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Summary. - -  We used polarization spectroscopy to perform a high-resolution in- 
vestigation of atomic oxygen in the visible and near-infrared spectral region by 
means of dye and semiconductor diode lasers. We measured the fine structure of the 
highly excited 4d5D level and resolved the hyperfine structure of the metastable 
3s 5S 2 level of 170. Isotope shift values are also reported for several transitions of the 
three stable oxygen isotopes (160, 170, 180). Polarization lineshapes are discussed 
and compared with those obtained in saturation techniques. 

PACS 35.10.Fk - Fine- and hyperfine-structure constants. 
PACS 32.30.Jc - Visible and ultraviolet spectra. 

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

The spectroscopy of the oxygen atom has revealed new interes t ing aspects af ter  
the demonstrat ion of the possibility to resolve sub-Doppler fea tures  of its spec- 
t rum [1, 2]. 

Different  techniques have been applied to the high-resolution investigation of this 
atom. Several  groups used a two-photon scheme to excite the atoms from the 2p Sp 
ground state  to the 3p 3p s ta te  in gaseous discharges and in flames [3]. In tha t  case, 
however,  the resolution was limited by  the linewidth of the pulsed lasers. 

Champeau et al. [4] used Fabry -Pe ro t  spectroscopy to invest igate the fine struc- 
tu re  of excited levels in a discharge cooled by  liquid nitrogen. 

Continuous-wave sub-Doppler spectroscopy was performed first  by means of in- 
termodulated optogalvanic technique on visible transit ions s tar t ing from highly ex- 
cited s tates  [1]. This allowed us to measure the fine s t ruc ture  [5] and isotope shifts [6] 
of the investigated transitions with an improvement  of more than one order  of magni- 
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tude with respect to conventional spectroscopy data [7]. Recently, the first resolution 
of the hyperflne structure of 170 was reported for the excited metastable 5S2 level [8]. 
This result was achieved by saturation spectroscopy using an A1GaAs semiconductor 
diode laser. 

A limitation to the resolution achievable by saturation spectroscopy schemes is set 
by the presence of a background due to collisions which change the velocity of atoms 
excited by the pump beam. These collisions rethermalize the velocity distribution al- 
tered by the laser radiation and give rise to a saturation signal also when the laser 
frequency is out of resonance [9]. However, experimental conditions can be found 
which lead to a reduction of this pedestal by means, for example, of fast amplitude 
modulation of the pump beam[10] or high-current operation of the dis- 
charge [11]. 

In the present paper, we report the results of measurements performed on visible 
and near-infrared transitions of oxygen by means of sub-Doppler polarization spec- 
troscopy (PS)[12]. The theory underlying this spectroscopic technique is well known 
in the literature [13-15] and is briefly summarized in the next section. As far as the 
velocity-changing-collisions (VCC) effects are concerned, the relevant point is that, 
since the atomic orientation, which is probed in polarization spectroscopy, is easily 
destroyed in collisions, the amplitude of the collisional background results to be 
greatly reduced. 

Furthermore, with respect to techniques based on optogalvanic detection[16] 
such as intermodulated optogalvanic spectroscopy (IMOGS), PS is less sensitive to 
the regime of operation of the discharge; thanks to the high detection sensitivity, this 
allows to work at lower gas pressures, with a consequent reduction of the homoge- 
neous broadening of the spectral lines. 

Finally, a simplification of the spectra can be obtained by means of PS, as will be 
shown below, and complex spectra can be more easily analysed. 

This effort to improve the resolution is justified by the size of the effects we want 
to observe. The fine-structure separations and the isotope shift are much smaller than 
the Doppler width. In particular, in ref. [2] it was suggested that the measured iso- 
tope shifts in oxygen could indicate a nuclear volume effect, which, in general, would 
be absolutely negligible in such a light atom. As is well known, the 160 nucleus plays a 
central role in nuclear physics because of its ~,doubly magic- structure, with both pro- 
ton and neutron closed shells. The accurate measurement of the optical isotope shifts, 
together with the data obtained in ref. [8] from the analysis of the hyperfine struc- 
ture, can give information on this nucleus, complementary to the ones obtained by 
nuclear physics techniques. 

