Plasma wakefield accelerators.
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» T.Tajima and J.M. Dawson, Laser Electron Accelerator, = PRLVol.43, 267 (July 1979)

e One very high intensity (short) laser pulse

OR
e two not so short high energy pulses with the beat frequency matching plasma fre-

quency.
Plasam wakefield acceleration was born

Heroic efforts of beat-wave accelerators era followed

until CPA invention
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[ History
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Strickland et Mourou, Opt.Comm.56, 219 (1985)
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Figure 2: Non-exhaustive overview of laboratories working on (or with the capacity to work on) laser-driven (black)
and particle beam-driven (green) plasma wakefield R&D. Based in part on the map of high-power laser laboratories

produced by the International Committee on Ultra-high Intensity Lasers (ICUIL

credit: PWASC; UK roadmap
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o / T Basic ideas
NATURE PHOTONICS pol:10.1038/NPHOTON.2013.234

linear regime bubble regime

the spatial coordinats are in units of plasma wavelength

cold plasma frequency w_ = (4 e’ n,/m_ )"

plasma wavelength A = 2 1T c/w
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» The breakthrough

Number of electrons per relative energy spread
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History

2004

Monochromatic beam

CLF, IC, Strathclyde, UCLA.

S.P.D.Mangles et al., Nature 431, 535-538 (2004)
and

J.Faure et al., Nature 431, 541-544, (2004)
C.G.R. Geddes et al., Nature 431, 538-541 (2004)

2006

GeV beam
LBNL, Oxford, Tokyo.

1.0 W.P. Leemans et al.,
Nat.Phys. 2,696 (2006)
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Simultaneous diagnostics for both laser and electron beam

Single shot spectra 30 MeV - 11 GeV
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Recent results
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Increasing laser power and reducing plasma density has increased charge and

maximum energy to 8GeV

— TREX: W. P. Leemans et al., Nat. Phys. (2006)
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Snapshots of Laser Wakefields using
Frequency Domain Holography
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i Diagnostics
A. Savert, et al. Phys. Rev. Lett. 115, 055002 (2015)
» Transverse shadowgraphy with 0.5 0 015 0 8.75% 10" cm”
ultrfast probe pulse 0 0051,

» Direct observation of wakefield

» Excellent agreement with
simulations
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/ History; electron driven
FACET two-bunch results 1.3 m plasma
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M. Litos et al., Nature 515 (2014) 92

credit: M. Wing, Physics at the Terascale 2015
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History; proton driven

Proton Drivers for PWFA

Proton bunches as drivers of plasma wakefields are interesting because
of the very large energy content of the proton bunches.

Drivers:
PW lasers today, ~40 J/Pulse

FACET, 30J/bunch

SPS 20kJ/bunch
LHC 300 kJ/bunch

Witness:
1019 particles @ 1 TeV = few kI

— A . :
% Strawman Design of a TeV LPA Collider

BERKELEY LAB

\ ~ Multiple 10 GeV LPA stages

Injector
Plasma Channel

Leemans & Esarey, Physics Today, March 2009

Energy content of driver allows to consider single stage acceleration

credit: A. Caldwell, SPSC Meeting 2015
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/ Recent results

LETTER

Electron source system

Accelerated electrons on the scintillator screen
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A e Emerging directions

Emerging main directions:

In the US
» a roadmap to high energy colliders; TeV energies

In Europe
» a roadmap to light sources; GeV energies

All agree
» more efficient, higher repetition rate lasers are needed
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Two new developments in the U.S.

Strategy roadmap from DOE-HEP and from Big Idea Summit

U.S. DEPARTMENT OF Ofﬁce of
a ENERGY Science

Advanced Accelerator
Development Strategy
Report

SOLVING BIG
PROBLEMS WITH
SMALL ACCELERATORS

ke

~

VARJAN|
4

Image credits: lowsr left LBNL/R. Kaltschmidt, upper right SLAC/UCLAW. An

W. Leemans, Pisa 29.6.2016
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2015 [200  [2025  [2030  [2035 __ |2040

Continuing Invention & Discovery Phase

Modeling and simulations with hi-fidelity, high speed codes

5 GeV+5 GeV staging

Phase space shaping, efficiency,
diagnostics, tolerances

Final focus, cooling, ...

