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Horizon 2020
Motivations

• First effort on beamlines was to see
– if such beams issued from plasma stages (and WP2 

simulations) can be transported up to users by 
preserving beam quality and with matching
conditions.

– What scheme is the most promising.
– What magnets we need.
– How much place we need.

• First conclusion is that we can for most cases but 
we were focused on WP6 users.

• Second step is now: 
– can we commission such beams (diags)? Can we use 

feedback systems?
– Beamlines for WP7 users.
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Horizon 2020
Beam lines Scheme 2
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• Low energy spread: only 0.2%

• Low emittance growth.

• 24 pC

• see “LWFA with external injection: 
5GeV beam and FEL performances at 1 
Angstrom” by A. Rossi.

Undulator entrance

Electromagnet quadrupoles

Exit of the 5 GeV LPA

Permanent quadrupoles

Distribution from
A. Rossi

Quadrupole Length Max Gradient

Permanent 100 mm 660 T/m

Electromagnets 400 mm 88 T/m



Horizon 2020
Beam lines Scheme 3
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• Low energy spread: only 0.2% for slice 

• Low emittance growth .

• 25 pC

• Next steps:
– Allocate some place for diags.

– Laser removal.

– Optimize magnets.

Undulator entrance

Electromagnet quadrupoles

Exit of the 5 GeV LPA

Permanent quadrupoles

Distribution from
X. Li

Dipoles

Quadrupole Length Max Gradient

Permanent 120 mm 570 T/m

Electromagnets 200 mm 23 T/m



Horizon 2020

Chicane and dogleg
Scheme 2
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• C-chicane: no bunch lengthening if deflection of a few 
mm .

• Scaling laws exist

• Small normalized dispersion: small collimation efficiency.

• Next step: Laser removal.

Undulator entrance

Distribution from
X. Li

1 mm 5 mm

• Dogleg: needs for more place to have a 
deflection of 600 mm @ 5 GeV (needed to 
avoid the undulators).

• Large emittance growth: factor 2-3 

• Next steps:

– Scaling laws to optimize the line

– To improve the beam line



Horizon 2020
Beam lines Scheme 4
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• Large emittance growth .
• 23 pC
• With collimators in chicane (deflection of 

2 mm), driver can be removed (>95% 
lost)

• Next steps:
– Allocate some place for diags.
– Laser removal.
– Optimize magnets.

Undulator entrance

Electromagnet quadrupoles

Exit of the 1 GeV LPA

Permanent quadrupoles

Distribution from
Marocchino

Dipoles

Quadrupole Length Max Gradient

Permanent 100 mm 318 T/m

Electromagnets 100 mm 21 T/m



Horizon 2020
Interstage line scheme 4
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• Space charge included

• Emittance growth within requirements.

• 30 pC

• Next steps:
– Allocate some place for diags.

– Laser removal and injection.

– Optimize magnets.

Entrance of the LPASExit of the LPI

Permanent quadrupoles

Distribution from
P. Tommassini

Quadrupole Length Max Gradient

Permanent 45 mm 211 T/m



Horizon 2020
Interstage line scheme 4

• Plasma lenses are a promising alternative:
– More compact.

– Smaller emittance growth (focusing in both planes).

• Next steps:
– To check that wakefield generated from bunch is negligible

– To optimize plasma len parameters.
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Initial Final



Horizon 2020

Beamline for other
applications
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Roman Walczak, WP7 status



Horizon 2020

Beamline for other
applications
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Roman Walczak, WP7 status



Horizon 2020

Beamline for other
applications
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Roman Walczak, WP7 status



Horizon 2020
Questions to WP6

– Do we need any additional condition on beam 
distribution to improve performance e.g. 1st derivative 
of Twiss parameter γ0 with energy is canceled.

– Do we need any compression? Do we need to remove 
the energy tails (to reduce loss level in the 
undulators)?

– Any clues about the tolerance at the undulator
entrance: allowed beta-beating, orbit variation, …?
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Rossi

Li



Horizon 2020
Questions to WP7

• With so many applications, the number of 
beamlines is even larger with different
cosntraints.
– What beamline (and scheme) should be

addressed for the CDR? I am afraid we cannot
explore all of them.

– Idea of matching conditions (for example to a 
positron source) and tolerance?

– We want to be compact. How compact should be
the transfer line? At 5 GeV, if we wish a dogleg to 
distribute beams to different users, we would
need at least 10 m.
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Horizon 2020
Questions to WP15

• Beamlines can be updated when needs to put 
diags is known: please send your desiderada. 
We will try to be reactive.

• With phased approach with a diag line or 
intermediate line , need for a dedicated
beamline (with better optical functions of 
phase advances?).

• If use of a chicane, do you have some
minimum value for the normalized dispersion?
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