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Physics Motivation
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While the naturalness principle ; \\@f’f’{yf
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 Z <
physics beyond the Standard ' P \
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Physics Motivation

Energy Frontier Executive Summary 1097 -epton coliders (> 1 TeW). ITF Snowmass 2022 100 ab " /yr
While the naturalness principle ; \\@f’f’{vf
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). 10%
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e*e” and u*u collisions access
similar physics at 10 TeV-scale.

\ 0 o~ fyr

1 2 5 10 20




Wakefield Accelerator Mission

Three goals: e
 Reduce the size of future colliders.
 Reduce the cost of future colliders.

 Reduce the environmental impact
of future colliders.
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PLASMA RECOVERY|
MIRROR '
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ol An Plasma Collider / 15 TeV / 6.6 km




Near-Term Outlook

Snowmass AF4 Energy Frontier Colliders Snowmass Implementation Task Force
2 0 MuC it Proposal Name | CM energy Lum./IP Years of || Yearsto | Construction | Est. operating
g e i recl nom. (range) | @ nom. CME | pre-project first cost range electric power
e Mulc (s3Tev) [TeV] [10** cm™2s7) R&D physics | [2021 B$] [MW]
z i - ~
= - cce e Muon Collider 10 20 (40) >10 >25 12-18 300
“ (Nb,Sn) (Tev) (Nb) (1.5-14)
> + Designs have ach LWFA - LC 15 50 >10 >25 18-80 ~1030
3 ! et N X "‘artf:’"V ol (Laser-driven) (1-15)
L *Emerging accelerator concep! requiring  performance evalu
% significant basic R&D and design effort to bring  prior R&D and -,",1 PWFA - LC 15 50 >10 >25 18-50 ~620
2 to maturity. * Critical prohei : (Beam-driven) (1-15)
5 identified and su
k] 4 " Structure WFA 15 50 >10 >25 18-50 ~450
R&D is underway X
< « Efforts would benefit from directed R&D funding (Beam-driven) (1-15)
o to mature collider concepts. . Fundil FCC-hh 100 30 (60) >10 >25 30-50 ~560
a * Availability of test facilities to demonstrate a 3 8
< broad range of technol ncepts required. transitiey
- ge of teCchnology concepts require efforts with si
£ *Some large-ticket demonstrators are generally investmenti SPPC 125 13 (26) >10 >25 30-80 ~400
E necessary before a detailed "reference" design (75-125)
- can be completed.
Less mature More mature

Regardless of size, cost, and environmental impact, the Snowmass AF4 and ITF Frontiers
concluded there are no near-term technologies for reaching 10 TeV parton-scale collisions.
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Wakefield Accelerator Research is a Global Enterprise
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A non-exhaustive map of global institutions working on laser-driven plasma
acceleration (black) and beam-driven plasma/structure acceleration (green).
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Wakefield Accelerator Research in the US
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Wakefield Accelerator Research in the US
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BELLA 3¢ Fermilab Argonne o
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[ W:W Universities conduct world-leading research and support DOE Laboratories.
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Workforce Development

DOE Early Career Award

The Wakefield Accelerator Community addresses
state-of-the-art challenges in accelerator physics,
attracting young scientists who are looking to have

an impact! M. Turner X. Lu B. O’Shea T. Zhou J. van Tilbourg
LBNL (2022) Argonne/NIU (2021) SLAC (2020) LBNL (2020) LBNL (2016)

NSF Early Career Award
Our Beam Test Facilities provide unique

opportunities for students to participate in
groundbreaking accelerator R&D.

N. Vafaei-Najafabadi M. Litos F. Dollar
Stony Brook (2020)  CU Boulder (2020)  UC Irvine (2018)

APS DPB Thesis Prize

Support for Advanced Accelerator R&D is an
investment in the Accelerator Physics workforce.

e NS l. Lobach L. Obst-Heubl S. Gessner S. Corde
Argonne (2022) LBNL (2021) SLAC (2017) SLAC (2013) 10



Woakefield Accelerator Technologies

Structure Wakefield Accelerators @ &

WL

Argonne, SLAC, and LBNL are the stewards of
SWFA, PWFA, and LWFA technology in the US,
with university participation.
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JI T J Beam Driven Plasma @ SLAC
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Laser Driven Plasma @ [

Key advantages:

Ultra-large gradients (1-100 GeV/m)
\_ Ultra-short bunches (suppress beamstrahlung)




Wakefield Technologies Organized Around Common Goals

Office of

U.S. DEPARTMENT OF
@ ENERGY oo

Advanced Accelerator
Development Strategy
Report

Structure Wakefield Acceleration

DWFA LC 10 YEAR PARAMETER TABLES Laser-Driven Plasma
TN 2015 2020 (2026 2030 [2035  [2040 |

Single Stage Continuing Invention & Discovery Phase
 Present | Goals Modeling and simulations with hi-fidelity, high speed codes
100MV. 300MV.