2. - E x p e r i m e n t a l  a p p a r a t u s .  

In this work, two different laser sources were used: for the investigations starting 
from 3p states (fig. 1), tunable radiation was provided by an Ar + ion pumped c.w. 
ring dye laser (Coherent 699-21). Using Rhodamine 6G and DMC dyes we could cover 
the (580-  680)nm range. A spectral width of about 1 MHz was obtained by locking 
the laser frequency to an external reference cavity. To investigate the transitions in 
the near-infrared (around 777 nm) a commercial A1GaAs diode laser (Sharp LTO24) 
was used, operating at 780 nm at room temperature. In order to improve the spectral 
purity, the laser was mounted in an extended cavity configuration. The light from the 
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Fig. 1. - Relevant atomic levels of oxygen. The arrows denote the transitions in (nm) investigat- 
ed using polarization spectroscopy. 

diode laser was collimated onto a diffraction grating and the first-order diffracted 
beam was coupled back into the diode laser cavity itself, which had a reduced-reflec- 
tion coating on the output facet. This configuration allowed to select a single mode of 
the laser and to reduce the laser linewidth to less than 1 MHz. Coarse tuning was 
achieved by changing the temperature of the diode along with the grating angle. Fre- 
quency scans of - 10 GHz were achieved by synchronously changing the length of the 
cavity with a piezoelectric transducer mounted on the grating, and the injection cur- 
rent of the laser. An intracavity beam splitter (R ~ 30%) acted as output coupler. 
Two beams with a power of about 6 mW and 4.5 mW were available for the experi- 
ment. In comparison with dye lasers, the intensity stability of diode lasers is orders 
of magnitude higher. The consequent increasing of the signal-to-noise ratio allows to 
improve considerably the sensitivity also in nonzero background detection schemes 
such as in saturation spectroscopy. Furthermore, frequency modulation of these 
lasers allows to perform first derivative of lineshapes which result of interest in sev- 
eral applications as will be discussed later. 

The calibration of the frequency scan for both lasers was provided by high-finesse 
Fabry-Perot  interferometers with a free spectral range of 75 MHz. Wavelength cali- 
bration was obtained using a travelling Michelson interferometer with an accuracy of 
1 part in 106. 

In polarization experiments, the laser beam was split into two beams of different 
intensities (see fig. 2): the stronger one (pump beam) was circularly polarized using a 
mechanically stressed quartz cube while the weaker (probe beam) was linearly polar- 
ized. The beams were sent in opposite directions through the sample cell. Changes of 
polarization of the probe beam were detected by means of a crossed polarizer with 
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Fig. 2. - Schematic experimental set-up for polarization spectroscopy (BS: beam-splitter, M: mir- 
ror, P: polarizer, Pt: phototube). 

high extinction coefficient ( -  10 -7) and the transmitted radiation collected on a photo- 
multiplier tube. Residual birefringence of the optical windows of the sample cell was 
compensated by slightly squeezing the windows. Polarization signals could be detect- 
ed directly on an oscilloscope or chart recorder. To increase the sensitivity, the pump 
beam was mechanically chopped and the probe signal analysed by means of a lock-in 
amplifier. 

The sample cell was a 5 mm diameter pyrex tube. Atomic oxygen was produced by 
means of an argon-sustained electrodeless discharge where molecular oxygen was in- 
troduced at trace level. Details on the collisional physics leading to the formation of 
atomic oxygen are reported in ref. [17]. 

The discharge was normally operated at 1 Torr of buffer gas and 0.1 Torr of oxy- 
gen. For isotope shift investigations, 170JSo enriched samples were necessary, due to 
the low natural abundance of these isotopes (170 = 0. 04%, 180 = 0.2%). 

3.  - T h e o r y .  

