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Horizon

INFN (Italy):
Facility for beam-

[ FEL user area 1 ]
Undulator —pp

[ FEL user area 2 ]

Plasma

driven plasma
Accelerator

accelerators

RF ICS X-ray source
RF Injector ==p Accelerator ™ user area

HEP detector test
user area

Conversion & —V[

conditioning  ====P(" GeV.class positron
user area

- [aser

—)p €leCtrons

sl DOSitrons

Plasma
Accelerator

DESY (Germany):

Life-science & Facility for laser-driven

_materials X-ray plasma accelerators
imaging user area

==|» Plasma Injector

Table-top test beam )
. p— Plasma Conversion & ) user area
—>p> Plasma Injector ———j A ccelerator conditioning  _ > 3
Ultracompact
- positron source user
: areqa i
Plasma FEL user area 1
Accelerator Undulator =D )
RF Injector ( |
FEL user area 2

Zulfikar Najmudin, EUPRAXIA Grainau February 2019



PRA,éA LWFA density regimes m

OOOOOO

Energy gain in laser wakefield accelerator:
Linear Regime (ag =~ 1):
Winax = 2aévph2m02 S aé(ncr/ne) MeV
Non-linear Regime (ag 2 2):
Wonax = %aofyphgzch ~ %ao(ncr /ne) MeV
Sets density for interaction
For 1 GeV gain: n. ~ 103 n, ~ 2x101¥%cm™3

For 4 GeV gain: n. ~ 2.5x107%*ne ~ 5 x 107 em™3
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»PRA,QA LWFA density regimes m

Simulations of multi-GeV stages:
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J. Vay, et al. Modeling of 10 GeV-1 TeV laser-plasma accelerators using Lorentz boosted
simulations, 18,123103 (2011).
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B. S. Paradkar et al, Numerical modeling of multi-GeV laser wakefield electron acceleration
inside a dielectric capillary tube, 20, 083120 (201 3).
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: PRAl‘éA Interaction lengths m

OOOOOO

Interaction (dephasing) length:
Lap = Ypn’Ap & (ncr/ne)3/2 Ao
For 1 GeV gain: (n¢/n.) ~ 1000, Lgp, ~ 3cm
For 4 GeV gain:  (n¢/ne) = 4000, L4, ~ 25cm
For a spot size w,~ /1p = (27zc/a)p) ~ 30(60)um for 1(4) GeV
Rayleigh range: zg ~ mwi /Ao ~ 3(12) mm

Need guiding over 10 (20) zr
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%pRA {a Gas cells for long stages M|

(b) Gas
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Osterhoff, J, Phys. Rev. Lett. 101, 085002 (2008).

B. B. Pollock, et al, Phys. Rev. Lett. 107, 045001
(2011).

T.L. Audet, et al. NIM A, (2016)
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“PRAIA Self-focussing m

Self-focussing: Py > P =~ 17(n,/n,) GW
For 1 GeV: wo=~30um, Py~I17TTW, ag~1
For 4 GeV: 1wy~ 60pum, PFPi;~68TW, ag~1

Long scale self-focussing: 30 S
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Poder, K., et al. Plas. Phys. Cont. Fusion (2017).
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Horizon E!ﬂ
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“uPRAIA Non-linear regime
Injection is easier in the non-linear regime:
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However laser parameters must be well controlled
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Field strengths can be

Non-linear regime m

very high:
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But power amplification means wakefield is always evolving:
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Plasma Guiding m
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'PRA KA Self-focussing

But self-focussing has a humber of disadvantages:

dependent on beam quality:

-

-

-

poor encircled energy requires higher powers

poor beam quality affects pointing

poor beam quality affects reproducibility

Desirable to control laser propagation with guiding channel

guiding channel can:

= trap and guide more laser energy

= directs pointing and minimises variability

= reduces guided spot size, reducing power requirements
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Gonsalves, A J, et al. Phys.

