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s Generation of high energy electrons and protons in interaction of relativistic laser pulse with foams of sub-mm thickness
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Abstract Target: TCA-foam

Laser parameters

Multi-Imaging Plate method

“Quasi static NCD plasma” “Strong expanding plasma”
Application for “flash effect”
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Experiment set-upLaser 
beam

foam

∼ 300 – 1500 µm

▪ Material: C12H16O8

▪ Pores: 1-2 µm,
▪ Fiber: 0,1 µm thick, 100 mg/cc
▪ Mean density: 2, 3, 5 mg/cc

▪ 𝜆 𝐿 = 1.054µ𝑚, s-pol.
▪ Focal spot FWHM: 16×12µm
▪ Rayleigh length ~ 300µm
▪ fs-pulse (main pulse): 
o 700fs
o ~ 60J, in FWHM: ~16J 
o (2.3±0.4)·1019W/cm2

▪ ns-pulse (prepulse):
o 1.5–3ns, delay 3–6ns
o 0.3–3% energy of fs-pulse

for the reconstruction of proton spectra
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successive Imaging Plates (IP) 

in the 0.99T magnetic
spectrometer (MS) –
An example from the

experiment P207 (2021): sh.7 

Proton energy spectra
Proton and ion energy

after the IP

Dependance of foam thickness

Ee > 3.5 MeV0° horiz.
to laser
beam

Ee > 3.5 MeV0° horiz.
to laser
beam

α1/2 FWHM = 9.0°

α1/2 FWHM = 14.5°

Electron energy spectra

▪ 𝐼𝑛𝑠 < 1013 W/cm2,  𝒏𝒆 ≤ 𝒏𝒄,
▪ 𝐼𝑓𝑠 ~ 2 ∙ 1019 W/cm2

Collimated electron beam: 60 – 220 msr

Proton energy spectra
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Sh.19: foam 430 µm, 
Ins = 0,62·1013 W/cm2

Ifs=2,3·1019 W/cm2

Sh.25: foam 710 µm, 
Ins = 0,57·1013 W/cm2

Ifs=2,1·1019 W/cm2

✓ Condition: up to 10-time higher intensity of the ns-
pulse and longer delay the fs-pulse after the ns-pulse

Sh.11: foam 300 µm, 
Ins = 3,9·1013 W/cm2

Ifs=1,36·1019 W/cm2

Electron energy spectra Proton – ions energy spectra
(Proton-like spectra)

▪ 𝐼𝑛𝑠 > 1013 W/cm2,  𝒏𝒆 ≪ 𝒏𝒄
▪ 𝐼𝑓𝑠 ~ 2 ∙ 1019 W/cm2

Collimated
electron

beam: 12 msr

Ee > 4 MeV

α1/2 FWHM = 3.7°

0° horiz.
to laser
beam

e--signal on the IP e--signal on the IP

Holder for an optic fiber

We report new results on acceleration of
electrons and protons in interaction of relativistic
laser pulses with foams, obtained in the
experiment on the PHELIX facility in October -
November 2021.
By varying the parameters of the ns-laser pulses
used to ionize the foam, it was possible to register
different regimes of acceleration of electrons and
protons in “quasi-static NCD plasma” and in
“strong expanding plasma”. In first case, the
electrons were accelerated up to 100 MeV and
protons – up to 30 MeV at 1019 W/cm2 laser
intensity. In second case, the achieved energies of
electrons and protons were lower, but electron
beam was stronger collimated than in first case.
During the experiment, a new multi-Imaging Plate
method was used for the reconstruction of the
proton spectra.
As an application, the DLA electrons were used
for the "Flash Effect“ providing a record dose rate
of 50 Gy/ps.