Polarization spectroscopy is based on light-induced birefringence and dichroism of 
an absorbing gas. Such effects were observed for the first time by Gozzini [18] using 
classical radiation sources. Polarization spectroscopy with single-mode tunable lasers 
provides a very sensitive Doppler-free technique [12] allowing the investigation of 
extremely weak transitions. 

As mentioned in the previous section, a typical experimental arrangement 
used in PS consists of a circularly polarized pump beam and a linear coun- 
terpropagating probe beam. In order to derive an expression for the polarization 
signal, in the following we assume the pump beam to be circularly polarized. 
The linearly polarized probe beam can be considered as the superposition of 
right (~+) and left (~-) circular polarizations. In the absence of the pump beam 
and when the laser frequency is resonant with the transition under investigation, 
the intensity transmitted by the crossed polarizer is 

(1) /(pump off) = I0 (~  q'- 02 -[" bZ) exp [ -xL] ,  

where I0 is the probe beam intensity, ~ is the finite extinction coefficient, 0 



POLARIZATION SPECTROSCOPY OF ATOMIC OXYGEN ETC. 1225 

is the angular deviation from complete crossing, and b is a term which takes 
into account the birefringence introduced by the windows of the sample cell. 

When the laser frequency is tuned inside the homogeneous width of the line, z+ 
and ~- components experience different absorption coefficients (a+ and a-) and refrac- 
tive index (n § and n- )  due to the velocity-selective pumping caused by the z+ pump 
beam. As a consequence, after crossing the sample, the resulting probe polarization 
will be generally elliptical with the minor axis rotated with respect to the trasmission 
axis of the analyser (x-axis in fig. 2). The component of the probe electric field E0 
transmitted along the x-direction is 

(2) E~= Eo exp[i(~ot-kz)]exp[i{[oJo/c(n+-n-)+ i (a+-a-) /2]L + b}], 

where L is the optical length of the sample and ~0 is the line frequency. 
In the limit of small saturation and thin sample, it can be shown that the intensity 

I of the polarization signal can be written as [14] 

(3) I=Io  exp[-a.L]{$+O2+b2-(1/2)OLA~[x/(l+x2)] - 

- (1/2) bL Aa[1/(1 + x2)] + (1/16)(AaL)2 [1/(1 + x2)]}, 

where x = (~ - ~0)/~" is the laser detuning oJ - ~0 relative to the homogeneous width ~, 
of the transition and Aa is the difference of the absorption coefficients for the a+ and 
a- probe components. In eq. (3) only Aa appears because An is related to Aa by the 
dispersion relations (Kramers-Kroning relations). 

Equation (3) provides the spectral profile of the polarization signal; it is given by a 
constant term I0(~ + 0 2 + b2), a dispersion shape term and Lorentzian shape terms. By 
an appropriate choice of the experimental conditions a pure Lorentzian or dispersive 
signal can be obtained. For  example, if the polarizer is slightly rotated (0 r 0) the dis- 
persive shape may be made dominant. On the contrary, if the polarizers are complete- 
ly crossed (0 = 0), the lineshape is Lorentzian. Furthermore, if the pump intensity is 
sufficiently low (b AaL >> (AaL) 2 ), the sign of the polarization signals depends on the 
difference 

(4) - h a  = - -  ( ~ §  - -  ~ - ) .  

The calculation of the relative intensities in polarization spectra requires to esti- 
mate the difference in absorption for the two z+ and z probe components. If  we de- 
note the pump and probe transitions as J -  J1 and J -  J2 respectively, then 

+ 
(5)  Aot = ~ nM(qJj2M -- ~JJ2M) , 

M 

where the sum is extended to the (2J + 1) degenerate sublevels M in the lower pump 
level J. z~J2M are the absorption cross-sections: their M dependences for A J= 1 
(P lines), AJ = - 1 (R lines) and AJ = 0 (Q lines) are expressed in terms of Clebsch- 
Gordan coefficients. The population in the M-th sublevel is depleted by the circularly 
polarized pump wave according to 

