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EuPRAXIA optimization / simulation results
for a GeV accelerator with high beam quality
Work organization
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Lessons drawn
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Plans for a much more demanding accelerator:
O Feasibility for beam quality
(energy, charge, emittance, energy spread, shape)
O Staging
O Numerical codes
O Test facilities

0 Work organization and tentative schedule
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| PRA /‘dA objectives
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O Only procedures aiming to optimize ALL the parameters AT ONCE make sense

O Successful only with procedures as for conventional accelerators:
FIRST optimize to obtain the required parameters
THEN deduce the needed driver (laser, particle beam) and plasma parameters

FEASIBILITY for an HEP accelerator (only electrons)
 Energy ~tens GeV seem OK (with staging)

Emittance and En. spread seem OK

Transverse beam shape could be managed by transport lines

Beam length shorter than HEP requirements by a factor of 100 to 1000

Beam charge remain to be improved by a factor of 10 or 100

-> ? consider: an array of 10 plasma-based accelerators with beams shifted in time ?
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To minimize emittance growth, it is imperative to:

Tune the ramp length (whatever its shape)
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Design transport lines where
number of quadrupoles = number of constraints (as few quadrupoles as possible!)

= 20% emittance growth through injection, acceleration, extraction and transfer to FEL users

Phys. Rev. Accel. Beams, 22, 021304 (2019).
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Beam injection, acceleration, extraction and transfer

can be well done only when
* Itis studied by the SAME team
« with DOUBLE expertise in plasma acceleration and conventional accelerator
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During EUPRAXIA CDR, many numerical codes

Warp, OSIRIS, SMILEI, CALDER-C, FBIC, QFluid, ALaDYN, VSim, etc.
used by

21 physicists
11 European institutes

ASTRA, Tstep, Elegant, Architect, CSRtrack, TraceWin, etc.

 Plasma-acceleration codes are consistent between them
 No problem to connect plasma-acceleration & conventional-accelerator codes

Searching for a S2E code connecting automatically these two does not make sense :
» their run times are totally different (weeks <> microseconds)
« we know what are the required parameters at the entrance and exit of each section

In view of a plasma-based accelerator, every numerical code should offer 3 operating modes:

« Complete, precise, and detailed mode

 Rapid mode, like envelope or symmetrical modes, for rapid optimizations to guide more
detailed calculations in a next step

* Intermediate mode, like rapid mode, but with possibilities of small departures from
symmetry to study errors and tolerances
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To process plasma acceleration into plasma-based accelerator:

« Equal involvement of the two communities, plasma and conventional accelerator

« Beam physics should be managed by a single team with double expertise

« Strong collaboration between simulators and experimenters, to make simulated
and measured results consistent

Tentative schedule

O T=0+3years
Organize studies on existing facilities or in project, so that there are equal involvement of
plasma and conventional communities, equal involvement of simulations and experiments.
Inventory and select the most suitable applications for an intermediate accelerator

(e.g. 10 GeV energy, 100 pC charge, 1 mm.mrad emittance, 1% energy spread).

Q T=0+6years sor OO
= - . . - "ab_\e

Carry out the design of an intermediate accelerator with all pararr\lﬁt,@r;'.)aﬁ‘f%quwed above.

A multiple-stage structure is recommended. An array of plasﬂﬁ%ccelerators to be

EPRSIABLEE years
Fabricate then exploit and improve the intermediate accelerator designed previously. Serving
beam to applications is the main objective, but with time reserved for machine studies.

O T=0+10years
Start carrying out the concept of an accelerator, serving HEP applications, with all the
properties of beam energy and qualities as required by this ultimate application.
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