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Summary. - -  We have investigated sub-Doppler lineshapes of neon 
transitions by means of intermodulated optogalvanic technique in a direct 
current hollow cathode and a radio frequency glow discharge. The 
intermodulated Doppler-free signal, as usual, is superimposed on a broad 
Gaussian background due to velocity-changing collisions. The ratio between 
the collisional and the homogeneous signal has been systematically 
investigated as a function of gas pressure and discharge current. By 
detecting neon as a trace in other buffer gases, the lineshapes have been also 
carefully investigated as a function of the mass of the perturbers (helium and 
argon). Comparison between theoretical predictions and experimental data 
leads to quantitative evaluations of collisional parameters. 

PACS 32.70 - Intensities and shapes of atomic spectral lines. 
PACS 32.90 - Other topics in atomic spectra and interactions of atoms with 
photons. 

1 .  - I n t r o d u c t i o n .  

The optogalvanic effect (OGE) in noble-gases' discharges has been 
extensively  investigated (1). Many papers  r e fe r  on possible modelling of the 
discharge and of the OGE mechanisms(~4). The application of sub-Doppler 

(1) See, for example, many papers appeared on the issue J. Phys. (Paris) C, 7, (1983). 
(2) D. K. DOUGHTY and J. E. LAWLER: Phys. [~ev. A, 28, 773 (1983). 
"(~) E. F .  ZALEWSKY, R. A. KELLER and R. ENGLEMAN: J. Chem. Phys., 70, 1015 (1979). 
(4) E. DE MARINIS, A. SASSO and E. ARIlVIONDO: J. Appl. Phys., in press. 
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techniques, like intermodulated optogalvanic spectroscopy (IMOGS)(5), has 
opened the possibility of performing high-resolution spectroscopical 
measurements at low cost on transitions starting from metastable or highly 
excited levels and the technique has turned out to be of wide application once 
combined with non- conventional absorption methods (~). 

The lineshape of the observed OG saturated signal has also been studied 
under several experimental conditions (7-9). It was observed that the homogene- 
ous profile grows up on a Doppler background due to velocity-changing collisions 
(VCC), which thermalizes the velocity distribution inside the saturation process. 
Analysis of such lineshapes has been performed in ref. (lo.11) considering a 
,~strong~ and ,,weak~ coUisional frame. Lowering the Doppler contribution is of 
course important for spectroscopical measurements, but in addition a general 
analysis of the profiles can supply further information on the collisional processes 
occurring in the discharge sample. 

In this paper we present an analysis of sub-Doppler lineshapes obtained by 
intermodulated optogalvanic technique in a neon hollow cathode and radio 
frequency~ discharge. A comparison between the results with two different 
environments can provide information independent of the particular discharge 
modelling. A significative extension of the experiments has been obtained 
running the discharge with a mixture of Ne with other noble gases of different 
relative mass (Ar, He). The lineshape is investigated as a function of the relative 
pressures of Ne and perturber gas and a deeper insight can be obtained on the 
collisiOnal processes. Also, we have analysed the lineshapes of several neon 
transitions connecting levels with different lifetimes (in the range from 10 -4 to 
10 -8 s), hence evidencing the different effectiveness of VCC. 

2. - Theory. 

Intermodulated spectroscopy is a well-established Doppler-free saturation 
technique developed by Sorem and Schawlow (12). Two laser beams modulated at 
different frequencies interact in opposite directions with the atomic or molecular 
sample under investigation. In this condition the two beams can be simulta- 

(6) j.  E. LAWLER, A. I. FERGUSON, J. E. M. GOLDSMITH, D. J. JACKSON and A. L. 
SCHAWLOW: Phys. Rev. Lett., 42, 1046 (1979). 
(6) K. ERNST and M. INGUSCIO: Riv. Nuovo Cimento, 2 (1988). 
(7) p. W. SMITH and T. H~NSCH: Phys. Rev. Left., 26, 740 (1971). 
(8) C. BRECHIGNAC, R. VETTER and P.  R. BERMAN: J. Phys. B, 10, 3443 (1979). 
(9) D. S. GOUGH, P. HANNAFORD: Opt. Commun., 55, 91 (1985). 
(lo) C. BRI~.CHIGNAC, R. VETTER and P. R. BERMAN: Phys. Rev. A, 17, 1609 (1978). 
(11) j .  TENENBAUM, E. MIVON, S. LAVI, J. LIVON, M. STRAUSS, J. OREG, G. EREZ: J. 
Phys. B, 16, 4543 (1983). 
(19 M. S. SOREM and A. L. SCHAWLOW: Opt. Commun., 5, 148 (1972). 
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neously absorbed only by atoms which have zero-velocity component along the 
beam direction. In the optogalvanic detection, monitoring the laser-induced 
change of the discharge current at the sum frequency, a narrow resonance is 
obtained when the laser frequency is tuned around the centre of the studied 
lines (13). 

