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MAIN ACTIVITY: ALEGRO 2024
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Co-chaired by:

Jorge Vieira (IST, Lisbon)

Brigitte Cros (U. Paris Sud, Paris)
Patric Muggli (MPP, Munich)

© p. Muggli P. Muggli, ICFA Meeting 2024, 07/21/2024



MAX-PLANCK-INSTITUT
FUR PHYSIK

A&E@ is the Advanced LinEar collider study GROup

is driven by the ICFA-ANA panel
workshops endorsed by ICFA
is inclusive
worldwide
structures, plasma, particle beams, laser pulses, ...
has no source of funding (so far)
did, and will continue to promote ANAs for application to particle
physics
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Founded in 2017 by B. Cros, P. Muggli and the ICFA-ANA panel

*Advanced LinEar collider study GROup: study group towards Advanced Linear Colliders.
ALEGRO's general charge is to coordinate the preparation of a proposal for an advanced

0. Jinear collider in the multi-TeV energy range.
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SERIES OF WORKSHOPS

ANAR2017: Advanced and Novel Accelerators
\ \ for High Energy Physics Roadmap Workshop

ALEGRO 2018 workshop at
Oxford

26 March - 29 March 2018, Oxford, UK

aLecroworksior209  ALEGRO WORKSHOP 2019 CERN
26-29 March

Endorsed by i
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¥ 5= HALE N " ALEGRO 2023 |
oca DESY Hamburg, Germany : S
ion: Brigitte Cros, Richard D’Arcy, Patric Muggli, Jens Osterhoff & =1
'Administration: Daniela Koch

ALEGR02023 Workshop
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Monitor progress
Understand the landscape (science, collaborations)
ESPP, Snowmass, P5
Sustainability: feature advantages, sustainability:
ANA collider: 2x shorter, 2x less concrete, less SF, y(>4)x more sustainable!
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Wim Leemans, Europe
ESPP supports investigation potential of LWFA/PWFA (for HEP)
Effort driven by the LDG (Leemans, Pattathil)
Pre-CDR 2026
based on HALHF, asymmetric (conventional 31e*, PWFA 500e- GeV) Higgs factory
many possible upgrades presented

higher CM energies, multiple IPs and detectors, yy collider, ...
Broader roadmap includes:
AWAKE, EuPRAXIA, HALHF
all R&D for HEP or PP applications: staging, high rep-rate drivers, etc.

Cameron Geddes, USA
Snowmass, P5

10TeV lepton collider, i.e., ee*, ee’, yy for advanced concepts
existing effort, LBNL, SLAC, Argonne
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Timelines for R&D on plasma-based colliders

Single-stage
accelerators
(proton-driven)

Single/multi-stage
accelerators
for light sources
[electron &
laser-driven)

Multi-stage
accelerators
(Electron-driven
or laser-driven)

© Pp. Muggli

Timeline (approximate/aspirational)

0-10 years 10-20 years 20-30 vears
Demonstration of: Fixed-target experiment (AWAKE) [ ][RR0 (exp & theary]
Preserved beam quality, zcceleration invery long plasmas, | Dark-photon searh, strong-field QED experiment etc. [ HEP facility
plasma uniformity (longitudinal & trarsverse) (50-200 GeV' e-)
Demanatr ation of: Energy -frontier collider

Use of LHC beams, Te acceleration, Beam delivery

10 TeV c.o.m electron-praton collider

IDerruanstr ation of:

whra-kow emiTtances, high rep-rate/hagh effinency e-beam and
Laver drivers, Long-tenm operation, potential itaging. positrons
(EuPRAXIA)

5- 10 years

Pre-CDR (HALHF)

R&D on plasma-based light sources will de-risk HALHF and
other plasma-based collider concepts considerably

Timeline (approximate/aspirational)
10-15 years

15-25 years

[ | Foas ity stuty
| RBD fexp & theary)

:I HEP OcilTy farmr
srant af snirustion

Simulation study
to determine
self-consistent parameters

Dracanits dtion af: Multistage tech demonstrator
sealaba vtaging, detver dintribntion, s1sbillsation Strang-fleld QED experiment ﬁ
(actave and passna) (25-100 GeVe-) Facility upgrade
Demonstration of: """""'%
High wall-plug efficiencyle- -drivers), preserved beam quality & spin polarization, high colider
rep.rate, plasma temporal uniformity & cell cooling {250-380 Ge¥ c.oum)

Facility upgtadel

[demonstration goals)

Damonstration of:

energy recovery schemes, compact bearn delivery systems

Energy-efficient positron acceleration in plasma, high wall-plug efficiency (laser-drivers], ultra-low emittances,

ESPP clearly mentions need for R&D of ANAs

Update of the ESPP

roadmap

Driven by the laboratory directors group (LDG), Wim, Rajeev
Emphasis on “other than TeV collider” contributions!




ApDyztt

MAX-PLANCK-INSTITUT
FUR PHYSIK

Sustainability
Essential

Asset of ANA-based acceleration: high-gradient, less concrete, higher luminosity/power, ...

