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The continuous spectrum emitted by particles ejected by the ions He+, Ne+, and Ar+ from 42 different 
metal targets is investigated. It is established that a continuous spectrum is emitted only by particles 
ejected from targets whose atoms have unfilled nd shells (transition metals) or unfilled 4f shells (rare- 
earth metals). The intensity distribution in the continuous spectrum emitted by particles ejected from 
transition-metal targets almost does not depend on the nature of the metal. In the case of the rare-earth 
metals this distribution varies regularly as the 4f shell of the atoms of the metal is tilled. An analysis of 
the results of the work and a comparison of them with the data available in the literature lead to the 
conclusion that in some cases (Mo) different sections of the continuous spectrum are emitted by different 
types of particles. In the general case the investigated continuous spectrum may be emitted either by the 
target-material atoms excited to a collective level, or by excited clusters of the metal atoms. 

PACS numbers: 79.20.Nc, 36.40. +d 

INTRODUCTION of surface chemical compounds of the particles of the 
metal with particles of the residual gases of the vacuum 

The emission of a continuous spectrum pertains to a is p ~ s s i b l e . ~ '  
number of phenomena often encountered in nature. A 
continuous spectrum is emitted by heated bodies; by 
solids excited by electron o r  ion bombardment; during 
the deceleration of electrons o r  the crossing by them 
of a vacuum-solid boundary; in the course of recom- 
bination processes in plasmas and flames. Widely 
known a r e  the continuous spectra emitted by diatomic 
molecules during electron transitions between states to 
which correspond discrete and continuous energy lev- 
els.''' Continuous spectra can also be emitted during 
electron transitions in multi-atomic molecules. How- 
ever, a s  has been asserted by Herzberg, E2' such spec- 
tra have not been experimentally observed. This is 
connected with the fact that polyatomic molecules break 
up in plasma sources of light. Quite specific polyatom- 
ic-molecule-excitation conditions a r e  necessary for the 
observation of the continuous spectrum emitted by such 
molecules. 

In the present paper we present experimental results 
obtained in an investigation of the continuous spectrum 
emitted by particles excited in the process of their 
ejection by an ion beam from a number of metallic tar- 
gets. The process of excitation of particles ejected by 
ion impact from solids differs from the process of ex- 
citation of particles of the gaseous phase by an ion beam 
in that in the first  case the excited particle 1)  was part  
of a strongly interacting group of particles, 2) a s  it 
flew away, it crossed the solid-vacuum boundary, and 
3) prior to the excitation process i t  had an effective pos - 
itive charge, but in the excited state it turned out to be 
neutral." As to the nature of the ejected excited par- 
ticles, they can first  and foremost be atoms of the 
material  of the target itself, since atomic lines of 
the target material a re  observed in the spectrum of the 
luminous halo. In principle, the ejection from the tar- 
get of excited diatomic molecules of the metal, a s  well 
a s  of excited  cluster^,^' is  possible. When the target 
is located in an insufficiently high vacuum the ejection 
by ions of excited diatomic and multiatomic molecules 

In view of the foregoing, it caused no special surprise 
when for the first  time during the bombardment of a 
tungsten target by Ar* a continuous spectrum 
was observed in the radiation of the halo. The observed 
continuous spectrum could be explained by the emission 
of photons during the radiative decay of the excited 
states of some molecules ejected by the ion beam from 
the target.c63 However, a further investigation of the 
continuous spectrum in questionc7' led to the establish- 
ment of a number of factors that a re  not in accord with 
the proposed hypothesis. This phenomenon turned out 
to be quite unusual, and its nature has not been definite- 
ly established right up to the present time. One of the 
possible hypotheses explaining the origin of this new 
type of continuous spectrum is discussed in the present 
paper. 

APPARATUS AND EXPERIMENTAL CONDITIONS 

In the present work we used the experimental setup 
described in Ref. 8. The radiation emitted by particles 
knocked out from a number of metallic targets by beams 
of He*, Ne*, and Ar* ions of energy 30 keV and beam- 
current density 200 kA/cm2 was analyzed with the aid of 
an ISP-51 spectrograph in the wavelength range 4000 - 
7000 A. The radiation spectrum was photographed on a 
KN-4S film sensitized in the long-wavelength part of the 
indicated wavelength range. 