This simple scheme is perturbed by VCC which produce a saturation signal 
also when the laser frequency is off resonance but still inside the Doppler profile 
of the line. In terms of monitored signal, such collisions lead to a broad 
background superimposed on the narrow homogeneous resonance. 

The lineshape of the saturated signal, for a homogeneous linewidth narrower 
than the Doppler width, has been first calculated by Smith and Hiinsch(7), 
assuming a simple model based on the hypothesis that a complete redistribution 
of the velocity occurred after a single VCC. The saturated signal:was described 
by a Gaussian pedestal, whose FWHM is V~ times smaller than the Doppler 
width, on which a Lorentzian shape, corresponding to the homogeneous 
linewidth, is superimposed. It can be written as 

y2/4 + (v - v0) 2 + C exp - exp \ ~-~-D ) J '  

where 8VD is the Doppler width, ( v -  v0) is the laser detuning, ~ is the 
homogeneous linewidth (FWHM) and A is a normalization constant. The 
coefficient C represents the weight of the collisional background with respect to 
the narrower homogeneous resonance and is a function of the collisional and 
radiative parameters as follows(7): 

(2) 

I'~ly~ Fblyb 

C = 2(= log 2) 1/2 r~ + ~a Fb -{- ~b Y 
1 ~ 1 A~ D ' 

Fa + ~a Fb "~- ~b 

where ],~ and ]'b are the decay rates of the lower a and upper b level of the 
transition, /~ and /~b are their cross-relaxation rates and AvD is the FWHM 
Doppler width. In the hypothesis that the effective lifetime of the lower level is 
much longer than the final one (],~ << ]'b), relation (2) reduces to 

(3) C = 2(=1og2)  1/2 F~], 
Ya AVD" 

It  must be observed that, if the two counterpropagating beams are not perfectly 

(~z) C. BARBIERI, N. BEVERINI, M. GALLI, M. INGUSCIO and F. STRUMIA: Nuovo 
Cimento D, 4, 172 (1984). 
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aligned, in eq. (3) a corrective factor should be introduced to take into account 
the residual Doppler effect. 

The model based on ,,strong,, collisions is well verified in all experiments in 
which only the active atom is present in the discharge. Br~chignac et al. (10) 
analysed the case in which a different buffer gas is present besides the active 
atom. In this case, when the buffer gas is lighter than the active atom, ,,weaker,, 
collisions occur, in which there is only a partial rethermalization of the velocity. 
In the hypothesis that the mean change of the velocity in a collision is greater 
than the homogeneous width, additional terms arise in the square bracket of the 
saturated signal expression (eq. (1)) due to the VCC between different partners. 
Such further contribution presents a Gaussian shape with a FWHM reduced 
from ~D. Tenenbaum et al. (11) have considered also the extreme case of very 
different masses between the active and the perturber atom (uranium against 
helium). In such a case the velocity change is usually lower than the 
homogeneous width. As a consequence the Lorentzian, corresponding to the 
homogeneous width, can no more be observed and the saturated signal appears 
as a superposition of larger exponential shape on the Doppler pedestal. 

In our experiment the active atom is represented by a neon atom. The lower 
levels for many of the neon transitions here investigated are lss, ls8 and ls4 
(Paschen notation). The ls5 and ls8 levels are metastable and their effective 
lifetimes are given by the processes discussed below. The ls4 level is radiatively 
connected to the ground state 1S0 but the escape of trapped radiation produces an 
effective lifetime comparable to that of metastable ls5 level. 

