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Fundamental question:  
 

How behave bound electronic states in 
supercritical electric fields 

or 
does the 1sσ state in super heavy ion atom collisions 

degenerate with the negative energy continuum? 
 
 

 
Figure: inner-shell level scheme  as function of Z  
 
 
Figure: excitation processes of vacuum states  
               
 
 
 
 
 
 



 
 
 
 
 
 

 
 



 
 
 
 

 
 
 
 



experimental problem:  
 

1. create 1sσ vacancy during collision after   
    passing distance of closest approach (Tenzer 16) 
 

 
 
 
 
 
 
 
2. strong dynamically induced virtual photon  



    field =>dynamically induced  pair creation  
 
3. nuclear background etc. 
 

 
 

resumee: new experiments (GSI and Argonne) 
show no evidence for line structure due to 
spontaneous decay 
 
(pure Coulombic trajectory 
and even with nuclear stacking time) 
 
 

 
Desireable key experiment for decay of vacuum effect: 



 
must vary and controle the key parameter: 

1sσ vacancy probality P1sσ(b,R,t) 
 

this never done so far 
 
 
 
 
 

in all experiments so far projectile charge state q<<Zp-2 
 

thick solid targets used => charge state distribution q<Zp-2 
 
 

ð incoming ion has no 1sσ vacancy 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



 
proposal experiment: 

 
vary projectile charge state from q= Zp-3 to Zp 

 
q Zp-3 Zp-2 Zp-1 Zp-0 
P1sσ(b,Rmin,t) <10-4 <10-4 10-2 2.10-2 

σtot(e+)        a.u. <10-3 <10-2 1 2 
 
 
 
Expectations: 
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Problem:  
 



when H-like U projectile penetrates target 
=> 

 K - vacancy filling within 10-17sec 
 
 
Need special sandwhich target: 
 
 
 
 
 
 
Uq+ 

 
 
 
 
 
 
 
               e+ 

 
 
 
                                     ∆x  = τ . v 
 
τ = 10-17sec  is K vacancy life time in solid 
 
at 6MeV/u       => ∆x = 2 atomic layers 
at 600MeV/u   => ∆x = 20 atomic layers 
 
expected positron yield => 511keV yield per ion: 
 

U 
or 
Pb 

C backing 



 
q Zp-3 Zp-2 Zp-1 Zp-0 
P1sσ(b,Rmin,t) <10-4 <10-4 10-2 2.10-2 

σtot(e+)   barn <10-1 <10-1 10 20 
 
 
511 keV detection rate:  
 

∆Ne+ = Np
 NT σtot(e+)   ∆Ω(511keV)/4Π  

 
 

= Np .10-8/sec 
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