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Abstract.  Based on five different nonempirical (calculated ab  ini-
tio) interaction potentials for pairs of colliding Li – Ne particles and 
three different interaction potentials for pairs of colliding Li – Ar 
particles, we have theoretically investigated the spectral features of 
the light-induced drift (LID) rate of Li atoms in the buffer Ne gas 
in a mixture of buffer Ne + Ar gases. The calculations of LID of Li 
atoms in the buffer Ne gas for two interaction potentials predict 
anomalous LID and, as a result, strong sensitivity of the spectral 
shape of the LID lines to the differences in these potentials. For 
three other potentials (out of the five in question), the shape of the 
LID line of Li atoms in Ne is insensitive to the shape of the poten-
tial, since calculations with these potentials predict a normal LID 
effect. In this case, as it turned out, by adding a small fraction 
(approximately 10 %) of Ar to Ne, one can go from normal LID 
to anomalous LID and thereby radically increase the sensitivity of 
the LID line shape of Li atoms to the difference in these interac-
tion potentials. The results obtained enable high-precision testing 
of the interatomic interaction potentials in experiments on anom-
alous LID.

Keywords: light-induced drift, optical excitation, collisions, buffer 
gas, interatomic interaction potential.

1. Introduction 

The effect of a light-induced drift (LID) is the occurrence of 
directional  movement  (drift)  of  particles  that  absorb  light 
radiation and are  in a mixture with a buffer gas  [1, 2]. This 
drift arises due to two circumstances: selectively in terms of 
the rate of excitation of particles by light (due to the Doppler 
effect) and the difference in the times of translational relax-
ation of  resonant particles  in  the ground and excited  states 
when  they collide with buffer particles. The drift motion of 
resonant particles can be carried out both in the direction of 
radiation propagation and in the opposite direction. To date, 
the LID effect has been experimentally registered for almost 
two dozen different objects – atoms and molecules  (see,  for 
example,  [3 – 9]  and  references  therein).  Theoretically,  with 
laser excitation,  the drift velocity due  to  the LID effect can 

reach thermal velocity [10]. It was experimentally shown that 
atoms  under  the  action  of  LID  can  drift  at  a  velocity  of 
50 m s–1 [11].

An important characteristic of the LID effect is the depen-
dence  of  the  drift  velocity  on  the  radiation  frequency  (the 
shape of the LID line). According to the line of the LID line 
observed in experiments, the effect has been classified as ‘nor-
mal’ and ‘anomalous’ LID.

The normal effect is well described by the LID theory with 
velocity-independent transport collision frequencies of reso-
nant  particles  in  the  ground  and  excited  states  with  buffer 
particles. Under the normal effect, the LID line shape has the 
simplest form and is completely determined by the absorption 
spectrum of the drifting particles. In particular, under excita-
tion  by  radiation  from  particles  on  an  isolated  transition 
(two-level particles), the normal LID line has a characteristic 
dispersion-like (tilde-like) shape [3 – 7].

Anomalous LID has a much more complex line shape. Many 
experimental  [8,  9,  12 – 18]  and  theoretical  [8,  15,  17,  19 – 29] 
papers have been devoted to the study of anomalous LID. It 
was  found  that  anomalies  are  observed  in  cases  where  the 
transport collision frequencies of resonant particles with buf-
fer particles at the combining (affected by radiation) levels are 
close to each other. It turned out that under these conditions, 
the occurrence of anomalous LID is due to the dependence of 
the  transport characteristics of  the absorbing particle on  its 
velocity. Because the collision transport frequencies are deter-
mined  by  the  interaction  potentials  of  resonant  and  buffer 
particles, the line shape of anomalous LID is extremely sensi-
tive to small changes in the interaction potentials. This allows 
in LID experiments the precision testing of interatomic inter-
action potentials used to calculate the spectral waveform of 
anomalous LID, and,  therefore,  the possibility of  relatively 
simple experimental testing of the accuracy of various theo-
retical models of interaction potentials.

Based on several known non-empirical (calculated ab ini-
tio)  interatomic  interaction  potentials  for  pairs  of  colliding 
Li – Ne  particles,  we  theoretically  predicted  and  calculated 
anomalous LID of lithium atoms in the neon buffer [29]. The 
results of this work showed that, in the region of anomalous 
LID,  even  a  small  difference  in  the  interatomic  interaction 
potentials of resonant and buffer particles  is strongly mani-
fested in the frequency dependence of the drift velocity. In the 
regions of normal LID, the shape of its line is insensitive to 
the difference in interaction potentials.