The metastable ls5,8 and quasi-metastable ls4 neon levels are de-excited 
through several channels here briefly discussed. 

i) Impact excitation to states radiatively connected to the ground state: 

(4) Ne(lsi) + Ne(1S0)--~ Ne(ls2) + Ne(1S0), i = 3, 4, 5. 

The de-excitation rates for this process have been measured by Phelps (14) and, 
for the ls5 level, it results 4.2.10-14cmS/s. 

ii) Collisions of the second kind in which the neon excitation energy is 
transferred to excitation or ionization (Penning effect) of the colliding partner: 

(5) Ne(lsi) + X ~ Ne(1S0) + X*, 

(6) Ne(lsi) + X--* Ne(1S0) + X § + e - .  

Here X* represents the colliding atom (He or Ar in our experiment) in a bound 
excited state. In Ne-Ar mixtures the probability of Penning ionization is very 

(14) A. V. PHELPS: Phys. Rev. A, 114, 1011 (1959). 
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high (of order unity)(15), the ionization threshold of Ar atom (15.76 eV) being 
lower than the excitation energy of Ne (ls~) (16.7 eV). 

iii) Collisions between pairs of metastable atoms with production of 
molecular ions (associative ionization): 

(7) Ne(lsi) + Ne(lsi)--. N e t +  e - .  

The rate of this process can be assumed equal to the rate of the equivalent 
process in helium (1~). 

iv) Diffusion and de-excitation to the cathode walls; if Do is the diffusion 
coefficient for the metastable neon atoms at 1 Torr, the diffusion decay rate is (17) 

Do 
(8) ]'dif = A2 p , 

where p is the gas pressure and A is the diffusion length that in the case of 
cylindrical geometry is equal to r/2.405, r being the internal radius of the 
cathode. 

v) Loss produced by interaction of metastable atoms with the electrons of 
the discharge. In particular this loss is due to collisions with electrons that 
produce direct ionization and excitation to higher 2p levels: 

(9) Ne(lsi) + e----) Ne § + 2e- ,  

(10) Ne(lsi) + e---* Ne(2p) + e - .  

If  ne is the electron density, S (~) and S t) are the rate constants for processes (8) 
and (9) respectively, the total decay term can be written as 

(11) rd~eh = (S ~ + aS P) ne = Seine. 

An atom excited to the 2p~3p configuration has a probability of ( 1 -  a) of 
returning to the metastable level, where the a value is a function of the 
degeneracy of the involved level and the branching ratio. The values for S c and 
SP are reported in ref. (8) as a function of the pressure in the neon positive column 
discharge. 

(15) H. S. W. MASSEY: Electronic and ionic impact phenomena, Vol. 3 (Claredon Press, 
Oxford), p. 1778. 
(16) S. N. SALINGER and J. E. ROWE: J. Appl. Phys., 39, 4299 (1969). 
(17) A. V. PHELPS and J. P. MOLNAR: Phys. Rev., 89, 1202 (1953). 
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The interaction between the laser beam and excited neon atoms is also limited 
by the natural lifetime of the level a and by the transit time due to the finite 
dimension of the laser beam. An expression of transit time, reported in ref. (9, 
g i v e s  

where wo is the beam waist, ~ is the mean free path of neon atoms and ~ is the 
mean transverse velocity. 

In general the loss rate ra for the lower level a can be written as the sum of 
collisional rate rcoll (including processes i), ii), iii)), diffusive rate r ~  (process iv)), 
loss due to electronic collisions r~r (process v)), natural lifetime decay i/vnat and 
transit time 

1 1 
(13) ]'~ = reoll -j- Ydiff "~- Ydisch "4- -~- --- 

Tnat Ttrans 

In sect. 4 the contributions to decay rate will be analysed for several neon 
transitions and under different experimental conditions. 

The rate constant/'~ appearing in eq. (3) describes the cross-relaxation rate 
characteristic of the level a. It  is given by elastic collisions and metastability 
exchange collisions: 

Fa = Fel "{-/~met = nN~ ~Ne-N~(z~I + Zmet)Ne + n x  *VNe-X(0"el)Ne-X, 

where nNe and nx are the density of neon and perturber atoms, respectively; ~ is 
the mean relative velocity between the pairs of colliding atoms and ael and O'me t 
are the cross-sections for elastic and metastability-exchange processes. Pinard 
and Leduc have studied such processes for several noble-gas atoms by optical 
pumping experiments and for neon atoms they found (2s) r = 22(6)/~2" Elastic- 
collision cross-section ~ can be estimated in a hard-sphere model: 

/rNe -~ '~X~ 2 
( 1 4 )  ' 

rNe and rx being the classical atomic radii (29). 

