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MOTIVATIONS FOR A WFA-BASED COLLIDER

Attaining the 10-TeV energy frontier

*

From the executive summary of the 2022
Snowmass Energy Frontier report “While the
naturalness principle suggests new physics to lie at
mass scales close to the electroweak scale, in
many cases direct searches for specific models
have placed strong bounds around 1-2 TeV. Thus,
the energy frontier has moved beyond the TeV
scale and the exploration of the 10 TeV scale
becomes crucial to shed light on physics beyond
the Standard Model (SM).”

Decrease linear-collider size
Lower capital and operating costs
Reduce environmental impact
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WAKEFIELD ACCELERATORS

Overview

* Support high accelerating gradients
~0(1-10 GeV/m)

* Well-suited for short-bunch acceleration
(e.g. for beamstrahlung suppression)

* High accelerating gradients: in single and
ultimately cascaded configurations (staging)

* High efficiency: plasma/structure and drive-beam
(laser/particle) optimization

* High-quality beams: preservation of emittance,
control of energy spread, mitigation of instabilities
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WAKEFIELD ACCELERATOR TECHNOLOGIES

Overview

plasmas | crystals
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> beam-driven
DLA: Dielectric laser accelerator
] LWFA: Laser WFA
PWFA: Plasma WFA
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WFA RESEARCH EFFORT

A global enterprise
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* Research focus: "
LBNL- & CESTA

* Laser-driven s
plasma accel. &
(LWFA)

* Beam-driven plasma &
structure accel. (P/SWFA)

* Dielectric laser acceleration
(DLA)
* Extensive network of
collaborating universities




WFA-BASED LINEAR COLLIDER ARCHITECTURE

Similar to conventional linear colliders

* e+/e- conventional or advanced adapted from arXiv 2203.08366
(plasma-based) sources

* Conventional (damping rings)

* Phase-space repartitioning @ & SOURCE
(if initial source quality allows for it)

INTERACTION REGION

* Uses one of the WA technologies

* plasma-based techniques (plasma
lenses) offer a path to reduce size.




ILLUSTRATIVE RECENT RESULTS

Performances of Laser-Wakefield Accelerators (LWFA)
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ILLUSTRATIVE RECENT RESULTS

Performances of Plasma-Wakefield Accelerators (PWFA)
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ILLUSTRATIVE RECENT RESULTS

Performances of Structure-Wakefield Accelerators (SWFA)
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ONGOING R&D: IMPROVING EFFICIENCY . e
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ONGOING R&D: STAGING & POSITRON ACCELERATION

Demonstrating acceleration over long effective lengths S Stenke, et al. Nature 2016: 2 stages LWFA.
Producing Accelerating high-quality positron beams Gt

plasma lens

J\ gas jet PM tape

* laser 1
Stage jj; '
7 discharge c

* Staging in LWFA (Bella) and SWFA (AWA) - E
demonstrated C. Jing et al., NIM 2018 (2 stage SWHE:A/TBA) (emonaiel £ =

Stage1 Stage2 lanex screen

* Further work on LWFA planned at Bella Beam oerin Beem
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reach higher fields and control the beam quality. °
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NEXT STEP: INCREASING REPETITION RATE

Enable by high-rep-rate lasers and drive heaAMS i ————

* ~kHz-class lasers required N ' " Combin to Joules Enerey

* R&D at LBNL (kBella): coherent combining
and efficiency improvement (fiber lasers)

i \
* R&D at DESY (Kaldera): Joule-class 1-kHz AN
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PATH TO A PHYSICS-ENABLING DEMO MACHINE

Several paradigms and facilities e FTALHF ~
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POTENTIAL FOR BROADER IMPACTS

PWFA and LWFA have supported free-electron laser (FEL) lasing

fiii) FEL {iw) isclated FEL
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W. Wang, et al. Nature, 2021: R. Pompili, et al. Nature, 2022: M. Labat, et al. Nat. Phot., 2022:
27 nm SASE FEL driven by aLWFA 820 nm SASE FEL w/ PWFA booster 270 nm seeded SASE FEL driven
by a LWFA

