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1. INTRODUCTION

The study of quasimolecular radiation should give
one the possibility of investigating two-centre systems
during adiabatic collisions. This has a great importance
in view of the electronic structure of heavy quasiatoms
with 7 >100/42 and for observing new processes of
quantum electrodynamics in very strong electromagnetic
fields/34/,

For heavy colliding particles the adiabatic condi-
tions are fulfilled better than in the case of colliding
systems with lower 7, where the orbital velocities
of electrons are rather small and where the observa-
tion of quasimolecular radiation is more difficult due to
the existence of some competing effects, such as radia-
tive electron capture (REC), which also show continuous
X-ray spectra. We were overcoming these difficulties
by investigating the heavy collision syste}rﬁ/ Ge + Ge
(81 MeVYS | Nb + Nb (67 MeV), (96 MeV)’'™" | La+La
(115 MeV)/s/ and La+Xe (120 MeV, 150 MeV)/% .
We first showed that in these experiments an X-ray
continuum can be observed, which consists of a low-
energy and a high-energy component, denoted by us as
(C1) and (C2), respectively/56/, The high-energy part
(C2) has been identified as the quasimolecular KX -ra-
diation sought for. For the low-energy continuum (C1),
whose integral yield exceeds the yield of the continuum
(C2) approximately by a factor of ten thousand, an
explanation has recently been given in ref./9/.

Further, it has been shown that dynamic effects play
an important role in the shape of the KX-ray continua
observed in heavy ion-atomic collisions/¥,1112,1¥They
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cause a smearing of the quasimolecular X -ray distribu-
tions beyond the K energy limit of the united atom and
lead to induced transitions between molecular electronic
states. These induced transitions originating as a result
of the rotation of the internuclear axis add incoherently
to the so-called spontaneous molecular transitions. As it
is proposed by Greiner and coworkers /11,12/ the sum of
these two parts of quasimolecular X-radiations produces
an anisotropy of the spectra with respect to the heavy
ion beam axis. For the quasimolecular KX -radiation
this anisotropy was first observed by Greenberg etal/1¥
in the Ni .+ Ni (70 MeV) colliding system and by Thoe
et al. /15  for the lighter systems Al + Al (30 MeV)
and § +Si (30 MeV).

For the Ni —Ni system, the measured angular asym-
metry of the quasimolecular KX -radiation shows a clear
maximum in the photon energy region where the K, ener-
gies of the united atom (7- %) are expected/ 14/, Although
the X-ray spectrum extends beyond this KX energy
limit, only a single compact continuum was obtained,
while in our experiments on the heavier collision sys-
tems /5~-8/ two continuum components could clearly
be distinguished. Further, the endpoint energy of the
quasimolecular KX -continua is still anunsolved problem.
Some authors believe that a final energy exists, while
others assume that the endpoint energy increases with the
measuring time and may extend to infinite values.

It is the purpose of this work to contribute to the so-
lution of the open questions mentioned, in particular,

(1) to report new measurements of the colliding sys-
tems 7r , Nb, Mo + Nb (96 MeV);

(2) to describe measurements on the directional aniso-
tropy of the system Nb + Nb (67 MeV) investigated
earlier /6/

(3) to repeat the Ni + Ni experiment under the same
experimental conditions as described in ref. /14/
in order to measure the directional anisotropy of
quasimolecular KX -rays and to search for two
distinct X-ray continua obtained by us in the heavier
systems mentioned ;

(4) to search for an endpoint energy of the quasimole-
cular KX-radiation in the Nb+ Nb and Ni + Ni col-
liding systems.

2. EXPERIMENTAL TECHNIQUE

All the experiments were performed at the U-300
heavy ion cyclotron of the JINR Laboratory of Nuclear
Reactions. The pulsing of the cyclotron beam with 2 ms
beam-on and 2 ms beam-off time offered the possibility
of a simultaneous measurement of a prompt effect and
delayed background by accumulating both spectra in
a prompt-delayed regime.

Figure 1 shows the experimental arrangement used
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Fig. 1. The principal experimental arrangement.

for the measurements of the anisotropic emission of the
quasimolecular X-rays in Ni +%0 N; (67 MeV) collisions
The reaction chamber with a diameter of 100 mm and
a wall thickness of 1 mm wasmadeof Al . The ion beam
was collimated by a collimator system consisting of an
Al diaphragm ( ¢ = 12 mm) and a C diaphragm
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(¢ =8 mm). The data were obtained using an intrinsic
(25 x 5) mm3 Ge detector and a preamplifier with an
optical feedback. The energy resolution was better than
200 eV at an X -ray energy of 10 keV. The solid angle
used for X -ray detection was about 3 x 10-3 » and the
resolution for the emission angle amounted to A6 =6°. The
beam intensity was monitored by a Nal(Tl) crystal, po-
sitioned at 135° with respect to the beam direction.