(~9 ]VI. PINARD and M. LEDUC: J. Phys. (Paris), 38, 609 (1973). 
(19) L.B. LOEB: Basic Processes of Gaseous Electronics (University of California Press, 
Berkeley, Cal., 1961). 
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3. - E x p e r i m e n t a l  se t -up .  

The experimental apparatus is schematically shown in fig. 1. The beam of a 
single-frequency c.w. ring dye laser (linewidth about 5MHz) is split into two 
components of roughly equal intensity which pass through the discharge cell in 
opposite directions. One beam is chopped at a frequency of 350 Hz and the other 
at 490 Hz by the same mechanical chopper which provides separate reference 
signals at each of the two frequencies and at the sum frequency of 840 Hz. The 
laser wavelength is determined by recording the absorption from a /2  cell; the 
frequency scan is calibrated by means of the markers from a 300 MHz free- 
spectral-range Fabry-Perot interferometer. Two different discharge configur- 
ations have been adopted in this experiment: a) hollow-cathode discharge and b) 
radio frequency discharge. 

A r § ~ c~ye 

~ 

P6, 

? 

Fig. 1. - Experimental scheme for intermodulated optogalvanic spectroscopy. 

The design of the hollow-cathode cell has been shown in detail in a previous 
paper(~), and we discuss here the main features. 

A pyrex cell contained the discharge assembly. The hollow cathode was a 
s t ~ l e s s  steel cylinder of 5 mm internal diameter and 12 mm long, held in a 
water-cooled copper structure, in order to obtain stable high current regime 

(20) M. INGUSCIO: J. Phys. (Paris) C, 7, 217 (1983). 
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(I: (50 - 200) mA). The anode was a 5 mm diameter aluminium rod placed 150 mm 
from the cathode. All the metallic parts in the discharge tube, except the cathode 
and the terminal part of the anode, were shielded by glass. The discharge, 
operating in pure noble gases or mixtures, was fed by a current stabilized power 
supply. 

The counterpropagating laser beams were sent longitudinally along the axis 
of the cathode hole. As usual, the optogalvanic signal was detected by a lock-in 
amplifier across the ballast resistor (3k~). In the case of the radio frequency 
discharge we used for the cell a pyrex tube 150 mm long and 9 mm in diameter. 
The cell was placed inside two sets of coils wounded around the glass tube. The 
discharge was maintained by an oscillator (frequency 50 MHz, power = 50 W) fed 
by a current stabilized power supply. Different experimental schemes can be 
found in the literature for the detection of the optogalvanic signal in case of radio 
frequency excitation. For instance, the use of additional internal(21) or 
external (22) electrodes has been reported. In our experiment a simpler apparatus 
without additional electrodes was applied. The change in the impedance of the 
discharge was recorded by monitoring the change of the feedback signal on the 
stabilized power supply itself. This detection scheme, similar to that adopted by 
Lyons et al. in ref. (~), is described in fig. 2. 

U 

> 

O 
N 

c 

power' supp~_+_o v (3~ 

IIII v o= 

~llll ~- - -~  - I - - - v  o ~ - ~ ,  

R g t, ube 

+: 

(3+10)k~ 1 p.F lkV 
M6NV I , - ' - - - I I -  

V 

ck-in 

Fig. 2. - Circuit diagram of the oscillator used for radio frequency excitation. 
Optogalvanic detection is realized monitoring the change in the discharge impedance via 
the variation of the feedback current on the stabilized power supply. 

(21) E. GIACOBINO, F. BIRABEN and P. LABASTIE: J. Phys. (Paris), C, 7, 505 (1983). 
(22) T. SUZUKI: Opt. Commun., 38, 364 (1981). 
(23) D. R. LYONS, A. L. SCHAWLOW and G. Y. YAN: Opt. Commun., 38, 35 (1981). 
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4. - R e s u l t s  a n d  d i s c u s s i o n s .  