Ibbotson, et al. New J. Phys
12, 045008 (2010).

A.J. Gonsalves, Petawaft
Laser Guiding and Electron

Angle (mrad)

pC/mrad/(GeV/c)

in a Laser-Heated Capillary
Discharge Waveguide, Phys.
Rev. Lett. 122, 84801 (2019)

Zulfikar Najmudin, EUPRAXIA Grainau February 2019

§ a) - N e
] 0 . - k
: 4 -

i I8 ~ e h WL
4 i
ST "

0.2 0.4 061.0 " ~
02 0.4 06
Energy (GaV) Energy (GeV)

Rev. Lett. 98, 025002 (2007).

Beam Acceleration to 8 GeV

Horizon E![L

e OO0 O 9
. . .

Q\JEE) (nCNIEE))

o

o9

12



PRA/‘éA GUiding Options FM
@) (b)

1 high voltage lead

™~ ] (10 cm3) l
0
capillary cathode
-Eﬂﬂ Hﬂﬁ_' Iant |'\th ,'

wm 7 —-|-—° 27 12-66 R =%
earth gas slots plastic \ earth t0.178 -
electrode ~ housing | electrode ' 30 .
Al can (earthed) J. Ju and B. Cros. ]J. Appl. Phys., 112:113102, 2012.

Other guiding structures have been proposed and need
investigating:
Advantages: = longer lifetimes
= casy diagnostic access
Disadvantages: = not clear on reproducibility

= casy diagnostic access
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= PRA/‘(A Other long stage concepts &

| B2 et '
! r/J)ut'(‘ J‘i‘/ [)JIJ'.{M lﬂm ” l}Wl !'

' | mmunmmmmwmlmllmmIIIIIIIllllliiHllllllllllllllllImIIIIllllmmIllllIIHIHllmlllllIllllllllllllllllllﬂlmllllm fi
400 800 1000 1200 1400 1600 1800 2000

400 600 800 1000 1200 1400 1600 1800 2000

Energy [MeV]
R. Bendoyro, at al., IEEE Trans. Plasma Science, 36, 1729 (2008)
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Plasma target characteristics
have been compared

Horizon EI!L
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Plasma Guiding m
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MPRAIA Coupling of electron beams m

Magnetic structures: low overhead once aligned, but long
distances
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J. Van Tilborg, et al, Phys. Rev. Lett.
115, 184802 (2015).

C. A. Lindstrogm, et al. Phys. Rev.
Lett. 121, 194801 (2018)

Lptasma Plasma lens
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«PRAIA  Coupling of laser beams m

Most investigated option is plasma mirrors:

Laser removal Laser coupling Laser removal
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Other options include perforated mirrors
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Reflectance

Reflectivity measurements:

Peak Intensity [10" W/cm’]
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B. H. Shaw et al, Phys. Plasmas 23,
4954242 (2016).
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«PRAIA  Coupling of laser beams m
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PRAKIA  Coupling of laser beams

Reproducible 500-800 MeV Good quality reflection from tape
beam from anectlon cell (>20%)

1 electron beams at

* 5 *
Horizon 2020

Exit mode NF, 2017-12-07, run 06, shots016 to 030

AOz3 = 0.1 AOz3 = 0.0 AOz3 = -0.1
-
AOz3 = -0.2 AOz3 =-0.3
Guiding of reflected beam over 2.5 cm from:
exit mode channel emission
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Plasma Guiding m
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'PRAIA Summary

* 5 *
Horizon 2020

e Plasma Accelerator stages have been considered for
EUPraxia

 Laser driven plasma stages of density ~1017 cm-3
and metre length required

o Compact lens systems can couple electron beams
e Lasers can be coupled with plasma mirrors
e Options for each element has been considered

Contributors:
ICL: Z. Najmudin, K. Poder, J. Cole, M. Streeter, N. Lopes
CNRS: B. Cros, T. Audet
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