 The demonstrations of FEL lasing confirms the quality of the beams from WFAs.
« Broader applications of WFAs will help support development towards particle physics
goals and may help reduce overall R&D cost.
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ROADMAP TOWARD A COLLIDER

Advanced Accelerator
Roadmaps have been developed in Europe and the US

Development Strategy
Report

2016 US roadmap for
0-10 years 10-20 years ; Advanced ACCelerator R&D

Demonstration of: Fixed-target experiment (AWAKE)
Proserved beam quality, acceleration invery long plasmas, i

Timeline (approximate/aspirational)

Single-stage plasma uniformity (ongtudinal & transverse) (50-200 GeV &) " | Facilty upgrade) |
accelerators
(proton-driven) Demonstration of: Energy-frontier collider
Use of LHC beams, T acceleration, beam delvry 10TeV c.0.m. slectron-proton colider

Timeline (approximate/aspirational)

0-5 years 5-10 years 10-15 years 15-25 years 25+ years DWFA L.C 10 YEAR PARAMETER TABLES
.| Strong-field
stabilsation (active and passive) (25-100 GeV &) (Facility upgrade) 1 ]
Multistage Pre-CDR (HALHF) =
accelerators Simulation study emonstration of: m....un
(Eoctromdriven to determine High wall-plug effciency (e crvers), preserved beam qualty & spin | Asymmetric, plasma-Ri = 7
2 larzation, high rop. rate, plasma temporal uniformity & cel coolf acilty upgrade)
itk self- cons\slsmvpar:mztm polarization, high rep. rate, plasma temporal uniformity & cell cooling | colider (250-380 vacom) [(F ity upgrade) [ Present | Goas Modeling and Simuiaions with hi-f s oaae
Demonstration of: Multi-TeV e+e-/y-y collider 100MV/m 300MV/m
, energ) , compact bear 'y system collider (> 2 TeV c.o.m.) 0.5nC 0.5nC LHC Physics Program YR Ena LHC Physics Program

Beam partially  Beam quality
characterized  preservation
demonstrated

Plasma Accelerator R&D at Universities and
other National & International Facilities

R&D on light sources based on single stage LPA and e-PFWA will de-risk HALHF and other plasma-based collider concepts

PWFA-LC
. PWFA-LC Concepts & Parameter Studies. PWFA-LC CDR PWFA-LC TDR
considerably 3GeV cration Facility g7y . REXucton
s B [Beam Dynamics & Tolerance Studes
Community Report on Roadmap - Frascati | 12 July 2023 | Wim Leemans & Raieev Patiathil 2 . ® . Plasma Source Development
e £
15m in length, 075 fillfctor | & § FACET! Constructon e
200MeV/m effective gradient § & 8 Il Operation (hceistontionon
v i © 2 Engresnng Constrcton
European Strategy for Particle Physics S0t 634 commt I <t & = B [ [e——
Beam quality preserved @ Preservation
Accelerator R&D Roadmay ¢ 8 5 % [ransformer Ratio > 1
Accelerator R&D fp— s
£ acor TOR h“”"""
z
Editor: N. Mounet (CERN, Geneva, Switzerland) ro ad m ap e FllnF)ldleW FFTBD E&-mncw«nmmwe

Concept Dev.
Euro XFEL

High-gradient plasma and laser accelerators

Panel members: R. Assmann®{+ (Chair), E. Gschwendtner® (Co-Chair), K. Cassou®, S. Corde?,
L. Corner, B. Cros®®, M. Ferrario, S. Hooker?, R. Ischebeck?, A. Latina®, O. Lundh®, P. Muggli®¢,
P.Nghiem?, J. Osterhoff¢, T. Raubenheimer ¢, A. Specka//, I. Vieira%9, M. Wing""

