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Two new developments in the U.S.
Strategy roadmap from DOE-HEP and from Big Idea Summit
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Recommendation 26: Pursue accelerator R&D with high 
priority at levels consistent with budget constraints. 
Align the present R&D program with the P5 priorities 
and long-term vision, with an appropriate balance 
among general R&D, directed R&D, and accelerator test 
facilities and among short-, medium-, and long- term 
efforts. Focus on outcomes and capabilities that will 
dramatically improve cost effectiveness for mid-term 

and far-term accelerators.

The U.S. Particle Physics Project Prioritization Panel (P5) 
provided strong support for accelerator R&D
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Recommendation 10. Convene the university and 
laboratory proponents of advanced acceleration 
concepts to develop R&D roadmaps with a series 
of milestones and common down-selection 
criteria towards the goal of constructing a multi-
TeV e+e- collider. 

Workshop on Concepts for Future Plasma Based Colliders

Lawrence Berkeley National Laboratory, Jan. 6-8, 2016
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A community roadmap for plasma based concepts for future 
collider was developed – basis for DOE workshop

Leemans & Esarey

 Key elements for laser based 

approach next 10 yrs:

 Staging exp

 High average power demonstrator

 Radiation sources:

 FEL

 Gamma ray source

 Attendees from both laser and 

beam driven plasma accelerator 

community (international)
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Strategy report for Advanced Accelerators from DOE covers 

laser and beam driven plasma + dielectric wakefield

 Public release of report imminent
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Preliminary Roadmap for Laser Plasma Accelerators

Continuing Invention & Discovery Phase

30 kW class

2015 2020 2025 2030 2035 2040

Prototype Phase

First applications (radiation sources)

Collider conceptual 

design report (CDR)

Collider tech. 

design report 

(TDR)
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50-100 GeV linac(s) – O(1-

10kHz)

GeV linac – kHz rep rate

Collider

300 kW class

3 kW class

10 GeV module

5 GeV+5 GeV staging

Final focus, cooling, …

Positrons

Design of concepts for colliders

Phase space shaping, efficiency, 

diagnostics, tolerances

Modeling and simulations with hi-fidelity, high speed codes 
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Milestones

10 GeV e-beams from a single stage

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

LPA powered FEL (XUV)

g-ray source (>107 ph/s)

kHz, 0.5-1 GeV beam

2016 2018 2020 2022 2024 2026

Present Goals

4.3 GeV 10 GeV

30 pC 100 pC

Unmatched 

guiding

Matched guiding

Fluctuates Stable,

reproducible, 

tunable

Present Goals

0.1 GeV boost 5 GeV

Few pC, 4% 

captured

100pC, >90%

captured

>5 GV/m >5GV/m

Emittance

growth

Emittance 

preserved

Goal: novel concept for a 

compact plasma accelerator

based positron source

Pair production from LPA 

generated e-beam

Positron beam captured in PWFA 

stage

Positron acceleration in laser 

driven stage

LPA powered FEL (1-10 nm)

g-ray source (>1010 ph/s)

5 Hz, 0.5-1 GeV beam

Present Goals

e < 0.3 micron e < 0.1 micron

DE/E ~ 1-5% DE/E < 1%

Q ~10 pC Q~10pC

Present Goals

Limited control feedback Full feedback stabilization

Low average power (<4 W) High average power (>1 kW)

Pointing < 0.5 mrad Pointing < 0.05 mrad

Staging 2.0: demonstration of 5GeV+5GeV

Positron beams

Second beamline on BELLA
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Milestones

Plasma target and energy recovery technology

Present Goals

Longitudinally uniform Tapered

Parabolic Near hollow

10 cm >30 cm

1 kHz rep rate 10 kHz rep rate

Goals

Heat mitigation and >108 shots 

lifetime at kHz

Photon acceleration to reach high 

efficiency

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

Present Goals

1 D MHD 3 D MHD

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

2016 2018 2020 2022 2024 2026
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Milestones

k-BELLA: 3 kW class

2016 2018 2020 2022 2024 2026

k-BELLA: kW class, kHz, 100 TW laser

Direct-CPA bulk

CO2
100fs with ~25% WPE demo

100fs, ~J/WPE/ & average power scaling demo

Common Technologies

k-BELLA: kW class, kHz, 100 TW laser “Stepping 

stone”: 30 kW 

class

Ready for 30kW class laser demo

Goals

>30kW mirrors and coatings >30kW and broadband beam combiners

>30kW pulse compression gratings >30kW adaptive optics

Goal: suitable diode-pumped solid-state material meeting pulse duration, energy, 

average power, and WPE requirement simultaneously

OPCPA?