Besides the chamber wall anda 30 ym thick De win-
dow, which separated the detector from atmosphere, no
additional absorbers were used in the Ni + Ni measure-
ments. The counting rates amounted to about 70 s-! and
were low enough to avoid considerable pile-up contribu-
tions. The measurements were carried out with a target
placed at an angle of 45° with respect to the beam
direction. A thin metallic foil of natural N;j with
a thickness of 1 mg/cm ? was used. The ®Ni ions
passing through this foil with an energy of about 37 MeV
were stopped in the Al chamber wall. The characteris-

- tic Al KX-rays arising in Al as a result of the
Al - Ni collisions were completely absorbed. The
Ni KX-radiation originating in the chamber could not be

separated from the target X -ray emission. On the cont-
rary, no remarkable continuous X -ray contributions cau-
sed by the Al -Ni collisions in the chamber wall were
observed.
For the measurements of the quasimolecular Np + Nb
spectra and the directional asymmetry of quasimolecular
KX -rays originating in Nb+ Nb collisions we used an

arrangement similar to that described above. Because
of much lower intensity of the MO radiation the distance
between the focus and the detector was reduced to 21 mm.
Therefore, in the Nb+Nb measurements the solid angle
and the resolution of the emission angle amounted to
about 1.8 x 10727 and A0=16°, respectively. The target
consisted of a 0.49 mg/cm 2 metallic foil witha Be stop-
per and was exposed at 45° with respect to the beam
direction. The characteristic KX -rays were attenuated
by the chamber wall (0.5 mm Al ) and a 0.18 mm thick
Cu foil added.

For the determination of the ion current we insulated

the entire chamber, which had only a small aperture
for the entrance of the beam. This entrance slit and the
escape of 6 -electrons from the chamber against the
beam direction influenced the accuracy of the ion current
measurement. '

3. RESULTS OF EXPERIMENTS WITH %3N},
IONS OF 67 AND 96 MeV ENERGY

The results of our former measurements of the
quasimolecular KX -radiation originating in the colli-
sion systems Zr , Nb , Mo , Rh + Nb (67 MeV) have
been reported elsewhere/6/. Now we report the results
obtained by bombarding natural Zr , Nb and Mo targets
with Nb ions of an energy of 96 MeV /7/. Figure 2 shows
the X-ray spectra taken with the experimental arran-
gement described above and with a Si(Li) detector
exposed at 90° with respect to the beam direction.
The low-energy regions of all the spectra containthe well
resolved characteristic KX -radiation of the Nb projec-
tiles and the target atoms as well as the fluorescence
radiation of the absorber material. In the direction of
higher energies there adjoin two distinct X -ray con-
tinua, which we denote by (C1) and (C2). According to the
results of our previous measurements/5%7/  we suppose
that the continua (C2) for all the colliding systems we
have investigated here are mainly formed by quasimole-
cular KX -radiation. The nature of the continua (C1)
whose integral yields Y (C1) exceed the values of Y(C2)
by four orders of magnitude (see the table) is discussed
in chapter 5. Figure 3 shows the absolute X -ray inten-

~ sities corrected for absorption and detector efficiency.

The delayed background measured has not been drawn.
Circles and triangles represent the calculated spectra of
electronic and nuclear bremsstrahlung /16/ whereas the
full lines indicate the summed spectra of the mean
delayed background measured and the calculated brems-
strahlung. It should be noted that the separation of the
spectra into a low-energy part (Cl) and a high-energy
part (C2) can also be done after correction for detector
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-7 Mo + Nb®* (96 MeV)

Nb + Nb®* (96 MeV)

10g4Y (X-RAY QUANTA /|ON = keV)

-12.‘ A ‘n \ A A
30 40 50 60 70 80 90
X-RAY ENERGY (keV)

