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Soft X-ray emission enhanced by a prepulse
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Spectrum of x-ray in keV-range from Al-plasma
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L Ine shapes



L ine shapes, broadening

Line Broadening: L orentz, Doppler, Voigt
profiles

Stark broadening

electron broadening



Lorentzian Lineshape

Pressure broadetung results fromn colisions between molecules i a gas. It 15 the most unpottant source of
broademng when pressures are high. The simplest treatment of pressure broademng produces a Lorentzan
lineshape centered at the transition frequency 1y and given by the functional form
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If f(t) iz the radiated field, the curve |F(w)|® 15 knewn as the Lorentzian ineshape. Collisien shertens the

duration of ernission, widening the peak




Doppler Lineshape

rawlow 1975 I:I CIn (0, A1z the 2ol pas constant, T 15 the thermal




Breit-Wigner Distribution {(also known as Lorentz Distribution)
The Breit-3Wigner {alzo khown as Lorentz) distribution 12 a generalized form ongnally mtroduced ([Breit=é],
[Brett23]) to describe the cross-section -::-frels_‘c}naﬂt miclear scattenng i the form

"B E-BP + @727
The erquation follows from that of a harmomc oscillator wath dampmg, and a pertodic force. 4 normal (Gaussian)
distnbution decreases much faster i the tads than the Brett-"Wigner curve.
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The distribution 15 fully defined by &, the posittien of tts mazamum { about which the distnbution 15 symmetnc), and by

T, the full wadth at half masmum (FWHMD, as obwiously
o (Eo) = 20(Bo £T/2) .

Q.

I and the lfetime 7 of a resonant state are related to each other by Heisenberg's uncertamty principle { T'r = Bf2w ).

After Fudolf K. Boel, 7 April 1998 hitpfikb home . cert chitkb /AN Lappl A1 1 g il
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Voigt Lineshape

The Woigt profile 1z the spectral ine shape which results from a superposttion of mdependent Lorentzian and
Doppler ne broademng mechamsms (e g, Armstrong 1967 It 15 mven by the expression

1 [In2
¢(v) = E TK{I'. y),

where K (z,y) 15 the "Woigt function”

1g the ratio of Lorentz to Doppler widths and

r=2"""/In2
I

s

1z the frequency scale i untts of Doppler ineshape half-wadth ap




Stark broadening

duetothefields of neighbouringions

|on microfields

Distribution of microfields (static)
Holtsmark 1919

Microfields deter mine states of the emiter



n=2 in hydrogen-likeion (atom)



n=3 in hydrogen-likeion (atom)




Holtsmark H(g)

Holtsmark function used to evaluate the
distribution of electric field strength due to ions.

B is scaled electric field strength.



Stark brodened n=2 to n=1 in hydrogenic ion
(model, from Holtsmarks distribution) Ly,



Stark brodened n=3 to n=1 in hydrogenic ion
(model, from Holtsmarks distribution) LyB



Broadening dueto electron impact

Which means also
dueto the presence of unbound electrons

Classical motion (semiclassical model)
Quantal: Baranger’sformulation

(coherent broadening - single emitor)



Baranger’s formula for electronic broadening

For an isolated line corresponding to a transition u — [ the full collisional width (frequency
width)at half-maximum (FWHM) is given by:

w= N, /I‘F(I‘ Z O (V) + Zn'ux(r' +[]fu 6,v) — fi(6,v j dS) » dv

u' FEu I"#

where Ne is the electron density, v is the velocity of the scattering electron, and F (v) is
the Maxwellian electron velocity distribution. The electron impact cross sections g, ( rep-
resent contributions from transitions connecting the upper (lower) level with other perturb-
ing levels (indicated by primes).

the f, (€% v) and fi(€2; v) are elastic scattering amplitudes for the target ion in the upper and
lower states, respectively, and the integral is performed over the scattering angle €2, with df2
being the element of solid angle.
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Isolated system Perturbing Combined levels Combined levels
system without interaction with interaction

i

Combined levels without interaction Combined levels with interaction




The perturbing system:

Continuum electrons present
In the neighboour hood

Ther density of states

Thelr distribution over these
states

Thismakesthe multiparticle
manifold of perturbing states



Generalized formulations
sever al approaches exist
(fully quantal, semiclassical)

Density matrix formulation

(can incor por ate both coherent
and incoherent broadening)



Theoretical basis
of the present work
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Here, v; 1s a velocity of the emitter, p# 1s a small value
induced by the quasi-resonant interaction V), of the emitter
with the electromagnetic field mode w, and H 1s the diago-
nal Hamiltonian matrix of the isolated emitter.

The perturbation V- induced by an ion microfield F 1s
described by the nondiagonal operator V. = —dF, where d 1s
the emitter dipole operator.




The operator R = R. + R, + R, responsible for ion-state
relaxation due to electron collisional (R, ), radiative (R, ) and
autoionizing (R,) transitions is a tetradic, or four-index op-
erator in the Liouville space, with the elements

(Rpjab — 2 Rﬁiwbrpa’b':

a'b'
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spectral function S(w)

- (w) >
S(w) = D IE'ZJ-. (w)dw,

]

specifying the line profile of spontaneous emission, where

3e’

4_4
(@) = —— <Eu ubpab(w>> |

af.q

1s the spectral power of spontaneous emission



Al Xll, n=5 1o 1 line Al XII, n#6 to 1 lina
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Fig. 3. Profiles of the n = 5 to [{a) and n = 6 to 1{b) resonance lines of Al XII at a close distance x = 30 pm < dy (d; is the focal spot
diameter) from the target surface. Solid curves represent LineDM-calculated profiles. while the pluses correspond to the experimental
data of Stepanov e al. (1998) and Faenov (1998). The values of electron density N, and temperature 7. = T; providing the best
agreement of calculated and experimental data are given in the plots.




Hydrodynamics codes

Ne’ Te’ Zav’ Ti’ |\Ii (Z)

As function of position

Postprocessing:
Needs spectra as function of

Ne’ Te’ Zaw Ti’ |\Ii (Z)

Gives spectra integrated over space region or/and time
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Ion mean charge and electron temperature spatial distributions

2 ps after main pulse maximum (laser incident from the right)
for main pulse delay 2 ns.



The database



The data has been produced by the Snezhinsk code in
the framework of a project of

Bergen Computational Physics Laboratory

April 2001



The ranges of the aluminium line database
LY LyB ...... LyZ

Rl HeB ...... Hez Satellites
Ne Te

1.000 10%°cm3 0.050 keV
3.162 10®°cm-3 0.100 keV
1.000 102t cm® 0.200 keV
3.162 10°2cm-3 0.400 keV
1.000 1022 cm® 0.600 keV
3.162 10%2cm3 0.900 keV
1.000 1022 cm® 1.200 keV

1.600 keV

2.000 keV

/.~ 10,12 } T, ={ 02T,,T.}
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Parametrizing
the database
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Conclusions



The database is useful as a sour ce of data
files for smulations

Thework with automatic parametrization is
promissing

The parametrization will greatly smplify the
applications of the line data.