Bearing in mind that there can ar ise  during the bom- 
bardment of a metal by an ion beam radiation emitted 
by the target surface, we had to secure an experimental 
geometry in which the radiation from the target surface 
could not reach the entrance slit of the spectrograph. 
The indicated aim was achieved by aligning the axis of 
the spectrograph in a direction perpendicular to the 
plane formed by the axis of the bombarding beam and 
the normal to the target surface (see Fig. 1 in Ref. 9). 
To clean the targets, in particular, to remove akal i -  
metal and carbon impurities from them, some of the 
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targets (W, Mo) were annealed for a long time before the 
beginning of the experiment a t  a temperature of 1800 K 
in a high vacuum and in an atmosphere of rarefied oxy- 
gen. 

The experimental setup was evacuated by oil-diffusion 
pumps. The decomposition products of the oil of the 
diffusion pumps were frozen out with the aid of traps 
located above the pumps and near the target, and filled 
with liquid nitrogen. The residual-gas pressure in the 
target chamber was equal to 1 x loa6 Torr.  We did not 
observe the formation of a carbon film on the surface 
of a target during its bombardment by an ion beam. 

THE EXPERIMENTAL RESULTS AND THEIR 
DISCUSSION 

In the course of the work we investigated the emission 
spectra of excited particles ejected from targets of 42 
elements of the Mendeleev periodic table (see Table 
I). As can be seen from the table, continuous spectra 
were emitted by particles ejected from targets whose 
atoms have an unfilled inner shell. Into this group enter 
the transition metals (atoms with an unfilled d shell) and 
the rare-earth metals (atoms with an unfilled 4f shell). 
The only exception to this rule is palladium, whose at- 
oms have an unfilled 4d shell, but the intensity of the 
continuous spectrum in this case is  very low. 

The continuous spectrum emitted by ejected particles 
has been studied by a number of other investiga- 
tors[ 10-191 (it should be emphasized that not in one of the 

indicated works were so  large a number of targets in- 
vestigated; in particular, nobody has investigated rare- 
earth-metal targets). The exceptions to the rule estab- 
lished in the present work were not observed. In a l l  the 
cases the continuous spectrum was emitted by particles 
ejected from transition metals. 

The intensity distribution in the continuous spectrum 
is one of the most important characteristics of the 
spectrum. In order to establish the nature of this dis- 
tribution, all  the obtained photographs of the continuous 
spectrum were photometrically scanned and, thus, the 
dependences S(X) (S is the blackening of the film and X 
is the wave-length) were obtained. In some cases, we 
obtained by means of the usual procedure for converting 

Table I .  

the blackening on a film into the intensity of the radi- 
ation that produced it the distribution curves for the 
relative intensity Z(X) in the continuous spectra of the 
rare-earth metals. 

In Fig. 1 we show the S(h) curves for a number of 
transition metals that emit a continuous spectrum when 
bombarded by Ar+ ions. (The shape of the S(X) curve for 
the continuous spectrum obtained in the bombardment of 
one and the same target by He+, Ne+, and Ar+ ions does 
not depend on the nature of the bombarding ions.) The 
corresponding curves for the rest  of the investigated 
transition metals do not differ in shape from the curves 
shown. A surprising property of the S(X) curves for the 
transition metals is the fact that their shape changes 
only to an insignificant degree in going from one metal 
to another. The locations of the principal peaks of the 
spectrum remain the same for all  the investigated met- 
als; only the radiation intensities a t  these peaks change 
slightly. The above-noted regularity in the behavior of 
the intensity distribution in the continuous spectra of the 
transition metals seemed s o  unusual that it was sug- 
gested that this continuous spectrum was emitted by 
particles of some kind of impurities present in a l l  the 
investigated targets. For the purpose of verifying this 
hypothesis, the tungsten and molybdenum targets were 
subjected to prolonged annealing a t  a temperature of 
1800 K in a high vacuum and in an atmosphere of rar-  
efied oxygen. Such a treatment significantly reduces the 
quantity of impurities in metals, in particular, carbon 
and alkali-metal 211 But the intensity dis- 
tribution in the continuous spectra of tungsten and mo- 
lybdenum subjected to the indicated treatment did not 
change in comparison with the original distribution. 

In Ref. 13 a comparison is also carried out of the in- 
tensity distributions in the spectra of a number of tran- 
sition metals (Y, Ti, Zr, Nb, Ta, and MO) in the wave- 
length range 2350 - 5200 A. The intensity distributions 
in the spectra of five of them turned out to be identical 
in their main features, and only in the spectrum of mo- 
lybdenum were very intense bands that were not in the 
spectra of the remaining investigated metals observed 
in the 2960- and 3450-A regions. The cause of the di- 
vergence of the spectrum of molybdenum from the spec- 
t ra  of the remaining metals will be considered below. 

