
8S-655 

DObBAMH e HHbl M 

MHCTMTYT 
RABPHbiX 

MCCJBAOBaHMM 

AYOHa 

E7-85-655 

S.Ricz, I.Kadar, V.A.Shchegolev, D.Varga, 
J.Vegh, D.Ber~nyi•, G.Hock•, B.Sulik• 

•nv""'T,......IVI£' ",.......n.,..T 
.I.A..IA.:,l, ........ '-..Ar1.A..A.._,l, 

AND THE ANGULAR DISTRIBUTION 

OF THE KL-LL2,3 L2,a SATEL~ITES 

IN THE Ne K AUGER SPECTRA 

FROM THE 5.5 MeV fu Ne 3+-Ne COLLISION 
PROCESS 

Submitted to "Journal of Physics" 

• Institute of Nuclear Research 
of the Hungarian Academy of Sciences, 
Debrecen, Hungary 

1985 



There are relatively few studies in which the ra;her complex 
satellite structure of Auger spectra from gas targets after heavy­
ion-atom collisions has been analysed. Matthews and hi,, coworkers 
(Matthews et aL 1973, Matthews et aL 1974) determined ·;he energy 
/and the relative intensity in many cases/ tor 67 line11 in the 
X Auger spectrum of lfe f"rom the o5+ 33 .lleV - lfe colli11ion process. 
Mann at al (1981) , in a study of the electron capture :~rom neutral 
target atoms by the recoiling highly ionized target atoms, compared 
the ·experimental and theoretical Auger electron energins of Ne and 
• from the decay of the Li-like and Be-like states produced by 
1.4 .lleV/u Ar12+ and Xe 24+ ion impact. At the same time a detailed 
study of these Auger spectra is a copious source of in:'ormation not 
only about the states of highly ionized atoms produced in energetic 
heavy-ion-atom collisions, but also about the coll:.sion process 
itself if the projectile species and charge are varied. 

Using the triple pass electrostatic electron spe~:trometer 
ESA-21 (Varga et al. 1981, Ki:!ver et al. 1983) with an improved 
resolution /F'WH.Il = 1 eV/ the highly ionized Ne states produced in 

Ne3+ (5.5 14eV/u) - Ne collision were studied.· The currt·nt· of the 
heavy-ion beam from the cyclotron U-3oo in Dubna, JI1ffi was about 
100 nA at the gas target. For a description of the expErimental 
arrangement, see Kadar et a1.(1985). In the present st\.dy the spectro­
meter was used in the fixed pass energy mode with a recently built-
in preretardation lens to decelerate the electrons befcre entering 
the main energy analyzer working with a fixed pass eneJ·gy. This mode 
has the advantage that the shape of the measured electJ·on lines is 
independent of the measured kinetic energy, the decompcsition of the 
spectra easier. 

The energy scale of the spectrometer was calibra1ed in two 
steps. First, the slope of the energy scale /which is identical in 
all the angular channels/ in the 782 - 805 eV energy range was 
determined from the spectrum measured in the collision studied 
Be ILL Auger spectrum measured independently by alactrcn excitation 
using the kinetic energy values of these transitions measured by 
Xrause at al.(l971). Second, the additive constant of the scale was 
determined from the kinetic anergy of the diagram line1 in the 
accepting that the kinetic energy of the XL2L3 diagram transition 
was equal to 804.3 eV. The errors given in Table 1 for the energy 
values measured in the present study do not contain the calibration 
error, which amounts to eca 0.1 eV. The measured kinetic energy 
values of the transitions originating from the 1s12s 22p5 initial 
configuration agree, within the experimental error, witll those 

1 ;~~ ~;~~~e;~ ~~~ j 
measured by Krause et &1. (1971 ). ~-· . ··--- · 
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In the present study not only the energies and intensities 
of the Auger satellite transitions were determined in the region of 
the first satellite group but also the angular distribution was 
measured for these satellites and the anisotropy parameters were 
determined. 