Fig. 3. The absolute quasiatomic X-ray spectra obtained
in the reactions 7r , Nb , Mo +93Nb (96 MeV), corrected
for absorption and detector efficiency. For explanation
of the symbols, see the text.
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efficiency. The table summarizes the absolute andrelative
yields of the atomic KX-radiation of both components
(C1) and (C2), obtained by bombardment of thick targets
with Nb ions of an energy of 67 MeV/s/ and 96 MeV.
The yields are determined after the correction made for
the detector efficiency and after subtraction of the summed
background spectrum (see fig. 3). To evaluate the yields
of the low energy components (Cl), the energy region
above 16 keV was only taken into account, because the
shape of these contributions for energies lower than
16 keV is quite unknown. The separation of the continua
(C1) and (C2) was carried out as indicated in ref./s
Recently we have observed a directional anisotropy
for the quasimolecular X -rays produced in Nb + Nb
(67 MeV) collisions, which favors photon emission at
90° relative to 0° , measured with respect to the ion
beam axis. Figure 4 shows the asymmetry defined by
n=1(90°)/1(0°) -1 as a function of the X-ray energy.

-
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Fig. 4. The asymmetry 7=1(90°/1(0° -1 of the
quasimolecular KX-7radiation obtained in the Nb + Nb
(67 MeV) measurement. The open and closed circles show
the n values, respectively, without and with the Doppler
correction made.
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The spectra taken at detector angles of 90° and 0° were
normalized to the whole intensity of the Nb-K,/g lines
which we assume to be isotropic. In order to get the
points of fig. 4 we summed the normalized spectra over
an interval of 10 channels (1.5 KeV) and subtracted the

delayed background and the calculated electronic brems-

strahlung. Open and closed circles denote the 7 values,
respectively, without and with the Doppler correction
made. This correction was carried out by the formula

E :E‘(l+zﬁcosa)’
i,m i ¢

—_—
where the E, ., are the measured energies within an
s

interval {il , v - is the mean velocity of the

1 #
7V
center of mass in the system Nb + Nb (67 MeV) and
¢ is the photon emission angle. The '\7S value has
been calculated by integrating over all impactparameters
corresponding to classical ion trajectories which inter-
sect the K-shell radius of the Nb atom. For X -ray
energies FE, > 60 KeV the statistical errors in the
spectra increase and we are quite unable to obtain infor-
mation about the shape of the asymmetry curve in this
energy region, where the KX -radiation of the united
system exists and a relative maximum is expected /11,12/,
Further experimental investigations with much better
statistics in the continuum (C2) are required to provide
evidence for the existence of this maximum. On the other
hand, the relative maximum at 28 KeV, where the con-
tinua (C1) and (C2) overlap is a real effect.

To get information about the final energy E_., of
the quasimolecular continuum (C2), we performed a
Nb + Nb (67 MeV) run of more than 15 hours recording
the accumulated spectrum each 3 hours. Figure 5 illu-
strates the results of this measurement. Since the deter-
mination of E_ ., is drastically influenced by the room
background use was made of a special Pb shielding
surrounding the reaction chamber and the detector. Thus
we reduced the rate of X-rays and low-energetic y-rays
in the beam-off time by more than a factor of ten against
the measurements with 67 MeV Nb ions cited in ref/6/
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Fig. 5. The measured X -ray spectra of the collision
system 93Nb + 93NL (67 MeV) as a function of the measu-
ring time. The dashed line in the lowest spectrum indica-
tes the sum of the delayed background measured and the
calculated electronic bremsstrahlung.
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In figure 6 the full lines represent the X -ray spec-
trum and the delayed background, obtained in the 15-hour
run but summed over an interval of 10 channels. The
dashed lines denote the limits of the statistical errors.

log NUMBER OF EVENTS

20 40 60 80 100 120
X-RAY ENERGY/keV

Fig. 6. The measured X-ray spectrum of the collision
system 93Np + 93Nb(67 MeV}J taken after 15 h measuring
time. The insert shows the dependence of Eax on the
numgf‘rtN tOf incident ions. Forexplanation of the symbols
see the text.

The point of intersection, B, between the delayed back-
ground and the continuous X-ray spectrum was inter-
preted by us as the endpoint energy Enax we looked for.
The points A and C do limit the energy interval where
Enax can be situated due to statistical errors. The in-
sert of fig. 6 shows the dependence of these point on the
number N of incident Nb ions. The crosses represent
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the endpoint energies, open and full circles the points

A and C respectively. The crosses demonstrate that
the  endpoint energies approximated in connection with
a rather low background vary only slowly. As one expects,
the energy interval { A,C}, where E .« can be defined,
decreases with increasing N. For a number of incident
Nb ions, N =9.4 x 10! , we obtained the value of
Emax =(966+22) KeV.

