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Gas jet flows optimisation : conical shapes
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S. Semushin and V. Malka,  Rev. Sci. Instrum., Vol. 72, No. 7, July 2001



Gas jet : getting an uniform plasmas 
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V. Malka et al.,  Phys. of Plasmas, Vol. 8, No. 7 (2001), J. Faure et al., Phys. Rev. E 64, 026404 (2001)
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Gas jet : getting a plasmas channel 
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V. Malka et al.,  Phys. Rev. Lett., Vol. 79, No. 16 (1997)



Gas jet for atomic physics aspects of warm dense matter
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C. C. Popovic et al.,  Phys. Rev. E, Vol. 65, 046418 (2002)

The parameters are determined by fitting simultaneously the electron and ion TS spectra. 

Since the atomic density is known one can determine Z* !

Te ≃ 415 eV, Z* ≃27.4, ne ≃ 1.30x1020 cm-3.

Extremely important for testing NON LTE atomic physics codes



Gas jet for fusion related studies : propagation studies
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V. Malka et al.,  Phys. of Plasmas, Vol. 7, No. 10 (2000)



Gas jet for fusion related studies : smoothing studies
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V. Malka et al.,  Phys. Rev. Lett, Vol. 90, No. 7 (2003)

Time integrated images of the transmitted laser light in the PP (a) and NPP (b) cases for 
plasmas with ne = 0:01nc. (c) Reference image for a vacuum shot without plasma. (d) Radial 
intensity profile of panels b (solid line) and c (dotted line) at the middle of the laser spot.



Gas jet for fusion related studies : smoothing studies
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V. Malka et al.,  Phys. Rev. Lett, Vol. 90, No. 7 (2003)

Time resolved images of the transmitted laser light in the PP (a) –(c) and NPP (e) –(g) cases for 
plasmas with ne/nc of 0.2 (a),(e), 0.5 (b),(f ), and 1% (c),(g) of the critical density. (d) Reference 
image for a vacuum shot without plasma. (h) Temporal dependence of the intensity for panels f 
(solid line) and d (dotted line)
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The Bubble regime : experimental set-up

laser beam

laser beam

gas jet

Experimental set upScheme of principle
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1995 Relativistic wave breaking (RAL/IC/UCLA/LULI)

A. Modena et al., Nature (1995)
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Multiple satellites : high amplitude plasma waves
Broadening at higher densities
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1998 Thomson scattering diagnostic
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Clayton et al., PRL 81, 1 (1998)
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2001 SMLWF with 10 Hz laser
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V. Malka et al., Phys. of Plasmas 8, 6 (2001)
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2002 The Forced Laser Wakefield: the NL regime

Parameters: ne=1.5×1019cm-3, τL=35fs, E=0.6J, IL= 1×1018W/cm2 with kpw0>1
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V. Malka et al., Science 298, 1596 (2002)
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The Bubble regime : distribution quality improvements

SMLWF=>FLWF=>Bubble

V. Malka et al., Phys. of Plasmas 12, 5 (2005)
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The Dream Beam
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Colliding Laser Pulses Scheme

Ponderomotive force of beatwave: Fp ~ 2a0a1/λ0       (a0 et a1 can be “weak”) 
Boost electrons locally and injects them INJECTION IS LOCAL and IN FIRST BUCKET

Theory : E. Esarey et al., PRL 79, 2682 (1997),  H. Kotaki et al., PoP 11 (2004)
Experiments : J. Faure et al., Nature 444, 737 (2006) 

The	
  first	
  laser	
  creates	
  the	
  accelera,ng	
  structure	
  
A	
  second	
  laser	
  beam	
  is	
  used	
  to	
  heat	
  electrons	
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Towards a Stable Laser Plasma Accelerators

Nb: very few electrons at low energy,  δE/E=5% limited by the spectrometer 

Series	
  of	
  28	
  consecu,ve	
  shots	
  with	
  : a0=1.5, a1=0.4, ne=5.7×1018cm-3
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Tunability of Laser Plasma Accelerators : electrons energy
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J. Faure et al., Nature 444, 737 (2006) 
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Tunability of Laser Plasma Accelerators : electrons energy
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Charge from 60 pC to 5 pC, ΔE from 20 to 5 MeV 

Tuning charge & energy spread with the inj. laser intensity

C. Rechatin et al., Phys. Rev. Lett. 102, 164801 (2009)
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Gas jet for fusion related studies : smoothing studies

radius

A. Flacco et al.,  to appear in Nature Physics
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Gas jet for fusion related studies : smoothing studies
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A. Lifschitz et al.,  New Journal of Physics 16, 033031 (2014)



Gas jet for fusion related studies : smoothing studies
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F. Sylla et al.,  Phys. Rev. Lett, Vol. 108, 115003 (2012)

lplasma = 0.7mm
lpulse = 10 µm 
Abundant excitation when ldep ≤ lplasma



Gas jet for fusion related studies : smoothing studies
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F. Sylla et al.,  Phys. Rev. Lett, Vol. 108, 115003 (2012)



Gas jet for fusion related studies : smoothing studies
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F. Sylla et al.,  Phys. Rev. Lett, Vol. 108, 115003 (2012)
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2013 Longitudinal injection

S. Corde et al., Nature Communications (2013)

Two different self-injection mechanisms take place : ●At lower plasma density transverse 
injection is prevented

●Only one bunch is injected 
(longitudinal injection)

longitudinal injection improves
- the stability of the electron beam
and 
- reduces the divergence of the electron 
beam
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Laser Plasma Lens : principle
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Laser Plasma Lens : experimental demonstration

Optimization with the electron density Chromaticity studies

Theoretical studies : R. Lehe et al., PRST AB 17, 121301 (2014)
Experimental studies : C. Thaury et al., Nature Communications, 10.1038/ncomms7860 (2015)

http://loa.ensta.fr/ UMR 7639 

TARG2 Workshop, Paris, France April 20-22 (2015) 



Participants :                        

Conclusions

http://loa.ensta.fr/ UMR 7639 

TARG2 Workshop, Paris, France April 20-22 (2015) 

 In laser plasma physics, as in many other domains, targetry 
is playing an important role, and is a source of discoveries.

 Stable and reproducible gas targets are crucial for future 
applications

 Particle (electrons, protons, ions, neutrons) and radiation 
(X-rays, Gamma rays) beams performances with depend on 
them.
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