In this paper, we report a theoretical study of the spectral 
features of the LID velocity of Li atoms in an inert buffer Ne 
gas and in a binary buffer mixture of inert Ne + Ar gases. The 
LID  calculations  are  based  on  five  different  non-empirical 
interaction potentials  for pairs of  colliding Li – Ne particles 
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[30 – 34] and three different non-empirical interaction poten-
tials  for pairs of  colliding Li – Ar particles  [30,  33,  35]. The 
calculations  of LID of Li  atoms  in  the  buffer Ne  gas  have 
shown that for some interaction potentials, the shape of the 
LID line will be insensitive to their difference, since they pre-
dict LID to be close to normal. In this case, as it turned out, it 
is  possible  to  switch  to  the  region  of  anomalous  LID  and 
thereby  significantly  increase  the  sensitivity of  the LID  line 
shape to the difference of these interaction potentials by add-
ing a small fraction of Ar gas to the initial buffer medium of 
Ne gas.

2. Drift velocity

Lithium has  two  stable  isotopes:  7Li  (abundance of 92.5 %) 
and  6Li  (abundance  of  7.5 %)  [36].  The  isotopic  frequency 
shift of the spectral lines of the main 7Li isotope relative to the 
frequencies of the lines of the 6Li isotope is such that when the 
laser radiation frequency is tuned to the D2 line of 7Li, only 
one main 7Li isotope interacts with radiation. Bearing in mind 
this situation, we will further consider LID of 7Li atoms in the 
case of excitation of the D2 transition of 7Li atoms.

To calculate the LID velocity of 7Li atoms, it is quite pos-
sible to use a three-level model of absorbing particles (Fig. 1). 
Here the levels n, k are the components of the hyperfine struc-
ture of  the  22S1/2  ground  state. Level m  corresponds  to  the 
excited  22P3/2  electronic  state.  For  7Li  atoms,  the  hyperfine 
splitting of the ground state, wkn = 5.049 ´ 109 s–1 [36], is com-
parable to the Doppler width of the resonance line, and there-
fore the ground state is modelled by two levels, n and k. Level 
m models a group of levels that are components of the hyper-
fine structure of the excited 22P3/2 state. Such a simulation of 
a group of levels by a single level is possible because for 7Li 
atoms the hyperfine splitting in this excited state is small com-
pared with the Doppler width of the resonance line.

For the LID velocity of 7Li atoms (simulated by a three-
level scheme, Fig. 1) in the inert atmosphere of buffer gases, 
we obtained the expression [29]:
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nn(u) and nm(u) are the transport frequencies of collisions of 
resonant particles in the ground and excited states with buffer 
particles; u is the velocity of resonant particles; B is the second 
Einstein coefficient  for absorption  [37]; Nn /N and Nk /N are 
the relative populations of the sublevels n and k of the hyper-
fine structure of the ground state; w, l, k, and I are the fre-
quency, wavelength, wave vector, and intensity of monochro-
matic radiation; wmi is the transition frequency m ® i; Gm is 
the  spontaneous  decay  rate  of  the  excited  level  m;  uT  = 
(2kBT/M)1/2 is the most probable velocity of absorbing parti-
cles; M is the mass of particles absorbing radiation; kB is the 
Boltzmann constant; and T is the temperature.

Expression (1) for the drift velocity is valid in the case of 
large Doppler broadening.

G << kuT   (3)

and under conditions of low intensity radiation
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where G  = Gm /2 +  g  is  the  homogeneous  half width  of  the 
absorption line, which is the sum of the spontaneous (Gm /2) 
and collisional (g) half widths. Case (3) is most interesting for 
the  problem  in  question,  since  anomalous  LID  maximally 
manifests itself at a large Doppler broadening. Under condi-
tions (4) of weak radiation intensity, the distribution of popu-
lations with respect to velocities on the hyperfine components 
n, k in the ground state is close to Maxwellian. The value of Z 
has the meaning of the saturation parameter: It characterises 
the degree of population  levelling  in particles with resonant 
velocities (Wi = ku).

