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Figure : Optical shaping of the gas jet.
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 → Reach high energy at high repetition rate along the direction of propagation of high energy main pulse.
 → Stable beam.
 → High amount of protons (1012p+)
 → Medical, nuclear applications  

 → This campaign : improve on LULI2019 setup with ASE using a high contrast laser and a prepulse.

BEFORE AFTER

OBJECTIVES

Motivations
Improve ASE using a high contrast laser and a prepulse to tailor the gas jet and to generate a clear shock.

2007, Ute et al DOI: 10.1103/PhysRevSTAB.10.094801

2021, Bonvalet et al 
DOI:10.1063/5.0062503
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1. Experimental setup
1.1   Description
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Figure : Scheme of the principle of a dispersive spectrometer. B 
deflects charged particles by the Lorentz force FL=qv x B (by 
velocity). 

Figure : Image obtained from a magnetic spectrometer with 
a H2 target on this campain.

Figure: Photography of a 
magnetic spectrometer used on 
PHELIX experimental campaign.

Screen

Energy

X-ray

Bunch of 
particles B=0,6T

Pinhole defines the 
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1.2.   Thomson parabola : Imaging the energy of the protons.

Imagine plate or « IP »

1. Experimental setup

B=0,6T



  

1.3.   Shadowgraphy : Imaging the spatial distribution of the plasma density.

How is the probe is affected by crossing the target near the optical axis ?

WITH GASWITHOUT GAS

High density

High density

High density
High density

Nozzle Nozzle

Density

Plasma

Figure : Shadowgraphy images from a shot from that experimental campaign. 

ProbeProbe ProbeProbe

Warning : In this diagnostic, the size of the plasma is bigger than in reality because plasma refract 
light like a lens. Some light rays don’t reach the camera. 
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J-R Marques and al., 2023, doi :10.48550/arXiv.2309.16277

1. Experimental setup
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2.1.   Effect of the prepulse at Emain = 5J on the interaction point.
Seen on shadowgraphy with 2w generation displacement.

2. Results
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2.1.   Effect of the prepulse at Emain = 5J on the interaction point.
Seen on shadowgraphy with 2w generation displacement.

2. Results
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2.1.   Effect of the prepulse at Emain = 5J on the interaction point.
Seen on shadowgraphy with 2w generation displacement.

2. Results

400µm
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2.1.   Effect of the prepulse at Emain = 5J on the interaction point.
Seen on shadowgraphy with 2w generation displacement.

2. Results
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2.1.   Effect of the prepulse at Emain = 5J on the interaction point.
Seen on shadowgraphy with 2w generation displacement.

2. Results

Shadowgraphy

t (ps)

Main
Probe

+312

4J

0
1J

Prepulse

-300

LASER



  

Prepulse allows the main pulse to interact with the 
core of the target : a sharp gradient and a high 
electronic density. 
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2.1.   Effect of the prepulse at Emain = 5J on the interaction point.
Seen on shadowgraphy with 2w generation displacement.

2. Results

Shadowgraphy

LASER

t (ps)

Main
Probe

+312

4J

0
1J

Prepulse

-300



  

1.1.   Description

1.2.   Thomson parabola

1.3.   Shadowgraphy

Photos of P21-00004 experimental campaign on

1. Experimental setup

Outline

2. Results2. Results
2.1.   Effect of the prepulse at Emain = 5J on the interaction point.

2.2.2.2.      Effect of the prepulse on ions spectra Effect of the prepulse on ions spectra 

2.2.1.2.2.1.      Main at high energy (Main at high energy (EEmainmain =  = 100J) without prepulse100J) without prepulse

2.2.2.   Case 1 : Main at high energy (Emain =100J) with a low energy prepulse (0,1J) and 2 differents delays: 

-100ps and -10ps

2.2.3.   Case 2 & 3 : Delay scan and energy of the prepulse : 1J-100J & 50J-50J

2.2.4.   3 cases comparison : energy scan at -100ps delay of the prepulse. 



  

t (ps)0

Main
100J

2.2.   Effect of the prepulse on ions spectra 
2.2.1.  Main at high energy (Emain = 100J) without prepulse
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● Different tresholds (X-ray coming from e- at 0deg)
● Similar spectra at all angles

● Same maximal number of protons at low energy.

● Decrease of proton number by energy. 
● 0° : Cutoff energy at 2,5MeV.
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Laser

7cm from TCC

TCC

Spectra at all angles
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t (ps)0

Main
100J

2. Results 
2.2.   Effect of the prepulse on ions spectra
2.2.1.  Main at high energy (Emain = 100J) without prepulse
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● Different tresholds (X-ray coming from e- at 0deg)
● Similar spectra at all angles

● Same maximal number of protons at low energy.
● Soft decrease of proton number by energy. 

● 0° : Cutoff energy at 2,5MeV.
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2. Results 
2.2.   Effect of the prepulse on ions spectra
2.2.1.  Main at high energy (Emain = 100J) without prepulse
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2. Results 
2.2.   Effect of the prepulse on ions spectra
2.2.1.  Main at high energy (Emain = 100J) without prepulse
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● Different tresholds (X-ray coming from e- at 0deg)
● Similar spectra at all angles

● Same maximal number of protons at low energy.
● Soft decrease of proton number by energy. 

