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PRA/\GA Plasma-based Accelerator

*
Horizon 2020

Accelerator:

1. High beam charge h

2. High beam quality > At once!

> 3. Atthe user's doorstep
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Beam parameters at 5 GeV
PRA /\dl-\ at the user’s doorstep

=— usually 1
—=- usually 2

mmmm Required value

Energy Charge € oE/E  Trwum slice€ slicecE/E
(GeV) (pC) 1(um) 5(°o) (fs) (um) (%)

1.5+ 15 --/ 1.5+ 0.1§1
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PRA IA Outline
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Horizon 2020

To achieve what has never been done: do different, do new

- Explore broadly and down select
- Uncouple injection and acceleration processes
- Tackle beam quality issues

- Tackle beam charge issues

- Tackle beam transfer issues

—
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High beam charge
High beam quality

At the user's doorstep




PRA/@A Explore broadly and down select
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Horizon 2020
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PRA IA

Explore broadly and down select
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PRA,@A Explore broadly and down select

Horizon 2020

500 MeV
HETL 5 GeV

Scheme 2 (1 GeV)

LETL

150 M
e HETL _
1 GeV
Scheme 3 (1 GeV)

00 Me HETL
RFI PPAS 1 GeV

Scheme 4 LNF

Note: This is only the present snapshot. Not definitive
Other schemes and other regimes remain to be very precious alternatives !!!
They may be found to be equally or even more appropriate later on
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PRA/@A Explore broadly and down select

Horizon 2020

-o—- Sch1_5GeV_Tomassini —£= Sch3_5GeV_Li
Sch2_5GeV_Rossi Sch5_5GeV_Hidding
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PRA/\GA Explore broadly and down select

Horizon 2020

—£— Sch3_5GeV_Li
Sch2 5GeV_Rossi
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PRA/\GA Explore broadly and down select

Horizon 2020

—A— Sch3_5GeV_Li
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PRA/\GA Explore broadly and down select

Horizon 2020

More than 10 injection/acceleration schemes
More than 10 injection/acceleration techniques or regimes

So broad exploration: our strength and wealth
No other project has done the same

Allow to select the immediate configurations that fit the objectives >Many contributors

from many mstltutes
Without forgetting the remaining configurations and their potential
Which can tomorrow turn out to be equal or better options

Benchmarquing and intercomparaisons = Robust results J

P.A.P. Nghiem et al. - Yearly Meeting and 4th Collaboration week, Frascati, November 19-23, 2018 11



Horizon 2020

PRA/\GA Uncouple injection from acceleration

500 MeV HETL

5 GeV
Injection - High charge Scheme 2 (1 GeV)
Acceleration = High beam quality LETL

150 Me HETL
5 GeV

2 stages: injector and accelerator Scheme 3 i (1 Gev)
LPIl and LPAS .
RFI and LPAs RFI e o5 ELILRY
RFI and PPAs Scheme 4 LNF

HETL

Hybrid schemes LPAS o PPAS 5 GeV
Scheme 5 (1GeV)

And even in case of 1 stage:
- REMPI - 2 laser beams for injection and 1 laser beam for acceleration
- Dechirping = Injection then acceleration with additional escort beam

2 uncoupled knobs to separately master
beam quality and beam charge
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PRA/\GA Tackle beam quality issues

ReMPI - Resonant Multi-pulse lonization Injection

One laser beam is splitted into three beams u//l

- lonizing laser: 3rd harmonic
1.0 TW, 0.07 J,a,=0.53, w, = 3.8 um, T ryyum = 45 fs

- Symmetrization laser: 3rd harmonic, delay 40 fs
0.7 TW, 0.02J, 8, =0.14, Wy = 11 pm, T pyypy = 25 TS

- Driving laser: each of 4 pulses*, delay 160 fs
30 TW,0.98J,a,=1,wy=30 um, T ryyuy = 30 fs

——Train

——lonising
Symmetrising
- Extracted particles

pximc

Horizon 2020
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PRA/\GA Tackle beam quality issues

Quasi-linear acceleration in parabolically preformed plasma

In the presence of beam loading:

(m mmmrad)

- Optimize input Transverse beam size - Minimize €

EN,.?'

- Optimize input Longitudinal beam size = Minimize c¢/E

- Optimize a5 and n, 2 Minimize o ¢/E

Ov4 1 L
®) e Eq. (30)
Simulation
0.3} —
v =
N v 2 )
53
5
0.1 ay=2
0.0 - -
¢ (um) 0.5 1.0 1.5 2.0
> W n, (1017 cm %)
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Horizon 2020
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PRA IA Tackle beam quality issues

Horizon 2020

Energy chirp compensation in a single Trojan Horse-PWFA stage

To minimize energy spread: ECH = cvm E, (evim] L),

witness release %acc

=0.075cm

1. Ultrahigh 5D brightness
witness beam release

2. Witness beam is accelerated
to high energy

3. Second high charge escort “f
beam release using plasma
photocathode laser

4. Escort beam is trapped and
the wakefield is reversed locally -

i

y [um]

-401L
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PRA/\GA Tackle beam charge issues

Horizon 2020

LPAS: Taking into account and even using beam loading effect
for optimising beam quality

Beam transfer:  Preserving beam emittance even in the presence of beam loading
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PRA/\GA Tackle beam transfer issues

Horizon 2020

Issue: preserving emittance
when extracting the beam from the plasma and transporting it
- Parameters governing emittance growth not clear
- No solution for avoiding emittance growth in case of high charge beam

Thorough study shows that ALL the parameters governing emittance growth are:

2
Eonn — Epnon = Etron (:—p) Yol(yol — 2ay) through a drift of length 1
0

2
Ebrm — Etron = Etron BEK? (;—’;) through a thin lens of strength k

# Recommended strategy:

1. Minimize emittance € and energy spread % in the acceleration part
0

2. Minimize the Twiss parameter y, in the plasma ramp (# divergence!)

3. Minimize the integrated focusing strength k in the transfer line

17
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PRA/\GA Tackle beam transfer issues

* oy Kk

Horizon 2020

5 GeV

Up- and Downramp with Linear or Exponential density profiles have been checked
Optimized length - Minimum emittance growth

efficient and easy to achieve
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pRA/\éA Tackle beam transfer issues

Horizon 2020

6 a0 Injector 150MeV, minimum Twiss Gama = 1.2369cm™!
fé Ll Ll | L |
L
= —— Gama (cm™)
ST = B 250 = Beta (mm)
(=] w [T} wv
£ S = L (cm) o
o af s |\ g g 2 40 2
= = c g S g
3] @ = = =
c b o v U. 8
= 31 |.© 2 a = € 30 o
E £l = £ PRAKA / ‘o
— © =
Sof |E] < % § 20f 2
© & o
) = € 10 \
Tr 1
£ 2‘<
@©
0 . . N - - © 0 —— L u
3 4 5 6 7 8
0 2 » 4 | 6 8 2 ()
mm

Y: 5000 m (plateau) - 1700 m* (downramp) = 130 m* (plasma lens)

@ )

Rule: Y must be reduced between
the plateau and the transfer line

& J

If not, whatever done elsewhere - emittance explosion at plasma exit
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PRA/\GA Tackle beam transfer issues

Horizon 2020
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Transfer line:
6 constraints: beam size, divergence and emittance in the two transverse planes

number of quadrupoles = number of constraints
6 quadrupoles = marginal emittance growth at next plasma stage or FEL entrance
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PRA/\GA Different and new

Horizon 2020
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