The relation of the collision transport frequency ni (u) (i = 
m, n) in (2) with the characteristics of the elementary scatter-
ing event is given by the well-known formula [38]
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Nb and Mb are the concentration and mass of buffer particles; 
u  is the relative velocity of the resonant and buffer particles 
before the collision; and si (u) is the scattering transport cross 
section of an absorbing particle in state i on a buffer particle. 
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Figure 1. Energy level diagram. The solid arrow indicates the transition 
under the action of radiation, and the dashed arrows show spontaneous 
radiative transitions.
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The cross  sections si (u)  are  calculated using  the  interaction 
potentials of the absorbing and buffer particles.

As noted  in  the  Introduction, anomalous LID can arise 
when  the  transport  collision  frequencies  nm(u)  and  nn(u)  of 
resonant  particles  in  excited  and  ground  states  with  buffer 
particles are close to each other. The reason for the appear-
ance of anomalous LID is the difference in the dependences of 
nm(u) and nn(u) and, as a result, the possibility of changing the 
sign  of  the  difference  in  the  collision  transport  frequencies 
Dn(u) º  nm(u)  –  nn(u).  In  this  case,  absorbing  particles with 
both positive and negative Dn(u) values contribute to the drift 
velocity uL. This can lead to a strong difference in the shape of 
the LID line from that predicted by the theory of the normal 
LID effect, which does not take into account the dependence 
of the transport collision frequencies on the velocity.

If the frequencies nm(u) and nn(u) are very different from 
each other, then the drift velocity uL as a function of the emis-
sion  frequency  corresponds  to  normal  LID  and  is  well 
described  by  its  theory with  velocity-independent  transport 
collision frequencies, i.e. when frequencies ni (u) (i = m, n) in 
expression (1) are replaced by the average transport frequency
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where uT =  (2kBT/m)1/2  is  the most probable  velocity of  the 
relative motion of the absorbing and buffer particles; and n is 
the unit vector in an arbitrarily chosen direction. The average 
transport frequency ni

tr is related to the diffusion coefficient Di 
of particles in the state i by a simple formula [3, 38]:
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In calculating the LID velocity of the atoms in a mixture 
of two different buffer gases, for t(u) in formula (2) we assume

ni (u) = n1i (u) + n2i (u),   i = m, n,   (9)

where subscripts 1 and 2 denote the sort of buffer particles. 
Similarly, the total shock half-width of the absorption line g is 
equal to the sum of the half-widths g1 and g2, caused by the 
shock effect of the buffer particles of sorts 1 and 2.

3. Abnormal LID of lithium atoms

Using formulas (1), (2) and (5), we numerically investigated 
LID of 7Li atoms in inert buffer Ne and Ar gases. According 
to the NIST database [39], for lithium atoms, the spontaneous 
decay rate Gm of the excited 22P3/2 state is 3.69 ´ 107 s–1, and 
the wavelength of the D2 line is l = 670.8 nm. The homoge-
neous half width of  the absorption  line, G = Gm /2 + g, was 
determined  according  to  [40]  for  the  collision  broadening 
coefficients bNe = 5.50 MHz Torr–1  for Li  atoms  in  the Ne 
atmosphere and bAr = 8.61 MHz Torr–1 for Li atoms in the Ar 
atmosphere.  The  collision  transport  frequencies  nm(u)  and 
nn(u) for Li atoms in excited and ground states with Ne and 
Ar atoms were  calculated numerically by  formula  (5) using 
five different non-empirical (calculated ab initio) interaction 
potentials for pairs of colliding Li – Ne particles [30 – 34] and 
three different non-empirical interaction potentials for pairs 

of colliding Li – Ar particles [30, 33, 35]. Tabularly specified 
interaction potentials were interpolated by cubic splines.

