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Order of play

» Brief review of outcome of each WG & comments on WG summaries

» Comparisons with US roadmaps

» ldentification of common themes & synergies

» Next steps



Scientific bottleneck / challenge Milestones Comments

dQ/Q<2%, 100 pC, dE/E<2%, dEO/
EO0<1%, do<0.1 mrad (2/5)dQ/
Q<2%, 100 pC, dE/E<2%, dEO/
EO0<1%, do<0.1 mrad (5/5)All
parameters, structured pulse?
Polarized?

Only for electrons; development
needed for positrons, select
injector technique

femtosecond Injector >200MeV performance charge, dE/E, pointing stability

Repetition rate (experiment) 10 Hz 100 Hz 1 kHz

Laser beam quality >90% in design mode

Staging ~unity charge throughput and emittance preservation Scalability (multi-staging) _—
Fluctuations and feedback control chargex1, Ex2, EOx2, mradx2 Active ]flzsgttl:zltigl;];nultlple all factors 1.01

fsec resolution, 0.1 mm-mrad

Diagnostic resolution (bunch length and emittance) normallzedenergy/phase
Multi-bunch acceleration Generation and separation control Acceleration

Fully predictive simulations

LWFA collider baseline design Preliminary design study CDR TDR




WG1: LWFA

» Suggests definition of LWFA
baseline design, CDR, TDR

» Proposed collider definition
parameter flow: physics —
luminosity = BDS — linac —

injector

» BDS and FF design study

» Defines target “injector”

performance

» Milestones for control of

fluctuations

Everyone in the room
World-leading institutions

Scientific
bottleneck /

pointing stability

Repetition rate

Laser beam >90% in design
ualit mode

Staging

Fluctuations and chargex1, Ex2,
feedback control EO0x2, mradx2

Multi-bunch Generation and
acceleration separation control

Fully predictive
simulations

Collider Preliminary design
arameter stud

Milestones

~unity charge throughput and
emittance preservation stagin

Active control of

Diagnostic resolution (bunch length and emittance)

dQ/Q<2%, 100

femtosecond Injector >200MeV performance charge, dE/E, pC, dE/E<2%,
dEO/E0<1%,

do<0.1 mrad

. all factors 1.01
multiple

fsec resolution,
0.1 mm-mrad

Acceleration

LWFA collider Preliminary design CDR TDR
baseline desian studv

Scalability (multi-

Comments

Only for electrons;
development
needed for
positrons, select

ANAR workshop, CERN
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Scientific bottleneck / Facilities / capabilities Milestones E I eCtrO n -d rlve n Comments

cretense oot I

R&D on concepts, including
Develop and maintain self- Develop and maintain self- experiments and simulations.
consistent parameters consistent parameters Will require engagement of

larger accelerator & detector

Collider Design Start to End Simulations

Develop self-consistant
scenarios for beam loading
(high-gradient, high-
efficiency and emittance

Optimized Beam Loading

X Self-consistant set for positrons
Scenarios

Transverse wakes, hosing,
lon motion, plasma source
development with ramps,
external injection

Beam quality preservation Matched Injection, acceleration, extraction Emittance preservation at 1um level with % level dE/E

Shaped beams with high peak current to drive non-linear Shaped beam ex periments Shaped beam experiments and demonstration of T > 2 (high Develop and demonstrate
and demonstration of T > 2

wakes (low E) E) techniques for beam shaping

Transformer Ratio >1

Plasma profiles for emittance
preservation at any Hz, refine
to kHz rep rates with heat
transport

Tailored density ramps, differential pumping solutions, thermal | Tailored density ramps,

Plasma Sources ) ; . .
management differential pumping solutions

Hollow (and quasi-hollow) channels development

Studies with independent Multi-stage demonstration in | Optical design for multiple

Staging Capability for multi-GeV with high capture efficiency witness injector FETBD stages

Quasistatic codes are
workhorse for beam driven
(experimental planning, data
interpretation, initial collider

