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W e rep ort results of investigation on the Ûuorescence induced in sodium
vapour by pulses of laser light tuned near the 3 S ! 4 P transition (330 nm ).
T he Ûuorescence w as observed in perp endi cular and parallel direction s in
resp ect to the laser b eam. A depletion of Ûuorescence intensity corresp ondin g
to the 5 D ! 3P transition (498 nm) was observed along the laser beam.
W e explain this e˜ect as a result of reabsorption that is caused by intense
p opulati on of the 3 P level due to cascade stimulated pro cesses. The most
intense depletio n occurs about 20 ns after the laser pulse and it corresp onds
to the moment of maximal populati on of the 3P level.

PACS numb ers: 32.80.W r, 34.80.Dp, 46.65.+ g

1. I n t rod uct io n

W hen resonant laser pulses tune d to higher lyi ng level s i rra diate ato m ic
vapour , a broad spectrum of Ûuorescence occurs. It is a wel l -known opti cal phe-
nom enon tha t the Ûuorescence spectrum conta ins l ines starti ng either f rom the
levels, whi ch are di rectl y exci ted by the laser l ight, or from the lower lyi ng levels
whi ch are popul ated due to cascade sponta neous tra nsi ti ons. The shapes of the
Ûuorescence pul ses as well as thei r intensi ti es at wa velengths of interest can be
easily found by solvi ng the rate equati ons involvi ng the respecti ve Ei nstein co-
e£ cients [1]. Thi s model concerns however onl y the low ato m ic concentra ti ons.
At the num ber densiti es higher tha n 1 0 1 1 cm À 3 , popul ati on of the levels can be
changed signi Ùcantl y due to various pro cesses. One of them , whi ch can occur in
such circum stances [1{ 6], is a contri buti on of sti mul ated tra nsiti ons. The other
im porta nt factor is the inÛuence of electrons whi ch usual ly are produced in dense
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vapours [7{ 10]. The ato mic col l isions as well as the radiati ve and im pact pro-
cesses leading to the dim ers dissociati on and the dim ers Ûuorescence becomes
im porta nt [11, 12]. Fi nal ly the radiati on reabsorpti on can m odi fy the Ûuorescence
characteri sti cs [13{ 17]. In thi s paper we report investigati ons on the Ûuorescence
tha t occurs in dense sodium vapour under 3 S ! 4 P exci ta ti on.

2. Ex p er im ent a l set u p

The experim ental setup (Fi g. 1) wa s al ready presented in deta i ls in our pre-
vi ous papers [1, 3]. Bri eÛy, the sodium vapour was stored in a cross-heatpi pe whi ch
tem perature was regulated by a PI D contro l ler in the range of 300À 4 0 0 £ C. It cor-
responds to the sodi um vapour concentra ti on of 1 0 1 4

À 5 È 1 0 1 5 cm À 3 [18]. Ab out
10 T orr of hel ium as a bu˜er gas was added. A length of the vapour colum n was
equal to 10 cm. The exci ti ng 330 nm l ight pulseswere generated by frequency dou-
bl ing of pul ses from a dye laser wo rki ng on D CM. The ul tra vi olet pul ses reached
energies of about 0.4 m J, thei r spectra l l inewi dth was about 0.01 nm , whi le thei r
tem pora l FW HM was about 7 ns. The laser beam was di rected into the cell by
m eans of a dielectri c mirro r. The m irro r was ful ly reÛecti ng at 330 nm , but i t
tra nsmi tted well the l ight in the vi sibl e range. The Ûuorescence of the exci ted
sodi um vapour was observed both in para l lel and perpendi cular di recti ons in re-
spect to the laser beam . The l ight emitted perpendicul arly wa s focused on a sli t of

Fig. 1. Exp erimental setup.



Fl uorescence of Sodium Vapour Exci ted . . . 533

a m onochrom ato r (SPM- 2). Longi tudi na l observati on of the Ûuorescence was done
thro ugh the m irror in the backw ard di recti on. In order to register only the l ight
emi tted from the laser i rra diated region and along the laser beam the observati on
angle was reduced by means of an i ris. The l ight was coupl ed to the sli t of the
second m onochroma to r (GDM 1000) by means of a Ùber bundl e. The Ûuorescence
wa s detected by a digi ta l oscil loscope (HP 54540) connected to a computer. The
tem pora l resoluti on of the system reached about 2 ns.