Prototype Phase
GeV linac — kHz rep rate @50-100 GeV linac(s)— O(1-10kHz)
First applications (radiation sources)

Accelerators

Sign of concepts for colliders Collider conceptual

design report (CDR)
Collider tech.

3 kW class design report
(TDR)
30 kW class
300 kW class

Roman Walczak NIV aAe]3
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AL e US roadmap
Beam Driven Plasma Accelerator Roadmap for HEP

LHC Physics Program End LHC Physics Program

Plasma Accelerator R&D at Universities and

other National & International Facilities

- . PWFA-LC
ncepts & Parameter Studies -A-LC TDR B =truction
ynamics & rance Studies
= Plasma Source Development
£ FACET-Il Construction Legend
5’ - Theory/Simulation/Design
% Engineering/Construction
o - Experiments/Operations
o3
X e
o
@©
O
wn
Q
o
=
&
ion & Collider Prototype
Construction
& Euro XFEL
i@ Construction
o
2 LCLS-II
o Construction
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PROBLEMS

US roadmap

There are Big Problems out of reach of today’s technology

National Security

NS

Matana! Muetear Securdy Agwisistrefos

Industry

Medicine

SN
ey A
o, INSTITUTE

Discovery Science
Office of

U.S. DEPARTMENT OF
@ ENERGY o2

= Compact and portable
radiation sources.

= Replacement of
radioactive sources.

= Need: Compact machines
for high-energy electron
beams

= Energy efficient
manufacturing, irradiation,
sterilization

= Lithography near the
atomic limit

= Environmental
remediation, flue gas
cleanup, and petroleum
cracking

= Surface treatment of
materials

= Need: Compact machines
for very high-power, low-
energy electron beams

= Highly-targeted modalities
of cancer treatment in
compact, cheap systems.

= Cases will increase by
45% in US by 2030;
global medical linac sales:
$7.5B by 2020.

» Need: Ultra-compact
machines for low-energy
electron beams

= How do we deliver a
boost in performance
within a reasonable
footprint beyond the next-
generation scientific
facilities already on the
horizon?

= Need: Compact machines
for high-energy electron
beams

W. Leemans, Pisa 29.6.2016

Warsaw University, 28 Feb 2020
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/ US roadmap
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HIGH ENERGY COMPACT ACCELERATORS OPEN NEW

APPLICATIONS BUT REQUIRE HIGHER AVERAGE POWER

Industry and Science  Security Medical

Bright, compact photon Compact high energy photon Arthroscopic accelerators

sources sources for medical treatment and
for detecting special materials inspection

Need to go from hours to Cargo scanning needs 1000x Performance demo is
seconds more power underway.

Engineering for stability, tunability, and reliability
and 100x higher average power using new laser
technology

Key Challenges
to be overcome:

W. Leemans, Pisa 29.6.2016 Roman Walczak UNIVERSITY OF
’ University of Oxford
Warsaw University, 28 Feb 2020
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Timescales (years) & Milestones
1 2 3 4 5 6 7 8 9 0 11 12 13 14 15 16 17 18 19 20
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EuPRAXIA

EuPRAXIA — Addressing e
the Quality Issue

EuP )(

* Qur question for the next 4 years:

Assuming no resource limits — What would be the best
1 -5 GeV e- plasma accelerator we can build? And what
could we use it for (pilot users)?

PRA A
NOVEL FUNDAMENTAL RESEARCH

COMPACT EUROPEAN PLASMA | ¢ unit test
ACCELERATOR WITH SUPERIOR | fresma
BEAM QUALITY

R. Assmann, 01/2016 Plasma Linear Collider Workshop LBNL 23
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PRA (IA

EU funded Consortium (3 M€) to produce a
CDR for a European Research Infrastructure

e EU design study in 4t and
final year:
16 beneficiaries, 25
associated partners,

cUPRAYCIA

The Project

Steering Committee

Collaboration
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WP10: Use of Other WP14: Hybrid Laser-
E-Beam Driven Acc.

(B. Hidding & A. Martinez de la
Ossa)

22

(U. Dorda & G. Xia)

* One of four DS’s in physical

science approved in H2020.