. . 10GeVmodue | |

0.5nC 0.5nC - LHC Physics Program
5 GeV+5 GeV staging Plasma A R&D at Universities and

Phase space sh aping efficien: other National & International Facilities

Beam-Driven Plasma

Beam partially Beam quality
characterized preservation

demonstrated
diagnostics, tolerances r EIFA-LC TOR |
3GeV Acceleration Facility ) - Final f
inal 1o
=]
Goals ‘é’ = Plasma Source Development

15m in length, 0.75 fill factor | & & FACET-ll Construction Leomnd
200MeV/m effective gradient | & GeV linac — kH: [FACET-1I Operation [ mheoryrsimuatonDesign

= (3] - F P Engineering/Construction

0.5nC/bunch, 6.5A current in p < rst applicatior 4 —

Beam quality preserved

DWFA Exploratol ign of concepts for collide

PWFA Research & Develop

3 kW class

Roadmaps were developed in 2016 by the community in conjunction with DOE HEP
following last P5 report and ensuing HEPAP Accelerator R&D sub-panel.
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Wakefield Technologies Organized Around Common Goals

Structure Wakefield Acceleration

Office of

U.S. DEPARTMENT OF
@ ENERGY oo

DWFA LC 10 YEAR PARAMETER TABLES Laser-Driven Plasma
Advanced Accelerator

Development Strategy

Beam-Driven Plasma
Report

‘ — 10GeVmodue | | : '
0.5n! Sn . LHC Physics Program * aaaaaaaaaaaaaaa m
Beam partially Beam quality 5 GeV+5 GeV staging Plasma A R&D at Universities and

A-LC

In Europe, similar roadmaps have been developed as part of ESPP,
the Laboratory Directors Group, and the ICFA-sponsored ALEGRO
Working Group on Wakefield Colliders.

s =T < mﬁbev -App A-App
@ E &CDR TDR Construction §
N 4 [ [Future Facility Design FFTBD Operation & Collider Prototype
~Inm vertical emittance level at 8 (FFTBD) Construction Test'

- l n PWFAin
= ul .
() S| i
g ;

Roadmaps were developed in 2016 by the community in conjunction with DOE HEP
following last P5 report and ensuing HEPAP Accelerator R&D sub-panel.
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Progress Since Last P5

Goals

High-Gradient High-Efficiency Low-Emittance
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Progress Since Last P5

Excellent performance of single-stage accelerators

Goals

High-Gradient High-Efficiency Low-Emittance
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Progress Since Last P5

Excellent performance of single-stage accelerators

Goals

High-Gradient High-Efficiency Low-Emittance
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Progress Since Last P5

Excellent performance of single-stage accelerators

Goals
High-Gradient High-Efficiency Low-Emittance
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PrOgreSS Since Last PS5 Excellent performance of single-stage accelerators

Goals

High-Gradient High-Efficiency Low-Emittance
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Gradient (MV/m)

Progress Since Last P5

Excellent performance of single-stage accelerators
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Progress Since Last P5

Excellent performance of single-stage accelerators

Goals

High-Gradient High-Efficiency Low-Emittance
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Progress Since Last P5

Excellent performance of single-stage accelerators
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P rOgreSS Si n Ce La St P5 Excellent performance of single-stage accelerators

