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Stimulated electron Rarnan scattering (SERS) is investigated experimentally in atomic potassium vapor in 
an external constant magnetic field. Investigations carried out for circularly polarized exciting radiation 
have shown that the SERS radiation polarization is reversed in sign relative to the polarization of the 
exciting radiation. For left-hand circular polarization of the pump radiation, in the presence of an external 
constant magnetic field H a linear attenuation of the SERS radiation intensity was observed with 
increasing field intensity H. For right-hand circular polarization of the exciting radiation, the attenuation 
was accompanied by a strong enhancement of the SERS radiation at definite values of the magnetic field 
H, and H, = 2HL. In either case there was no SERS emission line at all in the spectrum in fields H k 35 
kOe at an atom density N = 2X 1015 cm-'. The obtained amplification of the SERS radiation can be used 
to determine the Stark shift of the sublevels. 

PACS numbers: 32.80.Kf 

INTRODUCTION 

The investigation of multiphoton processes in non- 
linear gaseous media has been the subject of a number 
of papers['-111 dealing with the polarization character- 
istics and with the Stark shift of stimulated electron 
Raman scattering (SERS) of light, with two- and three- 
photon processes,r4-91 and with measurements of the 
hyperfine structure of spectra of atoms by using two- 
photon absorption without Doppler broadening.[108111 . . 

For a more detailed study of multiphoton processes 
and for an analysis of polarization effects i t  i s  of inter- 
est to investigate these processes in a constant mag- 
netic field, when the degeneracy of the atomic levels in 
the magnetic quantum number is lifted.i12,131 The pre- 
sence of the magnetic field can lead also to such inter- 
esting effects a s  the lifting of the forbiddenness of di- 
pole-forbidden transitions on account of mixing of vari- 
ous statesCl4] o r  imposition of a hindrance on multipho- 
non processes under certain conditions. We have pre- 
viously reportedc15] observation of the absence of SERS 
radiation in atomic-potassium vapor in strong magnetic 
fields. It was indicated that the influence of the mag- 
netic field on the SERS process would be different for 
different signs of circular polarization of the exciting 
radiation, depending on whether the Stark and Zeeman 
shifts of the sublevels have the same or  opposite direc- 
tions. 

We present and discuss in  this paper the results of an 
experimental investigation of the SERS process in an 
external constant magnetic field for the case of circular 
polarization of the exciting radiation. 

EXPERIMENTAL SETUP 

The investigations were made with the setup illustra- 
ted schematically in Fig. 1. The emission of ruby la- 
s e r  1, which was Q-switched with a passive shutter, 
excited SRS in nitrobenzene 2, with a first  Stokes com- 
ponent frequency w' = 13 055 cm-' close to the frequency 
w' = 13 043 cm-' of the atomic transition 4Sl/,-4P,/, of 
potassium vapor, with a detuning from resonance E 

= w' - wo= 12 cm-l. The radiation energy of the SRS 
Stokes components was measured with calorimeter 4 
(the FS-7 filter 3 cut off the ruby-laser radiation). The 
SRS power density in the unfocused beam reached -10 
MW/cm\ After passing through polarizer 5 and quar- 
ter-wave plate 6, the circularly polarized resonant ra- 
diation was focused into cell 7 with p'otassium vapor, 
20 cm long, placed in a longitudinal magnetic field. The 
magnet operating in a pulsed mode (pulse duration 
sec) produced a magnetic field up to -50 kOe intensity. 
The light was next passed through an analyzer consist- 
ing of a quarter-wave plate 8 and an felspar crystal 9, 
which separated two mutually perpendicular light-po- 
larization components. The direction of one of the 
crystal polarization coincided with the direction of the 
polarization separatedby the polarizer 6. The spectrum 
of the emission of these two polarization components 
was registered simultaneously by STE-1 spectrograph 
10 with dispersion 20.5 cm-'/mm in the investigated 
region. The potassium-vapor temperature was varied 
from 250 t o  350°C, corresponding to an atom density 
N =  10'' - 1016 ~ m - ~ .  The synchronization of the pulses 
of the transimitted radiation and of the magnetic field, 
a s  well a s  the generation of the giant ruby-laser pulse, 
were monitored with an oscilloscope. 