20

WP3: High-Gradient

Laser-Plasma

Accelerating Structure
(B. Cros & Z. Naji

WP7: High-Energy
Physics & Other Pilot
Applications

(A. Specka & R. Walczak)
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H cation Prototyping

WP11: FEL Appli- WP15: Electron
Diagnostics

(A. Cianchi & N. Delerue)
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(A. Maier & V. Malka)

Others: EuroCirCol (FCC),

scientists contributed i
CompactlLight |

WP4: Laser Design &
Optimisation
(L. Gizzi & F. Mathieu)

WP8: Outreach &

(C. Welsch & B. Hidding)

Liaison

WP12: Accelerator Proto-
typing & Experiments at
Test Facilities

(R. Pattathil & A. Mostacci)

+ WP experts

5%

(X band), Neutrino (ESS)

EuPRAXIA - R. Assmann, Final Yearly Meeting - 10/2019

, #EUPRAXIA  #plasma #accelerator
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/ EuPRAXIA structure
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PRA A The Consortium — Growing in the Course
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/ EuPRAXIA CDR
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eﬁﬁﬁA)XéA OUTCOME: High Quality Single Bunch Design

Hori22020
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PRA ,\GA OUTCOME: 20 — 100 Hz Lasers Designs

Horizon 2020

FRONT-END * Three laser systems for

the laser-driven plasma
accelerator facility

MASTER
Oscillator

gy FRONT-END
FRONT-END

* Baseline: Start from
lasers at present state-
of-the-art, however,
extended to 20 Hz and
then to 100 Hz

AMP2
19 (37) J, 0.8 um

PROPAGATION AMP3

62 (126) J, 0.8 um

PROPAGATION

COMPRESSION

PROPAGATION In para”el.

Development of high
efficiency, high average

COMPRESSION

COMPRESSION

105 J /197 J, 0.5um
[ ]

5(7)J, 30(20)fs,

PHOTOCATHODE AND DIAGNOSTICS

20(100)Hz

15(30)J, 30(20)fs,

50(100)J, 60(50)fs,

! 20(100)Hz 20(100)Hz power lasers
LASER1 LASER2 LASER3

Leo Gizzi, Francois Mathieu et al

EuPRAXIA - R. Assmann, Final Yearly Meeting - 10/2019
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EuPRAXIA (1 -5 GeV) - accelerator (plasma or RF)

| : high-power laser

‘_'< ig\éF;deﬂgn to1Gev I undulators + photon beamline

user areas with possibly multiple
experimental stations

- : LWFA design to 5 GeV
180 m

Conventional (SRF, 1.25 GeV)

= Zé 315 m
Conventional (C-band, 5.8 GeV)

Figure 3.6: Comparison of the expected EuPRAXIA machine length with parameters for facilities
of equivalent beam energies based on conventional RF-technologies [151, 152]. The transverse size
1s not to scale. It is noted that such facilities tend to offer FEL performance parameters which are
not achievable with the EuPRAXIA design. Gains in size must therefore be put into the context of
performance limitations with the EuPRAXIA approach.

Roman Walczak UNIVERSITY OF
University of Oxford g
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EuPRAXIA CDR

Quantity Baseline Value
Laser systems

Wavelength 800 nm
Energy on target 5-10017
Pulse duration >20-60 fs
Repetition rate 20-100 Hz
High-energy electron beam from beam-

driven plasma accelerator (PWFA)

Energy 1.0-5.0GeV
Charge 30-40pC
Bunch duration ~131s
Energy spread 0.4-1.1%

Normalised emittance

0.7-1.2 mmmrad

High-energy electron beam from laser-
driven plasma accelerator (LWFA)

Energy 5.0-6.0 GeV
Charge 23-30pC
Bunch duration 3—-11f1s
Energy spread 0.1-0.9 %

Normalised emittance

0.1-1.4 mmmrad

B> UNIVERSITY OF

‘e OXFORD
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Free-electron laser

Radiation wavelength 0.19-35.9nm
Pulse duration 0.4-151s
Saturation length 16—-126 m
Photons per pulse 1.9 x 10°=7.2 x 10"

Brightness 2 x 10%8-

4.8 x 10% photons/[mm*mrad?s(0 1%BW)]

Betatron source

Photon energy 0.6-110keV
Source size 1.4-2.4 um
Photons per pulse 2 x 1084 x 10'0
Peak X-ray brightness 2 x 1071

1 x 10?° photons /(mm?mrad?s[0 1%BW])

Inverse Compton source

Photon energy >100 MeV
Pulse duration ~301s
Divergence <1 mrad

Low-energy positron source

Positron energy

0.5-10MeV (tunable)

