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RESUME 
Les exp4rlences Laser X a Llvermore en 1984 ont montr4 I'existence d'lnverslons 

de populat1in 3p-3s au seln d'un plasma colllsionnel de S414nlum ( 2 ~ 3 4 )  
correspondant B des galns slgnlcatlfs ( 5  cm-1) . Nous avomconcentr4 nos efforts sur le 
comportement de ces galns en fonctlon de la charge nucl4alre Z de 1'4l6ment clble. Cette 
4tude lmplique la d4termlnatlon de la dbpendance en Z des coefflcients de taux de tous 
les processus etomlques mls en cause : excltatlon collislonnelle (C).  d4crotssance 
radlatlve (A) et recombinaison dl4lectronlque (ad).  Pour cela. nous avons utlils6 les 
codes de structure atomlque et de collision Blectron-Ion sulvants : SUPERSTRUCTURE, 
Distorted-Waves. AUTOLSJ et JJOM. Les calculs ont 4t4 falts pour un vaste ~chant l l lon 
d'lons. de I'Argon I'Argent. et. pour un schema de structure fine, comprenant des 
effets relatlvlstes. La d4pendance en Z des dlff4rents resultats numdrlques est exprlm4e 
sous forme polynomiale ou ratlonnelle. 

ABSTRACT 
The Livermore X-ray Laser experlments In 1984 have shown the existence of Ne- 

like 3p-3s population lnverslons In a colllslonal Se plasma (2-34) with s l~nl f lcant  gains 
( 5  cm-1) .. we have focused our efforts on the behavlor of the galns a img the k rge t  
neon lsoelectronlc sequence. This study Implies the determination of the 2-dependance 
of the rate coefflclents of all the Involved atomic processes : colllslonal excltatlon (C). 
radlatlve decay (A) and dlelectronic recomblnatlon (ad). Thus we use atomic structure 
and electron-Ion colllslonal codes (SUPERSTRUCTURE. Distorted Waves. AUTOLSJ and 
JJOM) . The different calculatlons have been done on a large selection of ions, from Ar 
to Ag. They Include relatlvistlc effects In a fine structure scheme. The Z-dependance of 
the numerical results Is expressed as polynornlal or rational forms. 

ENERGIES AND DECAY AATES : SUPERSTRUCTURE 
The wavefunctlons. energy levels, wavelengths and decay rates are calculated 

uslng the SUPERSTRUCTURE computer code ( 1) . In a first step thls code determines a. 
set of non-relativlstlc wavefunctions, by dlagonallsatlon of the non-relativlstlc 
Hamlltonian. uslng orbitals calculated In a Thomas-Ferml-Dlrac potentlal. For thls 
potentlal. the scallng parameters AI (I=0. 1.  2. . . )  are determined by energy 
minlmtzation of the terms corresponding to a set of chosen conflguratlons. In a second 
step. the code dlagonallzes the Brelt-Paul1 Hamlltonian on thls basis. Thus. the multi- 
conflguratlonal wavefunctlons obtained contain the relativistic effects In the 
conflguratlon mixing coefflclents. 

For Ne-like studied Ions : 
Fe XVII, Ge XXIII, Se XXV, Mo XXXIII, Ag XXXVlll 
the scallng parameters hi (I=0, 1,  2)are determined by energy mlnlmlzatlon of all the 
terms of the configurations 1 ~ ~ 2 ~ ~ 2 ~ ~ .  1 ~ 2 2 ~ 4 ~ 5 3 1  (I=o, I, 2) 

The potentlals correspondlng to these scallng parameters have been used for the 
larger following set of conflguratlons : 
(lS22s2)2p6, 2p531. 2p541 (I=O. 1. 2: I=0, 1, 2. 3) for 1-3. A3:A2 
to calculate all the corresponding energies and decay rates. The Selenium levels are 
labeled by lncreaslng energy and the same deslgnatlon Is then retained for the levels of 
all values of 2. For some selected levels a comparison between our calculatlons and 
those presented In (2-4) has been done. It shows an very satisfactory energy 
separation between the levels (lower than 5/1000) The 2-dependance of energies and 
radlatlve de-excltatlon rates. for levels and transltlons of Interest In X-ray laser 
experlments have been calculated. 
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COLLISION STRENGTHS : DISTORTED WAVES 
The colllslon strengths are calculated by three computer codes : Distorted Waves 

( 5 ) .  JJOM (6) and Coulomb-Bethe. The flrst on (D. W.) Is a non-relatlvlstlc code 
based upon the distorted waves approximation. It Is the logical extension of the multl- 
configuratlonal method with a central potential (SUPERSTRUCTURE) to cafculate the 
continuum wavefunctlon. This potentlal VA(r) IS chosen to be a scaled Thomas-Ferml- 
Dlrac one wlch contains a scailng parameter for each set of radlol orbltols AI for a give% 
angular momentum I. The sel-up of the 0 .  W. code Is very slmllar to the set-up of 
SUPERSTRUCTURE, but more sophlstlcated. because It Is necessary to separate the 
target from the projectite In the angular coupllngs. The flrst part of the computer code Is 
related to the target and Is slmllar to the non-relatlvlstic part of SUPERSTRUCTURE. but 
do not contain the energy minlmlzatlon procedure. In the second part the target and the 
projectile are coupled and the transltlon matrlx elements are calculated. thus It Is 
possible to obtain the non-relatlvlstlc colilslon strengths. The relatlvlstlc ones are 
obtained b$f the second computer code : JJOM. 