Most of the  exper imenta l  runs  consisted in recording Doppler-free  
in te rmodula ted  optogalvanic signals, while the laser  f requency was swept  
th rough  the resonance.  No significative differences were  observed  be tween  

c) 

Fig. 3. - Intermodulated optogalvanic signals in hollow-cathode discharge in natural 
abundance neon. Three different transitions are recorded: a) lss---~2p2 at 616.3nm 
(p = 1.2 Torr, I = 50mA, b) ls4---~ 2ps at 607.4nm (p = 1.6 Torr, I = 48mA, c) 2 p t ~  4sT at 
590.2 nm (p = 0.6 Torr, I = 48 mA). The change in the lineshapes is caused by the different 
effective lifetimes of the longer-living (lower) lever of each transition (~ 10 .4 in a), 

10 -5 in b), = 10 -8 in c)). 
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hollow cathode and radio frequency discharges, while, as expected, the lineshape 
was affected by pressure and type of perturbing gas or other discharge 
parameters. 

Typical experimental recordings, using the hollow-cathode configuration in 
pure neon gas, are shown in fig. 3. The shape is given by the superposition of a 
Gaussian background, due to VCC, and a Lorentzian Doppler-free resonance. 
Gas pressures and discharge currents are similar in the three cases, while the 
different lineshapes are related to the different lifetime of the levels involved in 
the transitions. In fact the effective lifetime of the longer-lived level for each 
transition determines the time interval in which atoms interacting with the two 
laser beams can undergo cross-relaxation processes, hence affecting the 
influence of collisions on the overall lineshapes. For the investigated transitions 
of neon, the longer lived levels are the lower ones and present an effective 
lifetime ranging from 10-4s to 10-Ss. From fig. 3 the important role is clear 
played by VCC for the transitions starting from metastable or quasi-metastable 
levels, where a more marked pedestal is present, while for the 590.2 nm line the 
collisional pedestal is negligible, so that the second ,,peak,, originated by the less 
abundant ~Ne isotope is better resolved. Following the theoretical model, we 
could fit the experimental lineshapes to the sum of a Lorentzian and a Gaussian. 
The estimated C factors for the three lineshapes of fig. 3 are a) 5.3, b) 0.9, and 
c) 0.1, while the widths of the Lorentzian are a) 30 MHz, b) 83 MI-Iz and c) 110 MHz. 

In fig. 4 the recorded lineshape of the ls4--* 2p8 Ne transition at 607.4 nm is 
reported together with its fitting with the sum of a Gaussian and Lorentzian 
contribution. 

The estimated width of the Gaussian pedestal is about ~/2 times larger than 
the Doppler width. This is consistent with eq. (1), in which the coUisional 
background is given with good approximation by the product of two Gaussians. 
The value Av D w a s  estimated to be 1.9 GHz, corresponding to a gas temperature 
of 563 K. 

The good signal-to-noise ratio allowed us a systematic investigation of the 
effect of changing pressure following three different modes of excitation of neon 
atoms: pure neon discharge, Ne-He mixture at a fixed ratio, Ne-Ar mixture. 

4"1. P u r e  n e o n  a n d  Ne-He m i x t u r e s .  - We have studied the width of the 
homogeneously broadened resonance at various pressures of a 45 : 1 mixture He- 
Ne and with pure neon. 

The laser intensity was kept to a level low enough t o  neglect power 
broadening effects. 

Figure 5 shows the behaviour of the homogeneous linewidth for the ls4--~ 2p4 
neon transition at 609.6 nm as a function of the gas pressure. These values were 
obtained by a computer fitting of the IMOG lineshapes using a least-square 
method with expression (1) in which the parameters to be estimated were y, AVD, 
C and A. 
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Fig. 4. - Intermodulated optogalvanic lineshape of the 609.6 nm neon transition obtained 
in a hollow-cathode discharge in a 1:45 Ne-He mixture (P to t  ---- 2 . 3  Torr). The continuous 
line has been obtained by fitting experimental profile (triangles) with eq. (1). The dotted 
and dashed curves represent the Lorentzian and Gaussian contribution to the total 
lineshapes, respectively. 
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Fig. 5. - Pressure broadening of the Doppler-free signal from the neon transition at 
609.6 nm, in the case of a pure neon discharge (a)) and a 1:45 mixture with helium (b)). 
(In this last case the total pressure is reported.) The discharge current was kept at a 
constant value of 50 mA. The triangles refer to the results obtained in a 50 W radio 
frequency excited discharge. 
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The natural width ~, of the 1s4-~2p4 line is about 8MHz(u) against 24MHz 
obtained by the intercept in fig. 5. This discrepancy can be attributed to 
experimental conditions like, for example, saturation effects, j i t ter  of the laser, 
residual Doppler effect due to misalignment of the two laser beams. A similar 
behaviour was found in the experiment discussed in ref. (8). 