12

+F(esul‘ts 102} Blumenfeld, | | +Re‘sults
oo = = Collider Goal Aniculaesei T - — Collider Goal
c ;10 """""""""" arxiv2022 " =
wn ® 0w -
0 o, sl Gonsalves, | © §. 10
o ® PRL 2019 [N
D ©
c 2 c |9
Q>) qL_) 6 1 C|>) % 100+
- 9- Leemans, = §
) > 4f PRL 2014 ) o Lindstrom,
1 o 1 L PRL 2021
— c e
O w e 10
(V) 2+ g (g4
S eemans, rqv%
\
[ ] [ ] ] 30
Wakefield Accelerators are approaching and exceeding
individual parameters needed for a future multi-TeV collider. |
1 Y,
- Recy - - T
% _ - Collider Goal g 50/ Golider Goal
— §‘ 1000 ========="="=---===---mmm ooy 2} Lindstrom,
L =2 ) 40" PRL 2021
< = 800} O o [~
; g 8 ;30
) § 600 Picard, Z %
D ™ PRAB 2022 = 2
- w D = o0k
+ % 400" Ly, 1 w Litos,
g g PenAgPL 2020 E Nature 2014
=l o 000! IPAC 2019 8 10!
m GpaF?A’B 2008 m Iumenfeld,
Nature 2007
0 ' ‘ . ' 0 ' . ' ‘
o1 AR 2005 2010 2015 2020 2025 2030 2005 2010 2015 2020 2025 2030
TN Year Year

22



The Path to 10 TeV and Beyond

ILC - 31 km footprint for 500 GeV .\ x/ C3 - 8 km footprint f0|_' 250/550 Ge\i
= ( \\\ @rLLinac /1% : ,,,,,,
A 10 TeV-scale Wakefield Collider could extend the energy reach of a
Linear Collider Higgs Factory based on SRF or NCRF technology.
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The Path to 10+ TeV

2025 2030 2035 2040 2045 2050 2055 2060 2065 2070

2075

SRF or NCRF Linear Collider 250 GeV Higgs Factory 500+ GeV Upgrade

Integrated Design Study, BDS
Study, Demo facility Study

Design Studies

. . High-Power R&D,
Structure Wakefield Collider 0.5 GeV Demo, 3 GeV Demo >
C T : .
Beam-Driven Plasma Collider SEEIGEI [P, SR, \ D E:;ﬂﬁcitri?rfor D 15 TeV Wakefield Collider
Energy Recovery rR| BDS System R Operating 2060 and Onward

Laser-Driven Plasma Collider Staging, Energy Recovery, \
kHz repetition, Positron LWFA /

yy-Plasma Collider NLQED, FEL R&D, IP R&D >

Wakefield Accelerators can be developed in parallel with the operation of Linear
Collider Higgs Factories to provide a staged upgrade path to the energy frontier.
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The Next Steps

Challenges
Staging Repetition Rate

Positron Acc. Energy Recovery Beam Delivery Syst.

<. _dnd
INTERACTION REGIO
DAMPING
ENERGY

PLASMA RECOVERY

MIRROR ‘ /

. ACCELERATION STAGE //

INPLASNACLIANNEL Laser-Plasma Linear Collider

LASER PULSE

arXiv 2203.08366

Some of the next steps in the R&D path are achievable
at existing facilities, while others are not.
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The Next Steps

Challenges
Staging Repetition Rate

Positron Acc. Energy Recovery Beam Delivery Syst.

DAMPING

ENERGY
PLASMA RECOVERY

MIRROR /

r = ‘ == “/‘
/
. ACCELERATION STAGE /

L ASER P'SL:LEASMA CHANNEL / Laser-Plasma Linear Collider
arXiv 2203.08366

Some of the next steps in the R&D path are achievable
at existing facilities, while others are not.
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The Next Steps: Staging

. . . cap 1.
A proof-of-principle demonstration of ol Pemern
staging was performed at LBNL in 2016. j\\

laser 1 g Inject:
— diplole magnet ~LPA2 E > LP:j‘leior
BELLA is well-positioned to demonstrate ik & ~—_ [E —— S j
H H H H HH aser 18€ Capillar anex screen E | ;
GeV-scale staging with the existing facility. aser 2 * et 35
lanex screen
100 MeV-scale of LWFA Accelerators GeV-scale staging schematic
S. Steinke et al. Nature (2016)

AWA plans a 0.5-GeV demo followed by Stagel e o Stage? L T—

Energy Accelerator Charge Focusing Profle

m
Energy
Spectrometer (hlgh gradient) Monltor Elemen s onltor Spectrometer Main beam ( Module 2 \ ( Module 7 \
—_—
M3in F_ D — H > E B
Beam ACC1 ACC2 3 |5 eee = ZZ| eee
RF coupling 3
and transfer. DEC1 J | DEC2

a 3-GeV fully-featured module.