(6) n M  ---- no/(2J + 1)(1 + S M )  , 

where no is the total density in the lower level and SM is the saturation parameter for 
the M sublevel. The final result can be obtained making the sum over the Clebsh-Gor- 
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dan coefficients in eqs. (5) and (6): 

(7) ha = - ~o~JJ1J2 ( I x / S ) ,  

~0 being the unsaturated probe absorption coefficient and I1 the pump intensity. The 
expression for the saturation parameters S and the tabulated values for the 
anysotropy factor ~JJlZ2 are reported in ref. [13]. For A J = O  transitions, the 
anisotropy factor r-~JJ1J2 results to depend on the quantum number J as 1/j2. To inves- 
tigate AJ = 0 lines, it is more convenient to use a different scheme in which pump and 
probe beams are both linearly polarized with their polarization planes forming a =/4 
angle. In this case, it can be shown that an expression similar to eq. (3) is obtained 
with the Lorentzian and dispersion terms intercharged. 

It is worth observing that in the derivation of eq. (7) we have supposed that the 
probe transition is not coincident with the pump one. In the three-level scheme other 
kinds of resonances must be taken into account as, for example, optical-optical double 
resonances and crossover signals[19]. The former require two different laser fre- 
quencies (two-colour experiments) while crossovers can be observed halfway be- 
tween transitions whose Doppler broadened profiles partially overlap. 

4.  - R e s u l t s  a n d  d i s c u s s i o n .  

4" 1. L i n e s h a p e s  s tudy  and  compar i son  wi th  sa tura t ion  techniques .  - As discussed 
in sect. 3, polarization signals can be described as the superposition of a dispersive 

75 MHz 
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c) 

Fig. 3. - Lorentzian (a)) and dispersive (b)) polarization signal for the 5S2-5P 3 oxygen transition; 
c) is the derivative of the dispersive shaped profile. 
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and a Lorentzian shape. In fig. 3 we show typical lineshapes of the 5S2-~P 3 oxygen 
transition at ;~ = 777.4 nm obtained in polarization spectroscopy by means of a diode 
laser. The two extreme regimes of symmetrical Lorentzian (fig. 3a)) and dispersive 
shapes (fig. 3b)) were achieved sett ing two different uncrossing angles 0 between the 
two polarizers. Narrower  lineshapes, down to one half of the natural  width, can be 
obtained recording the first derivative of the dispersion-shaped signal, as shown in 
fig. 3c). The derivative of a dispersive line profile is given by 

(8) (d /dx)[x / (1  + x2)] = [1/(1 + x2)] 2 - [x/(1 + x2)] 2 

and, hence, is a symmetric  line centred at the same frequency of the line under  inves- 
tigation. The small asymmetry  observed in fig. 3c) can be ascribed to the fact tha t  the 
lineshape of fig. 3b) is not a pure dispersive profile. The ,,artificial>> subnatural  resolu- 
tion achieved in this way can provide some advantages for high-precision frequency 
measurements  or for laser locking. In addition, this technique allows to remove 
sloped background superimposed to Lorentzian lineshape with consequent improve- 
ments in resolution. 

F' 

386 MHz 

MHz 

o) 

- 2  -1  0 1 2 
bobser oLetuning (GHz)  