In figure 73ﬁre plotted the absolute X -ray intensities
corrected for absorption and detector efficiency taken in
Nb + Nb (67 MeV) collisions. The measured delayed back-
ground is not shown. The full line indicates the summed
spectrum of the mean background measured and the cal-
culated electronic and nuclear bremsstrahlung.

T

ABSOLUTE QUASIATOMIC KX-RAY SPECTRUM OBTAINED .
BY BOMBARDING A THICK Nb TARGET WITH
67 MeV Nb%* IONS

. PROMPT SPECTRUM

-+- CALCULATED SPECTRUM OF ELECTRONIC

-6t BREMSSTRAHLUNG

— SUMMED SPECTRUM OF ELECTRONIC BREMS- .
STRAHLUNG AND DELAYED BACKGROUND MEASURED |

10959 Y {X-RAY QUANTA /keV:ION)

20 30 40 S0 60 70 80 9O WO MW 120
X-RAY ENERGY (keV)

Fig. 7. The absolute X-ray intensities for 3 Nb+ %3Nb
(67 MeV), corrected for absorption and detector effi-

ciency.
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4. RESULTS OF EXPERIMENTS WITH % Nj
IONS OF 67 MeV ENERGY

In order to measure the directional anisotropy of
the Ni +50N;i quasimolecular KX-rays and to search
for the two distinct X-ray continua, we repeated/17/
the experiments of Greenberg et al./14/ under the
same experimental conditions as reported there. Fur-
ther we were trying to study the intensity oscillations
superimposed on the X -ray continuum, which were re-
ported in refs./1418/ .  Figure 8 shows the X -ray
spectrum -taken at an emission angle of 6¢=9° using
the experimental arrangement described in chapter 2.

\JJ\.’V' Ni+ Ni¢Y (67 Mev)

o
> 3t 0-90° 1
3
[ Ko Ky
N N *
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1 N -
—~,
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—
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0 R " . . .
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ENERGY [keV)

Fig. 8. The X-ray spectrum of Ni+%N (67MeV) mea-
sured at 90° with respect to the ion beam axis.

The dashed-dotted line represents the summed spectrum
of averaged background measured in the delayed regime
and the evaluated nuclear and electronic bremsstrahlung
arising in the natural Ni target and in the wall of the
reaction chamber. The figure demonstrates that the
X -ray continuum obtained does not permit the separa-
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tion into two continuous parts (Cl) and (C2). Further
we did not find a substructure of the X -ray continuum
after making correction for the detector efficiency (see

fig. 9).
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Fig. 9. The quasimolecular KX -ray spectrumof N; . 60N;
(67 MeV) measured at 90° and corrected for absorption
and detector efficiency.

Figure 10 shows the asymmetry 5=1(90°/1(0°-1 as
a function of the X-ray energy. Each point comprises
the intensity of 10 channels (1.5 KeV). The open and
closed circles show the asymmetry curve, respectively,
without and with the Doppler correction made. By evalua-
ting 5, the measured background and the evaluated
bremsstrahlung were subtracted. We normalized the
90¢° and 0° spectra to each other in the energy interval
15 KeV (F_ - 20 KeV. This normalization leads, in
the deslgnated energy region, to 5(E,)=0, which has also
been obtained in ref./14/, On the other hand, the normali-
zation of our spectra to the monitor rates yields an
asymmetry curve of the same shape but displaced to
negative values by about 109 (see fig. 10). The norma-
lization factors taken from the monitor rates and the ion
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Fig. 10. The asymmetry n=1(90°)/ 1(0°) -1 of the quasi-
molecular KX -radiation obtained in the Ni +Ni (67MeV)
measurement.

currents agreed within an error of about 5%. In order
to get information about the endpoint energy FE_,, of the
quasimolecular KX -ray spectra in the Ni +Ni colli-
sions we performed a 15-hour run with 58 Ni3+ jons of
an energy of 39 MeV. With the aid of the method outlined
in fig. 6 we deduced for Enax a2 value of 87 18 KeV.

5. DISCUSSION

By investigating the Nb +Nb collisions we have de-
monstrated that the X-ray continua obtained exhibit
a directional anisotropy represented by an asymmetry
n derived from the 9(Q° and 0° spectra (see fig. 4).
It has been shown by Greiner and coworkers /11, 13/ that
2 maximum of 5 at the energy of the characteristic
KX-radiation of the united system furnishes a unique
proof of the quasimolecular nature of the measured
radiation. For the reasons of statistics the behaviour
of the asymmetry curve for E, > 60 KeV is yet unclear.
Nevertheless, we believe that the experimental results
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prove the continuum (C2) to be due to quasimolecular

KX -radiation, because this continuum extends beyond
the KX-energy of the hypothetical united atom and shows
the typical shape required /11,12/ for the tail produced
by dynamical effects in heavy ion collisions.

