
A. Surzhykov, U. D. Jentschura, Th. Stöhlker and S. Fritzsche

MPI-K, Heidelberg / GSI, Darmstadt / Universität Kassel

21 November 2006

Angular distributions of x-ray photons from excited 
ionic states with unresolved fine structure 



X-ray spectroscopy of highly-charged ions

 A large number of studies have been performed at the 
GSI facility to explore projectile x-ray emission following 
ion-atom collisions. 

 Analysis of the subsequent x-ray emission provides im-
portant information on the structure and dynamics of high-
ly-charged ions. 
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X-ray spectroscopy of unresolved lines

 Ideal situation for x-ray spectroscopy is when we can 
resolve individual transitions. 

 Quite often, however, two (or more) characteristic lines 
can not be resolved by available x-ray detectors.

 Only “averaged” information about the subsequent de-
cay is available. 

 How the results of the measurements are af-
fected by such an “averaging”?  

 Can we still learn some information from the 
“averaged” properties (intensities, angular dis-
tributions, polarization....)? 
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Characteristic x-ray emission following REC

 Most pronounced example: angular analysis of the K
1
 radiation following 

REC into 1s 2p
3/2

: J=1,2 states of uranium projectiles.

 Qualitatively different angular behaviour of the K
1
 and Ly

1 
transitions 

has been found.
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Ly
1
 vs. K

1
: theoretical analysis

 Angular distribution of the Ly
1
 as well as the K

1
 decay:
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K
1 
angular distribution: Independent Particle Model

 Anisotropy parameter of the K
1
 radiation:

 ... but: too many parameters! It is difficult to 
extract information from the K

1 
measurements. 
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 To simplify angular analysis of the K
1
 radiation one may consider theoretical 

treatment with the framework of Independent Particle Model (IPM). 

 We assume electron-electron interaction to be much weaker when compared 
with electron-nuclear one.
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Alignment parameters and relative populations of He-like ions

 By making use of IPM and after some angular momentum algebra we may find a rela-
tion between alignment of one-electron and many-electron ions:

 Extensive calculations have been performed to test such a IPM approach:
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 IPM works well for 1s 2p
3/2 

: J =1,2 

but fails for higher excited states.



 The angular distribution of the K
1
 radiation:

 ... where:

 reads within the framework of IPM:

 We reduce the number of parameters required for analysis of the K
1
 decay!

 K
1
 measurements give us access to the population dynamics as well as to the 

structure properties of few-electron heavy ions. 
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 We may extract the anisotropy parameter for the K
1
 radiation in U90+ @ T

p
 = 220MeV/u:

 Within the IPM:

 Anisotropy of Ly
1
 radiation is known:

  This implies that:

... i.e. both E1 (1P
1
 -> 1S

0
) and M2 (3P

2
 -> 1S

0
) decay channels contribute to the K

1
 decay 

with (almost) the same weights.

Example: K
1
 radiation from 220 MeV/u U90+ ions [1] 
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This implies that:

... i.e. both E1 (1P
1
 -> 1S

0
) and M2 (3P

2
 -> 1S

0
) decay channels contribute to the K

1
 decay 

with (almost) the same weights.

Example: K
1
 radiation from 220 MeV/u U90+ ions [2] 
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 “Averaging” over few unresolved lines in the subsequent x-ray decay 
of excited HCI may strongly affect the outcome of experiments.  

 Theoretical analysis based on IPM may help to “understand” and to 
interpret the experimental data (Example: K

1
 decay following REC).

 Indeed, IPM analysis may be applied to other processes. Our next 
goal is to analyze projectile excitation process. 

Summary and outlook



Thank you for your attention!