Adaptive mesh refinement, Adaptive particle loading:Vary Npcell and/or particle merging and splitting, Dynamic load balancing,
Simulation Development Adaptive 2d and 3d time steps, Intel Phi and GPUs, Radiation reaction (basic model is implemented) and QED effects based
on OSIRIS 4.0 packages




WG2: PWFA (electron driven)

» Collider design, S2E simulations,

CDR, TDR

Optimized beam loading

v

v

Beam quality preservation

» Transformer ratio > 1

v

Staging

» Diagnostics development

Everyone in the room
World-leading institutions

Scientific Facilities /
bottleneck/ | capabilities Milestones Comments
challenge needed

Collider Start to End De\_/elo_p and De\_/elo_p and R&D on
. . . maintain self- | maintain self- | CDR, TDR concepts,
Design Simulations . . ) !
consistent consistent including
Optimized Self-consistant set for Develop self-
Beam . consistant
. positrons .
Loading scenarios for
Beam quality | Matched Injection, Emittance preservation at 1um level with % Lr;::g/erse
preservation acceleration, extraction level dE/E Y
hosing, lon
Shaped beams with high peak | Shaped beam | Shaped beam experiments Develop and
Transformer . . . ]
. current to drive non-linear experiments and demonstration of T > 2 demonstrate
Ratio >1 . .
wakes and high E techniques for
Plasma Tgllored .densny Famps’ . Tallored Hollow (and quasi-hollow) Plas_ma
differential pumping solutions, | density profiles for
Sources channels development :

thermal management ramps emittance

o . T Studies with Multi-stage Optical
Staging gf%ﬁ%?:gty for multi-GeV with high capture independent demonst?ation d:sign for
y witness in FFTBD multiple

Adaptive mesh refinement, Adaptive particle loading:Vary Npcell | Quasistatic
and/or particle merging and splitting, Dynamic load balancing, codes are
Adaptive 2d and 3d time steps, Intel Phi and GPUs, Radiation workhorse for

Simulation
Development

ANAR workshop, CERN
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Scientific bottleneck /
challenge

Facilities / capabilities
needed

Limited to 2D
simulations/3D Quasi-
static

Demonstration/control
of SMI of p+ buncn

3D simulations, redudec
and full PIC

Acceleration of short e-
bunch

Quick 3D simulation capabilities for optimization and comparison w
experimental results

Production of ultra-short
p+ bunch (<1mm, TeV
energy, 1e11p+)

New p+ bunch source?
Compression after
extraction?

Pre-modulation of p+
bunch (no plasma)

High frequency linac, dispersive section (SPS-
AWAKE beam line)

Diagnostics for plasma

wave/wakefields Exist

I

Milestones Comments

Seeding, dependencie, maintaining high gradient

Multi GeV, large charge
capture

Multi-GeV, full charge capture, emittance<10mm-mrad (e-/p+ colider
application)

Machine impedance simulation/understanding

Parameter studies

Transverse diagnostics
on existing source,
shadowgraphy, etc.

Design of source with transverse and longitudinal acces to plasma, phton
acceleration, shadowgraphy, spectral interferometry?




WG2: PWFA (proton driven)

Everyone in the room
World-leading institutions

Scientific | Facilities /
bottleneck | capabilities Milestones Comments
/ challenge needed

Demonstrati Limited to Seeding. dependencie
on/control Exist 2D maintain?r’1 h‘i) h radieht
of SMI of p+ simulations/ g high g

Acceleratio 3D Multi GeV, Multi-GeV, full charge capture,
n of short e- Exist (?) simulations, large emittance<10mm-mrad (e-/p+ colider

bunch redudec charge application

Quick 3D simulation capabilities for
optimization and comparison w
experimental results
Production New p+ Machine impedance
of ultra- bunch . : i
simulation/understanding
short p+ source?
Pre- High frequency linac,
modulation | dispersive section (SPS- Pgs(rjri\;er
of p+ bunch AWAKE beam line

Diagnostics Transverse Design of source with transverse and
for plasma Exist diagnostics longitudinal acces to plasma, phton
wave/ on existing acceleration, shadowgraphy, spectral

