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PRA A Motivations

* 4 K
Horizon 2020

* 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 how:

— can we commission such beams (diags)? Can we use
feedback systems?

— Beamlines for WP7 users.
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Horizon 2020

PRA A Beam lines Scheme 2

500 MeV HETL * Low energy spread: only 0.2% ©

5 GeV :
* Low emittance growth ©,
(1 GeV)
Scheme 2 DESY . 24pCE

INFN
Quadrupole Length | Max Gradient’

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

Permanent 100 mm 660 T/m

Electromagnets | 400 mm 88 T/m Distribution from
A. Rossi
Exit of the 5 GeV LPA Undulator entrance
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Horizon 2020

PRA A Beam lines Scheme 3

LETL ¢ Low energy spread: only 0.2% for slice ©

5 GeV .
Scheme 3 IsT LIR (1Gev){ Low emittance growth ©.

LPGP, CNR e 25pC®

Quadrupole Length | Max Gradient®| Next steps:
— Allocate some place for diags.

Permanent 120 mm 570 T/m
— Laser removal.

Electromagnets | 200 mm 23 T/m — Optimize magnets. Distribution from
X. Li
Exit of the 5 GeV LPA Undulator entrance
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Scheme 3 157, LLR
LPGP, CNR

Chicane and dogleg

5 GeV
(1 GeV) |
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2_
3
E 0
&
-2
—41 /

*
* 4 K

SC h eme 2 Horizon 2020

C-chicane: no bunch lengthening if deflection of a few
mm ©.

Scaling laws exist ©
Small normalized dispersion: small collimation efficiency.
Next step: Laser removal.
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* Dogleg: needs for more place to have a

deflection of 600 mm @ 5 GeV (needed to
avoid the undulators).

e Large emittance growth: factor 2-3 ®
* Next steps:
— Scaling laws to optimize the line
— To improve the beam line
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Horizon 2020

PRA A Beam lines Scheme 4

* Large emittance growth ©.

500 Me
HETL 5Gev 23pCO

(1 Gew With collimators in chicane (deflection of

LNF
Scheme 4 2 mm), driver can be removed (>95%
Quadrupole Length | Max Gradient lost)
*1  Next steps:
Permanent 100 mm 318 T/m — Allocate some place for diags.

— Laser removal.
Electromagnets | 100 mm 21 T/m ~ Optimize magnets Distribution from
' Marocchino

Exit of the 1 GeV LPA Undulator entrance
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PRA A

Interstage line scheme 4

5 GeV
(1Gev)®

LPGP, CNR °
Quadrupole Length | Max Gradiente
Permanent 45 mm 211 T/m

Exit of the LPI
300

Horizon 2020

Space charge included

Emittance growth within requirements ©.
30 pC©

Next steps:

— Allocate some place for diags.

— Laser removal and injection.
Distribution from

— Optimize magnets.
P g P. Tommassini

Entrance of the LPAS
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PRA A

* 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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Beamline for other
PRA (A =
appllcatlons Horizon 2020

PRA 1A One site conceptual diagram

Horizon 2020

Roman Walczak, WP7 status

high @, low E electron beam applications HOPA user area :
SN Kray imaging with betatron radiation —= electrons |

—+ positrons

Y =p laser !

conditioning HEP detector test stand

low E e+ source (spectrascopy)

1
1
conversion "100MeV" positron source
= i
b :
o LPA
B
1
m— - . PA capture matching undulator FEL applications
| LPI
Roman Walczak, EuPRAXIA Yearly Meeting, Frascati November 2018 6
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PRA 1A

DESY site

applications

Beamline for other

*
* 4 K

Horizon 2020

PRA IA

= 4 beamlines

1st floor
» 8 user areas

ground floor

basement

LB-A: FEL — high energy, low charge, high quality

LE-B: HEP + Materials — medium-high energy, high
charge, medium-high quality

LB-C: Medical + Materials — low energy, high charge,
medium quality

LB-D: Materials — low-high energy, medium charge,
high quality

»  Very rough size estimate: 127m x 40m x 3 floors
~12,000m? footprint (excluding 5GeV FEL beamline)

= [length is imited by FEL beamline, width is limited by
required user area space, esp. for HEP detector testing

» Reduction possible if building is not shaped
rectangularly {as beamlines need less width)

=  Varying lengths of beamlines should allow to fit some
storage space and small preparation labs in basement
and ground floor

Laser Systems:
= [1-5-7]
= | 2-—-15-30) S
= [3a-50-100) Further infrastructure: cooling, =
=  |3b-—50-100J etc. E
= | 1* - fraction of L1, for Compton
scattering
= | 2/3—laser L2 or laser L3
BEAMLINE LB-C
300-500MeV 1
Ql_l\—h LPI —eh Pl.a =ma —P[ User area LUG: Betatron source "g‘
/ wiggler ]
o
BEAMLINE LB-B User area LU3: User area LU4: §
Pl —» LPA Positron source HEP detector tests S
11 1= 0.5-5GeV
7 or | LPI I 2
- - User area LU5: Accelerator RED ]
Tl
(:j_ﬁji) BEAMLINE LB-A }[ User area LU1: FEL1 ]
Lpa |10V FEL
150MeV \‘[ User area LU2: FEL2 ]
RF injector BEAMLINE LB-D fg'j
+ LPA w User area LU7: Compton source ]<—< *_h‘ g
Klystrans + — 5
modulstors (_Ll LPA 20e User area LUS: FLZ_,J".;\
— LLGS High-field physics ~

Roman Walczak, WP7 status

LPI = laser plasma injector, LPA = laser plasma accelerator
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Beamline for other
applications

PRA A

ground floor
PRAAGA Frascati site BEAMLINE BB-A User area BU1: FEL1 ]
1-5GeV, FEL
# 3 beamlines / User area BU2: FEL2 ]
6 user areas
g User area BU3: Compton @
ground floor 0.5-1GeV Source ]
RF injector
+linac BEAMLINE BB-B User area BU4: low-energy positrons
seev / neutrons
BB-A: FEL — high energy, low charge, high quality z Converter
u BUS: high- it ]
BB-B: Secondary particles — low-high energy, high BEAMLINE BB-C serares IEN-energy positrons
charge, medium quality 1GeV :
LPA —h-[ User area BUG: positron acceleration ]
BB-C: Positron acceleration (+ possible hybrid GeV -
electron acceleration) @l' positrons

= Further infrastructure on first floor and in adjacent building
= Very rough size estimate: 134m x 35m x 1 floor ~4,690m~2 footprint (excluding 5GeV FEL beamline)
= [length is limited by FEL beamiine, estimates based on EuPRAXIA@SPARCLAB CDR

= Building design also contains klystrons, modulators, laser labs within this estimate (see p. 26
EUPRAXIA@SPARCLAB CDR)

= Existing FLAME laser could be upgraded to PW-scale (L) and used for 1) Compton source, 2) positron
acceleration, 3) electron acceleration beyond 5GeV

Roman Walczak, WP7 status
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PRA 1A

Questions to WP6

— Do we need any additional condition on beam
distribution to improve performance e.g. 1t derivative
of Twiss parameter y, 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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PRA 1A Questions to WP7

* 4 *
Horizon 2020

* With so many applications, the number of
beamlines is even larger with different
cosntraints.

— What beamline (and scheme) should be

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

— |dea 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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PRA 1A Questions to WP15

* 4 *
Horizon 2020

 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?).

* |f use of a chicane, do you have some
minimum value for the normalized dispersion?
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