Figure 2 presents the dependences [calculated by formula 
(5)]  of  the  relative  difference  of  the  transport  collision  fre-
quencies [nm(u) – nn(u)]/nn(u) on the velocity u for the Li atoms 
in the excited and ground states with Ne atoms (Fig. 2a) and 
Ar atoms (Fig. 2b) at T = 600 K. Formula (1) shows that, due 
to the factor uexp(– u2/uT

2 ), the main contribution to the inte-
gral for the drift velocity uL is made by particles with veloci-
ties u ~ uT. For pairs  of  colliding Li – Ne particles  for  two 
potentials [32, 33], the sign of the difference between the colli-
sion  frequencies nm(u)  – nn(u)  changes  in  the  region u ~ uT 
[curves ( 4 ) and ( 5 ) in Fig. 2a]; therefore, in the vicinity T = 
600 K, calculations using these potentials will predict anoma-
lous LID of Li  atoms  in  the Ne  buffer medium. For  three 
potentials  [30, 31, 34],  the sign of  the difference  in collision 
frequencies nm(u) – nn(u) changes in the range u ~ 2uT [curves 
( 1 ), ( 2 ) and ( 3 ) in Fig. 2a]; therefore, at a temperature T = 
600 K,  calculations  for  these  potentials will  predict weakly 
anomalous (close to normal) LID of Li atoms. For pairs of 
colliding  Li – Ar  particles,  all  three  interaction  potentials 
[30, 33, 35] do not change the sign of the difference in collision 
frequencies (Fig. 2b); therefore, at T = 600 K, normal LID of 
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Figure 2. Velocity as a function of the relative difference of the trans-
port collision frequencies [nm(u) – nn(u)]/nn(u) of Li atoms in the excited 
and ground states with (a) Ne and (b) Ar atoms; T = 600 K. Calculations 
of potentials are presented (a) from ( 1 ) [30], ( 2 ) [31], ( 3 ) [34], ( 4 ) [32] 
and ( 5 ) [33] and also (b) from ( 1 ) [30], ( 2 ) [35] and ( 3 ) [33] (b).
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Li atoms in an Ar buffer medium is realized for these poten-
tials.

Figures 3 and 4 present the results of numerical calcula-
tions [using formula (1)] of the projection of the LID velocity 
on the radiation direction uL º kuL /k as a function of the fre-
quency detuning W for 7Li atoms in the buffer Ar gas (Fig. 3), 
in  the  buffer Ne  gas  (Fig.  4a)  and  in  the mixture  of  buffer 
Ne + Ar gases  (Figs 4b – 4d) with a  fraction of neon  in  the 
mixture, xNe   = 0.89 [xNe = NNe /(NNe + NAr), where NNe and 
NAr are  the concentrations of neon and argon]. All calcula-
tions were performed for the case of the excitation of the D2 
transition of 7Li atoms at the monochromatic radiation inten-
sity I = 40 mW cm–2, the buffer gas pressure pbuf = 5 Torr and 
the temperature T = 600 K [with these parameters, conditions 
(3) and (4) of applicability of formulas (1) are well fulfilled: 
G /(kuT)  =  0.02  and  Z  =  0.2].  For  the  radiation  frequency 
detuning W, we have

0w wW = - ,    
8

3 5mn mk
0w w w
=

+ .   (10)

The frequency w0 corresponds to the ‘centre of gravity’ of the 
transition frequencies wmn and wmk, taking into account the 
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atoms at T = 600 K, I = 40 mW cm–2 and pbuf = 5 Torr. Calculations of 
potentials are taken from ( 1 )  [30], ( 2 )  [35] and ( 3 )  [33]. Vertical seg-
ments denote frequencies resonant to the m – n and m – k transitions.
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Figure 4. LID velocity projections on the radiation direction uL º kuL /k as functions of the detuning of the radiation frequency W for 7Li atoms (a) 
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of 7Li atoms at T = 600 K, I = 40 mW cm–2 and pbuf = 5 Torr. For a system of colliding Li – Ne particles, the calculation of potentials are taken from 
( 1 ) [30], ( 2 ) [31], ( 3 ) [34], ( 4 ) [32] and ( 5 ) [33]. For a system of colliding Li – Ar particles, the calculation of potentials are taken from (b) [30], (c) 
[35] and (d) [33]. Vertical segments denote frequencies resonant to the m – n and m – k transitions.
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statistical weights of the levels n and k. In the region of nor-
mal LID [when a substitution  ( ), ,n m

tr
n m
tr

"n u n ) can be made in 
(1)], the drift velocity uL vanishes only at point W = 0 [41].