ANAR workshop, CERN
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Scientific bottleneck /
challenge

Facilities / capabilities
needed

Milestones

Comments

positron source for THz
main beam

need to develop and
demonstrate

need R&D

get $$58$

get $$EE$$5S

BBU in THz drive beam

demonstrate test
module with BBU
control

no new code
development needed
but simulation needs to
be done

cylindrical CWA BBU
test planned; no planar
test planned

establish BBU limit of planar and cylindrical and use these to optimize the
LC




WG3: DWA

» Refreshingly honest about need for
$$%,€€€€ CHF

» Positron source
» Beam break up (BBU)

Everyone in the room
World-leading institutions

Scientific
bottleneck
/ challenge

positron
source for
THz main
beam

BBU in
THz drive
beam

Facilities /
capabilitie
S nheeded

need to
develop
and
demonstrat

demonstrat
e test
module
with BBU
control

need R&D

no new
code
developme
nt needed
but
simulation
needs to be
done

Milestones

get $$5$$

|

cylindrical
CWA BBU
test
planned; no
planar test
planned

Comments

get $$$$$$
5%

establish BBU limit of planar and
cylindrical and use these to optimize
the LC

ANAR workshop, CERN
25-28 April 2017



WG3: DWA

Everyone in the room ANAR workshop, CERN
World-leading institutions 25-28 April 2017



Scientific bottleneck /

challenge (priorit

Achievable laser wall-plug
efﬂmency (low)

Field to electron efflclency

Requirements for final
focus system (low)

Requirements for
dispersive microbunch

Positron Sources (High)

Choice of Laser
Wavelength (Low-Med

Facilities / capabilities
needed

N/A

SwissFEL, DESY, ATF

N/A

Vsim, Ace3P

Milestones

N/A

Simulation and feasibility
study

N/A

N/A

Larger wavelengths (than
mid to near IR) ease electron

Comments

Solid state lasers with 30%
efficiency already available,

Theoretical studies have

imedi been done, exierlmental

Requirements possibly the
same as for other novel (and

Likely to happen naturally in
final focusing section

High-field damage

Heat dissipation at high
laser rep rate (Med)

Radiation hardness and
charging effects (High)

BBU (High)

Sub-micron coalignment

Intrabeam scattering of the
bunch particles (note low

SwissFEL, FACET-II

Vsim, ACE3P, etc.

Experimental tests at lower
beam powers, Sim:

Simulation studes connected

mechanisms in dielectrics iradlents with available

and dlainostlcs over km feedback is needed -- LIGO

Already demonstrated target

Estimated heat dissipation for
typical DLA ~1 W/cm”2 well

In addition to electrons
depositing energy in material,

Closely related to wakefields,

to those above Ioadmi

Active interferometric

Note that envelope equation
not strictly valid here.




WG4: DLA

» ldentifies low / med / high priorities
» High-priority areas

Focusing & transport

Radiation hardness & charging
Wakefield and BBU

Beam halo & collimation

Compatible positron source

» Suggests gamma-gamma collider as
alternative

» Sub-micron alignment over km
distances - LIGO

Everyone in the room
World-leading institutions

Scientific

Achievable
laser wall-

Field to
lectron

Requirements

Requirements
for dispersive

Positron
Sources

Choice of
L r

High-field

Heat
dissipation at

Radiation
hardness and

BBU (High)

Sub-micron
coalignment

Intrabeam
scattering of

Facilities /

N/A

SwissFEL,
DESY. ATF

N/A

N/A

N/A

N/A

N/A

N/A

SwissFEL,
FACET-II

N/A

N/A

N/A

N/A

Vsim, Ace3P

N/A

N/A

N/A

N/A

N/A

N/A

N/A

Vsim, ACES3P,

N/A

N/A

Milestones

N/A

N/A

N/A

N/A

Simulation and
feasibilit

N/A

N/A

N/A

Experimental
tests at lower

Simulation

N/A

N/A

N/A

N/A

N/A

N/A

N/A

N/A

N/A

N/A

N/A

N/A

N/A

N/A

N/A

N/A

N/A

N/A

N/A

N/A

N/A

N/A

N/A

N/A

N/A

N/A

Comments

Solid state
lasers with

Theoretical
tudies hav

Requirements

Likely to
happen

Larger
wavelenath

Already

Estimated heat
dissipation for

In addition to
electrons

Closely related

Active
interferometric

Note that
envelope

ANAR workshop, CERN
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Differences WRT US Roadmap