Also in the case of Ne-He mixture, the experimentally recorded signal 
resulted well fitted by eq. (1). The width of the Gaussian pedestal results 
however systematically smaller than in the case of pure Ne gas (about 1050 MHz 
against 1320 MHz). This fact can be easily explicated as the effect of the (,weak,) 
collision of the model of Br~chignac et al. (10), that foresees that the Ne-He VCC 
contribute to the pedestal as a Gaussian of reduced linewidth. 

The very large pressure broadening observed for Ne-He mixture, of the order 
of 40 MHzfrorr, much larger than the 3 MHzfrorr of the case of pure Ne, can be 
explicated observing that the energy of the metastable 2 3S1 state of the He is 
very near to the lsi-2pj excitation energy in Ne, so that the probability of 
anelastic quasi-resonant scattering is very high. 

This independent determination of pressure broadening is important because 
the homogeneous width appears in the expression for the ratio of the amplitudes 
of the Gaussian and Lorentzian components of the lineshape (C coefficient in 
eq. (1)). 

In particular, it is useful for the evaluation of the coefficient C dependence on 
the principal parameters of the discharge (current, pressure, buffer gases). It is 
worth noting the interest in individuating the best conditions for high-resolution 
spectroscopy (low C values). 

Some of the results of this systematic investigation are shown in fig. 6 where 
the experimental values of C are plotted against the total gas pressure. For both 
He-Ne mixture and pure Ne case a nonlinear dependence on the pressure has 
been observed but the amplitude of the pedestal is strongly reduced by the 
presence of helium atoms. This fact is consistent with the previous remark on the 
pressure broadening. The effective lifetime of the Ne metastable level is 
strongly reduced by the anelastic collision with metastable He. A quantitative 
analysis of C can be performed estimating the different terms which appear in 
eq. (3). 

In the case of pure Ne gas the total decay rate of the ls4 level is essentially 
governed by collisions with electrons. Indeed by assuming an electron density of 
2.1018 electrons/cm 3, as measured by Keller (25) in a hollow-cathode discharge 
similar to ours, Yais~ decay rate results 

"IriSh = Seine ~" 1.5" 105 . 

(u) R. S. CHANG and D. W. SESTER: J. Chem. Phys., 72, 4099 (1980). 
(25) R. A. KELLER, B. E. WARNER, E .F. ZALEWSKY, P. DYER, R. ENGLEMAN and B. A. 
PALMER: J. Phys. (Paris) C, 7, 23 (1983). 
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Fig. 6. - Dependence of the relative influence of the Doppler broadened pedestal (C 
factor) on the gas pressure of the 609.6 nm transition in case of pure neon (a)) and a 1 : 45 
mixture with helium (b)). In a) the Doppler-free signal, even if broader as shown in fig. 4, 
has a much higher contrast with respect to the Doppler pedestal. The triangles refer to 
the results obtained in a 50W radio frequency excited discharge. 

This value has been obtained normalizing the calculated C coefficient to the 
experimental data at p = 1 Torr. The total electron-impact ionization-excitation 
coefficient derived by eq. (10) is Se, ~- 10 -8 that is about one order of magnitude 
smaller than the values reported in ref. (9 for positive column discharge. This 
discrepancy is not surprising because the coefficient Se~ is a strong function of the 
electron energy and consequently of the particular region of the glow discharge 
perturbed by the laser radiation (dark space, negative glow or positive column). 
The so estimated 7~sch term is at least one order of magnitude larger than Teen due 
to collisions with atoms and 7 ~ .  The transit time in our experimental conditions 
(w0=l .5mm) is about 25~s at 1Torr pressure and it does not contribute 
significantly to loss of metastable atoms. 