Electron Continuous 
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for  the transition metals) turns out to be dependent on 
the nature of the metal. As can be seen from Fig. 2, 
in which we show the intensity distribution curves for  
the continuous spectra of the rare-earth metals from 
lanthanum to lutecium (here we do not present the Z(X) 
curves for  ytterbium, since the atom of this metal has 
a filled 4f shell  and does not emit  a continuous spec- 
trum), definite changes occur in the shape of the curves 
shown a s  the 4f shell  i s  filled. In the case  of lanthanum, 
the f i r s t  of the investigated group of metals, a strongly 
pronounced intensity peak, which i s  not present in the 
spectra of the transition metals, and which disappears 
in the spectra of a11 the rare-ear th  metals following 
lanthanum, i s  observable in the spectrum a t  the wave- 
length h =4450 A. On the other hand, the spectrum of 
lanthanum does not contain the intensity peak labeled 
by the let ter  A ,  which is observed in the spectra of a l l  
the remaining rare-earth metals. It i s  possible that 
this distinctive feature of the spectrum of lanthanum is 
connected with the fact that the configuration of the 
electron shell  of i t s  atom is different f rom the config- 
uration in the atoms of the transition metals and in the 
atoms of the rare-earth metals following it. Indeed, in 
the case of lanthanum one electron appears in the 5d 
shell  when the 4f shell is  completely devoid of elec- 
trons, whereas in the atoms of the transition metals the 
filling of the d shells  occurs ei ther  in the absence of a 
4f shell  (Zr ,  Nb, MO), o r  after  the 4f shell  has been 
completely filled (Ta, W, Re, ~ t ) .  The rare-ear th  ele- 
ments following lanthanum differ from it in that the 4f 
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FIG. 3. Dependence of the positions of the principal peaks in 
the intensity distribution of the continuous spectrum of the 
rare-earth metals on the charge number of the atoms. 

shell  in them i s  filled gradually. 

The following law can be observed to exist in the in- 
tensity distribution of the continuous spectrum of the 
rare-earth metals following lanthanum, from cerium to 
luteciurn. The long-wavelength intensity peak A (in the 
case  of cesium h = 6750 A) shifts gradually toward the 
short-wavelength part  of the spectrum a s  the 4f shell  is  
filled. Beginning with dysprosium, this peak splits up 
into the peaks A' and A". Figure 3 shows the regular  
displacement of the indicated peaks (A ,A ',A ") toward 
the short-wavelength region of the spectrum a s  the 
charge number, 2, of the atoms of the investigated 
rare-earth metals increases. The positions of the other 
peaks (X = 5700 A and h = 5250 A)  that a r e  observed in the 
continuous spec t ra  of the rare-earth metals do not 
change a s  the 4f shell  of the atoms of these metals is 
filled. 

Thus, the above-presented results  of the study of the 
continuous spec t ra  of the large group of metals allow 
u s  to draw the following conclusions. 

1. A continuous spectrum i s  emitted only by part icles 
ejected from metals whose atoms have an  unfilled inner 
shell. 

2. The intensity distribution in the continuous spec- 
t r a  of the transition metals almost does not depend on 
the nature of the metal. 

3. The intensity distribution in the continuous spec- 
t r a  of the rare-earth metals changes regularly a s  the 
4f shell  of the atoms of these metals is filled. 

From the above-drawn conclusions thus follows the 
result  that there exists a relation between the capacity 
of particles ejected from a metal  to emit  a continuous 
spectrum and the properties of this spectrum, on the 
one hand, and the configuration of the electron shell  of 
the atom of the metal, on the other. 

The relative photon yield for  the continuous spectrum 
pe r  incident ion is not the s ame  for  different metals. 
In the group of transition metals the la rger  the principal 
quantum number of the unfilled d shell  is, the grea ter  
i s  this yield. Within the limits of one row of the peri-  
odic table, the greatest  photon yield i s  given by metals 
whose atoms have four of five electrons in the d shell.  
In the group of the rare-ear th  metals, the relative pho- 
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ton yield is very high: it is, in order of magnitude, the 
same a s  for tungsten, which has the greatest yield inthe 
group of transition  metal^.^' The photon yield in the 
group of rare-earth metals does not noticeably depend 
on the extent to which the 4f shell has been filled. 