3. P er p en dicu lar ly ob ser ved Ûuor escen ce

Grotri an diagram of sodium wi th tra nsi ti ons of interest is shown in Fi g. 2
whi le Fi g. 3 presents norm al ized signals of the Ûuorescence registered perpendi c-
ul arly in respect to the laser beam at di ˜erent wa velengths. Besides the signal at

Fig. 2. Simpli Ùed Grotrian diagram of sodium. C ontinuous lines show either the laser

excitation or the stimulated transition s, while the dashed lines present the Ûuorescence

transition s.

Fig. 3. Fluorescence pulses registered perp endicu larly to the laser beam for the laser

w avelength of Ñ EX = 330: 4 nm.
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330 nm (4 P ! 3 S ) ori ginati ng from the level tha t wa s di rectl y excited by the laser
l ight, one can select the signals at 819 and 589 nm starti ng from the levels invo lved
in the cascade sti mulated process (3 D ! 3 P and 3 P ! 3 S , respecti vely) [1{ 3].
There are also the signals corresp ondi ng to tra nsiti ons f rom the levels lyi ng higher
tha n the 4 P level. One observed the Ûuorescence of Na 2 m olecules (367 nm )
as well .

The signal at 330 nm consisted m ainly of the laser radiati on scattered in
the sodi um vapour on ato ms, molecules, and cl usters [19, 20]. Sim ilarl y the signal
at 819 nm conta ined a strong contri buti on of l ight generated in the vapour by
sti m ulated emission between 3 D ! 3 levels. Since both the laser pul se (330 nm )
and the sti mulated emission pul se (819 nm ) lasted onl y several nanoseconds [1, 3],
the observed signals reached thei r m axi mum signi Ùcantl y f aster tha n the signals
at other wa vel engths. However the decay ti m e of the 330 and 819 nm signals was
m uch longer tha n the dura ti on ti m e of the laser pul se, whi ch suggests a contri -
buti on of the sponta neous emission as wel l . The emission at 589 nm wa s exci ted
by the sti mul ated cascade popul ati on of 3 level. In thi s signal there was also a
contri buti on of the l ight generated on thi s l ine due to stim ulated emission. How-
ever the 589 nm signal changed much slower tha n the signals at 330 and 819 nm .
It was caused by the im pri sonm ent of the resonance radi ati on in the dense sodi um
vapour [14{ 16].

Pul ses of the Ûuorescence at 498 (5 3 ), 515 (6 3 ), 569 (4

3 ), and 615 nm (5 3 ) nm ori ginate from the atom ic levels lyi ng higher
tha n the 4 level. These levels were popul ated due to electron im pact. The most
im porta nt were col l isions of electrons wi th Na (4 ) ato ms because of the reduced
energy threshold for exci ta ti on of highly lyi ng states. The ri setimes of these signals
were of about 1 0 8 s. As i t was stated in our previ ous paper [1] wi thi n thi s ti m e a
hi gh density of Na (4 ) ato m s wa s also present in the cell . Ma xi ma of the signals
at 498, 515, 569, and 615 nm were reached several nanoseconds later tha n the
m axi m a correspondi ng to the pul ses at 330 or 819 nm . The decay ti mes of the
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Ûuorescence pul ses at these wa vel engths were shorter tha n the natura l l i feti m es
of the upp er levels of the respective tra nsiti ons (§5 S = 7 5 ns, §6 S = 1 5 0 ns,
§ 4 D = 5 4 ns, §5 D = 1 1 0 ns). Thi s shorteni ng was m ainly caused by the electron
im pact deexci ta ti ons [10]. For thi s reason the pul ses of Ûuorescence from highl y
exci ted levels are appro xi matel y sim i lar to each other. Besides the l ines mentio ned
above the Ûuorescence at 434 nm (1 0 S ! 3 P ), 449 nm (7 D ! 3 P ), 466 nm
(6 D 3 ), and 475 nm (7 3 ) was also observed.

The 367 nm Ûuorescence pul secorresp onds to the tra nsi ti on between 1

1 + levels of the sodium m olecule. A fast intensi ty ri se of thi s pul se suggests
the di rect excita ti on of Na2 by the laser l ight at 330 nm rather tha n the impact
m echani sm. Thi s is also conÙrmed by the excita ti on spectra (Fi g. 4). The ato m ic
Ûuorescence occurred when the laser is tuned near the 3 4 resonance l ines,
whi le the molecular Ûuorescence does not m ani fest such behavi or.