● 0° : Cutoff energy at 2,5MeV.
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2. Results 
2.2.   Effect of the prepulse on ions spectra
2.2.1.  Main at high energy (Emain = 100J) without prepulse

● Different tresholds (X-ray coming from e- at 0deg)
● Similar spectra at all angles

● Same maximal number of protons at low energy.
● Soft decrease of proton number by energy. 

● 0° : Cutoff energy at 2,5MeV.
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2.2.4.   3 cases comparison : energy scan at -100ps delay of the prepulse. 
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2. Results 
2.2.   Effect of the prepulse on ions spectra
2.2.2.  Main at high energy (100J) with a low energy prepulse (0,1J) and 2 differents delays: {100;10}ps
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2. Results 
2.2.   Effect of the prepulse on ions spectra
2.2.2.  Main at high energy (100J) with a low energy prepulse (0,1J) and 2 differents delays: { 100100;10}ps

● Adding a prepulse change spectrum at 90° from laser axis : 
● Transverse acceleration more structured

● There is less protons at low energy  directional →

● x1 structure at 7MeV
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Less coulomb explosion
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● Adding a prepulse change spectrum at 90° from laser axis : 
● Transverse acceleration is more structured

● There is less protons at low energy  directional →

● x1 structure at 7MeV

Spectra at  all angles

2. Results 
2.2.   Effect of the prepulse on ions spectra
2.2.2.  Main at high energy (100J) with a low energy prepulse (0,1J) and 2 differents delays: { 100100;10}ps
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2. Results 
2.2.   Effect of the prepulse on ions spectra
2.2.2.  Main at high energy (100J) with a low energy prepulse (0,1J) and 2 differents delays: { 100100;10}ps

● Adding a prepulse change spectrum at 90° from laser axis : 
● Transverse acceleration is more structured

● There is less protons at low energy  directional →

● x1 structure at 7MeV
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2. Results 
2.2.   Effect of the prepulse on ions spectra
2.2.2.  Main at high energy (100J) with a low energy prepulse (0,1J) and 2 differents delays: {100; 1010}ps
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2. Results 
2.2.   Effect of the prepulse on ions spectra
2.2.2.  Main at high energy (100J) with a low energy prepulse (0,1J) and 2 differents delays: {100; 1010}ps
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● No signal at 90°

● 0 & 45°
● The maximum number of protons is almost identical 

● 45° : there are x2 structures 

Spectra at all angles

2. Results 
2.2.   Effect of the prepulse on ions spectra
2.2.2.  Main at high energy (100J) with a low energy prepulse (0,1J) and 2 differents delays: {100; 1010}ps

45°

90°

0°

Laser

7cm from TCC

TCC



  

P
r
e
l
i
m
i
n
a
r
y
 

r
e
s
u
l
t
s

Signal
Treshold

28/53BONTEMPS Kristal – AG GdR APPEL 2023

t 
(ps)

0-10

Prepulse

Main

0.1J

100J

● No signal at 90° 

● 0 & 45°
● The maximum number of protons is almost identical 

● 45° : there are x2 structures 

Spectra at all angles

2. Results 
2.2.   Effect of the prepulse on ions spectra
2.2.2.  Main at high energy (100J) with a low energy prepulse (0,1J) and 2 differents delays: {100; 1010}ps
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2. Results 
2.2.   Effect of the prepulse on ions spectra
2.2.2.  Main at high energy (100J) with a low energy prepulse (0,1J) and 2 differents delays: {100; 1010}ps
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2. Results 
2.2.   Effect of the prepulse on ions spectra
2.2.2.  Main at high energy (100J) with a low energy prepulse (0,1J) and 2 differents delays: {100; 1010}ps

Comparing with the configuration of referenceComparing with the configuration of reference
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● Less proton at low energy (around 2 MeV)

Structure at ~ 3,5MeV
Structure at ~ 6MeV
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2. Results 
2.2.   Effect of the prepulse on ions spectra
2.2.2.  Main at high energy (100J) with a low energy prepulse (0,1J) and 2 differents delays: {100; 1010}ps

Other mecanisms ?
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A prepulse change the shape of the energy spectra. 
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2.1.   Effect of the prepulse at Emain = 5J on the interaction point.

2.2.   Effect of the prepulse on ions spectra 

2.2.1.   Main at high energy (Emain = 100J) without prepulse

2.2.2.   Case 1 : Main at high energy (Emain =100J) with a low energy prepulse (0,1J) and 2 differents delays: 

-100ps and -10ps

2.2.3.2.2.3.      Case 2 & 3 : Delay scan and energy of the prepulse : 1J-100J & 50J-50JCase 2 & 3 : Delay scan and energy of the prepulse : 1J-100J & 50J-50J

2.2.4.   3 cases comparison : energy scan at -100ps delay of the prepulse. 
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2. Results 
2.2.   Effect of the prepulse on ions spectra
2.2.3.   Delay scan and energy of the prepulse : 1J-100J & 50J-50J
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● No clear relation between prepulse delays and maximum number of 
protons. 

