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Context of laser-cluster interaction studies:
Relatively “new” field: 1994.........

~N
[Why Clusters?....... of 10%-10° atoms/cluster
> local density = 10?2 cm (solid density)
> dl cluster atomsin the same “uniform” electric field

(skin depth = cluster size - 40 nm)
_ samplification allows a test of models

J

Which studies?

Production of e multicharged ions (up to MeV)
=) Connected to both plasma and cluster explosion dynamics

Mechanismsidentified ; Review paper: Ditmireet al., Phys. Rev. A 53, 1996
Generation of e hot electrons (up to keV)

e keV x-rays
=) Direct insight into the early evolution of the nanoplasma

Only qualitative measurements,
Mechanisms of inner-shell vacancies? ...2002 controversial inter pretations
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Experimental Set - up Wavelength :
|R(800 nm) or UV (400 nm)
Energy / pulse:
0 - 100mJ
Pulse duration :
50fs - 1ps
Laser intensity
10 - 10 W/cm?

Cluster size:
10 to 10° atoms
Si(Li) detector Density :
Low transmission )
a 104 to 108 cm3

Crystal spectrometer

High resolution Focusing lens

7 Si(LI) detector
ligh transrmission

-

\ Laser beam

|
Mhmn n ( |
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Advantage of the x-ray spectroscopy

|l on Spectroscopy

lon charge state distribution in the plasma

X=T'ay SPECLIOSCOpY/.

Charge state distribution of ionswith a K vacancy
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Inner-shell ionization model: the scenario | ), dusters
T1=130fs
Number of optical cycles (A =800 nm)
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= Some predictions:

_ 1/3 A-2
Nvacancies — POEI3 nOFI o Ac d Vf (I ThZ)

@ scaling laws:
= p0513 Nog O AC1/3 d-2 Ipeakalz

@ absolute photon yield: Npy = @ XN cancies
example:
Argon
E . (eV) 3086 IR; A =800 nm; T =130fs
: e = 5 1017 W/cm?
i puse (thE0) | 6. 10° Pt 18 bar

Ny / puise (€XP) 7.104
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Results : what we understand ... (Ar clusters: X, )

A= 800 nm
P, =40bar [N, DI3’2
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scaling law with pressure: P,® scaling law with peak intensity : I ., %2
and the mean char ge state increases and constant mean char ge state

in agreement with a collisional picture (e /ions) increases like the effective focal volume

the saturation regimeisreached
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Results : what do we need to understand (1) ... (X,)

60
krypton cl ustersJ | xenon clusters
ARl RSBt N, OP" = {|30mJ/ 60 fslaser pulse
e 1.0 mm dia. skimmer 7‘—; ’
OS5 mmrdira skmmmer 840i
= 5/2
/} %. b NhV |:| PO y ° \
(]
N [P % = break of
hv 0 4 E regime
e break of ,
/}/D regime o | =
7/./ 0 5 10 15 20 25
_;J/' Backing pressure (bar)

Not in agreement with argon results!

e Ncluster [] I:)02

but P,>3 law assumes. e wy constant!
27
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Results : what do we need to understand (2) ...

The x-ray threshold !! XENON Ry
thmlséazk
ARGON RIS N S

P, = 8,6bar

A= 800 nm 375
P, = 40 bar th ] S

10t

4,5.1018W/cm?

10°

° Photon yield (arbitrary unit)

101
10

1016 / 1017

’ Laser intensity (W/cm?) |

1015

Photon yield (arbitrary unit)

102 1.10¢°® 1,510 W/cm?  3,5.10% W/cm?
(~ 150 eV!!1) [B(K) F 4 keV]

1101 1016 107 K RY PT O N X (L )

i o Laser intensity (W/cm?2) ‘
Same result
Threshold ~ 1,3.10" W/cm?
but B(L) ~ 2 keV

@ whatever the binding energies!
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Results : what do we need to understand (3) ...

Function of laser wavelength
e- oscillation : U, (UV) <U,, (IR) (/4)

Some differences?
inverse Bremsstrahlung : E, (UV) > E_(IR)

ARGON X threshold

UV <IR

X photon yield
UVv ~ IR

X photon yield

In agreement with
Ditmire et al. J. Phys. B (1998)
for the X,, photon yield
of Xe clusters

Laser intensity (W/cm?)

-GS - 2002-



recent resultson X, photon yield...!

with xenon clusters...

Kondo, Mc Pherson, Rhodes et al.
Exp: J. Phys. B, 30 (1997) 2707-2716

23 r—rT—"VT—7"—7r—"7—'—TTT"TTT7T7"T"T77T71T7
low pressure (P, = 3.3 bar) Theo : J. Phys. B, 34 (2001) 297-319
o recently : J. Phys. B, 35 (2002) L461-L467
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Summary and perspectives

X-ray yield measur ements

e easily 10%2 hv/pulse (4m); quasi mono-chromatic
renewable X-ray source free of debris 7 potential applications

o X-ray yield =1 (l o)
for X-ray production: |, in alargefocal volume
not | ., max in a small V; [J X source optimization

e Parameter control on the X-ray yield
present theoretical descriptionsfail 7 mechanisms?

a strong effort is needed

.....other parameters
X-ray yield versus pulse duration
cluster sizedistribution versus P, €tc..........

.....achallenge
reliable measurement of the X-ray duration...shorter than 100 fs?

[J theissue at stake for applications
-GS - 2002-
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