Fig. 4. - IMOGS (a)) and PS (b)) recordings for the 3p 5P3-5s 5S 2 transition at 645.6 nm. The ex- 
perimental lineshapes (triangles) are fitted with the superposition of Lorentzian and Gaussian 
curves in a) and a pure Lorentzian in b). (O2-Ar mixtures in the following ratios were used: Po2 = 
= 0. 1 Torr, PAr = 5 Torr in a); Po2 = 0.05 Torr, PAr = 1.0 Torr in b)). 
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It is well known in saturated spectroscopy that velocity-changing collisions can 
rethermalize the velocity distribution altered by the laser radiation. These collisions 
can modify the observed lineshape and are more or less effective depending on 
whether the detected observable is conserved or destroyed after the collision. In sat- 
uration spectroscopy the atomic populations are probed and VCC can represent a se- 
rious limit to resolution. Indeed, in these cases VCC make possible the simultaneous 
interaction of the probe and pump beam with atoms moving along the laser beams di- 
rections. As a consequence, a signal is detected also when the laser frequency is 
tuned out of the homogeneous resonance but still inside the Doppler profile. It has 
been shown that in the conditions of (,strong, collisions [9] and assuming the homoge- 
neous width ~- much narrower than the Doppler Ay D width, the line profile is de- 
scribed by a Lorentzian peak superimposed over a Doppler pedestal. Typical record- 
ings obtained using IMOGS and PS are shown in fig. 4 for the oxygen transition 
3p 5Ps-5s 5S2 at 645.6 nm; the IMOGS lineshape is well fitted by the superposition of a 
Lorentzian and a Gaussian, as predicted by the theory. On the contrary, in the polar- 
ization spectrum (fig. 4b)) the absence of any Doppler background is an evidence of 
the fact that atomic orientation is destroyed during collisions. This feature is of obvi- 
ous interest because it can simplify the spectroscopic resolution of closely spaced 
spectral components, as will be shown later. 

4"2. Fine-structure measurements. - In a previous paper [5] the first study con- 
cerning the fine structure of the 5D4. 0 term has been reported using IMOG spec- 
troscopy. In that work the fine-stucture intervals were determined through the 
study of the 3p 5P1,2,3-4d 5D4_0 multiplet at 616 nm and the values obtained were one 
order of magnitude more accurate than those obtained by Doppler-limited spec- 
troscopy. However, the presence of the intense VCC background in IMOGS signal 
limited the resolution and could introduce slight shifts of the resonance centre fre- 
quencies due to the sloped background originated by adjacent fine-structure compo- 
nents. In order to improve accuracy and sensitivity, in this work we have remeasured 
such fine-structure separations using polarization spectroscopy. Figure 5 shows the 
recordings concerning the 5P1-SD2,I,O , and 5P2-SD3,2,i, and 5P~-SD4,3,2 transitions. 

The Doppler broadening for the typical temperature of our discharge ( T -  520 K) 
is A~D- 2 GHz, which results comparable to the fine-structure intervals. A conse- 
quence of this is the appearance of crossover peaks in all the recordings in fig. 5. Dif- 
ferently from saturation spectroscopy, where real transitions and crossovers have the 
same phase, in polarization spectra positive and negative peaks can be observed. This 
feature is particularly useful to discriminate real lines and crossovers as explained in 
the following. 

We limit our discussion to the 5P1-SD2 transition and to the crossover between this 
transition and the 5Pi-SD1; an extension to other transitions is straightforward. Our 
analysis is similar to that reported in ref. [20] and will be described with the help of 
fig. 6. In order to give a phenomenological description of the different signs originat- 
ed in PS spectra we remind that, under appropriate conditions, the sign of polariza- 
tion signal is given by -A~ = - (~+ - ~-). The ~+ pump beam depletes the M sublevel 
by an amount proportional to the Clebsch-Gordan coefficients (values reported in 
brackets in fig. 6). The probe ~+ component is less absorbed than the ~- one because 
the M sublevels shared with the pump are less populated; since a* - ~- < 0, a positive 
polarization signal is generated. 

The case of crossover peaks is depicted in fig. 6b). The pump and the probe beams, 
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Fig. 5. - Polarization spectra of the three fine-structure components arising from the 5P1,2, 3 levels 
(CO denote crossover peaks). In the lower part the oscillator strengths (continuous lines) are 
compared with the observed polarization intensities (dashed lines). 

because of the Doppler shift, can interact simultaneously with atoms with velocity 
t) = C(~O12 - -  O)laser)/OJlase r = C(O)lase r --  ~Oll)/a)lase r .  I f  t h e  p u m p  a n d  probe w a v e s  a r e  r e s o -  

n a n t ,  respectively, with 1-2 and 1-1 transitions, we obtain a + > a- and the crossover 
signal is then negative. This result is the same if pump and probe waves are inter- 
changed in the scheme of fig. 6b). Of course, the intensity of the crossover signals de- 
pends on the number of atoms which have the right velocity to interact with both the 
beams; an overlapping function must then be considered, given by exp [ - [ I  o J l l -  