RESULTS AND DISCUSSION 

For the case of circular polarization of the exciting 
radiation, we obtained the following results: 

1. The experiments have shown that the po.larization 

FIG. 1. Experimental setup: 1-ruby laser ,  2-cell with nitro- 
benzene, 3-FS-7 filter, 4 -calorimeter, 5-polarizer, 6 ,  8- 
quarter-wave plates, 7-cell filled with potassium vappr and 
placed in a magnetic field. 9-felspar crystal, 10-STE-1 
spectrograph. 
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of the SERS radiation connected with the 4P,/,-4Pl/, 
transition has a sign opposite that of the exciting-radia- 
tion polarization. [151 

2. The investigation of the S E W  process in the pre- 
sence of an external constant magnetic field yielded 
different results for left- and right-hand circular po- 
larizations of the exciting radiation. 

For left-circular polarization of the pump, we ob- 
served a nonlinear attenuation of the SERS radiation in- 
tensity with increasing magnetic field intensity (Fig. 
2a). 

For right-circular polarization, the attenuation is 
excited by a sharp increase of the SERS radiation a t  
definite values of the magnetic field (Fig. 2b). In this 
figure the gain corresponds to fields HI = 8 kOe and Hz 
= 16 kOe. The intensity peak corresponding to the 
stronger field Hz  is approximately 2.5 t imes larger than 
the peak for the field HI.  With increasing (decreasing) 
intensity of the exciting radiation the intensity peaks 
were observed respectively at larger (smaller) values 
of the magnetic fields. The relation Hz = 2H1 was main- 
tained constant, however. 

At either sign of the circular polarization of the ex- 
citing pulse, there was no SERS radiation a t  a l l  in the 
recorded spectrum at  magnetic fields H -  35 kOe (the 
Zeeman spacing between the magnetic sublevels of the 

level i s  6w, -2.5 cm-l) a t  an atom density N= 2 
x 1015 cm -'. 

It must be pointed out that in a magnetic field the 
SERS radiation frequency is shifted by the Zeeman 
splitting. The maximum measured Zeeman shift of the 
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FIG. 2. Intensity of S E R S  radiation intensity vs. magnetic 
field intensity H at atom densities N = 2  x id5 ~ m ' ~  and at a 
constant intensity of the input radiation: (a) left-hand circular 
polarization of the exciting radiation, (b) right-hand circular 
polarization of exciting radiation. 

SERS radiation for left- and right-hand circular polari- 
zation of the exciting radiation was =2 cm-l at H z 3 0  
kOe, towards higher and lower frequencies, respective- 
ly. 

3. The investigation of the dependence of the SERS 
radiation intensity on the density N of the atoms (Fig. 3) 
shows that initially the SEW intensity increases quad- 
ratically with N, reaches a maximum, and then decreas- 
e s  at intensities N >  1016 ~ m - ~ .  The curves were plotted 
for the case of left-hand circular polarization of the ex- 
citing radiation in the absence of a magnetic field (H 
= 0) and in a field H = 15 kOe. The intensity peak a t  H 
= 15 kOe is shifted relative to the peak at H =  0  towards 
larger N. 

The results  can be explained by taking into considera- 
tion the processes of population transfer between the 
magnetic sublevels of the atom and the influence exerted 
on them by the external constant magnetic field. 

When intense resonant radiation interacts with po- 
tassium vapor, the 4P,,, level can be  substantially pop- 
ulated both via the three-photon process[81 and via one- 
photon absorption, provided that the line of the exciting 
radiation is broad enough.[31 The repopulation of the 
@,,, level relative to 4P1,, leads to SERS with frequen- 
cy w f + A ,  where A = A - ' [ E ( ~ P , / , ) - E ( ~ P ~ , , ) ] .  We consi- 
der the possible schemes of the SERS process for cases 
of right- and left-hand circular polarization of the ex- 
citing radiation (Fig. 4). 

If the exciting radiation has right circular polariza- 
tion, then the sublevels m =  + 1/2 and m =  + 3/2 of the 
@,,, level a r e  populated. Since the detuning from res-  
onance E = W '  - w,, is positive, the bound levels come 
closer together a s  a result of the high-frequency Stark 
e f f e ~ t . [ l ~ . ' ~ ]  According to  the selection rule with re- 
spect to the magnetic quantum number m, the SERS pro- 
cess  can proceed from the levels m = + 1/2 and m = -3/2 
(Fig. 4a). The relative probabilities of these processes 
a r e  1 and 3, with the SERS from the 
sublevels m = + 1/2 and m = -3/2 having right-hand and 
left-hand circular polarization, respectively. As al- 
ready indicated, the SERS emission line registered in 
the experiment has a polarization that is the reverse of 
the polarization of the exciting radiation. It follows 
therefore that the SERS radiation goes from the m=-3/2 
level, which i s  not directly populated by the exciting 
radiation. It can be assumed that the population of this 
sublevel is due to relaxations from the populated sub- 
levels m = +  1/2 and m = +  3/2, relaxations due to the res-  
onant collisions of the potassium atoms. These relaxa- 

