
Ml c '! '12.5:..
F- 85' o oro 

M a 
H ll H X 

MC&fl8 0 H 

A Y H a 
~/w-7--J 

7 ... )3 

.I< rank, .-H. aun P .Manfra • .. a u a 

ON THE L E~SITY OSCIL .ATI 

I Ql ,\SIMOLE(. L\R KX-R \ ~Pf ( I R 



E7 - 12203 

W.Frank, K.-H.Kaun, P.Manfrass, Z.Stachura 

ON THE INTENSITY OSCILLATIONS 

IN QUASil\lOLECULAR KX-RAY SPECTRA 



<!>paHK B. n np. E7 - 12203 

06 OCUHnnSIUHSIX llll!'eHCHBHOC!'Il D CITeK!'p8X KB83llMOneKynSipllOI'O 
KX-H3ny'lel!I!SI 

11ccnenonanacb TOHKBSI cTpyKTypa crrnOJllllbiX crreKTpon KBB3HMoneKyn>Ip
noro KX-H3ny'leKHSI rrpH cTonKnoneHHSIX Ni + 39 M3B Ni . DpH 3TOM He 
~binO 061Iapy>Kel!O HHKBKI!X rrepHOIHI'leCKI!X CTpyKTyp, 0 ITOSIDIJeHHI! KO!'Opb!X 

coo6wunH anTop~ npyrHx pa6oT. 

Pa6o!'a Bbmonnena B na6opaTOpHH Slllepl!h!X peaKUI!ii OlHil1. 

Coo6weHHe 06hellHHeHHoro HHCTHTyTa SlllepnbiX Kccne!lonanHii. lly6na 1979 

Frank W. et al. E7 - 12203 
On the Intensity Oscillations in Quasimolecular 

KX-Ray Spectra 

The fine structure of continuous quasi-molecular 
KX-ray spectra in Ni+39 MeV Ni collisions has been inves
tigated. No periodic structure reported by other authors 
has been observed. 

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

Communication of the Joint Institute for Nuclear Research. Dubno 1979 

© 1979 06'bet1HHeHHblil HHCTHTyT HJiepHb!JC HCCne/JOBBHHil i1y6HB 

1. INTRODUCTION 

Investigations of the anisotropy of quasi-mole
cular KX-ray spectra performed by Wolfli et al ; 1- 41 

revealed a weak periodic structure superimposed 
on the continuous molecular orbital (MO) radiation. 
The amplitude of the oscillations observed in the 
symmetric Ca+Ca, Fe+Fe and Ni+Ni collisions was 
strongly dependent on the X-ray emission angle with 
respect to the beam axis, being more pronounced in 
the spectra taken at goo than at 30°. The period 
length of the oscillations observed by Wolfli et 
al. was scaling like v.z , where v is the projec-
tile velocity and Z, the charge of the separated 
atom. This period was equal to approximately 2 keV 
for the 40 MeV Ni+Ni collision. The discovered 
structure appeared in the neighbourhood of the 
K-transition energy of the united atom and exten
ded far beyond this limit. The discovery of oscilla
tions inspired a number of theoretical investiga
tions explaining this phenomenon as a consequence 
of dynamic effects in heavy ion collisions, In 
particular, the following interpretations have 
been proposed: 

(i) interference between the incoming and out
going ion trajectories/5,6/; 

(ii) sudden rearrangement of atomic into mole
cular electron wave functions at a certain criti
cal distance between the colliding ions 151

; and 
(iii) rotational splitting of molecular states 

. . . 1/4 7/ Ln a rotatLng two-centre potentLa • . 
In order to reinvestigate the fine structure 

of the KX-ray MO spectra, we have performed a se
ries of experiments with the Ni+Ni collisions at 
various X-ray emission angles. 
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2. EXPERIMENTAL METHOD AND DATA ANALYSIS 

The exp er imen t s were performed on a 3 9 MeV 58 Ni 
ion beam of the U-300 heavy ion cyclotron of the 
JINR Laboratory of Nuclear Reactions. The experi
mental arrangement has been described elsewhere/8/. 
The X-ray spectra were measured with a 25 mm2 x5 mm 
intrinsic Ge spectrometer with an energy resolu
tion of 250 eV at 14 keV. A number of X-ray spectra 
were registered at angles of 90°, 67°,45°,33° and 
0° with respect to the beam direction. The measu
rements were carried out with a target made of na
tural nickel 0.56 mg/cm2 thick, placed at an angle 
of 45° with respect to the beam axis. The pile-up 
effect was diminished by using an anti-pile-up 
electronic unit and by absorption of intense Ni 
K-lines in the 1 mm walls of an aluminium scatter
ing chamber. The number of counts in various 
spectra at 30 keV X-ray energy ranged from 7000 to 
40000 per 1 keV energy interval. Figure 1 demon
strates one of the spectra obtained at an angle 
of 900. The evaluated X-ray anisotropy is plotted 
in fig.2. 

From the obtained single spectra the mean, ex
ponentially decreasing smooth component was sub
tracted and the residue was analysed in the fre
quency domain using the Fast-Fourier-Transform 
technique191 • In order to check the sensitivity of 
the method, an artificially generated sine function 
with a period of 2.5 keV added to randomly distri
buted numbers with a dispersion twice as large as 
the amplitude of the sine function, has been ana
lysed. As is sh,own in fig.3, the period of the sine 
function is well retrieved from the Fourier trans
form. 

After the subtraction of the smooth part of the 
spectra the squares of the Fourier transforms 
F*(w)· F(w.) of the expe.rimental X-ray single spectra 
in the energy interval from 20 to 50 keV are shown 
in fig.4. 
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Fig.2. The asymmetry 77=1(90°)/1(0°)-1 of the quasi-
molecular KX-radiation obtained in the Ni+39 MeV Ni 
collisions, 
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Fig,3.a)The sine function with a period of 2.5 keV 
added to a random noise with a dispersion twice as 
large as the sine function amplitude, and b) the 
square of the Fourier transform of the function 
shown in (a), 
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Fig.4. The squares of the Fourier transforms of the 
experimental X-ray single spectra. For explanations 
see the text. 
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).DISCUSSION 

In contrast to the results reported in refs( 1- 41 

no strong peaks with a frequency around 2 keV in 
the Fourier transforms have been observed in the 
present work. There is no distinct difference 
either in the Fourier transforms of the spectra 
taken at 90° with respect to the beam axis and in 
those taken at 330 or oo, The lack of correlation 
between the small frequency peaks in the Fourier 
transforms of the spectra obtained under the simi
lar experimental conditions suggests their statis
tical nature. No distinct oscillation could be ob
served in the anisotropy curve either (fig.2). 
Therefore, if the fine structure of the KX-ray con
tinuous spectra exists, it could not be observed 
in the present work with as large an amplitude as 
that reported in refs/1-U. The amplitude of any 
oscillations with a constant period in the analysed 
region of the spectra observed in the present work 
should be much smaller than the statistical errors. 

The results obtained in the present paper are 
consistent with those of refs. 1 10,111. It should, 
however, be noted that the method used in the pre
sent work is insensitive to nonperiodical oscilla
tions. 

The authors wish to express their gratitude to 
Academician G.N.Flerov for his interest and sup
port of the work, and to the cyclotron staff for 
their fruitful cooperation. 
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