- ~12 I/2 hOJD] 2 ]  �9 
In the lower part of the recordings of fig. 5 the oscillator strengths and the experi- 

mental polarization intensities are compared. These diagrams show that polarization 
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Fig. 6. - Schematic illustration of the pumping effects determining the intensities of direct reso- 
nances (a)) and crossover signals (b)) in polarization spectroscopy. 

intensities for AJ = 0 components are lower than the relat ive oscillator s t rengths  and 
the difference increases with J.  In the case of AJ = + 1 lines we found a good agree- 
ment  be tween polarization signals and oscillator s trengths.  This is due to the similar 
M-dependence of the absorption cross-sections :]Z2M and :TJ2M for h J  = 0 transitions. 
In this case, and especially for high-angular-momentum states, where  § ~jj2M approach- 
es ~JJ2M, it is more convenient to use the scheme of linearly polarized pump 
beam. 

The data obtained for the f ine-structure splittings 0-1, 1-2, 2-3, and 3-3 are repor t -  
ed in table I. Although the quoted standard deviations in this work and in ref. [5] are 
comparable, we at t r ibute  the discrepancies of the two sets of measurements  to possi- 
ble line shifts, as already discussed. 

TABLE I. - Fine-structure splittings for the 4d 51) oxygen level. The errors correspond to one 
standard deviation. 

Zli~ This work (MHz) Ref. [5] (MHz) 

A(0_I) 787 (20) 735 (20) 
A(l_2) 1422 (14) 1360 (20) 
A(~.3) 1627 (20) 1594 (20) 
A(34) 1347 (20) 1382 (20) 
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Accurate measurements of fine structure in atomic oxygen are of interest because 
oxygen is relatively light and, hence, theoretically still tractable. The theory of fine- 
structure in oxygen has been given in ref. [4], taking into account spin-orbit, spin- 
spin, and spin-other-orbit interactions. In that work it was suggested that fine-struc- 
ture intervals can be described in terms of an analogous formula valid for the hyper- 
fine interaction (Casimir formula): 

(9) W(SLJ) = ( 1 / 2 ) A ' X  + (3 /8)B '  [X(X + 1) - (4 /3)S(S  + 1)L(L + 1)], 

with X = J ( J  + 1) - L(L + 1) - S(S + 1). We have found that the fine-structure inter- 
vals of the quintet 5/9 term obey the Casimir formula. The estimated fine-structure 
constants A' and B' obtained by fitting the values of table I are A '  = - 455(10) MHz 
and B '  = 31(2) MHz. 

4"3. Isotope shift and hyperfine structure. - The ,(selection rules~) valid in polar- 
ization spectroscopy offer the advantage of a drastic simplification in complex spec- 
tra, allowing easier assignments. In the specific case of isotope shift (IS) measure- 
ments, this turned out to be particularly important because it avoided overlapping of 
fine-structure components of different isotopes. In fig. 7, a comparison between 
IMOGS and PS spectra for the 5Ps-SD J transition is shown, obtained using enriched 
lSO samples. Due to the presence of fine-structure components and to the large 
Doppler pedestal, the resolution achieved in IMOGS is not high enough to resolve iso- 
topic structure. In polarization spectroscopy only one of the three fine-structure com- 
ponents, namely the 5Ps-SD4, is clearly observed (see fig. 5c)) allowing an accurate 
measurement of the isotope shift. 

In table II, we report the 160-170 and 160JSo IS values measured in this work for 
the 3s 5S2-3 p 5P 1 and 3p 8P2-5d 8D1,2, 3 transitions. For  completeness, we also report the 
IS values for other lines we measured by polarization spectroscopy and already re- 

18 0 

3 0 0  M H z  ii._ 
,! i~ 

Fig. 7. - Comparison between IMOGS and PS recordings for the 3p 5P-4d ~D transition 
(~ = 615.8 nm) obtained in 1so enriched samples. 
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TABLE II. - Isotope shifts for various transitions of atomic oxygen investigated by polarization 
spectroscopy. Quoted errors correspond to one standard deviation. 