Beam duration

20-90 ps

Positrons per shot

>1x 10°

High-energy positron source

Positron energy

>1.0GeV (tunable)

Beam duration

<10fs

Positrons per shot

~1 x 10’

Roman Walczak

University of Oxford g_
Warsaw University, 28 Feb 2020 s OXFORD

S UNIVERSITY OF
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PRA ,GA OUTCOME: Beam-Driven Site at Frascati

e
. Bm I Klystrons and modulators
) o 2 ™ o L | \ | @ ) ]

Horizon 2020

: & & 24 m

e
~
»-

_ ~_ 55m_ Plasma i | 4ﬁm Undulator hall i; iy E———
# Injector and linac 'll ;i i —ieemm

Lt [LiLLi Iwuh 1 Iltl}lnl ll |l|hi Radiation users
; {

12m _» I

—_;i ;

aser sources
Y e Y e P PP C e e P eV I T2 RE P e P o €3 pam le sources

Soft X-ray
Undulators

Photon
THz Diagnostics

RF Stations Accelerating Structures
sFLASH
vV VY A 4 vV Vv

a Bl A —H e

FLASH1

RF Gun Bunch Compressors
Laser .
Seeding
5MeV 150 MeV 450 MeV 1250 MeV
Beam Dump
FEL Experiments
< 315 m >
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/ FEL
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Diffraction before destruction

Effect of X-ray pulse (2fs FWHM,

12 keV) on T4 Lysozyme was
simulated.

A proteine showed at different times
with resepct to the arrival of the
X-ray pulse.

t=—2fs t=2fs t=5fs t=10fs t=—20fs t=50fs

Nature 406 (2000), 752-757

Time-resolved serial femtosecond crys-
tallography (TR-SFX) at the European
XFEL.

Microcrystals are injected into the
reaction initiated by blue laser pulses.

The reaction is probed by the XFEL
pulses.

Science 346 (2014), (6214) 1242-6

UNIVERSITY OF
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Phase Contrast Imaging vs. Conventional Radiology

incoming transmitted
wave wave

Incoming 1‘1 S ———
wave D : —
idtdrled _— object —_

— —>

interference S —
x N CE—

X —— _>
10 prad < o < 100 prad — SR

intensit
2 intensity
y y z Intensity

Refractive index: n=1- o0 +13; o>>f3 ->
phase contrast (Al/I,~ 4nw6Az/A) >> absorption contrast (Al/I, ~ 4nBAz/\)

Two possible approaches: - detect interference patterns
- detect angular deviations

Roman Walczak Sas UNIVERSITY OF

credit: A. Olivo UCL Engineering Department University of Oxiord [RACESE

Warsaw University, 28 Feb 2020
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Roman Walczak Gaw UNIVERSITY OF

credit: A. Olivo UCL Engineering Department university of Oxford - GOSN EIGTOg D

Warsaw University, 28 Feb 2020 [ASs=d




betatron radiation

X ray tomographic imaging mpetia’ Cotege

using Gemini

John Ada msl e for Accelerat

f Ce\'\tra/

N
{’]’/De; $°

Betatron x-rays generated by
CLF’s GEMINI laser was used for
tomographic imaging of
trabecular bone tissues

The semi-coherent x-rays
produced by the laser accelerated
electrons enable

phase-contrast imaging,

bringing the dream of compact,
affordable high resolution x-ray

imaging for medical and Cole, Sci. Reports (2015)
biological applications a step https://www.lInl.gov/str/Sep06/Kinney.
html

http://www.skyscan.be

& Science & Technology

FaCIlI[IOS Council
Roman Walczak IV s Ae)3

credit: R. Pattathil and Z. Najmudin S Sl - OX FORD
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Prostate Imaging with Gemini

ra
{.,’f..

|IC at CLF’'s GEMINI; 2015

Lopes N. et al. X-ray phase contrast imaging of biological specimens with
femtosecond pulses of betatron radiation from a compact laser plasma wakefield
accelerator. In Preparation (2016).