For the purpose of ascertaining the sign of the charge 
of the particles emitting the continuous spectrum, a 
potential of * 2 kV with respect to the earth was applied 
to the target. The application of the potential to the 
target did not lead to a change in the intensity distribu- 
tion o r  in the overall intensity of the continuous spec- 
trum. A similar result was obtained by the authors of 
Refs. 12 and 13. From these results follows the con- 
clusion that a continuous spectrum is emitted by neutral 
particles. 

In conclusion of the discussion of the experimental 
results, we should further mention the following. 

1. The intensity of the continuous spectrum emitted 
during the ion bombardment of tungsten and molybdenum' 
targets does not change when the targets a r e  heated up 
to 500 K. 

2. The continuous spectrum disappears when oxygen 
o r  argon is admitted into the target chamber to produce 
a pressure of Torr.  

3. The yield of continuous-spectrum photons in- 
creases with increase in the mass of the bombarding 
ion. (The same conclusion was arrived at by theauthors 
of Refs. 15 and 19.) 

On the basis of the experimental results of the pres- 
ent work, as  well a s  of the experimental results of 
other authors, we can express some opinions about the 
nature of the ejected particles emitting the continuous 
spectrum. 

The origin of the continuous spectrum could be most 
simply explained a s  the emission of excited diatomic 
molecules of the metal in going into a lower electronic 
state with unquantized energy. Such was the original 
conjecture of the authors of the present papeg6] and, 
later, the authors of Ref. 13 took the same view. How- 
ever, an in-depth study of the continuous spectrum in 
question compelled us to abandon this hypothesis, since 
one of the main results, namely, the independence of the 
intensity distribution in the spectrum of the transition 
metals of the nature of the metal, is clearly a t  variance 
with this hypothesis. Indeed, if the continuous spectrum 
were emitted by an excited diatomic molecule of the 
metal, then we should have observed an appreciable 
influence of the nature of the molecule (i.e., of the nat- 
ure of the metal) on the intensity distribution in the 
spectrum emitted by it. 

Considering that the majority of the works devoted to 
the study of the continuous spectrum were carried out 
under conditions of an insufficiently low partial pres- 
sure  of oxygen in the target chamber, owing to which 
the target surface was covered with molecules of sur- 
face oxides of the metal and, in the case of highly oxi- 
dizable metals, with islets o r  a continuous film of the 
volume oxide;c221 it might have been inferred that the 

continuous spectrum in question is  emitted by excited 
diatomic molecules of the oxides of the metal. This 
hypothesis in its most precise form was put forward by 
the authors of Ref. 18 on the basis of experiments in 
which the effect of the oxygen partial pressure on the 
intensity of the continuous spectrum of molybdenum was 
studied. Against this hypothesis a r e  the following strong 
objections. 

The band spectra of some diatomic molecules of met- 
a l  oxides have been studied, and a r e  tabulated in Pea r s  
and Gaydon's monograph.c231 In Fig. 1 we have indicated 
the wavelengths, taken from this monograph, of the 
edges of the bands of some diatomic molecules of metal 
oxides. As can be seen from this figure, the intensity 
distribution of the continuous spectrum does not exhibit 
any distinctive features in its behavior in the region of 
the band edges. On the other hand, the emission spec- 
t r a  of particles ejected from the surfaces of such met- 
a l s  a s  Be, Mg, Al, Ca, and Cu contain no continuous 
radiation, but contain the emissionbands of thediatomic 
molecules of the oxides of these  metal^.^^"^^'^" mr- 
thermore, the wavelengths of the edges of these bands 
and the relative intensity distribution for these wave- 
lengths have values close to the values given in Pears  
and Gaydon's monograph.[ 231 These factors compel us 
to reject the hypothesis that the continuous spectrum is 
emitted by diatomic molecules of oxides of the metal. 

As to the effect of the partial oxygen pressure on the 
intensity of the continuous spectrum of molybdenum, an 
effect which has been observed not only by the au- 
thors of Ref. 18, but also by the authors of other 
works: 12* 13' 15* the following can be said about it. 

1. This effect is  not universal. In the work published 
in Ref. 16, in which the emission near the surface of a 
tantalum target was investigated, the intensity of the 
continuous spectrum not only did not decrease, but even 
increased slightly when the partial oxygen pressure was 
lowered. 