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

reliability and meet size requirements

100fs with >25% WPE
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Laser technology milestones for k-BELLA

k-BELLA: 3 kW class

2016 2018 2020 2022 2024 2026

Present Goals: near term Goals: mid term

1-5mJ 100mJ – >1J 30J

~500W 3kW 30kW

~300fs ~30fs ~100fs

Contrast: 10 - 20dB Contrast 30 - >40dB Contrast 50 - >60dB

k-BELLA: kW class, kHz, 100 TW laser “Stepping 

stone”: 30 kW 

class
Fiber Laser Technology

100mJ/30fs/kW & contrast demo

~1J & contrast demo

Ti:sapphire
Scaling to 3kW demo ~80% WPE pump laser & power scaling demo

Present Goals

1-10Hz 1kHz

WPE: <? % WPE: >30%

< 100W >3kW
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“Small accelerators” were also discussed at the April 

21-22, 2016 DOE Big Idea Summit in Washington

Nine “big ideas”:

 Enhancing the global carbon sink

 Greenhouse Gas Emissions Reporting & 

Analysis System

 Hydrogen@Scale: Deeply Decarbonizing 

our Energy System 

 Solving Big Problems with Small 

Accelerators 

 Transportation as a System

 Solving the Information Technology 

Energy Challenge Beyond Moore's Law 

 Advancing Biomanufacturing: The 

SynBio Foundry 

 Energy Everywhere: Clean Energy 

through Modular Chemical Conversions

 Metropolitan Energy Initiative 

 Stuart Henderson (ANL) & W.L. (LBNL)

 Multi-institution partnership

 SC’s Office of High Energy Physics 

(HEP) and BES are evaluating a 

potential over-target request for FY18 
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PROBLEMS

National Security Industry Medicine Discovery Science

 Compact and portable 

radiation sources.

 Replacement of 

radioactive sources.

 Energy efficient 

manufacturing, irradiation, 

sterilization

 Lithography near the 

atomic limit

 Environmental 

remediation, flue gas 

cleanup, and petroleum 

cracking

 Surface treatment of 

materials

 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.

 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 

 Need: Compact machines 

for very high-power, low-

energy electron beams

 Need: Ultra-compact 

machines for low-energy 

electron beams

 Need: Compact machines 

for high-energy electron 

beams 

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



OUR GOAL

Energy and 
Environment

Accelerators for 
America’s Future

Medical 
Applications

Laser 
Technology

 Bring revolutionary compact accelerator technology 

developed in the labs over decades to the point where we 

can put it to work solving Big Problems that impact 

peoples lives
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Industry

Environment

Security

Light Sources

Medicine

Colliders

Parameter space where first 

applications of new technology 

can be demonstrated.

DIFFERENT APPLICATIONS REQUIRE 
DIFFERENT ACCELERATOR PERFORMANCE
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HIGH ENERGY COMPACT ACCELERATORS OPEN NEW 
APPLICATIONS BUT REQUIRE HIGHER AVERAGE POWER
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Need to go from hours to 

seconds

Medical
Arthroscopic accelerators 

for medical treatment and 

inspection

Performance demo is 

underway.

Security
Compact high energy photon 

sources 

for detecting special materials

Cargo scanning needs 1000x 

more power

Industry and Science
Bright, compact photon 

sources

Key Challenges 

to be overcome:

Engineering for stability, tunability, and reliability 

and 100x higher average power using new laser 

technology



PARTNERSHIPS ARE DEVELOPING 
TO EXECUTE THIS BIG IDEA 
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Investments have been proposed to DOE-HEP at 

BELLA

spatial
combiner, 16x1

splitter, 1x16

spectral
combiner, 16x1

temporal
stacker, 81x1

compressor

spectral
splitter, 1x16

l1

l2

l3

l16

. . .

k-BELLA

3 J, 30 fs at 1kHz

BELLA 2nd Beamline
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Expansion of BELLA Facility for laser plasma accelerator R&D and 

applications is being planned

BELLA-i beamline

(Ultra-high 

intensity)

k-BELLA

(High average power) 

for scaled collider 

module, FELs, gamma 

ray sources

Gamma-rays, FELs, 

medical apps

Current BELLA 
DNN

2nd BELLA 

beamline

(Staging expt)

+DOE-BES