Besides the nature of (C2), the low-energy continuum
(Cl) is of special interest. We found this continuum first
by Investigating the collision system Ge + Ge/5/ where
in the X-ray Spectra, after a correction made for de-
tector efficiency, two clearly distinct components occur.
Furthermore, in all of our investigations of the heavy
collision systems, e.g., Nb 4 Nb (67 MeV) /6/ |, Nb 4+ Np
(96 MeV)/7/ | La 4 La (115 Mev), La+ Xe( 120 MeV)
and La + Xe (150 MeVv)/8/ g high-energy part (C2) of
the measured X-ray continuum can be separated from
a much more intensive low-energy part (C1). We have
checked this picture carrying out control measure-
ments with different detectors and absorber materials.
Therefore, we conclude that the continuum (C1) is a real
physical effect. This component extends generally beyond
the energies of the target and projectile characteristic
X -rays and can only be separated from (C2)for symmet-
ric and asymmetric collision systems with large atomic
numbers 7, , Z, .Electronic and nuclear bremsstrah-
lung cannot account for the continua (C1) (see figs. 2,3,5,
8,9). As an example, for Np + Np collisions the integral
yield computed for electronic bremsstrahlung in the ener-
gy region between 16 KeV and 30 KeV is four orders of
magnitude smaller than the measured values /16/  Also
the calculated slope is wrong. After the correction
made for the detector efficiency and absorber attenua-
tion the linear extrapolation of the components (Cl1) in
a logarithmic representation shows that the experimental
yield Y(C1l) goes down like E-n with n< 20. This
disagrees drastically with the calculated valueof » < 7/16/
for the electron bremsstrahlung. Further, it seems to
be impossible to explain the nature of (C1) by radiative
electron capture (REC), because the cross section of
this process is sufficiently low for the atomic numbers of
the colliding systems investigated in this work/2/, Re-
cently Heinig et al./9/. tried to give an explanation for
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the origin of the component (Cl), which may take place
during the transient formation of quasimolecules. The
authors pointed out that in all molecular correlation dia-
grams for medium-weight atomic numbers Z;, Z,reported
till now, the 2pos-term shows a relative minimum. This
term joins the L- or K-shells of the colliding particles
in the limit of the united or separated atoms, respecti-
vely. Therefore, in the electron promotion model the
L. -vacancies must be transferred in a collision via this
term to the K-shells of the separated atoms. A linear
representation of the published correlation schemes de-
monstratesjhat allowed transitions from higher terms to
the ” 2po -minimum” have a higher energy than the
transitions owing to the characteristic lines. For that
reason, in ref./9 it is suggested that the continua (Cl1)
are produced by such transitions. According to these
suggestions the high intensity of the continua (€1) can
be explained assuming that the vacancies in the 2po-mi-
nimum were filled mostly in a first collision, whereas for
the origin of the continua (C2) a second collision must
be accepted /2V/

So far, no precise theory for the origin of the continua
(C1) is worked out. But if one takes into account the high
(C1) intensities, an experimental proof of the model des-
cribed above may give new outlooks for investigating the
medium-weight and heavy two-centre systems spectrosco-
pically.

For Ni + Ni collisions, the asymmetry 5(E,) of the
quasimolecular KX-radiation shows a maximum at an
X -ray energy E = 32 KeV (fig. 10), where the KX -ra-
diation of the united atom (Z=%) is expected. The values
of 5 without and with the Doppler correction are of the
same order of magnitude as those obtained in ref./!¥/,
Figure 8 shows that intensity oscillations superimposed
on the X-ray continua’!4 were not observed. If these
oscillations result from fluctuations in the molecular sys-
tem/18/ - their oscillating cross sections should be de-
pendent on the energy of the incident particles. We used
a target of natural Ni with a thickness of 1 mg/cm? (an
effective thickness of 1.4 mg/cm2 because of the 45°
geometry), which causes an 30 MeV energy loss of the
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67 MeV Ni ions. In ref./14 use was madeofa 58 N;j
target with a thickness of only 200 pg/cm2 (effective
thickness of 280 pg/cm?) yielding an energy loss of only
5 MeV. Hence we believed to have observed a superposi-
tion of incoherent intensity oscillations caused by ions
of a wide energy range, which yields finally a smooth
intensity curve as plotted in fig. 8. However, using the
formulae of ref./18/ one can show that the dependence
of the predicted oscillations on the projectile energy is
not drastic. Taking into consideration the slowing-down
of the Ni ions in the target used, an incoherent sum of
the oscillating cross sections shows clear maxima and
minima and cannot explain the missing oscillations in
our measurements/19/. We repeated the experiment using
a 200 #g/cm? thick Fe target evaporatedona Be stop-
per. By bombarding this target with 39 MeV 58Ni ions
we obtained an X -ray continuum similar to these of
fig. 8 but without any hint of oscillations.