The curves of fig. 6 have been obtained by using eq. (3) and assuming the 
following values for the velocity-changing and metastability-exchange rates: 

/~met - -  1 . 1 "  107s -1 Ne-Ne -- 

/~el - -  0 . 6 "  107 S -1 
Ne-Ne - -  

at p = 1 Torr. 

The metastability exchange rate has been taken from ref. (18), while the elastic- 
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collision rate has been calculated on the basis of a hard-sphere model as discussed 
in sect. 2. 

To prove the important role played by collisions of metastable atoms with 
electrons, we have investigated the dependence of the C coefficient on the 
discharge current. As shown in fig. 7, the collisional pedestal is reduced when 
the discharge current is increased. In fig. 7 a fit is also shown performed by 
assuming a linear dependence of the electron density on the discharge 
current (=). 
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Fig. 7. - Reduction of Doppler broadened pedestal by increasing the discharge current of 
a hollow-cathode discharge for the 609.6nm transition at 1.6 neon pressure. Collisions 
with electrons reduce the effective lifetime at disposal for atom-atom VCC. 

4"2. Radio  f r equency  discharge and  Ne-Ar mix tu re  - At the level of accuracy 
which can be reached in a discharge environment, the spectral features of the 
atomic transitions are not affected by the particular scheme chosen for the 
discharge. While in some case the discharge configuration is forced by the 
particular atomic species to be investigated, for neon several different 
configurations are possible. As a consequence, Ne is a good candidate to compare 
the results obtained with an hollow cathode or with a radiofrequency discharge. 
The intermodulated optogalvanic radio frequency spectroscopy investigation of 
the neon 609.6nm transition is shown in fig. 8. In a) and b) the measurements 
have been performed, like for the hollow cathode, with pure Ne and Ne in the 
presence of He perturber. We have fitted these lineshapes following the same 
procedure previously described for the results in fig. 6. We obtain a factor 
C = 13.7 in the case of pure Ne and C = 2.8 in the case of Ne-He mixture. The 
homogeneous widths are respectively 48 MHz and 200 MHz. Both these results 
have been reported in fig. 5 and 6 and they are consistent with the results 
inferred from the measurements in the hollow-cathode configuration. We have 
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Fig. 8. - Intermodulated radio frequency optogalvanic lineshapes for the 609.6nm 
transition: a) refers to a pure neon discharge (p = 2.3 Torr), while b) and c) refer to a 1 : 45 
Ne-He mixture (Ptot ---- 5 Torr) and to a 7:1 Ne-Ar mixture (Ptot = 1.5 Torr), respectively. 
The reduction of the pedestal introduced by the buffer gases is evident. 

then  extended the radio f requency measurements  to the case of Ne-Ar  mixture.  
In this case from the fit of the lineshape we obtain C = 2.2 and ], = 60 MHz. These 
resul ts  indicate tha t  Ne-Ar  mixture  is somewhat  be t t e r  than the Ne-He one for 
high-resolution recordings; indeed the homogeneous linewidth is na r rower  and 
the  contrast  higher. F o r  instance, in fig. 8 the small peak due to ~Ne is well 
de tec ted  in c) and hardly in a) and b). The different behaviour  is difficult to b e  
explained in te rms of change of pe r tu rbe r  mass, since we have seen that  even for 
the  Ne-He couple the collisions are still described in t e rms  of ,~strong~ collisions. 
In the Ne-Ar  mixture  the ionizing collisions of the type  ii) play an impor tant  role 
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in the de-excitation of metastable neon atoms. Indeed, as mentioned in sect. 2, 
the excitation energy of metastable neon atoms is of the same order of magnitude 
of the argon ionization potential. The estimated quenching cross-section (19) for 
Ne-Ar is 2.6.10-~cm 2 and the relative de-excitation rate constant is 2. 106s -1 , 
just one order of magnitude larger than the decay rate for the pure neon and Ne- 
He discharge. 

At the same time the strong de-excitation of neon metastable atoms induced 
by argon atoms leads to a reduction of optogalvanic signal. This fact has 
introduced some problems for a systematic study of lineshapes in Ne-Ar mixture 
discharges. 

