ Long-term build up of vertical spin component

 Many systematic effects strongly mitigated!

 Severely limited by statistics (need for runs with different possible spin oscillation frequencies)?

◆ Say frequencies fixed over one 1000 s store

◆ Build-up of vertical polarization over full duration for below 1 mHz frequency range!

Hybrid EDM Ring & Axions                                                                           iFAST BSW22, 29th March to 1st April 2022
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tentative conclusions



Dark Sector Accelerators
• need to pursue tool-driven revolution in science
• EIC is on the way – will help unravel QCD mysteries 
• SHIP, FPF, GF, and FCC-ee are promising for dark sector

- decision on SHIP and FPF needed within a year 
• distant forward detectors at all future high-energy colliders ?!
• we recommend studies of dark sector reach for DIMUS and for GF-m

source + plasma-based m source & accelerator 
• dielectric acceleration interesting approach for dark sector searches,

DLA acc. design & experimental demonstration required 
• EDM ring : in-depth studies including prototype ring  recommended
• GF-driven subcritical reactor & waste transmutation

-> autonomous (self-powered) accelerators
• next HEP collider ? – how complex can or should it be?



Machine Learning
• Machine Learning already widely contributes to exploitation of 

operating accelerator facilities – dozens of successful developments 
at CERN, DESY, FNAL, LANL, PSI and SLAC 

• we expect that ML will become a standard 
• ML should be used for design optimization of future machines
• ML should be standard topic in accelerator education  
• ML could be instrumental for dark sector beam performance 
• further work is needed on time-varying systems
• additional benefit or special applications for quantum computing?
• seek collaborations with ML experts from other sectors 
• we recommend testbed for self-controlling complex accelerator 
• how far can we go ?



thank you all for participating and coming to Valencia !!