One can see from Fig. 3 that calculations using each of the 
three interaction potentials [30, 33, 35] predict the occurrence 
of normal LID of 7Li atoms in the Ar atmosphere. The LID 
line shape is insensitive to the difference in interaction poten-
tials: For each potential, the LID line has the same character-
istic dispersion-like (tilde-shaped) shape, and the drift veloc-
ity uL vanishes only at point W = 0. The dependence of  the 
results  of  the  LED  velocity  calculations  on  the  interaction 
potentials is rather weak and manifests itself only in a small 
change in the maximum drift velocity.

A completely different situation with the sensitivity of the 
LID  line  shape  to  the  difference  in  interaction  potentials 
arises  in  the case of LID of  7Li atoms  in  the buffer Ne gas 
(Fig.  4a)  and  in  the  mixture  of  Ne  +  Ar  buffer  gases 
(Figs 4b – 4d). The LID velocity calculations shown in Fig. 4 
were  performed  on  the  basis  of  five  different  interaction 
potentials for pairs of colliding Li – Ne particles [30 – 34] and 
three  different  interaction  potentials  for  pairs  of  colliding 
Li – Ar particles [30, 33, 35].

In  the  case of LID of  7Li  atoms  in  the Ne atmosphere, 
calculations  for  two  potentials  [32,  33]  predict  anomalous 
LID [curves ( 4 ) and ( 5 ) in Fig. 4a], and calculations for three 
potentials  [30,  31,  34]  predict  slightly  anomalous  (close  to 
normal)  LID  [curves  ( 1 ),  ( 2 )  and  ( 3 )  in  Fig.  4a].  For  7Li 
atoms,  the  drift  velocity  as  a  function  of  the  radiation  fre-
quency may have, depending on  the potentials used  for  the 
calculations,  one,  three,  or  even  five  [curve  ( 5 )  in  Fig.  4a] 
zeros. Very important is the fact that the shape of the LID line 
[the dependence of uL(W)] is extremely sensitive to the differ-
ence in some interaction potentials used to calculate the LID 
velocity.  If  in  the  experiment  on  LID  of  lithium  atoms  in 
neon, the shape of the LID line is close to the shape of curve 
( 4 )  or  ( 5 ),  then  this  clearly  demonstrates  in  favour  of  the 
interaction  potentials  corresponding  to  these  curves  [32]  or 
[33]. Curves ( 1 ), ( 2 ) and ( 3 ) corresponding to the interaction 
potentials  from  [30,  31,  34],  respectively,  are  close  to  each 
other; therefore, the unequivocal choice between these poten-
tials is difficult.

It turns out that the sensitivity of the shapes of curves ( 1 ), 
( 2 )  and  ( 3 )  to  the difference  in  interaction potentials  from 
[30, 31, 34] can be greatly increased by moving to the anoma-
lous LID region by adding a small fraction of Ar gas to the 
original buffer Ne gas. Figures 4b – 4d presents the results of 
calculations of the LID velocity of 7Li atoms in a mixture of 
Ne + Ar  buffer  gases with  a  fraction  of  neon  in  a mixture 
xNe = 0.89. It can be seen that in the mixture of Ne + Ar buffer 
gases, the shapes of curves ( 1 ), ( 2 ) and ( 3 ) turn out to be very 
sensitive  to  the  difference  in  interaction  potentials  from 
[30, 31, 34] for pairs of colliding Li – Ne particles. At the same 
time, the sensitivity of the shapes of these curves to the differ-
ence  in  interaction  potentials  from  [30,  33,  35]  for  pairs  of 
colliding Li – Ar particles increases (cf. Fig. 3 with Figs 4b – 4d). 
A preliminary conclusion about the accuracy of the interac-
tion potentials can be made by comparing the values of (Dm 
– Dn)/Dn of relative diffusion coefficients of lithium atoms in 
the excited and ground states calculated in the present work 
and measured  in experiments  [42] by  light-induced diffusive 
pulling  (pushing)  (LDP)  in  the  atmospheres  of  inert  buffer 
gases of neon and argon.  In  the LDP effect  [43], unlike  the 
LID effect, spectral anomalies do not occur [44]. The magni-
tude of the LDP effect is always proportional to the relative 

