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Introduction 

Recently Wolfli et al. /I/ have observed 
some pea.ks of weak intensity when Ni and Fe 
targets were bombarded with Ni and Fe ions. 
These peaks appear at an energy about twice 
the energy of the char~cteristic lines and 
have been interpreted with a high reliabi
lity /J/ as two-electron - one-photon transi
tions, which can originate as dipole transi
tions /2/ when the K-shells of the colli
sion partners are doubly ionized. The 
authors /I/ showed that the peaks considered 
do not arise in the impurities of the tar
get material and cannot be explained either 
by the electron pile-up effect or by the 
y-rays due to nuclear reactions. The ener
gy differences /\Es, which occur: between 
the measured peak energies arid the values 
of 2E(Ka) or E(Ka) +E(K,G) were explained by 
taking into account the variation of binding 
energies during the removal of the K elec
trons. The values of /\E 8 obtained experimen
tally are in good agreement with tne re
sults of Hartree-Fock calculations/3/. By 
measuring the quasimolecular KX-ray spectra 
of medium-weight collision systems, ~e have 
also found similar peaks (see, e.g., fig.l .. 
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II) 

/ 4/ f. 8 f Is/ ) . of ref. and 1g. of re . , inde-
pendently of the observations mentioned 
above. Since the publication of ref.IV we 
have examined all our experimental data on 
medium-weight collision systems to extract 
information on the possible two-electron -
one-photon transitions. It is the purpose of 
this paper to give some preliminary results 
of this investigation. 
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Fig. 1. The quasimolecular KX-ray spectrum 
obtained by the id~est{gatiori of .the colli
sion system Ni+ Ni (39 MeV). The insert 
sh~ws in an expanded form ~he part of ~~e 
spectrum lying at an energy about twice the 
en~rgy of the characterisiic traniitions. 
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2. Results 

The results described in this paper were 
obtained in :experiments ,performed at the 
U-300 h~avy ion cyclotron of-the JINR Labora
tory of Nuclear Reactions. The data extract
ed from the available experimental material 
are listed in the. table to fo~l6~. As an 
example, in figs:1 and 2 we present the quasi
molecular KX-ray .•spectra, which. we have mea
sured in investigating the collision systems 
Ni + 5 ~Ni ( 39. MeV) an:d ~

4 
Ge+ 

74
Ge( 53 MeV). Both 

the spectra exhibit peaks which can be inter
preted a.s the sought two-electrdn - one-pho
ton transitions. These measurements were car
ried out in a 90° geometry using an intrin
sic Ge X~ray det~ctor with a resolution of 
240 eV at an X-r~y energy of i5 k~V. The 
targets were placed .,at an angle o.f. 45° with 
respect to the-b~am direction. The spectra 
taken in o0 and +45° geometry (presented 
neither in the figures nor in ~be table) 
show ~learly ~hat .both the Doppl~r-shifted 
and the non-Doppler-shifted peaks have near
ly the s~me intensitii~. ~herefore, one can 
conclude that the observed peaks are pro~uced 
by the jumping of two ~le~trons in the tar
get atom at rest as well as in the moving 
ions. 

In all the mea~urements pre~ented in the 
table, the intensively excited characteris
tic KX-ray transit ions were a tt enua ted by 
the reaction chamber wall and by additional 
Al absorbers. Due t'o the count"ing rate 
which.was always lower than 70 s-1 ~nd a time 
r e s O 1 u t i On b e 10 w 4 /18 ' , n O ' p i 1 e:.. up e ff e C t s 
were expected in the spectra d~scribed in 
this paper. This picture can be checked ex-
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Fig. 2. The quasimolecular KX-ray spectrum 
obtained by measurements in the collision 

74G 74 ( ) • system e + Ge 53 MeV •· The insert shows 
the part of the spectrum lying at an energy 
about twice the Ka energy. The line at 
68 keV arises from the Coulomb excitation 
of the 68 keV level of 73 Ge, admixed to the 

. d 74G . enriche e target material. 

perimentally~ In figs. 1 and 2 the arrows 
denote the energies at which the pile-up 
peaks of the characteristic lin~s should 
appear. Since the Ka -lines ·are attenuated 
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to a greater extent than the K13 -lines, the 
Ka pile-up is expected to be the dominant 
effect. Generally, no K13 pile-up peaks have 
been observed in any of our measurements. 
Therefore, we can conclude that pile-up is 
not responsible for the origin of the peaks 
considered. It should be not~d that the re
sults presented here are obtained at differ
ent solid angles. For that reason we are 
presently unable to estimate the probabili
ty for the appearance of the so-called cor
related two-electron - two-photon transitions 
in all the measurements. 

The table presents the investigated col
lision systems as a function of the increas
ing generalized coordinates 77K := E 1 /,\UK. 
Here, E 1 is the energy of the incident ions 
considered, A= M/me"' 1836.6 A 1 is the 
ion-electron mass ratio and UK is the 
K-shell binding energy of the target atoms. 

77K is identical with the ratio (v 1/vK ) 2 , 
where v 1 is the ion velocity and vK=0KZ 2v0 = 

=Z2~ 0 is the electrbn ielocity on the target 
K -shell. The energies of the two-electron 

one-photon transitions are presented in 
column 5 of the table. The estimated errors 
are lower than 1% and should permit, in prin
ciple, comparison with the results of the 
HFS calculations for allowed two-electron 
- one-photon dipole transitions, This-may 
be the subject of anothef paper. The abso~ 
lute yields Y<E,) and the relative yields 
Y(K )/Y(K ) are compiled in columns 6 and aa a 
7,. respectively. The ratios \'(K >'Y(K ) tu: · a 
should be of special interest, t~~ause one 
expects that such target properties as the 
thickness and the backing materials are 
neglected to a large extent. In fig. 3 the 
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values of Y(Kaa)/Y(K a) are plotted versus 
ryK • In the case, where we have observed 
two peaks beyond Ex =2E (Ka), those with the 
highest intensities and th~ lowest energies 
are supposed to be the Kaa-transitions (see 
the table and the insert. of rig. 1). In 
fig. 3 we .also give the cross section ratio 
a(Kaa>!a<Ka) for the collision systems 
58 58 . 58 56 

Ni+ Fe (40 MeV) and Ni+ Fe {41.5 MeV) 
reported in ref. /I/. In doing so we assumed 
that the ratios a(K )/a(K ) _ are equal to 

aa a · 
the relative yields Y<Kaa>/Y(Ka>. The value 

f f . . . 58N. o ry K or t h e Fe pr o J e c t i 1 e s i n the 1 + 
+ SG Fe (41. 5 MeY) reaction has been calcu
lated under the assumption that the ion is 
at rest and the Ni atoms have a kinetic 
energy of 43 MeV. 

Generally speaking, the Y(Kaa)/Y(Ka) ratio 
is expected to provide infor~ation about the 
probability of double ionization relative 
to single ionization of the K -shells for 
different ryK. Figure 3 indicates that this 
relative probability increases almost ex
ponentially with increasing ryK 

The authors would like to thank Acade
mician G.N.Flerov for his valuable inte
rest in the problem. 
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