
Journal of Physics: Conference
Series

     

OPEN ACCESS

Correlation between X-ray yield and electron
spectra in laser-cluster interaction
To cite this article: C Ramond et al 2012 J. Phys.: Conf. Ser. 388 032081

 

View the article online for updates and enhancements.

You may also like
Research of efficiency of influence of
ultrasonic treatment on asphalt and
paraffin oil deposits
A G Palaev and E R Dzhemilev

-

The GIS based Criminal Hotspot Analysis
using DBSCAN Technique
Abbas F. Mohammed and Wadhah R.
Baiee

-

Superfluid spherical Couette flow
C Peralta, A Melatos, M Giacobello et al.

-

This content was downloaded from IP address 18.119.136.235 on 28/04/2024 at 18:20

https://doi.org/10.1088/1742-6596/388/3/032081
https://iopscience.iop.org/article/10.1088/1757-899X/862/3/032081
https://iopscience.iop.org/article/10.1088/1757-899X/862/3/032081
https://iopscience.iop.org/article/10.1088/1757-899X/862/3/032081
https://iopscience.iop.org/article/10.1088/1757-899X/928/3/032081
https://iopscience.iop.org/article/10.1088/1757-899X/928/3/032081
https://iopscience.iop.org/article/10.1088/1742-6596/150/3/032081
https://pagead2.googlesyndication.com/pcs/click?xai=AKAOjst--C8QmQH_lSpo34NIWlzFa8xKR-l6RCfJASHmbn-4X3HCs4tIOpMjquFpofB4FHyUYaPSiDYJTKzKICI-fNQ5iHGkRC37mmznrwF8nUQrw-2ErhgcCkMfHQ-he8TXVQ7AO4GOOAjIMNSWXK5EhRLW-FKp4VJ6ZIKxn5YLNRb8HDTV0bP7CgMq5lIm8sN-SafzQbt9WahFOkmYf6VkuUWfQPYrLqCpuIMQjnwYzhgrUtIdnqXU8iYEsIwGMKG1yiPz0KtvnLWUo232Q-whCjo6Ed-6Ge-m8bqgbiYdc1Q-ceeVtR9zSKddxOjENYirgDhAciC8QBxgp9P9tupfBOAi2k5mDw&sig=Cg0ArKJSzAqPFrhED9fD&fbs_aeid=%5Bgw_fbsaeid%5D&adurl=https://iopscience.iop.org/partner/ecs%3Futm_source%3DIOP%26utm_medium%3Ddigital%26utm_campaign%3DIOP_tia%26utm_id%3DIOP%2BTIA


Correlation between X-ray yield and electron spectra in laser-cluster interaction

C. Ramond1, E. Lamour, J. Mérot, C. Prigent, R.Reuschl, J.P. Rozet, G.Schiwietz*, S. Steydli,
M. Trassinelli, D. Vernhet

Institut des NanoSciences de Paris UPMC CNRS-UMR7588 4 place Jussieu 75252 Paris Cedex 05 France 
*Helmholtz Zentrum Berlin für Materialien und Energie GmbH Hahn-Meitner-Platz 1 D-14109 Berlin Germany

Synopsis Measurements of electron energy distribution obtained for several experimental conditions show evidence for 
a strong correlation between X-ray yields and the high energy part of the electron spectra in laser-cluster interaction.

A fascinating feature in laser-cluster interaction is
the production of keV X-rays even, at low IR laser 
intensity (< a few 1015 W/cm²) [1]. These results
have demonstrated that a very efficient heating me-
chanism occurs on a very short time scale (before 
the cluster disintegration) producing electrons with 
energy higher that the inner-shell binding energy of 
the cluster atoms (E 4keV in the case of Argon 
clusters) [2, 3]. Spectroscopy techniques for both 
X-rays and keV electrons are thus two complemen-
tary tools to probe the dynamics of this interaction 
on a femtosecond time-scale.
It is worth mentioning that by changing the laser 
intensity, one can gain insight on the electron heat-
ing mechanisms, while tuning the laser pulse dura-
tion reveals the competition between those heating 
mechanisms and the cluster expansion [3]. We have 
already demonstrated that the X-ray yield is con-
trolled by two factors: i) the number of emitting 
clusters, proportional to the effective focal volume 
and ii) the number of X-rays emitted per cluster,
driven by the single cluster dynamics, in which 
electron heating mechanisms and ionic motion (re-
sponsible for cluster expansion) guide the inner-
shell ionization probability. In particular, the ob-
served pulse duration maximizing the X-ray emis-
sion is completely explained by the interplay be-
tween the growing number of X-rays produced per 
cluster and the decreasing number of emitting clus-
ters when increasing the pulse duration [3].
Recently, we have improved our experimental set-
up by adding an electron spectrometer to perform 
systematic studies with both type of spectroscopy 
under the same experimental conditions. We found 
that for two specific pulse durations (50fs and 
180fs) for which the X-ray yield is the same, the 
electron energy distribution is quantitatively 
equivalent as shown by triangles and circles on fig-
ure 1. Conversely, when the X-ray yield (NX) is di-
vided by a factor of 3, for a longer pulse duration 
(1100fs), we clearly observe a strong reduction in 
the emission of energetic electrons (>4keV) on the 
electron spectrum (squares on figure 1). These pre-
liminary results show evidence for a strong correla-
tion between the X-ray yields and the high energy 

tail of the kinetic electron distributions and rein-
force the scenario of the interaction dynamics pro-
posed in a recent theoretical model developed by 
J. Burgdörfer et al. In these mean-field Monte-Carlo 
simulations, energetic electrons are produced by the 
combined effects of the charged cluster’s monopole 
field and the laser field enhanced by the polariza-
tion of the cluster [3,4].

Figure 1. Electron energy distribution for 50fs (trian-
gles), 180fs (circles), 1100fs (squares) laser pulse dura-
tions at 25mJ and for argon clusters (N=2.105at/cluster)

If the heating mechanisms are now quite well un-
derstood, the ionic motion is not yet implemented 
properly in the simulations while it plays a major 
role for long pulse duration. The new results, com-
bining X-ray and keV electron spectroscopy, ob-
tained as a function of intensity, polarization and
pulse duration of the laser should provide new clues 
on the physics of clusters under intense laser field.
Further investigations of the electron heating effi-
ciency within a cluster are currently under progress 
by shortening the laser wavelength (switching from 
800 to 400 nm).

References
[1] E. Lamour et al NIMB 235 (2005); C. Deiss et al 
Phys. Rev. Letters 96 (2006) 013203
[2] E. Lamour et al J.Phys.:Conf.Ser. 88 (2007) 012035
[3] C.Deiss et al J.Phys.:Conf.Ser. 88 (2007) 012036
[4] C. Prigent et al Phys.Rev.A 78 (2008) 053201

1celine.ramond@insp.jussieu.fr

XXVII International Conference on Photonic, Electronic and Atomic Collisions (ICPEAC 2011) IOP Publishing
Journal of Physics: Conference Series 388 (2012) 032081 doi:10.1088/1742-6596/388/3/032081

Published under licence by IOP Publishing Ltd 1