The study of intermodulated optogalvanic lineshape performed with radio 
frequency discharge offers some advantages with respect to the hollow-cathode 
discharge. One of these derives from the absence of metallic electrodes inside the 
discharge cell which permits the investigation of reactive species. For example, 
radio frequency IMOG technique has proved to be particularly indicated to 
perform a high-resolution analysis of atomic oxygen transitions in the optical 
domain between highly-lying levels (2~). 

We have also observed that radio frequency discharge can be operated in a 
stable regime at low pressure (0.2Torr for neon). This performance is 
particularly suitable for high-resolution spectroscopy. 

5 .  - C o n c l u s i o n .  

In conclusion we have demonstrated that Doppler-free lineshapes in atomic 
discharges can be quantitatively analysed to obtain information on both elastic 
and inelastic collisional processes. In particular, the measurements have been 
performed on gas mixtures, investigating the same species (neon) in presence of 
different perturbers. The analysis evidences advantages and limitations in the 
study of a given species present as a trace in a discharge and suggests 
experimental configurations to be followed for avoiding the lack of high 
resolution. 

Fur ther  developments can be expected in the direction of using the analysis of 
Doppler-free lineshapes for the study of processes in which the collisions play a 
more complex role; for example, such a technique could be applied to the study of 
mechanisms leading to the production of atoms in excited states by collisional 
dissociation of molecules in the discharges. 

(2~) M. INGUSCIO, P. MINUTOLO, A. SASSO and G. M. TINO: to be published. 
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�9 R I A S S U N T 0  

Sono state investigate le forme di riga di transizioni del neon mediante la spettroseopia 
optogalvanica in intermodulazione. I1 segnale intermodulato, privo di allargamento 
Doppler, ~ dato da una Lorenziana, corrispondente all'allargamento omogeneo della 
transizione, sovrapposta ad un fondo Gaussiano dovuto alle collisioni che producono un 
cambiamento della velocit~ degli atomi lungo la direzione dei due fasci laser 
contropropaganti. I~ stato compiuto uno studio sistematico del contrasto t ra  il fondo 
Doppler e l'ampiezza omogenea della riga al variare della pressione del gas e della 
corrente di scarica. Inoltre, rivelando il neon come traccia in altri gas nobili (argon, elio), 
si ~ investigato l'effetto della massa dell'atomo perturbatore nei processi collisionali. I dati 
sperimentali sono stat~ confrontati con i modelli teorici esistenti deducendone stime dei 
parametri  collisionali. 

HccJte~onanKe CTO~IKHOBWre.TlbliblX 0pOpM ~h'nh-~ ~ tX n ep exo~on  n e o n a  B cMecax nnepTm, ix 
r a 3 o s .  

Pe3mMe (*). - -  MI,I Hccne~ayeM cy6-aonnepoBcKne ~opMbI nrmn~ ~na nepexoaoB neona. 
B3aHMHO MOJIy.rH4pOBaHHblffI cltrHaJI, KaK O6blqHO, naK~iazlbmaercg Ha mnpoKrr~ rayccoB 
qboH, o6yc~oBneHm,i~ coy~iapenri~Mn c I43MeHeHHeM CKOpOCTe~t. CnCTeMaTnqeCKM 
Hcc~e~yeTca 3aBHCHMOCTb OTnomenrLq Me~jIy CTOYlKHOBHTeYlbHblM H O~HOpO~m,n~t 
CHrHaJIaMH OT jiaBneHng raaa H TOKa paap~jaa. C t~eJiblo 3eTeKTHpOBaHrLq HeOHa, KaK chela 
B apyrnx 6yqbepH~LX raaax, Ml, I TaK~Ke aayqaeM 3aBHCnMOCTI, qbopM naHH~ OT MaccbI apyrnx 
naepTn~Ix raaoB (rezm~ a aprou). CpaBneHHe TeopeTnqecKnx npeacKa3aHrffI n 
aKcnepaMeHTam, m, LX ~anm, ix no3BonaeT nonyqnTb KonrrqecTaermbie ot~enKa napaMeTpos 
coy~aapermfi. 

(*) Hepeset)euo peOar~ue~. 