Associated members: C.Geddes”, M. Hogan", W.Lu", P. Musumeci®
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LWFA

ICFA/ANA-DRIVEN INITIATIVE - N
Advanced Linear Collider (ALIC) F— T%\\
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¢ Study group toward an WA-based collider o g

5
Towards an Advanced Linear International Collider Lage, %"qu
~ %
age,

* Joint force/share resources: WA technologies ... e
have similarities (drive bunch, final focus,...) - B Oy

posal for R&D relevant 1o an Advanced Linear International Collider, ALIC,
based on high gradient acceleration concepts.

* Devise a global strategy _
_ _ https://arxiv.org/pdf/1901.10370.pdf
* Organize the ALEGRO workshop series

(ALEGRO24 in Lisbon 19-22 March 2024)
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Tew concept lor 8 PWFA-LC
CW option with recirculation

= 6x10%, T=1.0
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Q=1.0x10"%- @ 15kHz
P, ot = 12 MW,

AT Bt AR (1000

ICFA Beam Dynamics Newsletter#83 - Beam Dynarnics Challenges in Advanced *22ns dl pulse
e *267MV/m loaded gra Energy baoster lnac 20 plasma stages, AE=25 GeV each stage
*Machine Rep=3Hz L

Advanced-Accelerator Concepts (AAC) are foreseen to considerably reduce the footprint and cost
of future particle colliders. Likewise, short-term applications of AAC include the development of ]
compace Xray sources or deployment of accleratorbased technologies beyond Scence, e, o -

>
BDS and final focus,
(3.5 km)

magnetic chicanes: 4 ns delay

‘medical or security applications. Thi letter explores beam d h [

with various AAC technologies. Its primary focus is to review and discuss open beam dynam\cs b Yagw wni il i half t . N
and accelerator-physics questions associated with AAC to support future high-energy linear I main e plasma acceleration (0.5 km) i sesaided oty main e+ plasma acceleration (0.5 kim)

C=1000 m, P, /Py, = 8%
The Issue Editor: drive beam after accumulation : 4passes recirculating SCRF CW linacs
Philippe Piot, Northern Illinois University & Argonne National Laboratory trains of 20 bunches, 4 ns apart @ 15 kHz cach linac: 3.16 GV, 19 MV m~!, 250 m
\ each arc: 437.5m
4 | ——
=
Js o drive beam (CW) :
=25 m 7 =25 GeV,
nmPhMu\nMIulPuM..\ g M undh matching DB 0220 10% @ 15 x40 kHz
- - El 1 du -
JINST special issue: clsi  mesn WO T
Drlin b st vt bis structrs | W M| - Drive beam sirueiure 0 main beam structure o source
B M " n = * n = P
g Az, v ~187 pm, BT -
ICFA Beam Dynamics o [ H T s otz
: ki i ! m 90
Newsletter#83 g, o : i DB 20t i
H I 7] i) @ 15 kHz ~ 10 mrad drive beam structure out of acc. ring PW A
: g p, & o VIR VY © QOO I
phsiag. prctays =9 e
150 GV stage #1 150 Ge stage #10 150 GaV stage #10) 150 GV stage 71}
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https://arxiv.org/pdf/1901.10370.pdf

OUTLOOK "

L 4

VA AV \
Klllv A /

* Most of the beam parameters and building block required for a linear-collider have been
demonstrated individually.

* Reliable operation achieved and FEL lasing demonstrated.
* Accelerator test facilities available at national laboratories are critical to WFA research.
* Exciting opportunities for training of early-carrier scientists.

* To support the design of WFA-based colliders, several accelerator test facilities will
require upgrades

* Several planned/proposed “steeping-stone integrated” facilities to demonstrate
performances required for a linear collider with physics potential (e.g. FEL farms,
NLQCD).

* Need stronger connections with HEP theorists to explore possible deS|gn options for a
WFA-based linear collider. |
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