Diversity of contributions

EU: AWAKE, EuPRAXIA, HALHF, injector for PETRA IV and CEPC
US: 10TeV lepton collider

ANA community needs funding to make progress
Main effort based on numerical simulations

Exploit unique parameters of ANAs (high gradient, compactness, sustainability, ...)

ICFA-ANA/ALEGRO has a role to play ... complementing existing efforts/projects/collaborations
10TeV lepton collider pre-conceptual design

© Pp. Muggli
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Report on the Advanced
Linear Collider Study

Group (ALEGRO)
Workshop 2024 4

- ALEGRO 2024

<>Document

OUTCOME OF THE WORKSHOP

110

Overview of the workshop
Purpose of the workshop
Sustainability

Projects

Positrons and polarized beams
Numerical simulations

Plasma Sources and Mirors
Structures

Beam delivery at inferaction point
Other Topics

Role of ALEGRO

Contributions

19

R&D Roadmap of the European Particle Physics Sirategy: Umaog

Plasma Accelerator R&D
W. Leemans, R. Pattathil
Physics considerations for laser-plasma linear colliders
C. Benedetti

Advances in SWFA R&D for infegration in linear colliders
P Piot

21

<>Summary of the workshop

<-“One-pager” from each presenter

<~To be distributed: arxiv, ICFA panel, etc.
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24 Sustainability 2
D. Volker, R. Losito

25  Prospects and challenges for high-repetilion-rale piasma sources for
fuiure colliders 2
S Hooker et al.

24 Physics considerations for laser-plasma linear colliders 2
M. Backhouse, Z. Najmudin

27  LASY: LAser manipulations made eaSY 27
M. Thévenet et al., K. Poder (presenter)

28 Mulisiage LWFA based on curved piasma channels 2
Boyuan Li etal.

29 Hybrid IWFA- mnwmmammmn@dmml-
eration

5. Schibel ef al.

2.10 Simulafions of Nexi-Generation Colliders 32
A. Huebl et al

2.11 A Hybrid, Asymmefric, Linear Higgs Factory (HALHF) 3

R.D’Arcy, B. Foster, CA. Lindstrim
2.12 Preliminary Investigation of a Higgs Factory based on Pm'Dn—Dlhmn
Plasma Wakefield Acceleration
J. Farmer
213 nu-.\nml emiftance mixing of fiat beams in plasma accelerators 37

214 Ammmmems in Boam Daivory Systems: CUC Innovaons and
pplications

215 Laser-driven production of ullra-short high quality positron beams 39
. Sarri

216 Exwlklm with Wakefield Acceleration at SwissFEL 40

217 Si- ammmlp!m presarvation in a ferahertz-driven mnm.

slage dielectric-lined rectanguiar woveguide accelerator
0. Apsimon

218 AWAKE: a plasma wakefield accelerator for parlicle physics 43
M. Turner, AWAKE Coliahoration

219 Posifrons at FACEF-I: Status and Potential 45
M. Hogan

220 |m=mc1|nn point physics in inear colliders based on laser-plasma
47

221

222

223

Positron acceleration in piasma wakefields
5. Corde

49

‘acceleralors
K. Poder

A few (inferesting) aspects about collider modelling
1. Vieira

Bibliography

Glossary

Committees and Participants

51
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Gather the community to discuss progress and plans towards ...
Structure the community around the development of a linear collider

Monitor progress in, and determine the state-of-the-art of the ANA field
Understand the landscape ...

Inform ICFA about activities about worldwide ANA activities (ICFA panel!!!)

Coordinate US/Europe/Asia efforts, complement existing programs/collaborations, ...

Possibilities to obtain funding:

Identify best tools among existing collaborative programs funded by EU (e.g., doctoral

network, ERC synergy,...) to fund a simulation design study towards a pre-CDR for a TeV
collider

Other options to be identified (US, ...)

Requires strong community involvement!

Expected outcome of the workshop!

© Pp. Muggli
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Complement existing effort through coordination and quest for funding
Contribute to 10TeV CM collider pre-CDR, already on-going in the US

-r“ L] r b "

Determine through general studies and numerical simulations parameters of key elements:

interstage concepts, scaling of interstage; plasma mirrors; witness bunch parameters;
plasma-based injector, IP physics; beam delivery system; plasma sources; accelerator
module, two plasmas and inter-stage, 100GeV(?) modules; drivers

Gather a group of 'enthusiasts' to:
determine state-of-the art
prepare a funding request:

US DoE ongoing effort
EU funding
joint US-EU finding (NSF?)

Expected outcome of the workshop!

© Pp. Muggli
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ICFA-ANA PANEL ACTIVIT

=

Energize the very diverse and fragmented ANA community towards applications to high-
energy physics

Coordinate worldwide efforts

Complement existing efforts

Search for funding ... (EU)

Motivate US panel members to organize ALEGRO 2025 (will request endorsement)

Thank you!
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