The Auger transitions were identified in the 782- 805 eV 
energy range with the help of the energy values measured by KBrber 
and Mehlhorn (1966), Matthews et al.(l974) and by Krause et al. 
(1971), as well as of the theoretical values cal~ulated by Matthews 
et al.(l975), Kauffman (1975) and Schmidt (1973). All these values 
are given in Table 1 and the spectrum taken in the present study is 
shown in Fig. l wh&re the identification is also indicated for the 
individual spectrum lines. The branching ratios for the different 
multiplets involved in the doubly ioniz8d initial configurations 
were taken from the calculations of Schmidt (1973) for transitions 
originating from the 1s12s12p6 initial configuration, while for 
transitions from the 1s12s 22p5 initial configuration we used the 
values measured by Krause et al (1971). 

The spectrum has been decomposed by using numerical line shapes. 
These line shapes were obtained from the 804.3 eV diagram line in the 
different angular channels. The peak observed at•785.7 eV seems to be 
An 11nl"Pqn1vPti tinnl\1o+ ~;,.,,.,~ -f+,.. u•-4...:1~\.. 4,.... , _____ .L't--- ..._,_ • ,.. 

--- ··-- ...... -- --... C"" ... "~ w~a" V.I. LollO' 

others. It can, however, be well fitted by two peaks of the same 
width as the remaining lines. The intensity considerations /i.e.,all 
transitions originating from the same initial multiplet should give 
the same population for this multiplet/ have led'to the identification 
shown in Fig. 1, namely, that the peak at 785.5 eV represents the 
125pp(3P-2D) transition, while that at 786.0 eV the ll6pp(3S-2D) 
transition /for the notation see Matthews et al. 1974/. Accordingly, 
the peak observed at 792.2 eV corresponds to the 116pp(1S-2D) 
transition in contrast to the results of Krause et al.(l971), who 
found this peak to be due to the ll6pp(3S- 2D) transition. 
Considerations concerning the energy separations of the transitions 
originating from the 1s12s22p5 initial states /i.e.,the energy 
separation of the two transitions leading to the same final state 
should agree with the energy separation of their initial states/ 
suggest that the 116pp(3S-2D) transition should be assigned to the 
785.5 eV line, and the l25pp(3P- 2D) transition to the 786 eV line 
with all the other assignements remai.ning unchanged. Since the 
separation of the two transitions in energy in the unresolved 
doublet observed at 785.7 eV is smaller than the FWHM of the peaks, 
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we cannot exclude the possibility that the intensities and thus the 
anisotropy parameters of these two transitions are not given 
correctly by the decomposition procedure. Therefore for these two 
transitions intensity values and those of the •nisotropy parameters 
are uncertain. The errors given in Table 2 contain only t._ experi­
mental uncertainties and those originating from the evaluation 
procedure, but the supposed systematic errors are not included. 
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Fig. 1. Identification of the Auger lines found in the 782 - AO~ eV 
energy ~ange /5.5 MeV/u MeJ+_ Ie collision, 165 degrees 
observation angle/. For the notation see Matthews et al, 
(1974). Diagramlines: D1•126pp(2S-3P), n2 .. 126pp(2S-1s), 
n3=126pp(2S-1D). Satellite lines: s1=125pp(JP-2P), 
S2=125ppcJP-2D), s 3 .. 116pp(3s-2n), s4=125pp(1P-2P), 
s 5=125pp (1P-2n), s6 .. n6pp (1S-2n). 

With the knowledge of the intensities of the individual 
satellite transitions in each angular channel, it was possible to 
determine their angular distribution. We corrected the intensities 
for differences in the efficiencies of the different angular channels 
by normalizing the intensity data to the intensity of the 804.3 eV 
diagram line, which was supposed to be isotropic. 

A definite nonisotropic angular distribution was found for all 
the satellite transitions in the NeJ+_ Ie collision except tor the 
116pp(1S-2D) one. For the diagram lines of 782.1 and 800.5 ~V an 
isotropic angular distribution was found, thus confirming the results 
obtained fer other transitions. In the present study similar measure­
ments were carried out for the Ar6+- Ne and Ne10+- Ne collisions, too. 
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In these cases, however, the error of the measured intensity values 
did not allow us to make a definite conclusion concerning the angular 
distributions. 

The fitted A2 anisotropy parameter values are shown in Table 2, 
the angular distribution and the fitted curves are given in Fig. 2. 
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Fig. 2. Angular distribution of the measured satellite lines from the 
5.5 KeV/u NeJ+- Ne collision. Full circles: experimental 
data, empty circles: fitted points. 
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The data presented in the table and in the figure are the average 
values estimated from two independently measured spectra. The 
individual values estimated from the two spectra agree within their 
errors. 