difference  of  the  average  collision  transport  frequencies 
( ) /m
tr

n
tr

n
trn n n-   [and hence the relative difference of the diffu-

sion  coefficients  (Dm  – Dn)/Dn  in  the  excited  and  ground 
states of resonant atoms with buffer particles]. For Li atoms 
in the Ne atmosphere at temperature T = 600 K, the value 
measured in experiment [42] (Dm – Dn)/Dn = 0.026 ± 0.006. 
The calculated values of  (Dm – Dn)/Dn  for potentials  from 
[34, 30, 33, 32, 31] are  equal,  respectively,  to 0.026, 0.051, 
– 0.009,  – 0.0014 and 0.064. For Li  atoms  in  the Ar atmo-
sphere at temperature T = 600 K, the value of (Dm – Dn)/Dn  
measured  in experiment  [42]  is equal  to – 0.23 ± 0.02. The 
calculated  values  of  (Dm  – Dn)/Dn  for  the  potentials  from 
[33, 30, 35] are equal to – 0.237, – 0.144 and – 0.199, respec-
tively. Thus, the interaction potential from [34] for pairs of 
colliding Li – Ne particles and the interaction potential from 
[33] for pairs of colliding Li – Ar particles perfectly describe 
the experimental results [42], and the LID calculation of Li 
atoms based on them should be given priority [curves ( 3 ) in 
Fig. 3 and Figs 4a and 4d).

An  important  characteristic  of  the  potential  testing 
method by the LID line shape is  its sensitivity to the differ-
ence  in  the  interaction  potentials  used.  Figure  5  shows  the 
interaction  potentials  from  [31,  34]  for  pairs  of  colliding 
Li – Ne particles, according to which curves (LID line shapes) 
( 2 )  and  ( 3 )  in  Figs  4b – 4d  were  calculated.  Visually,  the 
potentials in Fig. 5 from [31, 34] differ slightly. Nevertheless, 
a comparison of Fig. 5 and curves ( 2 ) and ( 3 ) in Figs 4b – 4d 
shows that even a small difference in the interatomic interac-
tion  potentials  of  resonant  and  buffer  particles  is  strongly 
manifested in the frequency dependence of the drift velocity 
in the anomalous LID region.

It  should  be  noted  that  in  the  dependence  of  the  LID 
velocity on the radiation frequency,  it  is not  the  interaction 
potentials that manifest themselves, but the difference in the 
interaction potentials of excited and unexcited resonant par-
ticles with buffer particles. At present, other methods for test-
ing the interaction potential difference are unknown to us.
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Figure 5. Interaction potentials for a system of colliding Li – Ne parti-
cles. The interaction of unexcited Li atoms (2S state) with Ne atoms (1S 
ground state) corresponds to the molecular term X2S, and the excited Li 
atoms (2P state) corresponds to the terms A2P and B2S. The solid curves 
are  the potentials  from  [31], and  the dashed curves are  the potentials 
from [34].
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In this paper, we showed the possibility of artificially cre-
ating conditions for the manifestation of anomalous LID by 
using  a  mixture  of  two  buffer  gases.  This  dramatically 
increases the sensitivity of the testing of the interaction poten-
tials. It is difficult to say to what degree this method is univer-
sal,  since  the  data  on  the  interaction  potentials  of  excited 
atoms with different buffer particles are still scarce. 

4. Conclusions

Based on five different interaction potentials for pairs of col-
liding Li – Ne particles and three different interaction poten-
tials  for pairs of  colliding Li – Ar particles, we have  studied 
anomalous LID of Li atoms in an inert buffer Ne gas and in a 
binary buffer mixture of inert Ne + Ar gases. Theoretical cal-
culations  of  LID  of  Li  atoms  in  the  buffer Ne  gas  for  the 
interaction potentials  from  [32,  33]  predict  anomalous LID 
and, as a result, strong sensitivity of the LID line shape of Li 
atoms to the difference in these interaction potentials. For the 
three  interaction  potentials  from  [30,  31,  34],  the  LID  line 
shape  is  insensitive  to  their  difference,  since  they  predict 
weakly  anomalous  (close  to  normal)  LID  of  Li  atoms. 
However, in this case, by adding a small fraction of the buffer 
Ar gas, one can switch to the region of anomalous LID and 
thereby radically increase the sensitivity of the LID line shape 
of Li atoms to the difference of these potentials.
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