S Ve

Roman Walczak eIV ) aWel:

CrEdit: Z' NaJmUdln Warsaw Umegrl\s/l?)r/s% I(-')(];bogg)ng = 5 OXFORD
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A ngh—energy positrons m

Shielding

Solid target

EuPRAXIA electron beam Beam
-ooé’ooo%"&c manipulation
e+
<€ > YO0 000000000
~ 1 cm
108 E —— & — G V 3 < >
i —Ecec = 1Ge 1 —~
] M
v _Eelec - 5 GeV g 5 m
_Eelec =20 GeV 1 .l 5 m

Assuming 100 pC at 5 GeV (5%)

E [X>107 positrons at 1 GeV (5%)

X [X>Source size: 15 micron

v X>Divergence: 10 mrad

7 [X>Duration: 5fs

X>Emittance: 0.3 micron

BN X>Rep. rate: 0.1 -1 kHz
5 10 15 20 [X>Positrons/s: 10° — 1010

A. Alejo et al., submitted (2018) E (GeV)

Arxiv:1806.02633 102 for 1 nC broadband electron beam

Liverpool 04/07/2018

Roman Walczak  Eeae NNV} aWel:

i+ H University of Oxford
CrEd |t° G° Sa rrl Warsaw University, 28 Feb 2020
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PRA ,\GA OUTCOME: Positron Annihilation Spectroscopy

T T T T T T T T ™
10mm = -
1mm P -
100 pm §= §

© 10 pym neutron

B scattering

13’ 1 pm

‘s

B2 100 nm -
10 nm -
1nm -
0.1 nm L 1 1 1 1 1 1 1 i

01nm 1nm ROnAm 100nm 1pm 10 pm 100 pm 1m_’-m 10 mm
" EuPRAXIA
existing

Courtesy M. Butterling, HZDR

EuPRAXIA - R. Assmann, Final Yearly Meeting - 10/2019

Low-Energy Positron Source

Positron energy

0.5-10MeV (tunable)

Energy bandwidth

+50keV

» EuPRAXIA would provide access to unique
regime of detecting small defects at large
penetration depths

Beam duration 20-90 ps
Beam size at user area 2-5mm
Positrons per shot > 10°

* Does not require highest quality of

electron beam

Roman Walczak
University of Oxford
Warsaw University, 28 Feb 2020

Gianluca Sarri et al

Horizon 2020
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QUEEN'S

High-field QED

Unique opportunity to have a narrowband ultra-relativistic electron beam synchronized
with a PW-scale laser at a high repetition rate

Studies of high-field quantum electrodynamics (> Schwinger field) and access exotic
phenomena such as: quantum radiation reaction, photon-photon scattering, pair production

108 g S , : S §1'2
—_— - - p i o Scatt. laser ON
£ ~ NLQED - RC o XO aO 1 > E 1 Scatt. laser OFF
& N s 14 XO ~ 1 =% 0.8 Semiclassical
O 6~ on-linearity 59
a 1) o = > ag
8 SLAC“‘*{-‘_ Quantum g 30-6
g' 4 M. T QRDR §§0-4
o 10 " | EuPRAXIA S . 4 W 0.2 | K.Poderetal, i
[ o P 2018
9 ASTRA-GEMINI A e g o EEE
= 5 B e 500 1000 1500 2000
) 10 : o Electron energy (MeV)
- CRDR ™»
: : :
Iy 0 | TARANIS-X lay~ 1/a T ]
10 0 1 2 e
10 10 10 10 10° |
Laser dimensionless amplitude (an) — |
Unique facility for high-field QED: - high-energy 1 ‘H‘
q 207 = Quantum model
- narrow bandwidth | = st
_ stability B} + Dot J. Cole et al., PRX 2018

T T T T T T T T
400 420 440 460 480 500 520 540 560
Esinal MeV

Liverpool 04/07/2018

Roman Walczak UNIVERSITY OF

credit: G. Sarri SRt Sl -~ OX FORD
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Ceﬂtra/é

-

///_)Q } )'ac’

QUB-led team produced a gamma-ray
beam in the multi-MeV range with
highest peak brilliance ever produced!