Everyone in the room
World-leading institutions

Office of
Science

/ U.S. DEPARTMENT OF

Advanced Accelerator

Development Strategy
Report

ANAR workshop, CERN
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Comparison with US Roadmap: LWFA

» Defines time scales for 10 2015|2020  |2025 2030 2035|2040

GeV module and > GEV Continuing Invention & Discovery Phase
Modeling and simulations with hi-fidelity, high speed codes

staging

» Positron accel. mid 2020s
Phase space shaping, efficiency,
» kHz GeV linac < 2030 diagnostics, tolerances

Final focus, cooling, ...

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

Collider conceptual
design report (CDR)

» kHz,50-100 GeV ~ 2040

Accelerators

sign of concepts for colliders

Collider tech.

&9 3 kKW class design report Collider
4 (TDR)
s 30 kW class
-
300 kW class
Everyone in the room ANAR workshop, CERN

World-leading institutions 25-28 April 2017



Comparison with US Roadmap: LWFA

» Defines time scales for 10
GeV module and > GeV
staging

» Positron accel. mid 2020s
» kHz GeV linac < 2030
» kHz,50- 100 GeV ~ 2040

» Detailed goals defined for
next 10 years

Everyone in the room
World-leading institutions

10 GeV e-beams from a single stage

Staging 2.0: demonstration of 5GeV+5GeV

10 GeV Present Positron beams

30 pC 100 pC 0.1 GeV boost 5 GeV gf:'lpan;"‘;::':::gz :?; raator
Unmatched Matched guiding based positron source
gl FewpC,4%  100pC, >90% Pair production from LPA
Fluctuates rs;:gz,u i captured captured generated e-beam

ihabls. >5 GV/Im >5GV/m sPtzzigon beam captured in PWFA

Emittance Emittance

Positron acceleration in laser
Second beamline on BELLA growth preserved driven stage

Laser tech R&D k-BELLA = kW class, kHz, 100 TW laser

5 Hz, 0.5-1 GeV beam kHz, 0.5-1 GeV beam

Present Goals

€ <0.3 micron &< 0.1 micron Limited control feedback  Full feedback stabilization
AE/E ~ 1-5% AE/E < 1% Low average power (<4 W) High average power (>1 kW)
Q~10pC Q~10pC Pointing < 0.5 mrad Pointing < 0.05 mrad

y-ray source (>107 ph/s y-ray source (>10'0 ph/s)
LWFA powered FEL (XUV) LWFA powered FEL (1-10 nm)

Plasma target and energy recovery technology

v cone

Longitudinally uniform Tapered Heat mitigation and >108 shots
lifetime at kHz
Parabolic Near hollow
Photon acceleration to reach high
10 cm >30 cm efficiency
1 kHz rep rate 10 kHz rep rate Spent laser energy recovery

Diagnostics

Goals

Non-invasive phase space diagnostics for 0.01-0.1-mm-mrad
Femtosecond resolution for slice properties

3-D plasma profile vs time

Simulations

e

1D MHD 3D MHD
2 weeks for 1 high res 3D BELLA simulation run <1 Hr for 1 high res 3D BELLA simulation run



Comparison with US Roadmap: LWFA

. 2016 [2018  |2020  [2022  [2024  [2026
> DEﬁneS tlme Sca les for 10 k-BELLA: kWV class, kHz, |00 TWV laser s ' B
tepping stone”:

GeV module and > GeV 4

Fiber Laser Technology  ~1J&contrastdemo 4
staging Frosn ——Jcousroariom Jcoacmie o [
1-5mJ 100mJ — >1J 30J 7 mevm e e A
. . ~500W 3kW 30kW el sl
» Positron accel. mid 2020s 3006 aots 100t
Contrast: 10 - 20dB  Contrast 30 - >40dB Contrast 50 - >60dB ]

» kHz GeV linac < 2030
» kHz, 50 - 100 GeV ~ 2040 (et

1-10Hz 1kHz

WPE: << 5 % WPE: >15%

» Detailed goals defined for cow  suw
next 10 years

k-BELLA: kWV class, kHz, |00 TWV laser

“Stepping stone’”:
30 kW class

» Also roadmap for laser
technology

A

| Ready for 30kW class laser demo |

Common Technologies

>30kW mirrors and coatings >30kW and broadband beam Contrast enhancing technology
combiners (e.g. plasma mirrors) operating at
>30kW pulse compression >30kW adaptive optics AUtz

gratings
Direct-CPA bulk

Goal: suitable diode-pumped solid-state material meeting pulse duration, energy,
average power, and WPE requirement simultaneously

Goals: increase efficiency and reduce pulse duration simultaneously, increase system

reliability and meet size requirements
100fs with >25% WPE

OPCPA

Everyone in the room ANAR workshop, CERN
World-leading institutions 25-28 April 2017



Comparison with US Roadmap: PWFA

» Also calls for collider design
LHC Physics Program End LHC Physics Program

St u d | e S Plasma Accelerator R&D at Universities and
other National & International Facilities

) A N A R roa d ma p h as more cepts & Parameter Studies C CDR -LC TDR (P;g\Fs?r-uLc(t;ion
. ynam rance Studies
details / challenges? Plasma Source Development
FACET-II Construction Legend
[ - Theory/Simulation/Design
Engineering/Construction |
-Experiments/Operations |

Construction

PWFA Research & Development

. EFA—App PWFA-App
R

tion & Collider Prototype

Euro XFEL
Construction

LCLS-II
Construction

Driver Tech.

Everyone in the room ANAR workshop, CERN
World-leading institutions 25-28 April 2017



Comparison with US Roadmap: PWFA - 10 years

» Also calls for collider design
studies

» ANAR roadmap has more
details / challenges?

Everyone in the room
World-leading institutions

Beam Driven Plasma R&D 10 Year Roadmap

PWFA-LC Concept Development and Pa ter Studies
Beam Dynamics and Tolerance Studies

10 GeV Electron Stage
FACET FACET-Il Phase |: Electrons

Operating with high beam loading: Gradient > 1GeV/m, Efficiency > 10%

9 GeV 10 GeV
Q~50pC Q~ 100pC
AE/E ~ 4% AE/E <5% e~ 1um

Staging Studies AE/E ~ 1%
o
Characterization of active plasma lens at 10GeV m“

Beam quality preservation during injection and extraction Gaussian Beams Shaped Profiles

Plasma source with tailored entrance & exit profile T~1 T>1

PWFA Application(s): Identification, CDR, TDR, Operation

Positron Acceleration

FACET FACET-Il Phase 2: Positrons

Simulate, Test and Identify the Optimal Configuration for Positron PWFA

Present (‘New Regime’ only)

4GeV 100pC, >1GeV @ >1GeV/m, dE/E < 5%, Emittance Preserved
Q ~ 100 pC in at least one regime:
3 GeV/m ‘New Regime’ seeded with two bunches
AE/E ~ 2% Hollow Channel Plamsas
€ not measured Quasi non-linear

Plasma Source Development

Tailored density ramps for beam matching and emittance preservation
Uniform, hollow and near-hollow transverse density profiles
Accelerating region density adjustable from 105 - 1077 e-/cm?

Accelerating length > 1m

Scalable to high repetition rate and high power dissipation

Driver Technology

Construction and Operation of LCLS-Il and European XFEL with MW Beam Power



Comparison with US Roadmap: DWA - 10 years

» Defines baseline design
» Sets goals for

e 3 GeV facility

e bunch shaping

e efficiency

e emittance

» US roadmap more detailed?

