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INTRODUCTION 

The experiment was devoted to the study of 

interaction of high intensity laser pulse with curved 

snail-like targets. Such targets were previously proposed 

for the high-magnetic field generation in [1]. The 

experiment was performed on LFEX GekkoXII facility 

during 22.02.2016-26.02.2016.  

TARGETS, PARAMETERS AND DIAGNOSTICS 

Two types of targets were used for the experiment, 

both made from Cu, 300µm and 500µm in diameters. 

Three LFEX beams were focused on the target, one 

LFEX beam was used for proton radiography. Three 

Gekko beams were used to preheat the exterior of the 

target to reduce the TNSA due to the main laser-target 

interaction and to make clearer proton radiography 

images. 

There were the following diagnostics: proton RCF 

of two kinds (flat RCF stack and curved RCF stack) for 

the backlight protons, side RCF to register protons 

expanding along the target axis, shadowgraphy and 

Faraday rotation with 4ω of the optical laser beam, 

UV-spectrometer, electron spectrometer, Thomson 

parabola, Cu-Kα imaging.  

The deflection of backlight protons was registered 

in shots, in which this diagnostics was used (see Table.1). 

The preliminary analysis shows, that the deflection may 

be a result of the proton interaction with the magnetized 

plasma, which is expected to be generated in the target.  

Many other diagnostics were running at this 

experiment, allowing the more detailed characterization 

of the processes during the interaction. The main 

diagnostics are listed in the Table 1. As few examples of 

the data obtained, the Cu-Ka image (Fig.1) and the 

Faraday rotation measurement (Fig.2) are presented. The 

Cu-Kα images will help to understand the laser 

propagation in the target and the electron transport 

dynamics. The Faraday rotation measurements show the 

plasma dynamics in the target and the polarization 

changes due to the magnetic field. 

The data obtained in the experiment are to be 

carefully analyzed and compared to the theoretical 

predictions. The main questions are the dynamics of the 

plasma in the target and the magnetic fields generated 

and their temporal dependence. The results of the 

analysis will be published and presented on the 

international conferences on laser-plasma physics (CLES 

2016, Yokohama, Japan; LPHYS 2016, Erevan, Armenia; 

and others). 

 

Table 1 Main diagnostics and shot purposes. 

Shot No 

 

Purpose Main diagnostics 

1,2,3 Calibration 

proton 

radiography 

RCF (flat stack) 

Shadowgraphy 

Cu-Kα spectra 

Faraday rotation 

4,5,6 B-field 

measurement, 

plasma 

dynamics  

 

RCF (flat stack) 

Shadowgraphy 

Cu-Kα spectra 

Faraday rotation 

7,9 RCF (curved stack) 

Shadowgraphy 

Cu-Kα spectra 

Faraday rotation 

8,11 Shadowgraphy 

Cu-Kα spectra 

Faraday rotation 

10 RCF (side stack) 

Cu-Kα spectra 

 

Fig. 1 Cu-Ka image 

(25
th

 Feb. T3, Shot No. 

39846), Target: 

500 um Cu-snail , 

LFEX energy: 723 J 

on target, GEKKO-XII 

energy: OFF 

 



Fig. 2. Faraday rotation measurement (25
th

 Feb. T3, 

Shot No. 39846), Target: 500 umf Cu-snail ,LFEX 

energy: 723 J on target, GEKKO-XII energy: OFF 

Fig. 3. The scheme for the proton radiography 

measurements with a curved RCF stack and side stacks. 

PRELIMINARY RESULTS 

The most of the data obtained is on the raw stage 

during the reporting. The preliminary results from Ku-Ka 

images (one example is shown in Fig.1) shows that the 

laser pulse propagated into the target due to the reflection 

and passed through all the internal surface of a snail 

target. This supports the theoretical predictions. Faraday 

rotation measurements were not performed in each shot, 

because other diagnostics, like RCF, was shadowing the 

way for the optical diagnostics beam. On example, 

shown in Fig.2, the rotated polarized part appears after 

the laser starts to interact with the target. Detailed 

analysis needs to exclude the self-emission part from the 

Faraday rotation data. 

Proton radiography measurements were obtained 

using the probe proton beam by a TNSA process of the 

one of LFEX beams. The test shots with the probe beam 

without irradiation of a target, with irradiation of the 

target, and the target TNSA proton images were done to 

make a calibration of the proton radiography 

measurements (see Table 1). TNSA from the target was 

suppressed using the GEKKO-XII 3 beams to preheat the 

target. 

In proton radiography, two kinds of the RCF stacks 

were used, the flat stacks for the backlight protons and 

side protons, and curved RCF stack for the backlight 

protons (see Fig.3). In all the RCF images the 

higher-energy part of the proton beam, corresponding to 

the backlight protons, shows the deflection which 

evolves in time (Fig. 4). Preliminary analysis shows, that 

this deflection may be a result of the magnetic field of 

the order of few kilo-Tesla, which decrease from the 

maximum value to a zero value on the time scale of 

several tens of picoseconds. These values are consistent 

with the 2D PIC simulations, presented in [1]. More 

confident results will be presented after the detailed 

analysis of the RCF films. 

 

Fig. 4 Proton signal recorded on the curved RCF stack. 

Deflection angle is ~110 deg. for ~ 10 MeV proton. This 

results imply the spatially averaged B-field strength is in 

the order of kT. 

 

ACKNOWLEGEMENT(S)  

Authors greatly appreciate the support of ILE 

technical team. 

REFERENCE(S) 

[1] Ph. Korneev, E.D’Humieres, V.Tikhonchuk, 

Phys.Rev.E 91, 043107 (2015) 

 

 

 