GERS, rel. un. 
I0 - 

FIG. 3. Dependence of the 
8 S E R S  radiation intensity on 

the atom density N for left- 
6 hand circular polarization 

of the exciting radiation: 
4 

curve l-for H = O ,  curve 

2 -. 2-for H =15 m e .  
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FIG. 4. Schemes of the SERS process for exciting radiation 
with right (a) and left (b) circular polarization. The vertical 
arrows indicate the directions of the sublevel shift when the 
magnetic field i s  turned an. The diagrams show also the polar- 
izations and the relative probabilities of the transitions. 

tions a r e  described by a dipole-dipole interaction with 
transfer of excitation from atom to atom, wherein one of 
the interacting atoms is excited and the other i s  in the 
ground state. It appears that the population takes place 
effectively at the start  and at the end of the exciting 
pulse, when the Stark shift is small and the magnetic 
sublevels a r e  close in  energy. Calculations 
that the time of these relaxations i s  T -lo-' sec a t  an 
atom density N=2 x1015 ~ m - ~ .  When the external con- 
stant magnetic field is turned on, the energy levels a r e  
split by the Zeeman effect. In the general case,  the 
condition for effective population transfer between the 
magnetic sublevels i s  violated, and this should attenuate 
the SERS radiation. At the considered case of right- 
hand circular polarization of the pump, however, and a t  
the sign of the detuning from resonance, the joint action 
of the Stark and Zeeman shifts can lead to realization of 
the resonance conditions in the collisions between the 
atoms and to  effective population transfer between the 
sublevels m = + 1/2 -m = -3/2 and m = + 3/2 -m = -3/2 if 
the relations bw2=y2 = 2/3k,H, and 2 6 ~ 0 ~ , ~ , ,  - 6w:=,/, 
= 2pBH1 a r e  ~at is f ied .~ ' '~  At these values of the magne- 
tic field, amplification of the SERS radiation is ob- 
served. Since the probabilities of the transitions with 
Am = 0 and Am =*l between the levels 4SlI2 and 4S3,, 
a r e  different, the heights of the peaks on the plot (Fig. 
2b) should be different. The difference observed in the 
experiment is by a factor 2.5. We note that since 
6 ~ ~ = ~ , , = 3 6 w ~ , , / ,  i t  follows that Hz =2Hl. It is also 
clear from the foregoing reasoning that when the pump 
intensity is increased (decreased), and with i t  also the 
size of the Stark shift, the conditions for effective pop- 
ulation transfer and enhancement of the SERS radiation 
will be satisfied a t  larger (smaller) values of the mag- 

netic field, in accord with the experimental results. In 
sufficiently strong magnetic fields, when there is prac- 
tically no population transfer between magnetic sub- 
levels, there will likewise be  no SERS radiation. 

We can consider in  similar fashion the case of left- 
hand circular polarization of the pump radiation (Fig. 
4b). But since the joint action of the Stark and Zeeman 
effects does not lead to  resonance in this case,  turning 
on the magnetic field leads only to a decrease of the 
population transfer between the sublevels and to attenu- 
ation of the SERS for a l l  values of the field H (Fig. 2a). 

The plots of the SERS radiation against the atom den- 
sity N, shown in Fig. 3, demonstrate that competing 
processes participate i n  the mechanism that causes the 
SERS. The increase of the SERS intensity, which is 
quadratic in N, corresponds to a collision mechanism of 
population transfer between the magnetic sublevels of 
the given level. The decrease of the SERS radiation in- 
tensity with increasing density N is apparently connect- 
ed with the enhancement of the competing processes, 
namely the collisions that do not lead to the initial-sub- 
level population needed for the SERS. 

It follows from the resonance conditions cited above that 
from the position of the gain peaks on the plot of Fig. 2b and 
from a knowledge of the fields HI and H, we can determine 
the Stark shift of the sublevels. Since the positions of the 
gain peaks a re  determined withaccuracy AH = 500Oe, the 
accuracy with whichthe Stark shift is determinedis 0.05 
cm-'. Measurements made by the described method yield- 
ed, for the conditions of the present experiment, the follow- 
ing results: the Stark shift for the sublevels m = + 1/2 and 
m = +  3/2 ofthe 4P3/, levelsamountto6w~=,,, = 0.2i 0.05 
cm-'and 6w:,,,, =0.6* 0.05 cm-'. The corresponding den- 
sity of the radiation power inside the cell with the potassium 
vapor is of the order of 30 MW/cm2. 

