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electrostatic acceleratorion (X-ray tube) or on radiofrequency

)»») l. Conventional sources of electron beams are based on
acceleration (linac).

Electrostatic acceleration: X-ray tube, up to MeV
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Radiofrequency acceleration: /inac, up to 300 MeV for
laboratory scale facilities
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e Laser wakefield electron acceleration (LWFA) is the most compact
’)»») El] technology to produce VHEE electron beams.

Laser wakefield acceleration: ul/tra-short (fs)
and up to 10 GeV in laboratory scale facilities
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TW-PW fs laser system Electrons Laser pulse

High energy beam

flat mirror laser beam
transport

Laser pulse

Supersonic gas jet

A schematic drawing of an i
focusing optics L. CEe 00000 e ! experimental arrangement High energy beam

to get to 10*® W/cm?
intensity

gas target \
to get to 10 cm™ -
plasma density

MeV-GeV collimated
electron beam




dose, normalised

VHEE-FLASH medical linacs. It also allows reaching intra-bunch

)»») l. LWFA technology enables compact VHEE medical linacs and
dose rates up to 10 Gy/s
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Laser wakefield accelerators can produce beams as short as 1 fs.
They can operate up to 1 kHz pulse repetition rate.
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J. Wenz et al., Nature Photonics 13 (4), 263-269 (2019)
C. Lazzarini, K. Hideghety, G. Grittani et al., manuscript under review



e Laser wakefield accelerators produce divergent beams with
’)»») El] dose rate tunable with the distance from the source.
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e In order to keep the dose deposition as short as the electron
’)»») El] beam duration, higher beam energy is required.
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e At ELI Beamlines we have two LWFA instruments fully dedicated
D)»») El] to users: ELBA and ALFA.

ALFA kHz LWFA ELBAPW LWFA

Carlo Lazzarini’s talk

Parameter High Power High Energy Parameter Value
Mode Mode
Energy (MeV) 2242 3245 Energy (GeV) 5+0.5
Energy Spread (MeV) 15 (68%) 8 (25%) Energy Spread (MeV) 0.5 (10%)
Average Current (pA) 276+28 12+6 Charge per pulse (pC) 108+28
Divergence (mrad) 7.8+1.2 2.1+0.8 Divergence (mrad) 1.440.3

Power (mW) 6 Date:0-4 Power (mW) 63




’)»») eli The Electron Acceleration Group

ELBA PW multi-Hz laser electron collider ALFA TW kHz LWFA beamline
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ELBA delivers stable electron beams with tunable energy up to

) eli sce

Parameter Value
Energy (GeV) 510.5
Energy Spread 0.5 (10%)
(MeV)

Charge per pulse 108128
(pC)

Divergence (mrad) 1.440.3
Power (mW) 63




e ELBA unique single-compressor all-optical guiding with
’)»») el] localized injection scheme enables electron beam stable in

energy and pointing.
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J. Sisma et al., manuscript under review, J. Shrock et al., manuscript under preparation, E. Rockafellow et al.,
manuscript under preparation



) eli

ELBA unique single-compressor all-optical guiding schemes
enables electron beam stable in energy and pointing.

Localized ionization
injection

—>

Nanoparticle Assisted

Injetion 1

Energy (GeV)

Energy (GeV)

Divergence (mrad) Charge (pC/GeV)

Total Charge: 47.07 pC

Total Charge: 53.30 pC
-

Total Charge: 126.53 pC

Total Charge: 109.50 pC

Total Charge: 90.98 pC

Total Charge: 168.70 pC

o
w
o
~
w
[

ONPOO® ONPOOO ONDPO® ON DO ® ON B O 0

[
w
N
w
w
—
o

Total Charge: 3.45 pC =
1

Total Charge: 5.22 pC
=

ONHO OoN O ON DO ® ON PO ®

Total Charge: 57.25 pC

0.5 0.75 1 | 1.5 2 3 5 10

Energy [GeV]

J. Sisma et al., manuscript under review
J. Shrock et al., manuscript under preparation
E. Rockafellow et al., manuscript under preparation

A. Spadova et al. arXiv:2508.10685 (2025)



s Overview of User Calls for ELBA and ALFA
) eli

ELBA & ALFA User Proposals (2 calls/yr)
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Calls /

th Call for Users

[
u p ° e I l - I a Se r-e u Description The Extreme Light Infrastructure (ELI) will launch its 8th User Call on 17 March 2026, with a

proposal deadline of 22 April 2026. Researchers from around the world are invited to apply for
access to the cutting-edge instruments the ELI Facilities. All proposals will be evaluated by an
international peer-review panel, with selection based on scientific excellence.



THANK YOU FOR YOUR

ATTENTION!

gabrielemaria.grittani@eli-beams.eu
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