2. In the main, the effect whereby the intensity of the 
continuous spectrum decreases when the partial oxygen 
pressure is  lowered has been studied on the spectral 
bands of molybdenum that a r e  found in the 2960- and 
3450-A regions, but a r e  absent in the spectra of the 
res t  of the transition metals (see above). Only in one 
investigation, namely, the one published in Ref. 18, 
was the disappearance of the remaining part of the con- 
tinuous spectrum of molybdenum observed when the 
partial oxygen pressure was reduced below 2 X 10" 
Torr .  The effect whereby the bands in the continuous 
spectrum of molybdenum in the 2960- and 3450-A re- 
gions disappear at a low partial oxygen pressure can be 
explained on the basis of the assumption that these 
bands a r e  emitted by excited molecules of molybdenum 
oxides ejected from the target surface. As to the dis- 
appearance of the remaining part of the continuous 
spectrum of molybdenum, a s  well a s  of the continous 
spectra of tungsten and niobium,['*' this result may be 
due to a completely different cause not connected with 
the ejection of excited multiatomic molecules of the 
oxides of the indicated metals. The thing is that absorp- 
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tion of oxygen on the surface of the metal may lead to a 
decrease in the probability for a nonradiative excitation 
transfer to the metal from a particle capable of emitting 
the continuous spectrum and, thereby, to an increase in 
the intensity of the continous spectrum. An effect that 
is to a certain extent similar  to the indicated effect i s  
observed in the case of the emission of spectral  lines 
by knocked-out excited metal atoms upon the appearance 
on the target surface of a bulk oxide of the metal (see 
Refs. 8, 22, and 24). 

The above-performed analysis of the experimental 
data leads to the result that excited diatomic molecules 
of the metal itself o r  of its oxide cannot be the emitters 
of the continuous spectrum in question. As to excited 
multiatomic molecules of oxides, their radiation can to 
some extent explain only that part of the continuous 
spectrum of molybdenum which is in the region close 
to the ultraviolet region. Thus, there remain only two 
types of excited particles that can be responsible for the 
emission of the continuous spectrum-atoms and clus- 
ters. 

In principle, clusters ejected from a metal target can 
have a high temperature and can emit a thermal contin- 
uous spectrum. Such a possibility is considered in Ref. 
11, but the calculation carried out by the authors of this 
work shows that the extent of the observed continuous 
spectrum is  greater by two orders of magnitude than the 
computed quantity. The authors of Ref. 27 have postu- 
lated a nonthermal emission by the clusters. This pos- 
tulated i s  based on Refs. 28-32, in which the energy 
spectrum of the electrons in the clusters of a number 
of metals is computed. These calculations show that 
the energy spectrum of the clusters is yet to be molded, 
i.e., differs from the energy spectrum for the bulk met- 
al. In view of this, a cluster may, on being ejected 
from the metal, turn out to be excited a s  a result of the 
formation of holes in the bottom band of the energy 
spectrum and the population by electrons of the levels 
in i ts  upper unfilled band. Interband electron transi- 
tions in clusters that a r e  in the indicated excited state 
will lead to the emission of radiation with a nearly con- 
tinuous spectrum. The possibility that the indicated 
excitation mechanism is realized only in those clusters 
which a r e  composed of atoms with unfilled d o r  f shells 
i s  not excluded, which agrees with one of the principal 
results of the present work. 

Nevertheless, some objections can be advanced 
against the cluster hypothesis. According to the data 
obtained in the work published in Ref. 3, in which the 
sputtering of tungsten by Xe' ions was investigated, the 
overwhelming majority of the cluster ions W: (n = 2  - 12) 
have a low kinetic energy (of the order of 20 e ~ ) ,  
whereas the atomic ions W + have a wide energy spec- 
trum (see Fig. 4 in Ref. 3). Furthermore, the enlarge- 
ment of the cluster by each subsequent atom decreases 
the total number of these clusters by an order of mag- 
nitude. If we assume that there exists a direct connec- 
tion between the relative numbers of ejected ionic and 
neutral clusters, then a low intensity of the spectrum 
emitted by the clusters was to be expected. Neverthe- 
less, it follows from the data of a number of investi- 

gations that the intensity of the continuous spectrum and 
its extent a s  we move away from the target surface 
exceed, in a number of cases,  the intensity and extent 
of the atomic emissions. If we relate this circumstance 
with the high probability for the transitions leading to 
the emission of the continuous spectrum, then the life- 
time of the corresponding excited state should be signif- 
icantly shorter  than that of the excited levels of the at- 
oms. However, according to estimates made in Refs. 
9 and 12, the lifetime of the excited state of the parti- 
cles emitting the continuous spectrum is of the same 
order of magnitude a s ,  o r  even longer than, the lifetime 
of the excited states of the atoms. 

