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Single-stage PWFAs improve continuously

CA Lindstrøm, et al. Phys. Rev. Lett. (2021)

M. Litos, et al. Nature (2014)

S. Corde, et al. Nature Comm.  (2015)

• Continuos single-stage progress on critical goals such as high accelerating gradient, matching, 
efficiency, energy-spread conservation, depletion

• Collider applications need orders of magnitude higher energy gains
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Multiple stages as path to TeV energies

Source: A. Seryi,, et al. PAC09, Vancouver, BC (2009).

CA Lindstrøm, Physical Review Accelerators and Beams 24.1 (2021)

• A series of several subsequent PWFA stages as a path forward to reach TeV energies

• Defining parameter: Average accelerating gradient

• Plasma accelerators are inherently small, intra-stage can be a major contributor to 
decreased average gradient.
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Some core components (strongly simplified)

Pre-accelerator Plasma stage

In-coupling Out-coupling
Final focusing

Total LINAC length 

IP

dump

• Topic of this talk: Suggest a method to  minimize intra-stage length
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Step 1: Set all beams on same axis 

Quadrupole 
magnet

Trailing beam
ξ

r
Reservoir beamsDriver  
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Step 2: Gate in wakefield accelerator

Plasma stage

laser

Trailing beam

ξ

r
Reservoir beamsDriver  

Laser  

Quadrupole 
magnet
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Step 3: Apply delays, replenish driver

Quadrupole 
magnet

Depleted 
driver

Trailing beam
ξ

r

New 
driver

Reservoir beamsDriver  

Laser  

Plasma stage

laser

Magnetic chicane
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Optimized spacing between beams

Quadrupole 
magnet

Magnetic chicane

Plasma stage

Trailing 
beam

Driver Reservoir 

beam

Ion. front

laser

• Short ionization front allows for small 
spacings of 200 um

• Sub-percent energy spread requirements 
for driver



11-10-2022  |   20th Advanced Accelerator Concepts Workshop (AAC’22) 10

Optimized spacing between beams

• Comparison of trailing beam to 
drive-beam offset

• Sub-um trailing-beam offset after 
ca. 10x drive-beam energy
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Evaluating expected accelerator length 

Fringe case 1: Short pre-accelerator, many PWFA stages 

Fringe case 2: Long pre-accelerator, 1 PWFA stage (afterburner) 

Too many stages Too little stages

afterburneroptimum

Scaling law to estimate total accelerator length:

Auxiliary equations:
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Introduction into different orbits: The beam reservoir 

Reservoir beams:
• Beam energy  2.5 GeV
• Charge: 700 pC
• Bunch length: 27 um 

Quadrupoles:

• Magnetic field strength: 49 T/m
• Length: 100 mm

Chicane: 
• Magnetic field: 1 T
• No. of dipole magnets: 4
• Dipole length: 275 mm
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Introduction into different orbits: The plasma stages

• Set plasma entrance at waist location

• Long density ramps around PWFA stages

• Short plasma lens (800 um) approximately 
in the center of two PWFA stages
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Introduction into different orbits: Drive-beams

• Depleted drive -beams defocused at the 

PWFA exit

• Plasma lens focusing , but with very small 

focal length 

• Lens focusing scaling law:
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Introduction into different orbits: The trailing beam

Trailing beam:
• Initial energy: 100 GeV
• Bunch length: 12 um
• Charge: 80 pC

• Trailing beam guided through PWFA
•
• Divergence reduced due to long ramps

• Re-focusing with a beam-driven 
underdense laser-ionized plasma lens

• Lens focusing scaling law:
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Development of longitudinal phase spaces

1  

2  

1  2  3  4  

3  

4  
• Trailing beam gains 9.82 GeV of energy in two PWFA stages 

• Driver is coupled out to the back of the bunch train after 
PWFA or plasma lens
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2.5 GeV

17

Results: Average gradient

31.5 MV/m

Accelerator length = 1050 m 
Avg. gradient = 0.96 GV/m 

1 TeV1.12 m

1.9
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• Efficiency:
– Improve by reducing charge of plasma lens 

driver,
– improve with better beam loading 

• Matching:
– Matched spot size on every stage

– High-energy range is close to 2f-2f imaging

– Either density or lens length can be increased to 
control focusing 

18

What about other parameters ?
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Thank you for your attention

Questions ? 
Comments ? 