ASk tO P5: Upgrade AWA faCiIity fOF Fr;e‘;r;m“' mﬁz‘:zuo
T rive beam
0.5 GeV demonstrator. L -l Do, Sl }
2L il eee MHMM
SWFA Staging Experiment SWFA 0.5 GeV Staging Demo
C.Jing et al NIM A (2018) C. Jing and G. Ha, JINST (2022)

FACET-Il can study beam transport in and
Out Of a Single Stage- Accelerator 2 Quadrupole magnet Magnetic chicane

laser

Future Request: Facility for demonstrating Smans
two or more PWFA stages.

Note to P5: PWFA Staging experiment | Entrance Ramp

may be pOSSible at C3 Demo faCIIIty Beam matching with plasma ramps Laser-gated multistage plasma accelerator

R. Ariniello et al. PRAB (2019) A. Knetsch et al. arXiv:2210.02263
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Cap 1:

A proof-of-principle demonstration of ol Pemern
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lanex screen
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S. Steinke et al. Nature (2016)
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SWFA Staging Experiment SWFA 0.5 GeV Staging Demo

C.Jing et al NIM A (2018) C. Jing and G. Ha, JINST (2022)
FACET-Il can study beam transport in and
Out Of a Single Stage. Accelerator | ] 2 Quadrupole magnet Magnetic chicane |

Pt See Short Remark by Alex Knetsch
on PWFA Staging Concepts
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-40 o
300 -250 -200 -1 0 0 50 L € driver driver

Future Request: Facility for demonstrating Smans
two or more PWFA stages.

: Exit Ramp :

50 -100 -S|
£ (um)

|
|
Note to P5: PWFA Staging experiment | Entrance Ramp

may be pOSSible at C3 Demo faCIIIty Beam matching with plasma ramps Laser-gated multistage plasma accelerator
R. Ariniello et al. PRAB (2019) A. Knetsch et al. arXiv:2210.02263 28




The Next Steps

Challenges

Repetition Rate

Positron Acc. Energy Recovery Beam Delivery Syst.

ENERGY
PLASMA RECOVERY

MIRROR

.J ACCELERATION STAGE

IN PLASMA CHANNEL
LASER PULSE

47

DAMPING

Laser-Plasma Linear Collider
arXiv 2203.08366
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The Next Steps: Repetition Rate

Split Channels & Amplify

kHz-class lasers require new technology, such as
fiber-combined Iase.rs.. kBEL!_A will: %JJ—J " Combineto ouies Enesy
+ Demonstrate efficient driver for LWFA ~
+ Demonstrate active feedback for precision LWFA.
+ Enable kHz rep-rate applications. :
« Address the cost of driver technology. | N T
« High-rep rate operation also provides valuable X
information for beam-driven plasma accelerators.
« Basis for a user facility. ouput |

. spatial

Fiber-combination of lasers

Ask to P5: Support for KBELLA upgrade to T. Zhou ECA 2020
demonstrate LWFA with kHz-class lasers.

(1]

0.5

. : o : 1y i |
Fast plasma recovery time was demonstrated 5 MER A S
5 i o ¥l t
at FLASHForward at DESY. R L
E i Driving bunch
o0l ! I Trailing bunch
FLASHForward is well-positioned to study
' . . g 2F
MHz-scale repetition rates with beam-driven £ [
plasma accelerators. £ ol T T e b
< 0 10 20 30 40 50 60 90 150

Bunch separation (ns)

Fast Recovery Time
N R. D'Arcy et al. Nature (2022)
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The Next Steps

Challenges
Staging Repetition Rate

Positron Acc. Energy Recovery Beam Delivery Syst.

47
¥V S, >

”m:’
e+ SOURCE
DAMPING
ENERGY
PLASMA RECOVERY
MIRROR
.J ACCELERATION STAGE /
INPLASNACLIANNEL Laser-Plasma Linear Collider
LASER PULSE

arXiv 2203.08366




The Next Steps: Positron Acceleration

250

Major advances at FACET (2014-2016) on our
understanding of positron acceleration in plasma.

SLAC is the only lab that pursues positron PWFA
research, leveraging SLC infrastructure.

g 8
GeV'1)

dQ/dE (pC

o

Research at FACET inspired novel ideas for
high-quality, stable acceleration of positrons

in plasma.