The method employed in the present experiment is a 
convenient one for the study of the high-frequency Stark 
effect in similar experiments. This method does not 
call for the use of high-resolution spectral instruments. 
Moreover, since the accuracy AH with which the posi- 
tions of the gain peaks a r e  obtained can be improved, 
the resolution of this method can also be appreciably 
improved. 

We point out in conclusion that an analogous effect, 
the absence of SERS in the spectrum in a longitudinal 
magnetic field, was observed also for  the case of linear 
polarization of the exciting radiation. In this case the 
investigation of the effect is made somewhat more dif- 
ficult by the presence a lso  of Faraday rotation a t  the 
SERS radiation frequency. 
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On the basis of the reflection-matrix concept introduced by the authors earlier, the formation of near- 
threshold singularities in x-ray absorption spectra are investigated. The conditions for the onset of 
resonances in a many-center potential are determined. Formulas are derived for the energies and 
intensities of the lines of the Rydberg-series when a molecular state is superimposed on the latter. A 
criterion for the separation of molecular and Rydberg levels is proposed. For the SF, molecule, the matrix 
of reflection from the fluorine octahedron and the x-ray absorption spectra of sulfur are calculated. The 
results are compared with experiment. 

PACS numbers: 33.20.Rm 

INTRODUCTION in  c rys ta l s ,  amorphous bodies, o r  liquids. 

X-ray absorption s p e c t r a  (XAS), as is well known, 
make it  possible t o  obtain important  information on the 
s t ruc ture  of mat te r .  The f a r  fine s t r u c t u r e  of the spec-  
t r a  makes  it  possible to de te rmine  the coordination 
number, the dis tances to  the neares t  a toms,  and the 
amplitudes of the thermal  vibrations.[1121 F r o m  the 
charac te r i s t i cs  of the Rydberg s e r i e s  observed before 
the threshold of the continuous absorption i t  i s  possible  
to establish the charges  of the ions and the symmetry  
of the neares t  These  effects  in  the XAS 
are caused mainly by the sca t te r ing  of the photoelectron 
in the final s ta te  by potentials localized in the region of 
space adjacent to the absorbing atom. The scat ter ing 
of a n  electron wave by  surrounding atoms,  which i s  
somet imes  described by specifying modified boundary 
conditions f o r  the wave function on the sur face  of the 
investigated atom or group of atoms,[43 plays a t  any 
r a t e  a very  important role in the formation of the local  
e lectron density (LED) in mat te r .  Without a detailed 
investigation of the s ingular i t ies  of this sca t te r ing  and 
without revealing the r o l e  of the b e a r e s t  and remote  
surroundings i t  is impossible to make s e r i o u s  p r o g r e s s  
in  the understanding of the electron s t r u c t u r e  of defects  

A number of au thors  have s h ~ w n [ ~ ' ~ ]  that calculations 
of the XAS intensi t ies  by the method of multiple sca t -  
t e r ing  in the X-a approximation[g1 gives r e s u l t s  that are 
in sat isfactory agreement  with experiment. There  i s  no 
doubt now that this  method makes  i t  possible  t o  descr ibe  
quantitatively both the f a r  and the n e a r  fine s t ruc ture  
of the XAS. The calculations, however, d o  not explain 
qualitatively the c a u s e s  of the s ingular i t ies  in  the spec- 
t r a  and cannot s e p a r a t e  the role of the potentials of 
the n e a r e s t  surroundings and of the atom to which the x- 
r a y  t ransi t ion takes  place. 

In this  paper ,  using a new procedure  recent ly pro-  
posed by us[10s111 to descr ibe  the influence of the s u r -  
rounding potent ials  on the LED and on the XAS in- 
tensity, we  c a r r y  out a sys temat ic  ana lys i s  of the role 
of the n e a r e s t  surrounding i n  the formation of the local 
electron s t ruc ture .  We investigate the XAS and LED 
of cen t ra l  a t o m s  of high-symmetry close-packed mole- 
cules, complexes, and  c l u s t e r s ,  and pay principal 
attention t o  the formation of the fine s t r u c t u r e  a t  the 
absorption edge. We consider  the laws governing the 
onset of resonances  i n  a many-center potential and of 
the theory of the  Rydberg s e r i e s  in  the p resence  of 
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