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Some results is published in :



A small study was done by Oslo-
SLAC in 2014-2015 
Study based on Snowmass 
parameters.

In the 2013 Snowmass paper:
no interstage considerations
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25 m
~ 1 m

1 GV/m requires max. ~20 m interstage length.
Is this possible?

?
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PWFA interstage: 
1) inject new and extract spent drive beams
2) rematching main beam

Preserving emittance, in particular for main beam (%-level emittance growth)
Minimize length to maximize overall gradient
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PWFA interstage: 
1) inject new and extract spent drive beams
2) rematching main beam

Preserving emittance, in particular for main beam (%-level emittance growth)
Minimize length to maximize overall gradient

Fastest magnetic kickers: few ns (ILC kickers, T. Naito et al.) :
• Could be considered for DB extraction from the drive beam line
• Not an option for DB injection/extraction in the main beam line (few 100 fs drive-

witness separation)
• Assumed here: static magnetic dipole fields, using energy to separate DB and WB, 
• Other suggestions: multi-frequency TCAV, plasma-based kickers
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PWFA interstage: 
1) inject new and extract spent drive beams
2) rematching main beam

Preserving emittance, in particular for main beam (%-level emittance growth)
Minimize length to maximize overall gradient

Fastest magnetic kickers: few ns (ILC kickers, T. Naito et al.) :
• Could be considered for DB extraction from the drive beam line
• Not an option for DB injection/extraction in the main beam line (few 100 fs drive-

witness separation)
• Assumed here: static magnetic dipole fields, using energy to separate DB and WB

• 1 m space for injector/extractor dipole, 1 T field, ~6 mrad at high MB energy
• Other suggestions: multi-frequency TCAV, plasma-based kickers
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PWFA interstage: 
1) inject new and extract spent drive beams
2) rematching main beam

Preserving emittance, in particular for main beam (%-level emittance growth)
Minimize length to maximize overall gradient

The rest of the talk
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However,
due to wakes induced by very intense 
beams (collider beams), 
active plasma lenses
may not conserve emittances to the 
desired level.





Summary

• Both main beam matching and drive beam 
injection/extraction are challenging, and must be further 
studied

• Scaling relations and first order designs for the main beam 
matching has been obtained
– In the ”high energy regime”
– Therefore also valid for LWFA

• Plasma lensing has potential for simpler and shorter main 
beam matching
– But too intense beam will lead to wakes and emittance grwoth

• Not yet studies: tolerances, CSR, radiation effects at very 
high energies (15 TeV beams?)

• First-order design presented here could be used as base for 
further tolerance, CSR studies. etc.
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Extra
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Transverse Tolerances
• RF linear colliders: misaligned 

quadrupoles a major source of 
emittance growth.  

• A plasma cell is a long, very strong 
quadrupole

• Laser or drive beam centre defines 
centre of the focusing

• This puts strong tolerances on drive-
witness beam jitter

Centre of cell
Centre of drive beam

Main beam trajectory

PWFA beam at 1.5TeV has σy=O(30 nm) for 
n0=2x1016cm-3

 Beam jitter stability O(3 nm) ?

 Tough for laser/drive beam

 Static misalignment is also critical

 but depends on beam energy spread and 
tuning methods

Important to understand tolerances 
correctly

R&D programme essential on 
transverse alignment and stabilisation

Based on slide from D. Schulte (EAAC 2015)
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First order of magnitude estimate.  Must be studied further in terms of emittance growth.



To be studied

• Transverse and longitudinal tolerances for the plasma 
stage need to be further studied (Oslo continues this 
work, see Carl’s presentation)

• Tolerance scaling laws should be incorporated in the 
plasma stage parameter optimization

• Optimization of a plasma stage with shaped bunches
– May shape witness bunch, for lower energy spread, and 

higher efficiency
– May shape drive bunch, for higher transformer ratio, and 

higher efficiency

• Is a baseline design on shaped bunches desired?  Or, be 
conservative and stay with Gaussian?

24



Beta demagnification from vacuum b* - required ramp length

n0 = 2e16/cm3

We may ask the question, for a given density (here 2e16/cm3), what is the 

ramp length required to reach a demagnification of a factor 10.  The 

answer is encouraging; about 1 m for a 25 GeV beam. Example, 
Assuming
atan2 plasma-
profile.



b*

bmat

Absolute value of b* in vacuum : Demagnification of b* due to ramp :

( Left: beta function in green,

Plasma density in blue ).



b*

bmat

Calculated beta demagnification from vacuum b* to matched value in plasma

Based on a symmetric arctan-fit to the experimentally measured ramp, we assume a gradual increase in plasma density, 
from zero to the flat top value n0.  The demagnification also depends on the ramp profile; a Gaussian profile gives 
slightly larger demagnification .

Absolute value of b* in vacuum : Demagnification of b* due to ramp :

( Left: beta function in green,

Plasma density in blue ).

The demagnification for three different scenarios are shown below for varying peak plasma density.



Synchrotron radiation loss in plasma

Example: unavoidable losses due 
to finite beam size, here en = 2 um.

Example:  losses due 1 um centroid offset.

Implications: unmatched parts of the beam 
will have significantly larger radiation loss 
(cf. chromatic errors in FF). Constraints 
centroid WB to DB offset (but Dx/sx does 
not seem like a fundamental challenge).
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Electron-hose instability
PWFA advantage: beam creates cavity; no cavity alignment 
issues (one of the drivers of NC rf linear collider design).
However, BBU-type electron-hose transverse instability :

* LHS: identical to BBU 
* RHS: driving term independent of charge, 
cannot change kb -> BNS-type damping not 
available.

x: beam transverse displacement
s: coordinate along plasma
z: coordinate along bunch
kb: betatron wavenumber in plasma; 
kb = kp / √(2g); 
kp = w0√2 is the plasma wavenumber

Mitigating factors :
• kpz: reduce sz, reduce n0

• kbs : increase # of stages, increase g0

Asymptotic solution :

Example : WB with offset Dx/sx = 3 (huge, for illustration), after energy doubling from 25 GeV to 
50 GeV.  Effects for Dx/sx = 0.1 negligible for 100 um beam. Challenge: quantify for nm beam.29