Ask to P5: Support for the FACET-II
Positron Upgrade to demonstrate high-
quality acceleration of positrons in plasma.

22

24

26
E (GeV)

S. Corde et al, Nature (2015)
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See DESY Letter of
Support for Positrons at
FACET-Il at end of talk.
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The Next Steps

Challenges
Staging Repetition Rate

Positron Acc. Energy Recovery Beam Delivery Syst.
W
V6835

/\ **/SOURCE DAMPING

ENERGY
PLASMA RECOVERY
MIRROR /
J ACCELERATION STAG /

L,SER P'ULZLEASMA CHANNEL Laser-Plasma Linear Collider
arXiv 2203.08366
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The Next Steps: Energy Recovery

Energy recovery is a critical technology
for laser-driven plasma accelerators
and positron acceleration in plasma.

Energy recovery maximizes the
possible luminosity while minimizing
the carbon footprint of the collider.

BELLA is well-positioned to address
energy recovery R&D.

W, [arb. u.]
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The Next Steps

Challenges
Staging Repetition Rate

Positron Acc. Energy Recovery Beam Delivery Syst.

~km Scale for NTeV

ENERGY

PLASMA RECOVERY

MIRROR

J ACCELERATION STAGE /

L,SER P'ULZLEASMA CHANNEL Laser-Plasma Linear Collider
arXiv 2203.08366
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The Next Steps: Beam Delivery System

The scaling of Beam Delivery Systems to ultra-
high energy is a unique challenge.

FACET-Il and BELLA have research programs
that address plasma lenses for compact BDS.

Beamstrahlung effects must be addressed and
understood in the multi-TeV regime.

We have formed a new collaboration to use
state-of-the-art Particle-in-Cell codes to

examine beamstrahlung at ultra high energy
(arXiv:2305.00573).

-
Ask to P5: Support for multi-TeV beamstrahlung

studies from the newly-formed National Collider
\R&D initiative.

Plasma Lens for Compact Focus

C. Doss
CU Boulder

Witness Beam

Luminosity Spectrum at Large Y
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The Next Steps: Design Study and Demo Facility

In the near-term, the Wakefield Accelerator
Community plans to contribute to self-consistent
design studies of future colliders and near-term
applications, alongside our European colleagues.

4 )
Ask to P5: The Wakefield Accelerator Community

requests support for an Integrated Design Study from

\the newly-formed National Collider R&D initiative.

Before a Wakefield Collider at 15 TeV is built, an
intermediate facility is needed.

Future Request: An intermediate energy facility with
multiple stages and novel BDS design will be used to
demonstrate Wakefield Accelerator technology while
pursuing near-term HEP applications.

o1 AL
G

Intermediate Energy Demonstrator
arXiv 2203.08425
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Particle-in-Cell Simulations

= 1d ltllI‘L

p nature phy51cs

WarpX 2022 Gordon Bell Prize winner

ACM GORDON BELL PRIZE

presented by John West (ACM)

Pushing the Frontier in the Design of Laser-Based Electron
Accelerators with Groundbreaking Mesh-Refined Particle-In-Cell
Simulations on Exascale-Class Supercomputers

"'_1iver51 w0f Par| gSaclay awrance Bel-eley Natignal Laborat

Bull "as_Na'e /nal In% “ute ! Adva@ ed% ch‘ - ) ogyf. o
g ' ' “‘\_’: S A are developing the next generation of
: simulation tools.

® Novel community integrated ecosystem of
codes is being assembled for design of
conventional, AAC and hybrid colliders.

® From fast reduced/surrogate models for
design to large scale first-principle for

R -
kbl studies.

EXRSCALE COMPUTING PROJECT 38



Near Term Applications

(iii) FEL (iv) isolated FEL
Fig. 3: Exponential growth of the amplified light. -30 20 -10 0(dB) 0 0.05 010

102 =

® Data

Exp.
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W. Wang et. al. Nature (2021) R. Pompili et. al. Nature (2022) M. Labat et. al. Nat. Phot. (2022)

Three demonstrations of plasma-driven FEL within one year, all outside of U.S.
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Near Term Applications

(iii) FEL (iv) isolated FEL

The international journal of science / 22 Jully 2021
P Fig. 3: Exponential growth of the amplified light. -30 20 -10 0(dB) 0 0.05 010
nature 0 =T
" I :
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W. Wang et. al. Nature (2021) R. Pompili et. al. Nature (2022) M. Labat et. al. Nat. Phot. (2022)

Three demonstrations of plasma-driven FEL within one year, all outside of U.S.