Table 2 
The 5.5 MeV/u Ne3+_ Ne collision 

Anisotropy 
Transition 

126sp (2S-3P) 
125pp (3P-2P) 
125pp (3P-2D) 
116pp (3S-2D} 
125pp (1P-2P) 
125pp (1P-2D) 
116pp (1S-2D) 
126pp (2s-1s) 
126pp(2S-1DJ 

x Supposed to be isotropic 

parameters 

A2 
-0.03(6) 

0.11 (3) 
-0.07(4) 
-0.15(7) 
0.08(6) 

-0.18 (3) 

0.00(6) 
0.01 (4) 
0.00 X 

Unfortunately, there is no corresponding theoretical 
calculation available for comparison. 

The authors would like to thank Profess~rs ~N.Flerov and 
Yn. 'J'a. 0e"'""t:r~i~ "!~~ 't!'!~!::- ;:;=::-.=.:;=~~ ~.g~l-' a.u~ ~.uirt:~·~a" in 1;ll~s &liuay. 
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Pm~ m. II ,[lp. El-85-655 
lll~eHTI·HPl!Kau;HH H yrJwnoe pacrrpegenemw KL-LLz, 3 LL2, 3 
caTeJIJIHTHbiX JIHHIIH n crreKTpe K oJKe-::lJleKTpoHOB, 
B03HHKaiOII\l!X B HOH-aTONHLIX CTOJIKHOBellHHX Ne-Ne3+ 
(5,5 M3B/a.e.N.) 

HccnegosancH crreKTp no36yJK,D;eHHH aTONOB IWOHa B rrpou;ecce 
l!OH-aTONHb~ CTOJIKHOBeHHH Ha HOHaX Ne3+ (5,5 M3B/a.e.N.). 
Ha6JIIO,L\aJIHCb oJKe-rrepexogw c rroNOII\biO 3JieKTpocTaTuqecKoro cneKT­
poNeTpa 3JieKTPOHOB. l13MepHJIOCb yrnonoe pacrrpegeneHHe 3JieKTpo­
HOB, B03HHKaiOII\HX s caTensmTHbiX rrepexogax KL-LLz JLLz 3. 06Ha­
pYJKeHo, 4TO Jll!HHH 125pp(3p-2p), I25pp(lp-2p) 11 IZ5pp(lp-2o), 
a TilKJKe CyNNa JIH!UI~I J25pp (Jp-20) !! JJ6pp (3S-2D) Ht.le!OT l!el!30-
TpOITHOe yrnonoe pacrrpegenenue. B TO JKe npeMH yrnonoe pacrrpe­
,L\eJieHHe Jll!HHH JJ6pp(ls-2D) HBJIHeTCH li30Tp0!1Hb~. naHHOe HBJie­
HHe 06HapylKeHO BITepBble H ,[\JIH ero 06'bHCHeHHH Tpe6yeTCH pa3pa-
60TKa TeopeTH4eCKOH MO,[\eJIH. 

Pa6oTa BblllOJIHeHa B J1a6opaTOPHH HgepHbiX peaKu;HA Olli!l1. ~ 
fipenpHHT 06beAHHeHHoro HHCTHTyTa RAePHMX HCCneAOBaHHA. ~y6Ha 1985 

Ricz S. et al. E7-85-655 
Identification and the Angular Distribution of the 
KL-LLz 312 3 Satellites in the Ne K Auger Spectra 
from t&e 5:5 MeV/u Ne3+-Ne Collision Process 

The angular distributions of the KL-LLz 3L2 3 satellite 
transitions were measured in the 5.5 MeV/m N~-Ne'collision. 
A definite nonisotropic angular distribution was found for 
the satellite transitions 125pp(3p-2p), 125~p(IP-2P), and 
125pp(lp-2o), as well as for the sum of the 125pp(3p-2o) and 
116(3s-2o) transitions, while an isotropic angular distribu­
tion characterizes the 116pp(ls-2o) transition. 

The investigation has been performed at the Laboratory 
of Nuclear Reactions, JINR. 
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