They used nonlinear-Thompson
scattering: scattering the north
beam off an electron beam
produced by the south beam

Gemini is uniquely placed to do
such experiments with its dual-
beam capability

ST
PR

/ﬁ' HELMHOLTZ

| ASSOCIATION

Helmholtz Institute Jena

Imperial College -. -

London

. UN7
o 23
K=~
)
E 2 25
4“@.. )
5
%"’v‘amo‘\&

credit; R. Pattathil and G. Sarri

Compton source

Brightest ever gamma ray source!
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Phys. Rev. Lett. 113, 224801 (2014)

Science & Technology
Facilities Council
Roman Walczak Sas UNIVERSITY OF

University of Oxford T“’ OXFORD

Warsaw University, 28 Feb 2020
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PRA 1A

OUTCOME
Implementation
Model

PRA KA %t 7);'

EXCELLENCE cenm‘sr—-o R%A‘%ﬁs:mmks

'Y

e

INC aamrunawmms’uwgr:xbcsl.e TOR |
4 TECHNOLOGY TO LASER scuamcs S
[ EXCELLENCE CENTRE FOR LASER ____ELIBeamlines, Czech Republi 4

PLASMA Acﬁpﬁaé%ﬁ:ﬁ"lm GEV "v‘

CONSTRUCTION SITE FOR
BEAM-DRIVEN PLASMA ACCELERATION

INFN-LNF, Italy

, ‘
; CONSTRUCTION SITE FOR
+ LASER-DRIVEN PLASMA ACCELERATION

to be determined

EXCELLENCE CENTRE FOR
IEORY & SIMULATION
IST, Portugal

EuPRAXIA - R. Assmann, Final Yearly Meeting - 10/2019

Excellence Centre
Laser-Plasma
Acceleration &

1 GeV FEL

LAPLACE, France

Construction Site
Beam-Driven
Plasma Acceleration

IST, Portugal

Excellence Centre
Theory & Simulation

EuPRAXIA next stages

Excellence Centre
Plasma Acceleration &
High Repetition Rate
Developments

DESY, Germany

Construction Site
Laser-Driven
Plasma Acceleration

ELI Beamlines, Czech Republic

Excellence Centre
Technology Incubator

PWASC, United Kingdom

Excellence Centre
Advanced Application

Beamlines

T

Warsaw University, 28 Feb 2020

Roman Walczak
University of Oxford

UNIVERSITY OF

) OXFORD




}A/ o EuPRAXIA next stages
TDR phase | Construction phase Sum

Invest
Total 119 M€ 204 M€ 323M€
Beam-driven M ME 83 M€ 119ME€
Laser-driven 83 M€ 1I9M€ 204 M€
Personpower
Total 981 FTE 854 FTE 1835 FTE
Beam-driven 294 FTE 283 FTE ST1FTE
Laser-driven 687 FTE ST1 FTE 1258 FTE
Duration
Total 6 years 4 years 10 years
Beam-driven 4 years 4 years 8 years
Laser-driven 6 years 4 years 10 years
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* X x

PRA/\GA OUTCOME: Plan Ahead

Horizon 2020

2018 | 2019 | 2020 | 2021 | 2022 2023 2024 2025 | 2026 | 2027 | 2028 2029 2030 2031 . | 2065 | 2066 _

Conceptual : . . Decom
Project > Technical Design Phase (Jan 2020 — Dec Operation (Jan 2030 — .
Ph Design 2025) Dec 2065) mission
ases ;
Phase ng
= Submission of CDR = ngelopment of long-term = Start of operation
science programme
= Development of future user and stakeholder =
support = ESFRI Review 2
= Calculation of detailed, realistic budget & cost- = Procurement and delivery of
benefit analysis each essential component
= Submission of ESFRI Roadmap Application = [Installment of each essential

- - - component
= Technical design of excellence centre sites

= Commissioning of each

= Prototyping of essential machine essential component

components
= ESFRI Review 1
= Technical design of construction site(s) Next StepS: Publish CDR
Py = Decision on legal structure & governance Agree collaboration
PY model for implementation and operation Discuss with EU
® = Procurement of funding for implementation Apply to ESFRI roadmap
& operation

EuPRAXIA - R. Assmann, Final Yearly Meeting - 10/2019

Roman Walczak
University of Oxford
Warsaw University, 28 Feb 2020
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Advanced and Novel Accelerator
concepts (ANAs): definition

Acceleration gradients larger then 1GV/m

Wakefields driven in plasma by intense
laser beams : LWFA

Wakefields driven in plasma by particle
beams: PWFA

Wakefields driven in structures
(e.g.dielectric tubes) by particle beams: SWFA

Wakefields driven in dielectric
structures by short-pulse lasers: DLA

——— - - —
slide presented by B. Cros at AAC 2018 sniverety of oviore R

Warsaw University, 28 Feb 2020 €
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Advanced LinEar collider e

