
SOVIET PHYSICS JETP VOLUME 31, NUMBER 5 NOVEMBER, 1970 

SPECTRAL OPTICAL-TRANSITION LINE SPLITTING INDUCED IN GASES BY RESONANT 

EXTERNAL FIELDS 

A.K. POPOV 

Institute of Semiconductor Physics, Siberian Division, USSR Academy of Sciences 

Submitted July 30, 1969 

Zh. Eksp. Teor. Fiz. 58, 1623-1625 (May, 1970) 

An analysis is presented of the effect of inhomogeneous broadening on spectral line splitting induced 
by an additional field which is resonant with respect to the adjacent transition. It is demonstrated that 
the manifestation of the effect depends strongly on the relation between the frequencies and directions 
of propagation of the emitted and auxiliary fields. Even in case of strongly inhomogeneous broadening 
and under certain other conditions, the effect may arise when the interaction energies between the atom 
and auxiliary field are comparable with the widths of the energy levels. 

1. Under the influence of a field that is in resonance 
with an adjacent optical transition, the spectral emis­
sion line of an atom can split into two components. To 
this end it is necessary that the energy of interaction 
between the atom and the external field be comparable 
with the characteristic widths of the energy levels. This 
phenomenon can be interpreted as a lifting of the degen­
eracy between the state of the atom-plus-field system, 
when there are l photons in the field and the atom is in 
a state n, and the state in which there are l- 1 photons 
in the field and the atom is in the state m (Em > En)· 
The splitting of the spectral lines can be interpreted as 
the splitting of the overall energy level of the interacting 
transitions into quasienergy sublevels. This effect has 
analogs, for example, in the modification of the dis~er­
sion laws of resonantly-interacting quasiparticles. 

For optical transitions, the widths of the energy 
levels are smallest in gases. In gases, however, the 
broadening of the spectral lines is as a rule inhomo­
geneous. It would seem natural that under these condi­
tions the effect of splitting of the spectral line of an 
individual atom should be leveled out as a result of the 
presence of the Maxwellian distribution of the atoms 
with respect to velocities, and that in order for the 
splitting effect to become manifest it would be neces­
sary to have an external field of intensity high enough to 
make the interaction energy comparable with the Dor.pler 
width of the line (in units of h)r1- 4 J. As will be shown 
below, the dynamics of the interaction of two traveling 
waves of a field with a gas of moving atoms is such that 
the appearance of the splitting effect depends strongly 
on the ratio of the moduli and the directions of the wave 
vectors. It turns out that at a definite ratio of these 
quantities the effect of splitting of the line of an indivi­
dual atom becomes manifest at interaction energies 
comparable with the widths of the levels, even under 
conditions when the Doppler broadening is much larger 
than the impact broadening. 

2. Let us examine the power of emission (absorption) 
of a weak field at the transition ml (Em > Ez) in the 
presence of an additional field at the transition 
mn (Em > En)· The action of the additional field re­
duces only to the splitting effect if the population differ­
ence Nm - Nn at the transition mn is equal to zero. In 
this case the formula for the emission power {if Nm - Nz 
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> 0) or absorption power {if Nm - Nz < 0) at the fre­
quency w!J. is given by 

2 Nm-Ne 
Wmz = 2/iwmziG"I {1) 
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X Res"" exp [-(v/v) 2]d(k.v) 
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Here IGIJ.I2 = IEIJ.dzm/2fll2 , IGI2 = IEdnm/21'112 , n~ and 
n' are the yields of the atomic resonances for the 
corresponding fields with allowance for the Doppler 
shift 

Q/ = w"- Wm!- k"v = Q"- k"v; 

il' = W- Wmn- kv = (2- kV, Wij and rij are the frequen­
cies and the Lorentz half-widths for the corresponding 
transitions; w IJ., k!J. and w, k, are the frequencies and 
wave vectors for the analyzed and supplementary field, 
and vis the half-width of the Maxwellian velocity dis­
tribution. Putting Nz = 0 in (1) and replacing IG 12 by 
the corresponding quantity for the vacuum osciftations, 
we can use the expression for the analysis of the spec­
tral properties of spontaneous emission in an external 
field. From (1) we see ~hat at G ;e 0 the denominator of 
the integrand as a function of n~ has two roots. Conse­
quently, the formula for w ml can be represented in the 
form of a sum of two spectral components with different 
amplitudes and positions of the maxima. This circum­
stance is a reflection of the effect of splitting of the 
spectral line of the individual atom. 

3. When IGI2/r1nrlm « 1 we obtain, accurate to IGI2 , 

N m - Nz ""s [ ( v ) 2
] { F1m Wmz=21iwmziG•I 2 _ d(k"v)exp - -

}nk"v -oo v f 1m2 + (Q"- k"v) 2 

-Re, IGI• }· 
[fzm- i(Q.-k.v))2 [fzn + i(Q- Q")- i(k- k")v 

It is easy to see that the poles of the last term as a 
function of k!J. · v always lie in the same half-plane, with 
the exception of the case k!J. ·k > 0 and k!J. < k. Thus, 
for the case of parallel and anti parallel waves, we obtain 
if rzm• rzn « k!J. v 

Wmz=21iwmziG•I 2 (1Vm +Nz) l~ exp[- Q"_) {2) 
k"v k"v 
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Effect of splitting of the spectral line for the case of parallel waves: 
a-Nm-Nn = 0, 6-Nm-Nn = -(Nm-NI) k11-k/k f' m/f' +· 

where 
G(x)={O, x<O; 

1, x> 0 

ku ( k~) k~ f+=kfln+ 1-k rim; z=Q.-kQ. 

It follows from (2) that even when kfJ. v » r lm the 

effect of splitting can appear in relatively weak fields 
IG 12 ~ r!, if kfJ. · k > 0 and kfJ. < k. It gives rise to a 
singularity at the frequency nfJ. = (kfJ./k)Q against the 
ba.ckgrou~d of. the Doppler curv~. As a function of n fJ., 
th1s contnbuhon of the strong field reverses sign, so 
that the singularity has the form of a "dip on a pedes­
tal" (see Fig. a). In the case of antiparallel waves, and 
for arbitrary propagation directi~ns, when kfJ. > k, the 
dip can appear only at IGI2 - (kJ..L v)2 lll. It can be shown 
that in the general case Nm - N_ ;.o 0 the form of the 
singularity at k < k and kfJ. · k >nO (see Fig. b) is des­
cribed by the formula 

I=-~_i£_f_[ (!Ym- Nn) f+' 
k fmr+ r+'+z' 

+(Nm-N) k-k~ fmf+(f+'-z')] 
1 k (f+'+z')' ' 

When 

INm- Nzl ~ (IG 12 f f'min) INm- NnJ, fmin =min {f;k}, i, k= {l, m, n} 

a similar singularity arises also in the spectrum of 
generation at the transition ml in the presence of an 
additional field at the transition mn. The splitting effect 
does not appear when (1 - kJ.l./k) « 1. Thus, besides 
spectroscopic applications, this effect can be used to 
stabilize the generation frequency in arbitrary sections 
of the Doppler curve. 

At the first All- Union Symposium on Gas- Laser 
Physics (Novosibirsk, July 1969), M. S. Feld told the 
author that he obtained analogous results theoreticallyl5 l, 
and P. Toschek reported an experimental observation of 
this effect in neon at the transition 2s2- 2p4 , when the 
transition of the supplementary field was 32- 2p4r61 • 

In conclusion, I am grateful to S. G. Rautian for useful 
discussions of the present results. 
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