Optimization towards the demonstration of high-quality
electron-beam generation from a density downramp
injection in a beam driven PWFA at FLASHForward. FLASHForward»»
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Laser-ionzed density downramp injection Diagnostic setup
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Beam-driven plasma wakefield accelerators allow for the generation and subsequent acceleration of electron beams inside the plasma with
substantially lower emittance than the driving electron beam, eventually providing technology for brightness converters for versatile applications.
Laser-ionized density downramp injection in PWFA has been identified as a promising injection process for this task [1,2] and recently been
experimentally demonstrated for the first time [3]. At FLASHForward we find the unique facility to precisely measure the experimental properties
neecssary for the development of a plasma-based electron source. Here, we report on the preparation and comissioning efforts to develop a
prototype for a reliable plasma-based electron source.
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« Plasma density spike controlled via gas mixture. 2 2l B Summary
S Diagnostics and the laser beamline, designed for the downramp injection have been set up and tested.
« Arbitrary gas mixtures with gas mixing reservoir. J .. Details
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» Fast diode and cameras for coarse timing of laser arms to electron beam.
» Top-view camera for plasma-afterglow observation
Plasma cell considerations
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A plasma target that allows for downramp injection has been developed and tested. 7 ®) 7 (&)
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« Transverse holes need to be sufficiently wide for the laser spot size, required for a stable injection, but may not cause a local drop in gas = S_umma_ry _ _
pressure 2 Simulations and calculations for suitable electron-beam
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- OTR screens are installed at the capillary entrance and downstream of the capillary for spatial alignment between the laser arms and the N parameters have been identified with PIC simulations and
electron beam. 107 calculations.
- Electro-optical cristal installed as part of the electro-optical sampling. ' : Details S
* Injection after 20 mm > A,.:4tr0n 10 €NSUre a repeatable injection process. - | | | . i . Dr!ve beam peqk Cu.rre.nt >. 1.5 kA for injection. |
40 20 0 20 40 60  Drive beam Helium ionization omitted for matched drive
t (fs beam at €,,,,,~2 pm, 6,170 fs and Q £ 0.8 nC
norm t

Main laser and transverse ionizing laser arm
Calculated injection laser spot Measured injection laser spgj First observed injection plasma Lase r'tO'beam ti m i ng

" T " —rwrm-aasazsoum ||| 40 Beam-heated plasma afterglow Timing scan Laser-ionized plasma afterglow
=FWHM_x = 40.6 +1.00 um -FWHMy=54.2t7.50 pum 12 i i i . . . !
~FWHM_y = 40.6 + 1.00 um 120 ' ' 1
100 3e+14 100 L 30414 30 — 100 42 200 ¢ 1 . 1--_1; 1 200 ¢ .
38 N - -
5 o-> : - o s £ 80 8 150 308 150
> Ze+'14,.§ i 29+14§ E 20 — -~ E 0.6 % E 0.6
g 2 ~ 60 = £ =06 3
100 E x e 100" ® 2 > 100
Te+14 100 40 o 0.4 TE;S o 04
200 ls 1e+14 10_ (fp] E .
- 200 100 0 100 200 20 507 p2 2 507 ] 0.2
. - -200 1 Z0.2
X (pm) — ; - T y T ‘
-200 -100 0 100 200
Measured pre-ionzation laser o O 0 0 20 0 W w g D O = HE B G
Measured electron beam on 407 408 409 410 411 412 ;
spot on OTR screen OTR screen z/ mm z/mm timing shifter / ps £/ mm
Summary
1 . . . .
W e o : | o0 ’ 09 Summary A plasma-afterglow based method [4] for fs-synchronisation of time-of-arrival between electron
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£ o S . - oL Planned transverse spot sizeshave been achieved and * Laser oscillator synchronized to FLASH RF with 30 fs rms jitter.
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02 "3 ... plasma-generation with both laser arms was demonstrated. » Coarse timing with fast diode and OTR camera.
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o 5 : 03 - Fine adjustment of synchronous time-of-arrival via enhanced-plasma glow.
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08 N 02 « 2 ns transverse laser delay range with respect to pre-ionization laser.
! . . 2 )\ 01  Relative time-of-arrival jitter between laser and electron beam on target < 1 ps
TR e A w00 T 2 s 0 1 2 * Electro-optical sampling to measure timing jitter at IP and as feedback reference.
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