FEL gain observed at LBNL last month!



Near Term Applications (

See Short Remark by Claudio Emma
on Near-Term Applications

Fig. 3: Exponential growth of the amplified light
102 ¢

(iii) FEL (iv) isolated FEL
-30 -20 -10 0 (dB) 0o 0.05 0.10

® Ei?ta Y ‘% :
c MPAC-I. Q 101 £ —4~ Simulation .y »; é%ﬁf* o -
SOURCE ¢« =
sy o S ' 2 100} ' ik
AI M U

Applications of Wakefield Accelerators are broader than HEP.

More uses of this technology will improve cost, robustness, and performance

= 9 & ) 8 ™ e e e ooy ‘3 265 270 275 280 265 270 275 280
z(m) Wavelength (nm) Wavelength (nm)
W. Wang et. al. Nature (2021) R. Pompili et. al. Nature (2022)

M. Labat et. al. Nat. Phot. (2022)
Three demonstrations of plasma-driven FEL within one year, all outside of U.S

FEL gain observed at LBNL last month!
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European Efforts

Europe is moving ahead with major Wakefield Accelerator
projects, such as AWAKE at CERN, and EuPRAXIA User
Facility at INFN, which is on ESFRI Roadmap.

New ideas like Hybrid PWFA Boosted Higgs Factory will
be covered in an Integrated Design Study.

Support from P5 is critical for keeping pace with our
European Partners!

Facility length: ~3.3 km
; L Turn-around loops
Positron Damping rings (31 GeV e*/drivers)

source (3 GeV) Driver source, —_—
Interaction point RF linac (5 GeV) inac Electron
esoGeveom) { e (e)(e)) mummmm (5-31 GeV evlarivers) source
— PIDI] _ ~ N222222222222222222202222222222222222222220 — — e
LN

= Eeaace o |

Beam-delivery system \/ AF linac

Beam-delivery system Positron transfer line (500 GeV ¢) (16?1?2:-3(:265;&\‘;02::“;: 9 (5GeVe)

with turn-around loop (31 GeVe') ges, P g

(31 GeVe') Scale: 500 m

Plasma Collider Boosted Higgs Factory, B. Foster et al. arXiv:2303.10150

AWAKE: Proton-driven PWFA for experiment at
CERN aims to generate O(100) GeV electrons for
Dark Sector searches.

S - = N

—

EuPRAXIA Plasma Accelerator User Facility at INFN
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European Efforts

ESPP High-priority future initiatives:

Innovative accelerator technology underpins the
physics reach of high-energy and high-intensity
colliders. It is also a powerful driver for many
accelerator-based fields of science and industry.
The technologies under consideration include high-
field magnets, high-temperature superconductors,
plasma wakefield acceleration and other high-
gradient accelerating structures, bright muon
beams, energy recovery linacs.

The European particle physics community must
intensify accelerator R&D and sustain it with

|era1
Jser

/ Wi

< adequate resources.

S WILT Wi ranvuniu v

(31 GeVeY) Scale: 500 m

Plasma Collider Boosted Higgs Factory, B. Foster et al. arXiv:2303.10150

2020 UPDATE OF THE EUROPEAN STRATEGY
FOR PARTICLE PHYSICS

by the European Strategy Group

European Strategy
Update
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Facility Upgrade Summary

The AWA Upgrade will demonstrate a 0.5-GeV module as the
basis for a future multi-TeV collider.

e Cost estimate is approx. $15M.
e Internally costed for ANLHEP strategic planning exercise.

The FACET-II Positron Upgrade will enable electron beam-
driven positron acceleration in plasma. FACET-IIl is the only

facility in the world that can support this research.
® Received CD2 approval. Descoped in 2018.
® Listed in last P5 and ARDS reports.

e Cost estimate is approx. $50M + 5 years of operation.

kBELLA will enable kHz rep-rate precision LWFA. This
addresses major risks for a multi-TeV collider and enables near
term applications.

e Costed by FESAC and LBNL review.