Recently, oscillations were found by other group in
measuring the asymmetry function of the Ni + Ni and
Ie + Fe collision systems at photon energies higher than
the K, energy of the united atomic system/22/ The phy-
sical nature of this phenomenon is yet unclear. In future
investigations we should be able to obtain the asymmetry
n(F,) of the Ni 4+ Ni system with much better statistics
as we got till now and to support or refute the results
of these measurements.

The authors wish to express their gratitude to Acade-
mician G.N.Flerov for his interest in and support of the
work and to the cyclotron staff for their fruitful coopera-
tion.

REFERENCES

M.Barat, W.Lichten. Phys.Rev., A6, 211 (1972).
B.Muller, R.K.Smith, W.Greiner. Phys.Lett., 53B,
401 (1975). .

J.Rafelski, L.P.Fulcher, W.Greiner. Phys.Rev. Lett.,
27, 958 (1971).

V.S. Popov. Sov. Phys. JETP, 32, 256 (1971).

R b~

21



16.
17.

18.
19.

20.
21.

22.

22

P.Gippner, K.-H.Kaun, F.Stary, W.Schulze,
Yu.P.Tretyakov. JINR, E7-7636, Dubna, 1973; Nucl.
Phys., A230, 509 (1974).

P.Gippner, K.-H.Kaun, H.Sodan, F.Stary, W.Schulze,
Yu.P.Tretyakov. Phys.Lett., 52B, 183 (1974).
W.Frank, P.Gippner, K.-H.Kaun, H.Sodan, W.Schulze,
Yu.P.Tretyakov. JINR, E7-8616, Dubna, 1975.
W.Frank, P.Gippner, K.-H.Kaun, H.Sodan, Yu.P.Tre-
tyakov. JINR E7-9029, Dubna, 1975.

K.-H.Heinig, H.-U. Jager H. chhter H. Woitteneck.
ZFK-report 296, Rossendorf, 1975, and to be pub-
lished in Phys. Lett.

W.Lichten. Phys.Rev., A9, 1458 (1974).

B. Muuer W.Greiner. Phys Rev.Lett., 33, 469 (1975).
B. Muuer R.K.Smith, W.Greiner. Phys Lett 498,
219 (1 974)

J.H.Macek, J.S.Briggs. J.Phys. B: Atom. Molec.
Phys., 7, 1312 (1974).

J.S.Greenberg, C.K.Davis, P.Vincent. Phys.Reuv.Lett.,
33, 473 (1974).

R.S.Thoe, 1.A.Sellin, M.D.Brown, J.P.Forester,
P.M.Griffin, D.J.Pegg, R.S.Peterson. Phys.Rev.
Lett., 34, 64 (1975).

P.Gippner. JINR, E7-8843, Dubna, 1975.

W.Frank, P.Gippner, K.-H.Kaun, P.Manfrass,

Yu.pP. Tretyakov JINR, E7-9065, Dubna, 1975.
R.K.Smith, B.Muller, W. Gremer Phys. ‘Rev. Lett.,

34, 117 (1975)

N.F. Truskova, W.Frank, P.Gippner, K.-H Kaun,
P.Manfrass. Comm‘un. of JINR,Dubna, 1976.

H.D.Betz, F.Bell, H.Panke, W.Stehling, E.Spindler,
M_.Kleber. Phys.Rev. Lett., 34, 1256 (1975).
W.E.Meyerhof, T.K.Saylor, S.M.Lazarus, A.Littles,
B.B.Triplett, L.F.Chase, jr., R.Anholt. Phys.Reuv.
Lett., 32, 1279 (1974).

W.Wolfli, Ch.Stoller, C.Bonani, M.Stockli, M.Suter
and W.Ddppen. ”Periodic Anisotropy Fluctuations in
Quasimolecular X-Ray Emission”, submitted to
Phys.Rev. Lett.

Received by Publishing Department
on December 30, 1975.