If we proceed from the assumption that the continuous 
spectrum is emitted by excited atoms ejected from the 
target, then, of course, there can be no question of the 
excitation of the atoms to single-particle excitation 
levels, since in that case only a line spectrum can be 
emitted (it i s  indeed observed along with the continuous 
spectrum). In view of this, the authors of the present 
paper have put forwardr7] a hypothesis that explains the 
emission of the continuous spectrum a s  due to the ra- 
diative decay of ejected atoms excited to a collective- 
excitation level (or such levels)." 

Recently, Bloch's idea [331 that the collective excita- 
tion of the electron shell of an  atom i s  possible has been 
attracting more and more attention. This circumstance 
is  connected with the fact that a t  last phenomena have 
been discovered which cannot, apparently, be explained 
without the use of the concepts of collective effects in 
the electron shells of atoms. Among these are: 1) the 
discovery of a broad photoabsorption band of barium 
vaporC341; 2) the appearance of a continuum in the photo- 
electron spectrum of xenon.t3" These phenomena, 
which cannot be explained on the basis of the conven- 
tional single-particle excitation model for atoms, have 
been satisfactorily explained by taking account of the 
collective effects in photon absorption by atoms.r36*371 

The discussion carried out above leads to the result 
that the available experimental material does not en- 
able us  to express a sufficiently well-founded opinion 
about the nature of the continuous spectrum under con- 
sideration. The primary problem, whose solution will 
clear the way for  further theoretical and experimental 
investigations of this complex problem, is the establish- 
ment of the nature of the particles that emit the con- 
tinuous spectrum. If follows from the contents of the 
present paper that such particles can only be either at- 
oms ejected from the target material, o r  clusters of 
these atoms. It is possible to propose an  experiment 
that will help determine which of the indicated possi- 
bilities i s  in fact realized. The scheme of this experi- 
ment consists in the following. To  a tungsten o r  moly- 
bdenum target (tungsten and molybdenum give the most 
intense continuous spectra) located in an  ultrahigh vac- 
cuum and properly cleansed of surface impurities i s  
applied a negative potential, in order  to slow down the 
secondary positive ions ejected from it. The flux of 
neutral particles ejected from the target i s  ionized by 
electrons. The ions thus produced a r e  accelerated and 
shaped into a beam by an ion-optical system. The beam 
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is then guided into a m a s s  spec t rometer ,  and the ions 
of fixed m a s s  that are separa ted  out by the ana lyzer  get 
to the collector of the spec t rometer .  On the o ther  hand, 
with the a id  of a n  optical spec t rometer  photons of given 
energy are separated out f r o m  the continuous spec t rum 
in question and directed to the col lector  of this spectro-  
meter .  The col lectors  of the two s p e c t r o m e t e r s  are 
incorporated in  a coincidence scheme,  and the par t i c le  
(atom or  cluster),  reaching the col lector  of the m a s s  
spectrometer ,  with whose m a s s  the continuous-spec- 
t rum emiss ion  events c o r r e l a t e  is determined.  

' )As  experiments have shown, the continuous spectrum investi- 
gated in the present work is emitted by neutral particles 
(see below). 

2 ) ~ h e  ejection of secondary cluster ions has been observed by 
many investigators (see, for example, Ref. 3). 

3 ) ~ h e  ejection of secondary molecular ions of this type i s  a 
well-known phenomenon. I4]  

4)TJnder the above-indicated experimental conditions, the den- 
sity of the photograph of the continuous spectrum of tungsten 
and the rare-earth metals turns out to be sufficient for 
photometric scanning in the case of an exposure time of the 
order of several minutes. 

S ) ~ h i s  hypothesis does not contradict the fact that the emission 
of a continuous spectrum was not observed during the pas- 
sage of a beam of Mo' ions through a gas. [I2] It  is  quite 
possible that the probability for collective excitation of the 
electron shell of an atom will be small under the conditions 
of the experiment described in Ref. 12, but substantial 
during the ejection of molybdenum atoms from the metallic 
target (see the Introduction). 
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