® Listed in last P5 and ARDS reports.

e Cost estimate is approx. $100M

I

L

>

" L
Main beam (Module 2 \ fModuIe 1 \

Drive beam 2L Ie

ese iy AWA 0.5 GeV Demo

amplifier Combine to Joules Ener;

KBELLA T i
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Risk-Retirement Table

. R&D underway

O R&D planned

Facility Upgrade Planned

O Possible at Future Facility

There are plans to address much of the risk to a
10 TeV-scale collider at existing Test Beam
Facilities.

However, there are key R&D advances that
require facility upgrades.

7

N

Facility upgrades are key to retiring risks for the
10 TeV-scale collider.

Upgrades will enable near-term HEP applications!

/

High-Power R&D
High-Efficiency

Drive beam generation
High-Quality multistage
Novel BDS

High-Quality single-stage

SWEFA

In-out coupling
Controlled injection
High Repetition Rate
Positron PWFA
Staging

PWEFA

Energy Recovery
Novel BDS
High-Quality single-stage
Staging

Controlled injection
High Repetition Rate
Positron LWFA
Energy Recovery
Novel BDS

NLQED

FEL R&D

IP Design

LWFA
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Existing Planned Future
Facilities Facilities Facilities
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. R&D underway Facility Upgrade Planned

RiS k' Reti re m e nt Ta b | e O R&D planned O Possible at Future Facility

Existin Planned Future
. Faciltitiegs Fa?:ilities Facilities
There are plans to address much of the risk to a & o A
. o 4o N N NG S
10-TeV scale collider at existing Test Beam - & N @?’é& &> @g Sty
Facilities P LT EETETE e O
* High-Power R&D| @ O
E High-Efficiency| @ O
Drive beam generation O
How.ever, t.here are key R&D advances that S ot oo 5
require facility upgrades. Novel BDS O
High-Quality single-stage o O
In-out coupling o O
< Controlled injection ()
LL High Repetition Rate| FLASHForward
E T .
7 N See Short Remark by Doug Storey
- .. ) on Addressing R&D at FACET-II.
Facility upgrades are key to retiring risks for the High-Q &
10-TeV scale collider. Staging L
E Controlled injection O
; High Repetition Rate
Upgrades will enable near-term HEP application! - e O
Energy Recovery O
Novel BDS
NLQED ® O
e An = FEL R&D OO0
=N IP Design
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Requests to P5 in Support of 10+ TeV Collider

1. Strengthen support for Wakefield Accelerator R&D through the HEP GARD
program.
e  Critical for Workforce Development.

° Continue to retire R&D risks.

2. Support for upgrades to Beam Test Facilities. Retire the next generation of risks.
e AWA 0.5-GeV Demonstrator Upgrade.
e FACET-II Positron Upgrade.

e kBELLA kHz LWFA Upgrade.

3. Support for an Integrated Design Study on future Wakefield Colliders, in
collaboration with our European Partners, with funding through the new National
Collider R&D initiative.

o1 AL
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Conclusion:

Snowmass AF4 Energy Frontier Colliders

Snowmass Implementation Task Force

& WFA —

g ores

é LiC FCC-ch

5 MulC (s8 Tav)

P

3 Multi-TeV ILC cce TeV ILC

(Nb,Sn) (Tev) (Nb)
*Designs have ach
maturity  to !
*Emerging accelerator concepts requiring performance lu
significant basic R&D and design effort to bring  prior R&D and de

to maturity.

+ Critical project r

R&D is unde

*Some large-ticket

Funding Approach | Technical Maturity

can be completed.

« Efforts would benefit from directed R&D funding
to mature collider concepts.

* Availability of test facilities to demonstrate a
broad range of technology concepts required.

necessary before a detailed "reference" design

* Funding apprc
transitions
efforts with

demonstrators are generally investielh

Proposal Name | CM energy Lum./IP Years of || Years to | Construction | Est. operating
nom. (range) | @ nom. CME | pre-project first costrange | electric power
[TeV] [10** cm™2s7!] R&D physics | [2021 B$] [MW]
Muon Collider 10 20 (40) >10 >25 12-18 ~300
(1.5-14)
LWFA - LC 15 50 >10 >25 18-80 ~1030
(Laser-driven) (1-15)
PWFA - LC 15 50 >10 >25 18-50 ~620
(Beam-driven) (1-15)
Structure WFA 15 50 >10 >25 18-50 ~450
(Beam-driven) (1-15)
FCC-hh 100 30 (60) >10 >25 30-50 ~560
SPPC 125 13 (26) >10 >25 30-80 ~400
(75-125)

The only way to

make our 10+ TeV dreams a

reality is by committing to Accelerator R&D today.
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https://arxiv.org/abs/2208.13279

Synergies

There are many synergies between Wakefield Accelerator Research and other Collider
Concepts being discussed today:

« The C3 Demo Facility can host the first beam-driven plasma staging experiment.