Lo ~

study GROup: organisation =
ICFA

ICFA ANA Opened to contributions fror

interested scientists worldwid
B Cros ALEGRO

C Schroeder

. Euronnac
P Muggli Steering Group

ALEGRO WG titles and leaders:

PC: Physics Case (M Peskin, J Tian)

CMD: Collider Machine Design (A Seryi, D Schulte, H
Yamamoto)

TMS:Theory, Modelling, Simulations (JL Vay, J. Vieira)
LWFA: Laser wakefield Accelerators (C. Schroeder, S.
Hooker, B. Cros)

PWFA: Plasma wakefield Accelerators (J Osterhoff, E
Gschwendter, P Muggli )

PAC: Positron acceleration (S. Gessner, S. Corde)
SWFA: Structure wakefield accelerator (P Piot, ] Powe
DLA: Dielectric laser accelerator (J England, B Cowan)

http://www.lpgp.u-psud.fr/icfaana/ana-publications-2017
e ————

slide presented by B. Cros at AAC 2018 T ¢ X1 ORD

Warsaw University, 28 Feb 2020

ALEGRO Working Groups

DLA
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Scientific roadmap for a collider
up to design report delivery

ANAR2017 workshop and report

e- sources:
optimization

e+ sources:
Concept devt
Driver development

Accelerating structures

Beam transport
and coupling

ALEGRO

Advanced LinEar collider study GROup

http://www.lpgp.u-psud.fr/icfaana/

5 LR 2017 - 2022 2022 - 2027
_B S

e- acceleration:
Optimization of all
parameters

e+ acceleration:
demonstration

5Ys

Injector,
Accelerator
stages with

controlled
parameters

X10
Improved
beam quality
at higher
energy

2027 - 2032 2032-2037

Advanced
Linear
Collider
CDR
and
TDR

Reliable

staged
accelaration,

10 GeV

module

) o

ol

Address specific challenges:
Staging —=>
Reliability =
Polarization =
Efficiency =
Beam Delivery System =

slide presented by B. Cros at AAC 2018

Roman Walczak
University of Oxford
Warsaw University, 28 Feb 2020
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ALEGR0O2020 Workshop

previous meetings:
ANAR 2017 CERN
ALEGRO 2018 Oxford
AAC 2018 Breckenrige
ALEGRO 2019 CERN

ALEGRO
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In memory of Prof Jerzy Pniewski

: -
. ’
! " g .
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Prof Jerzy Pniewski giving a lecture at Heidelberg University on the occasion
of receiving Honory Doctorate from Heidelberg University.

Roman Walczak UNIVERSITY OF

This photograph was taken by U, Uhrmacher. University of Oxford
Warsaw University, 28 Feb 2020
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» Plasma wakefield accelerators are in transition from subjects of research only to sub-
jects of research and applications.

» EuPRAXIA (funded by H2020) concluded four years of design studies with a CDR. Five
excellence centres and two construction sides are proposed to develop plasma accelera-

tors offering pilot users electron beams as well as secondary beams of photons and posi-
trons.

» EuPRAXIA new Consortium Agreement is being discussed and submission of ESFRI

roadmap application is in preparation. There is an opportunity for new institutions to
join.

» ALEGRO, a world wide collaboration supported by ICFA, is studying options for ap-

plications of high gradient acceleration technologies in particle physics. The next of its
yearly meetings will be in Hamburg in March.

Fes UNIVERSITY OF
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RL 83 057
BEAT-WAVE LASER ACCELERATORS
FIRST REPORT OF THE R.A.L. STUDY GROUP
R From the Abstract:

An attempt is being made to see what is
Participants Field of Interest involved in constructing a high energy
J E Allen* Plasma Physics accelerator using laser beat-wave princi-
R Bingham Plasma Physics ple
J Butterworth Particle Beam Transport
¥ Brflpwn S i High energy means here TeV level
R G Evans Plasma Physics and Lasers
J D Lawson Accelerators
T —— Please note participants’ fields of interest
R D Ruth+ Accelerators

* University of Oxford.

+ Lawrence Berkeley Laboratory and CERN,

Roman Walczak UNIVERSITY OF
University of Oxford
Warsaw University, 28 Feb 2020 OXFORD




