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Multi-GeV muons penetrate much more than X-rays enabling
unique imaging capabilities

Credits to B. Reagan
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Cosmic muons have a mean energy of about 4 GeV, and are
routinely used to image gigantic objects. A 4 GeV conventional
accelerator has kilometer-scale size.

Credits to B. Reagan



Date: Page:Date: Page:

Conventional sources of electron beams are based on
electrostatic acceleratorion (X-ray tube) or on radiofrequency
acceleration (linac).

Electrostatic acceleration: X-ray tube, up to MeV

Radiofrequency acceleration: linac, up to 300 MeV for 
laboratory scale facilities
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Conventional radiofrequency accelerators are almost 100-year-
old technology, and their performance is extremely reliable. Their
maximum accelerating gradient is 10-100 MeV/m.

European XFEL in Hamburg: 
17 GeV, 3 km long

Laser Plasma Accelerator at 
Colorado State University:

10 GeV, 30 cm long
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Laser wakefield electron acceleration (LWFA) is the most compact
technology to produce GeV electron beams.

Laser wakefield acceleration: ultra-short (fs) 
and up to 10 GeV in laboratory scale facilities
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Creating the accelerating cavity is quite simple. Injecting the
electrons requires pre-accelerating them close to the speed of
light.

Fast enoughPre-acceleration required to catch the wave

They will oscillate and stay in the same position
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The Extreme Light Infrastructure (ELI) 
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ELI Beamlines Facility
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ELBA laser electron collider has been designed to approach
parameters relevant for QED studies.

05.06.2025 12

Parameter Current L3 

Performance

Nominal L3 

performance

Laser energy before WS 

splitting

15 J 30 J

Laser time duration 27 fs 30 fs

Repetition Rate 3.3 Hz 10 Hz

Laser Wavelength 800 nm 800 nm

Laser Energy for LWFA 13.5 J > 10 J

Electron beam energy (mean 

of QME peak)

2.5 GeV > 2 GeV

Energy spread (FWHM) 10 % < 20%

Electron beam charge in QME 

peak

10s pC > 40 pC

Electron beam divergence 0.7 mrad < 2 mrad

Electron beam pointing stability 0.4 mrad < 2 mrad

Laser Energy for Collider Laser 1.5 J > 10 J

Focal number 1.5 1.5

Focal length 375 mm 375 mm

Focal spot FWHM 2 μm < 2 μm

Peak intensity 1 x 1020 W/cm2 >3 x 1021 W/cm2

Collision angle 20° 0° and 40°
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X~1 @ 5 GeV, 1021 Wcm-2

Key Technology is 50:50 Wavefront Splitting  to 

enable high temporal synchronization of the LWFA 
beam and the CP laser
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We attracted the UMD team to implement all-optical guiding, in
order to reach 5 GeV and improve pointing stability. But we had
to figure out how to do it with a single laser beam.
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We achieved up to 6 GeV with 0.35 mrad pointing stability. The
guiding scheme has been demonstrated up to 3.3 Hz. But these
beams are almost not usable for QED due to spectral instability.
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We developed two techniques that enabled high quality beams.
Pi-step enables the most monochromatic beams.

Mean Resolution 
limit!Low variance in 𝐸𝑝

Phase shift from funnel-
mouthed plasma

5.8 cm

                                       

               

 

 

 

 

 
 
 
  
 
  
 
 
 
 

                

         

                                

             

       

               

 

 

 

 

 
 
 
  
 
  
 
 
 
 

                

         

2.4 cm 𝑅𝑑,1 = 1.28 𝑐𝑚

𝑅𝑑,2 = 1.54 𝑐𝑚

Plasma Fluorescence credits to 
J. Shrock
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We developed two techniques that enabled high quality beams.
Localized Ablation Injection enables high charge beams.

(a)

(b)

Localized ionization 
Florescence figure

BM7

off-axis
axicon

channel
forming 

beam pi-step 
phase plate

• Electron spectra for 3 bar backing pressure 
(UMD gas jet) and  laser ablation energy 60 
mJ

• Showing 9 successful shots (out of 13 
consecutive)

• Green rectangle – shots not hitting the slit 
properly (influence on charge and energy)

• Orange dashed line – approximately @ 1.2 
GeV (average energy for this data set) 

Abl. laser E Beam generation eff. [%] Avg. energy

All beams 70% (16 beams out of 23) 1.26 ± 0.17 GeV

50 mJ 75% (3 beams out of 4) 1.13 GeV

55 mJ 71% (5 beams out of 7) 1.34 ± 0.07 GeV

60 mJ 69% (9 beams out of 13) 1.19 ± 0.03 GeV

Modeling paper published + 
experimental paper in prep.
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Upramp enables reaching monochromatic 5 GeV beams.
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E. Rockafellow et al., in preparation

(b)
Injection 

in 4 mm 
region

Acceleration dephasing limited. 20 cm density ramp increases energy by ~2x. credits to E. Rockafellow
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We demonstrated single shot (<1 ns) muon and particle imaging
of thick blocks in a truck placed in the parking lot at Colorado
State University.

Credits to B. ReaganK. Zhu et al., arXiv preprint arXiv:2607.12984
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Since 2025, we started having the first RPC and muon detectors
users in ELBA at ELI Beamlines, with the initial collaborative goal
of characterize this novel muon sources.

ELBA_MuLASER2 experiment (ongoing)
Principal Investigator: Salvatore Buontempo

ELBA multi-GeV 
Accelerator

Muon and 
Particle Detectors

Muons
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THANK YOU FOR YOUR 
ATTENTION!

gabriele.grittani@eli-laser.eu
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   R  d , 1 = 1 . 28   c m


   R  d , 2 = 1 . 54   c m

