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General concept of Hybrid LWFA-PWFA staging

Laser-driven plasma wakefield accelerator (LWFA)

« Driven by a high-intensity laser pulse

« Dephasing limits the acceleration length

« Widely accessible at high-power laser
facilities

« Operation at high (~1017-10°cm-3)
densities: compact generation of um

sized, ultrashort (~10s of fs) and high peak
current (>10kA) electron beams

Beam-driven plasma wakefield accelerator (PWFA)

Driven by a relativistic charged particle
bunch

Dephasing free acceleration

Less background due to higher driver
velocity

Cold injection schemes (e.g. plasma
photocathode) are applicable

Potentially better suited for high quality
(brightness) beam generation
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General concept of Hybrid LWFA-PWFA staging

Laser-driven plasma wakefield accelerator (LWFA) Beam-driven plasma wakefield accelerator (PWFA)
* Drivenbya |dea of Hybrid: ged particle
* Dephasing use LWFA generated beam as driver for a subsequent PWFA, "
« Widely acc exploiting individual benefits of both schemes _
facilities 0 gher driver
* Operationy - : : :
al generate high-brightness beams on a university laboratory-scale
densities: _ N y 4 g. plasma
sized, ultr - potential energy and stability booster >
current (> Hidding, B. et al: PRL 104, 195002 (2010) high quality

(Brightness) beam generation
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General concept of Hybrid LWFA-PWFA staging
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General concept of Hybrid LWFA-PWFA staging
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General concept of Hybrid LWFA-PWFA staging
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Beam-driven plasma wakefield accelerator (PWFA)

« deceleration of driver electrons (charge loss)
« divergence decrease due to focusing
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General concept of Hybrid LWFA-PWFA staging
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Beam-driven plasma wakefield accelerator (PWFA)

* stronger deceleration of driver electrons (more
charge loss)

« divergence decrease due to focusing
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Proof of principle: LWFA-generated beams can drive PWFA

First steps @ HZDR and LMU:
* Witness beam acceleration in driver-witness pair from LWFA:

driver decelerates, witness accelerates e aser ke e
* Observation of beam driven plasma waves (using Laser beam W > N s— I
. . N - PWFA eam
blocker) in pre- and sel-ionized regime dive boam
« Different acceleration gradients in pre- vs. self-ionized regime - ]
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Internal injection via injection at a density downramp

Controllable injection at a density downramp
« reliable injection from hydrodynamic or optically generated shock pC/(MeV mrad)
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« Stability booster (energy) for optically generated shock
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Internal injection via injection at a density downramp

Controllable injection at a density downramp
« reliable injection from hydrodynamic or optically generated shock pC/(MeV mrad)
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Internal injection via injection at a density downramp

Controllable injection at a density downramp

« reliable injecti
» Stability boost

« But: witness en
likely not better

pC/(MeV mrad)
5 1
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\/ LWFA generated beams can drive plasma waves
\/ Acceleration of withess bunches
\/ Controlled internal injection
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Injection via plasma photocathode — potential quality booster?

prllazma eIeJEt][_ontsI frorln Injectordl?serlrﬁle]gses trapping and acceleration
ydrogen + first leve second level helium of this electrons
helium electrons

y (um)

B. Hidding et al., Phys. Rev. Lett. 108.3 (Jan. 2012), p. 35001
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Not feasible in LWFA

laser

First demonstration at FACET: v faser blocker,
Deng et al. Nature Physics 15, 1156-1160 (2019) JWH —
LPWFA enables plasma photocathode in high (~10%8 cm-3) T
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Experimental realization of Trojan Horse injection @ HZDR

Challenge:

———

spatial and temporal overlap of injection laser (z 16um) and 15t cavity (here: 25-30um length)

i
injector N
laser LWEA ‘

LWFA

Overlap indicated by light signal
drive laser

- Talk by Finn-Ole Carstens,
Wed 17:40 — Sala Elena
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Successful demonstration of plasma photocathode

Example witness beam parameters: Aol i 20
3
mean energy:  charge (FWHM): 3 0 ‘ 02 Lhsg
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. 2 0 102
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g - s €
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beam can exceed the LWFA reference 0100 D0 20002500300 350 400 4
- Quality booster (?) 05 QU [peRevrirad] 1.5 2.0
- Successful 500 | RN e I {11
RO S |
injection in 2400' ) ! N i h " '. .‘ “ '“‘q‘ ‘.‘. '”
up to 92% of < ’ ) : 3 I '
the shots S 300 . | ;
> Strongjitter ' 200 | || AU akid 1 ble Ul i
. ' & T F B |- o * - 5 v
of witness w0t 7L 0o gt T"ﬂ? v ?’ . ‘ : LM DN LT e
energy and LL _ R B g -

charge

Pointing [mrad]
P. Ufer et al., in review
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Successful demonstration of plasma photocathode

Example witness beam parameters: 15 =
3/ LWFA only
mean energy:  charge (FWHM): g 0 ‘ P2 | hsg
183 MeV 8.7 pC . WE e Tl
. 2 0 102
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Correlation of charge and cavity length
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Shrinking cavity limits the acceleration length

Susanne Schdbel
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Driver charge dependent witness energy limitation

 Reduced number of observed withess beams
* |Increased shot-to-shot fluctuations
- Less stable performance due to charge jitter
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First realization of energy booster

Recent experiments: acceleration of witness bunch

to energy exceeding the initial driver energy

- Demonstration of energy booster
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Sources of instabilities in the plasma photocathode
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Summary and Outlook

LPWFA enables PWFA studies in a plasma density of ~107-10°cm-3 in blowout regime

- LWFA generated beams can drive plasma First steps towards booster of:
waves
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Summary and Outlook

LPWFA enables PWFA studies in a plasma density of ~107-10°cm-3 in blowout regime

- LWFA generated beams can drive plasma First steps towards booster of:
waves
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Outlook: upgrade of the COXINEL-FEL beamline @ HZDR

—> High brightness beams from hybrid SQLE.I L %

LPWFA potentially tested as FEL SYNCHROTRON G
drivers in the upgraded COXINEL
beamline

- Upgrade is planned for 2026 — 2029

- Talk by Arie Irman,
Wed 17:20 — Sala Bonaparte 2
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