COLLISION STRENGTHS : JJOM 
Thls code uses scatterlng data obtalned In LS coupling by D. W. . but provides the 

posslblllty of transfovmlng these data so as to allow the intermediate coupling of the 
target, the transforrnatlon coefflclents belng obtalned by SUPERSTRUCTURE: that 
represents the soiutlon of the Brelt-Paul1 Hamlltonlan for the target by an expansion over 
the wavefunctlons, for the non-relatlvlstlc target. These 'term coupling coefflclents" are 
supplied as Inputs to JJOM whlch uses them to transform the transition matrix from whlch 
the relatlvlstic colllslon strengths are obtalned. 

COLLISION STRENGTHS : COULOMB-BETHE 
For large values of I for the colliding electron D. W. and JJOM become very 

tedious. In thls case the colllslon strengths are calculated by uslng a code based upon 
the Coulomb-Bethe approximatlon (CBe) ( 7 ) .  For a large angular momentum. the 
colllding electron radial function Is very small lnslde the target and begins to oscillate 
outside the target. Thls allows us to slmpllfy the Slater radial intagrals required to 
calculate the transition matrlx elements In the 0.  W. approximation. The only Important 
corresponding case Is the electric dipole transitions In the target. Furthermore. 
assuming very small transltlon matrix elements. we can directly relate the collision 
strengths to the radiatlve llne strengths. 

We have calculated the colllslon strengths R. for all the transitions between the 
65 Ne-llke levels. for Fe XVII. Ge XXI1i. Se XXV. Mo XXXIII. Ag XXXVlll 
wlth the 0. W. approxlmatlon for I=0 up to 1=19 tnDW) and wlth the CBE approxlrnatlon 
for 1=20 up to 1=50 taCBE) (I Is related to the collldlng electron). Then. the colllslon 
strengths R are the sum of nDW and nCBe. The matching at 1=19 has been checked 
carefully. 

Different incldent electron energies for Selenlum have been computed and allow 
us to exhibit a E-dependance ( E  belng the incident electron energy) according to : 
nij(E) = a + b/u + c/u* 

where. for the transition from the level j to level i - J>i -, Eij Is the transition energy 
(Eil=E(j) -E(i) and u the reduced incident electron energy (u=E/Eij). 

The computation of five Ne-like Ions gave us the Z-dependance of the collision 
strengths 

the so introduced parameters only depending on the transltion definition. 

DlELECTRONlC RECOMBINATION : AUTOLSJ 
The autoionization orobabillties and the llne factors are calculated bv usins the 

AUTOLSJ code ( 8 ) .  The 'splrlt of this code Is very similar to JJOM one.  he *-term 
coupling coefficients' for N and N+1 electronic systems are calculated by 
SUPERSTRUCTURE and are supplled as inputs to AUTOLSJ. The transltion matrlx 
elements (bound-free) are obtained In the D. W. approxlmatlon. As JJOM. AUTOLSJ 
calculates the recoupling coefflclents and afterwards the autolonlzation probablllties. 
The radlatlve de-excifatton probabllltles are given by SUPERSTRUCTURE. Thus the llne 
factors FnIl are derived , according to 

where gj and gi are respectively the statlstlcal welgths of the upper (doubly-exclted) and 
lower (singly-exclted) levels, Aa and Ar the correspondlng autolonlzatlon and radlatlve 
probabllltles. 



For a large set of ions - from Ar to A - we have calculated the dlelectronlc 
recomblnatlon rate coefflclent ad from 1s22s82d6 (the Ne-ilke ground state) to 
1 ~ ~ 2 ~ ~ 2 ~ 6 3 1  (I=0, 1, 2) (the four first Na-like exclted states and the ground state) via 
the set of doubly-exclted states 1 ~ ~ 2 ~ ~ 2 ~ ~ 3 1 3 1 '  (I=O, 1, 2; I'=O, 1, 2) 

T, being the electronic temperature of the plasma (In eV) , Elon the lonlzatlon energy of 
the Na-like Involved Ion (In eV - as all the energies) and the rate coefflclent ad 
expressed In cma/s. 

We approxlmate ad (1 )  - 
E +El i )  Th 

.,(I) = 1 . 6 5  F;.(L) exp(---, 
l e 

The total dlelectronic recomblnatlon rate coefflclent adtot can be written : 
adtot(z. T,)= Clad(i) 

- 3/2 = A  e ~ ~ ( -  p / T ~ )  T, 
where Tr = Te / 22. 
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