● -100ps delay reach the maximum of energy : 3 MeV.
● Loss of low energy protons

● The acceleration is directional for the -100ps delay 
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2. Results 
2.2.   Effect of the prepulse on ions spectra
2.2.3.   Delay scan and energy of the prepulse : 1J-100J & 50J-50J
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2.2.   Effect of the prepulse on ions spectra
2.2.3.   Delay scan and energy of the prepulse : 1J-100J & 50J-50J

2. Results 

● No clear relation between prepulse delays and maximum number of 
protons. 

● -100ps delay reach the maximum of energy : 3 MeV.
● Loss of low energy protons

● The acceleration is directional for the -100ps delay 
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2.2.   Effect of the prepulse on ions spectra
2.2.3.   Delay scan and energy of the prepulse : 1J-100J & 50J-50J

2. Results 

HBA + CSA

Less coulomb explosion

● No clear relation between prepulse delays and maximum number of 
protons. 

● -100ps delay reach the maximum of energy : 3 MeV.
● Loss of low energy protons

● The acceleration is directional for the -100ps delay -100ps delay 
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2.2.   Effect of the prepulse on ions spectra
2.2.3.   Delay scan and energy of the prepulse: 1J-100J & 50J-50J50J-50J

2. Results 
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2. Results 
2.2.   Effect of the prepulse on ions spectra
2.2.3.   Delay scan and energy of the prepulse: 1J-100J & 50J-50J50J-50J

● No relation between prepulse delays and maximum number of 
protons is observed.

● Directional acceleration at 45° with high number of protons (1012)  
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Structure at 2 MeV 
at -100ps
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● No relation between prepulse delays and maximum number of 
protons is observed. 

● Directional acceleration at 45° with high number of protons (1012)  
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2. Results 
2.2.   Effect of the prepulse on ions spectra
2.2.3.   Delay scan and energy of the prepulse: 1J-100J & 50J-50J50J-50J
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For this 2 energy configurations (0,1J-100J & 50J-50J), 
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1.1.   Description

1.2.   Thomson parabola

1.3.   Shadowgraphy

Photos of P21-00004 experimental campaign on

1. Experimental setup

Outline

2.1.   Effect of the prepulse at Emain = 5J on the interaction point.

2.2.   Effect of the prepulse on ions spectra 

2.2.1.   Main at high energy (Emain = 100J) without prepulse

2.2.2.   Case 1 : Main at high energy (Emain =100J) with a low energy prepulse (0,1J) and 2 differents delays: 

-100ps and -10ps

2.2.3.   Case 2 & 3 : Delay scan and energy of the prepulse : 1J-100J & 50J-50J

2.2.4.2.2.4.      3 cases comparison : energy scan at -100ps delay of the prepulse. 3 cases comparison : energy scan at -100ps delay of the prepulse. 

2. Results2. Results
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2.2.   Effect of the prepulse on ions spectra
2.2.4.   Energy scan at 100 ps delay of the prepulse.

2. Results 
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● Similarities :
● Tendancies.

● Maximum number of protons at low energy 

● Directionnal acceleration at 45° with different structures depending 
of the  energy.

t (ps)

0-100

Prepulse Main
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2. Results 
2.2.   Effect of the prepulse on ions spectra
2.2.4.   Energy scan at 100 ps delay of the prepulse.
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Delay and energy must be chosen together 
The energy of the prepulse must be <1J to not completely alter the target.
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Structure (?) at ~ 2MeV 

Structure at ~ 2.5MeV

Structure at ~ 4.5MeV
More intergrated protonsLack of 

protons 

2. Results 
2.2.   Effect of the prepulse on ions spectra
2.2.4.   Energy scan at 100 ps delay of the prepulse.
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● Similarities :
● Tendancies.

● Maximum number of protons at low energy 

● Directionnal acceleration at 45° with different structures depending 
of the  energy.
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● It enables to favour angle of acceleration : Mainly situated at 45° from propagation direction 

with energy up to 6MeV.  It can reach 7MeV at 90°   CSA ? → We need reproductibility studies. 

● Prepulse delay and energy have to be determined together.

● Many other acceleration mecanisms than CSA (TNSA-Like, Coulomb explosion, HBA)  We →

need simulations to identify them. 

● Experimental campaigns at LP2IB : prepulse studies with differents shapes, at different 

probe delays on two type of target with a YAG Laser (Powerlite DLS 8000) 1J,8ns, FWHM 

~50µm.

● Direct application on an ultra high intensity laser facility with a ns YAG laser. 

● Study reproductibility.

2D/3D simulations with several hydrodynamics input profiles wich will reproduce this 

experiment. 
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Summary and perspectives
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LASER ● A low energy prepulse interacting with a gaz jet formed by a laval nozzle allows the main pulse 

to reach the core of the target : high gradiant and high electronic density.
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Summary and perspectives
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Angular scan with a high energy main pulse (100J) without pre-pulse 
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Configuration Spectrum at 45°
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● No structures. → Structure at 1 MeV ? 
● Cutoff <5MeV.
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Results 
Delay scan 50J-50J pre-main pulse energies.
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