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PRAXIA Tasks, Milestones, Deliverables

Tasks

WP6.1| : Coordination and Communication (SOLEIL, ENEA)

WVP6.2 : FEL baseline cases (SOLEIL, ENEA, CNRS-LOA, UHH, Lille Univ.)

WP6.3 : Undulator and technological development of equipments (SOLEIL, UHH, INFN,
DESY, STFC)

WP6.4 : Towards scientific applications (SOLEIL, ENEA, STFC, DESY)

WP6.5 : Operational model (SOLEIL, DESY, INFN)

Horizon 2020

Milestones

MS4 : Electron beam baseline parameter for FEL application (SOLEIL) M6, published on
intranet, DONE

MS5 : State-of-the-art of short period undulator (SOLEIL) M7, Activity report, DONE
MS17 : Models and scaling laws for plasma FEL dynamics (SOLEIL) M 20, Activity report,
DONE

Deliverables

Dé6.1 : Report on state-of-the-art of short period undulators, Report, Public, M12, DONE
D6.2 : Models, scaling laws plasma FEL dynamics, Report, Public, M24, DONE

Dé6.3 : Diagnostic requirements and technical approaches, Report, Public, M24, DONE
Dé6.4 : Specific magnetic elements, Report, Public, M32, DONE

Dé6.5 : FEL Scientific user workshop, Report, Public, M48
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WP6 2"9 Reporting Period

EuPRAXIA WP Report — 2" reporting period PRA 0 A
Period: 01 May 2017 - 31 October 2018 /

Grant Agreement §53782

EuPRAXIA WP Report — 2" reporting period

Period: 01 May 2017 - 31 October 2018

For the second periodical report we need some input from you as WP Leader. We kindly ask you to
formulate a summary for your WP for the second reporting period (month 19-36) by the given
subjects/questions below.

You are free in writing the text. It should be concise and readable. Any duplication should be
avoided.

Please use the box below to insert your text. The given subjects/questions should give you an idea
what we would like to know.

Report WP 6

1. Objectives of WP 6 (as descripted in Annex 1 of the Grand Agreement GA)
As undulator spontaneous emission from LWFA has already been observed, WP 6 aims at
exploring the FEL viewed as a pilot application of novel acceleration technique based on laser
plasma, in close link with WP11 on the various ERC programs on the topic. WPE will study
theoretically the possible FEL performances using different baseline electron parameters
sets, various beam manipulation strategies to handle the still rather large energy spread (#1
%) and divergence (mrad) and the performances of particular critical pieces of equipment
such as strong focusing quadrupoles and short period undulators. FEL operating schemes
involving RF type or of laser type undulators will be considered, in order to design X-ray
compact devices. Performances will then be discussed with the scientific community.
According to the results on test experiments under way in Europe, operational models aiming
at 24h/7 days user facility will be considered. WP6 will pave the way towards FEL light
sources on laboratory size, for fs time resolved experiments.
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Horizon 2020

PRAXIA Highlights: WP6 collaborators

The majority of the non permanent staff has been hired!

- Post-docs : LOA — F. Massimo, SOLEIL — |. Andriyash (part-
time, FEL), E. Roussel (part-time, FEL)

- PhD students : SOLEIL — A. Ghaith (part-time, undulator,
specific magnetic element), D. Ombareck (part-time),
University of Hamburg — Irene Dornmair (2017) and
Manuel Kirchen (2018), working on undulator development
and FEL design using novel plasma accelerators.
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PRAAGA Laser-plasma to FEL scaling laws
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Horizon 2020
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PRA/‘GA FEL performance of WP2+WP5 schemes
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Horizon 2020

Task: comprehensive analysis in terms of the FEL performance of the
bunch schemes designed within WP2 and transported within WP5 -
a WP6 effort already presented at the 3™ Coll. Week with the REMPI

5 GeV scheme by INO (see results discussed in Liverpool)

Now: | analyzed some of the beam distributions processed by A. Chancé
(thanx!) and transferred through Quad triplets to match the considered
undulator configurations

Outlook: study improved matching schemes (best slice, “radical phase
space”, “supermatching”) keeping the transverse density constant along
the undulator section, also decompression magnetic chicanes at | GeV
and at 5 GeV electron beams and transverse gradient undulators, the
latter solutions enabling to sort the electrons in energy and reduce
accordingly energy spread from ~ | % to a slice value of ~ 0.1%

Here are some highlights, in the following
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PRAIA  The 5 GeV beam from X. Li (CEA)

Horizon 2020

Electron Beam The whole beam distribution
is matched to the undulator
Peak current L =Rl =i .
B section
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100 meters > slice investigation!
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NWIG = 110 # of undulator periods

A,=14cm
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Matching scheme
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PRA,GA Slice emittance

Horizon 2020
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PRAA Slice energy spread

Horizon 2020

No slice fulfills the
“golden rule”:
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PRA/‘GA The 1 GeV beam from A. Marocchino (INFN)

Electron Beam

Peak current Ipeak:= 21434

Beam Energy  E = 1065-MeV

Energy spread Ony

Emittances

(hormalized) .

Not fully into Kim-Pellegrini,
but the very high bunch
charge compensates!

The whole beam distribution
is matched to this undulator
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PRACIA Matching scheme

Horizon 2020
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= PRAAGA FEL power growth: 2.91 nm target

Horizon 2020

} T I | I | | I t t }

pulse spectrum @ z=14.6 m

| I | T Iil I I I | | I | I I_ -

- 5.0x10’ ]
o SNTAAN U B

- ?{JFT‘I\JJII | | | I | 1 1 | | | | | | | | 'PE —

2.88 290 2.92 294 2.96
A [nm]
10° — ]
| | | I | | | | | | | I | | | | | | |
0 20 40 60 80

Federico Nguyen (ENEA) — 4th Collaboration Week 13



l 2.4
N

/(]~| - 2.2
~—— 2
Q1.8
1.6

1.4

1.2

1
0.8
0.6
0.4
0.2
0

-iPRASCIA

Best slice analyzed

*
*

* 4 x

Horizon 2020
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Best slice found and has to be properly matched: better to iteratively optimize the
procedure upstream the transport from plasma exit to undulator entrance
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Horizon 2020

PRA,GA Outlook

o All deliverables and milestones timely released. Still to publish the date
for the FEL Scientific Users Workshop (see M.-E. Couprie)

o Good progress in the scaling laws governing Laser Plasma parameters to
FEL Dynamics: ideal tool for a quick design of a FEL facility driven by any
plasma wakefield configuration

o A systematic and comprehensive assessment of FEL performance is under
way for most of the schemes proposed within WP2 and processed within
WP5, from the view of the transfer line > we will proceed iteratively
with WP5, in order to effectively meet most of the FEL requirements

Rec21. SAC suggest that the FEL application drives more strongly the definition of the
important parameters that need to be taken into account for the accelerator.

o The SAC recommendation to drive more strongly the
parameters is addressed focusing on 15" principle ‘o F\:_\,—’cur\ed‘-
requirements on energy spread & emittance Please. 3 Y
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