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PRA 1A WP9 Deliverables

. Baseline design report including electron
beam optics, plasma modules, plasma diagnostics
and beam transport to applications | ].

Del 9.2. Staging analysis (DESY) [May 2019].
Del 9.3. Tolerance analysis (DESY, INFN) [May 2019].

Del 9.4. Full design report EUPRAXIA, contribution
from WP9 [October 2019].



FLASHForward & SPARC_LAB Contributions to EUPRAXIA

> Baseline studies for plasma and FEL simulation codes

- 1 GeV case: complete optimized start to end simulation with transformer ratio of 2

- 5 GeV case: in progress
Dedicating Millions of Core hours from Maxwell (Hamburg) and JuQUEEN/JUWELS (Jilich) high performance computers
Benchmarking of reduced model codes against full physics codes

> Cross-examining of technical challenges
- Experimental generation of two spatially close high-brightness beams, driver + witness
- Development of active plasma lenses for compact high gradient focusing
- Tailored, windowless plasma sources
- SRF injectors with high rep-rate, high average power for PWFA

> Conventional and novel diagnostics for
- Precise measurement of plasma density
- Transverse and longitudinal beam properties

FLASHFORWARD !
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30 pC beam Start To End Simulations
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Static and dynamic errors simulation:
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Beam error kick (girder to girder)

v’ Static errors:

100 (20) um (x ,y) random misalignment on RF’s structures and magnetic elements
0.05 (0.01) urad tilt on magnetic elemts

100 um misalignment kick to the beam, ex. girder to girder

100 random simulated machines

v" Dynamic errors:

C. Vaccarezza

Quad strength errors 0.1% rms

Sterer kick errors 0.01% rms (0.4 urad rms)

RF Acc Grad 0.1% rms

RF phase 0.5°

100 random machine for each static arrangement

EuPRAXIA@SPARC_LAB collaboration meeting LNF-Oct 24t 2018



=T =l Static plus dynamic errors summary table

WP1 (@capillary in) | WP1(®@capillary in) Previous

withess driver WP3(@undulator

in) with no RF jit
Q (pC) 30 30 200
E (GeV) 0.5 0.5 1.0
Oc, (um) 6 5 10
O, (um) 2 5 30
o, (um) 2.1 7 30
StDevo, (um) 0.04 0.1 10
o, (um) 1.6 8 40

StDevo, (um) 0.02 0.2 5

o5 (%) 0.07 0.2 14

* No dispersion free steering

C. Vaccarezza EuPRAXIA@SPARC_LAB collaboration meeting LNF-Oct 24t 2018 8



Physics study: hosing growth rates and mitigation

START-TO-END SIMULATIONS SHOW EXCITATION OF THE HOSING INSTABILITY - EXPERIMENTS DO NOT YET

UH
collaboration between DESY, i
U Hamburg, and IST Lisbon m

(a) wet = 2045 (b) wpt = 2045
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> Full start-to-end simulations incl. CSR
predict hosing modes can be excited

> Measurement of growth rates &

hosing saturation vs. beam parameters 0 1000 2000 3000 4000
one of next steps at FLASHForward wpt

» No sign of hosing so far in experiments Hosing mitigation

> Suppressed owing to large focal size? - T J. MehrI!ng et al., Phys. Rev. Lett. 118, 174801 (2017)
(current diagnostic resolution limited at ~20um...) - T. J. Mehrling et al., Phys. Plasmas 25, 056703 (2018)

- A. Martinez de la Ossa et al., Phys. Rev. Lett. 121, 064803 (2018)

Jens Osterhoff | Twitter: @FForwardDESY | Web: forward.desy.de | DESY | November 19, 2018 | Page 3




Experimental results
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Pomplll R., et al. Applied Physics Letters 110.10 (2017): 104101.
Marocchino, A., et al. Applied Physics Letters 111.18 (2017): 184101.




Magnetic field By (T)

Prototype R&D: aberration-free active plasma lenses @ |

FIRST MEASUREMENTS REVEALED NON-LINEAR FOCUSSING FIELDS

0.3

02

> Strong focussing optics are desirable for emittance-preserving beam capturing after release into vacuum

in collaboration beiween

> Active plasma lenses are a promising technology providing up to 3 kT/m symmetric fields
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Plasma lens

| Réckemann et al., PRAB (2018)
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F =1 x B, tunable and symmetric focussing force for e—-beam J. van Tilborg et al.,

Phys. Rev. Lett. 118, 184802 (2015)

> Field measurements revealed non-linearity consistent with measured emittance growth

> Likely cause:
temperature
gradients
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Plasma forms thermal equilibration

Joule heating
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Experimental data at injection
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Experimental setup
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Preliminary results

Energy Spread variation due to the plasma
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Longitudinal phase-space manipulation with plasma wakeflelds
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Under condition, that the beam has a positive chirp at the injection, the energy
spread was reduced in more than x2.5, from 0.51 to 0.19 MeV




— A Aschikhin et al., NIM A 806, 175 (2016)

FLASHFORWARD»»

FUTURE-ORIENTED WAKEFIELD ACCELERATOR RESEARCH AND DEVELOPMENT AT FLASH

> a next-generation experiment for beam-driven plasma wakefield accelerator research
> FLASH superconducting accelerator front-end
based on ILC/XFEL technology. Typical beam parameters:
= 1.25 GeV energy with 500 pC, ~100 fs rms bunch duration,
~2 pm trans. norm. emittance
> unique FLASH facility fer* === €=—mnea
- differentially pumped, 1_' ot
= 3 harmonic cavity fc B
— shaping of beam ¢ -

- 2019: X-band deflect: 0
(collaboration with FL

- future: up to 800 bun
macro-pulse rate, few

position z (arb. units)
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> (12.3 = 1.7) GV/m wakefield generated in 30 mm plasma cell
— plasma cell scale length ~100 mm for GeV energy gain confirmed

> 12.7% total energy loss to plasma wakefield B capillary plasma source
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