Transition Wavelength IS (160-z70) IS (160-ls0) 
(nm) (MHz) (MHz) 

3p 5P~-5dDj 595.9 746 (50) 1360 (50) this work 
3s 5S2-3 p ~P1 777.7 1018 (45) 1970 (25) this work 
3p ~P~-6s 3S 1 604.6 723 (10) 1278 (10) ref. [2] 
3p 5Ps-4d ~D4 615.8 686 (10) 1320 (10) ref. [2] 
3p ~Ps-5s 5S2 645.6 646 (10) 1163 (10) ref. [2] 

ported in a previous paper [2]. Data on isotope shifts in oxygen are of great interest 
due to the importance of 160 in nuclear physics. Recently, we have reported an exper- 
imental evidence of a field contribution to the isotope shift [2] which should be abso- 
lutely negligible for such a light atom. The analysis was performed following a para- 
metric description based on King plots [21]. Confirmation of this effect has stimulated 
our group to extend this investigation to other levels particularly penetrating in the 
nucleus. 

As is known, unlike even oxygen isotopes, 170 has a nuclear spin I =  5/2. 
The only study of hyperfine structure of oxygen levels was performed on the 
3p ground-state using nuclear magnetic-resonance techniques[22]. Recently, the 
first measurement of the h.f. structure of the excited 5S 2 level using saturat- 
ed-absorption spectroscopy has been reported [8]. For all the transitions starting 
from 3p 3p and 3p 5p levels the hyperfine structure was not resolved because 
the homogeneous width (-150MHz) was comparable with h.f. separations. The 
metastable 5S2 level is of extreme interest in the oxygen spectra. It is the lowest 
S level in energy and, hence, it is more penetrating in the nucleus. As a consequence, 

~8 0 

~6 0 

17 0 
9/2 

, 7/2 
5/2 /~ / I  

75 MHz v 

Fig. 8. - Polarization spectrum for the 3s 5S2-3 p 5[' 1 transition (~ = 777.7 nm) recorded using an 
isotopically enriched sample (labelling numbers refer to the quantum number F of the lower 5S 2 
level). 
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nuclear effects, such as field shift and hyperfine coupling, are expected to be 
particularly large. 

In fig. 8 we show the polarization spectra relative to the 5S2-5P 1 transition, record- 
ed using the first derivative technique in an isotopically 170-ls0 enriched sample. Be- 
sides the resonance of the even isotopes 160 and 1so, the spectrum shows peaks due to 
the hyperfine structure of the odd 170 isotope; it consists of five groups of peaks each 
of them corresponding to the hyperfine splitting of the lower 5S 2 level 
(F = 1/2, 3/2, ..., 9/2). However, each of the peaks masks the hyperfine structure of 
the upper 5P 1 level. The value obtained from fig. 8 for the magnetic-coupling constant 
A for the 5S 2 level is A = 74(15) MHz. This value results in agreement with that esti- 
mated in ref. [8]. 

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

Polarization spectroscopy has been applied to the study of atomic oxygen transi- 
tions in the visible and near-infrared spectral region. Accurate values for the fine- 
structure separations of the 5/9 level have been obtained. A comparison with a theo- 
retical model has allowed to estimate the fine-structure constants. 

Using appropriate polarization schemes it has been possible to introduce drastic 
simplification in the spectra. This allowed to measure isotope shifts for oxygen multi- 
plets with fine-structure intervals comparable with isotope shifts. 

The magnetic hyperfine-structure constant of the 5S2 level has been remeasured; 
the values are in agreement with our recent estimate obtained using saturation spec- 
troscopy. The accuracy of both the determinations are limited by the unresolved hy- 
perfine structure of the upper level of the studied 5S2-5P J transition. Further  investi- 
gations are in progress, in which different spectroscopic techniques are employed to 
improve the sensitivity and the spectral resolution [23]. 
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