Everyone in the room
World-leading institutions

DWFA LC 10 YEAR PARAMETER TABLES

Baseline DWFA LC (potential multi-fold cost reduction)

S High Fidelity Staging Main Beam Source
mm Present ___JGoas | Goas |
100MV/m 300MV/m I accelerator per stage 2 accelerators per stage X-band
0.5nC 0.5nC 50MV/m/ stage 200MV/m/stage 0.5nC/bunch
Beam partially ~ Beam quality 0.5nC 0.5nC Norm. emittance <lum
R ez EESeTrROn Beam partially Beam quality preservation
demonstrated characterized demonstrated

3GeV Acceleration Facility

Goals Bunch Shaping High Efficiency Klystron
200MeV/m effective gradient 0.1% level energy spread ~90% efficiency klystron, efforts
0.5nC/bunch, 6.5A current in pulse ~50% beamloading from CLIC/SLAC

Beam quality preserved

DWFA Exploratory Studies (potentially order of magnitude cost reduction)

Ultralow Emittance e- Ultralow Emittance e+

‘ Alming for ‘ ‘ Aiming for

~1nm vertical emittance level at IP No damping ring e+ source, by eftorts from LPWA

DWFA LC 10 YEAR ROADMAP

DWFA LC Baseline Technology (potential multi-fold cost reduction)

Single Stage
High Fidelity Staging
Main Beam Source
3GeV Acceleration Facility
Bunch Shaping for Doubling RF-Beam Efficiency
High Efficiency Klystron (Synergy efforts from CLIC/SLAC)
CDR for LC

DWFA Exploratory Studies (potentially order of magnitude cost reduction)

Ultralow Emittance e-
Ultralow Emittance e+ (Synergy efforts from LPWA)



Comparison with US Roadmap: DLA

» No US roadmap for DLA ...

Everyone in the room ANAR workshop, CERN
World-leading institutions 25-28 April 2017



Identification of common themes & synergies

v

v

v

v

Define collider design

e Several designs or one?

Development of BDS and FF systems tailored to novel accelerators

Development of positron sources

Development of polarized sources

Multiple staging
e Preservation of beam quality

e Mitigation of emittance growth

Efficient energy transfer from accelerating field to bunch

Positron acceleration, especially in nonlinear wakefields



Identification of common themes & synergies

» Can BDS and FF systems be tailored to novel accelerators ... or must we meet their
(stringent) requirements?

» Code development,
e Especially for many stages / long distances
e Enterface between plasma codes and accelerator codes
e Adaption to / us of Exascale capabilities

» Synergies with nearer term applications?

» Development of test facilities?

» Development of agreed ways to describe beam parameters?



Global Plasma Accelerator Roadmap Mark Hogan
2025 2030

LHC Physics Program End LHC Physics Program

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

FACET-Il Construction Legend
- Theory/Simulation/Design
.g gl Engineering/Construction
2 Experiments/Operations
3

in PWFA-LC Regime

oncepts & Parameter Studies sollider CDR Plasn§older TDR Plasma Collider Constructi
: s & Parameter Studies E h ] i

c -
& Plasma Source Development
PWFAAppDev. 8CDR  PWFA-AppTDR  PWFA-App Construction [PWFA-App Operation
it L International Collaboration -
Continuing Invention & Discovery Phase
Ty = -
2 ‘
a
E Final Focus, Cooling...
§ Prototype Phase
2 EuPRAXIA Construction -Oommissioning (FE
:zl% mﬂk Design Il Construction Upgrade ator R&D
g 1@- orgg LC CDR Plasma e+e- or gg LC TDR & Prototyping e+e- or gg PLC Construction ..C
S
3
w
Euro XFEL Construction
ﬁ LCLS-I Construction
5 SWClasslases
2 |
o

h




Next steps

» The different WGs took different approaches. If we made second drafts, would we want to
enforce a uniform style / approach?

» Others?

» Lunch?