* Generic Particle-in-Cell (PIC) codes are being adapted to address beamstrahlung physics
at very high energies. These codes will be capable of simulating ILC, CLIC, and C3
collisions with much greater detail.

* PIC codes may also be needed for modeling muon beam-plasma interaction in ionization
cooling channels.

 Wakefield Accelerators can provide low-emittance electron beams for collisions or
positron beam sources.

o1 AL
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Letter from DESY in support of Positrons at FACET-I|

Deutsches Elektronen-Synchrotron DESY
A Research Centre of the Helmholtz Association

DESY | Accelerators, Notkestr. 85, 22607 Hamburg, Germany

Letter of support for the upgrade of the SLAC FACET-II facility
to include the capability to utilize positron beams

Dear members of the Particle Physics Projects Prioritization Panel,

With this letter, we would like to express our full support of and strong interest in the
upgrade of the SLAC FACET-II facility to include the capability to utilize positron beams
for experimentation. This upgrade is both timely, owing to the great progress achieved
in the field over the last decade, and of highest importance for the prospects of plasma
accelerator technology in future particle physics colliders.

Plasma accelerators can sustain y large ing gradi potentially
enabling compact and cost-effective linear electron-positron colliders. The efficient
acceleration of positron beams with collider-relevant p. insuch is

complex and has been identified as one of the major challenges on the path toward a
plasma-based collider (see, e.g., the European Strategy for Particle Physics Accelerator
R&D roadmap). Owing to the absence of test facilities for plasma-based positron

R&D, the i progress worldwide has stalled with the end of
FACET operation in 2016.

Since the last experiments at FACET, the community has developed various new
plasma-based positron concepts such as using plasma columns!224, asymmetric
beams in hollow plasma channels®, warm quasi-hollow plasma channelst, or the
utilization of the back of the blowout wakeZ:2. Despite showing promising results in terms
of stability and beam quality in simulations, these new concepts need to be tested and
validated in experiments. We fully expect that only the fruitful interplay between theory,

Deutsches Elektronen-Synchrotron DESY Board of Directors Prof. Dr. Wim Leemans
Notkestrate 85, 22607 Hamburg, Germany Prof. Dr. Helmut Dosch Prof. Dr. Christian Stegmann
Location Zeuthen (Chairman) Prof. Dr. Edgar Weckert
Platanenallee 6, 15738 Zeuthen, G . i
atanenallee outhen, Germany :a'::;ncmn:g: ! S —
www.desy.de (Delegate of the
Prof. Dr. Beate Heinemann ~ Directorate for Innovation)

Prof. Dr. Wim Leemans
Director Accelerator Division
Member of the Board of Directors
wim leemans@desy.de

Tel. +49 40 8998 2010

25 April 2023

25 April 2023
Page 2 of 2

simulations, and experiments can vyield the progress required for a plasma-based
collider. While we are willing to contribute to both theory and simulations, the positron
upgrade at FACET-Il is currently the only viable experimental option to enable plasma-
based positron accelerator research worldwide.

We consider the positron upgrade at FACET-II to be important and timely to maintain
the high in the pl based community. An experimental facility is a
significant and necessary step toward a plasma-based collider, and we fully support
extending the experimental capabilities of FACET-II in this direction. Furthermore, the
proposed upgrade enables relevant advanced accelerator research in other fields such
as in structure-based positron {

With this letter we want to express our strongest support for the planned positron
upgrade at FACET-II.

Thank you for your consideration.

Sincerely,

=(~ﬂ<“r'“‘“‘7 a,@/

Prof. Dr. Wim Leemans Dr. Jens Osterhoff

TREEET

Dr. Maxence Thévenet Dr. Severin Diederichs

HELMHOLTZ
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