R egistra ti on of the Ûuorescence on wa velengths correspondi ng to cascades
from the 4 level could not be done along the laser beam because at these l ines
the signals are stro ngly a˜ected by the sti mul ated emission. For thi s reason the
m easurements were perform ed only for tra nsiti ons starti ng from the levels lyi ng
hi gher tha n the 4 level. Ho wever for the para llel observati on in respect to the
laser beam a new phenom enon occurred in com pari son wi th the perpendi cular
observati on. As it is seen in Fi g. 5 on the ri sing slope of the Ûuorescence pul se
at the 498 nm (5 3 ) after an ini ti al increase in the signal a depl eti on of
the intensi ty app ears. Its dura ti on ti m e was of about 20 ns. Such decrease in
the Ûuorescence wa s not observed perpendi cularl y to the laser beam. Thi s e˜ect
occurred only when the laser was tuned to one of the com ponents of the resonance
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doubl et: 3 S 1 = 2 ! 4 P 3 = 2 ( ÑE X = 330:23 nm ) or 3 S 1 = 2 ! 4 P 1 = 2 ( ÑEX = 330 30 nm ).
Thi s is clearly seen when the laser l ine is localized ei ther between the resonance
l ines = 330 27 nm or at wi ngs of the 3 4 tra nsi ti on (330.19, 330.33 nm ).
At wi ngs of the exci ta ti on l ine the plasma generati on was less e£ cient and one
also observed a signi Ùcant shorteni ng of the Ûuorescence pul se.

W e expl ain the depleti on of the Ûuorescence by reabsorpti on of the spectra l
l ine. Thi s e˜ect was caused by the e£ cient popul ati on of the Na(3 ) ato m s due
to cascade sti mulated tra nsi ti ons from the laser pum ped 4 level vi a 4 or 3

levels (see Fi g. 2). The producti on of the Na(3 ) ato m s was the most e£ cient
when the laser was tuned to the 3 4 tra nsiti on. The hi gh density of Na(3 )
ato m s caused the reabsorpti on of the 498 nm light whi ch leaded to the decrease in
the Ûuorescence signal . The dura ti on ti m e of the depleti on coinci des wel l wi th the
presence of the high density of the Na(3 ) ato ms in the cell . The m inimum of the
Ûuorescence corresp onds well to the m axi mum of the Na(3 ) numb er densi ty tha t
wa s found in our previ ous exp erim ent usi ng the pum p-probe laser m etho ds [1].

D uri ng the depleti on the resonant light Ûux emi tted from the exci ted volume
wa s di minished in the opti cal ly thi ck medium . The integra l bri ghtness of the l ight
Ûux , leavi ng the source, who selength is equal to , is described by the bri ghtness

1 of the pri m ary source of radi ati on (tha t is not a˜ected by the reabsorpti on). It
is related to the uni ty of length of the l ighti ng colum n by m eans of the f orm ula [15]

= 1 ( 0 )

where

( 0 ) = [ 1 exp( ( ) ) ]d

is a functi on describing the absorpti on l ine shape ( ), whi le 0 i k
2
k i i Â i s

the absorpti on coe£ cient at the l ine centre, i k i s the oscil lato r strength, denotes
the light wa velength, and Â | the l ine wi dth. The i describes the lower level
popul ati on. W hen the lower level numb er density i increases then the opti cal
thi ckness of the m edium 0 increasesas well and the l ine bri ghtness decreases.

It shoul d be pointed out however tha t the Ûuorescence depleti on coul d be
registered only when the geom etry of observati on is caref ul ly reduced to the volume
tha t is strongly exci ted by the laser l ight. Onl y in such a case the 498 nm radi ati on
passes thro ugh the vapour region where due to the cascade popul ati on of the 3

level for several nanoseconds the hi gh opti cal thi ckness is produced. At any other
angleof observati on (as for the perpendi cular di recti on) the e˜ect vani shes,because
the 498 nm l ight cro ssesthe vapour region where the num ber density of Na(3 )
ato m s is relati vel y low, so the opti cal thi ckness is negligibl e.

W e suppose tha t in pri nci ple a sim i lar e˜ect could be also observed for the
Ûuorescence signals at other l ines corresp ondi ng to tra nsi ti ons from the higher
exci ted levels to the 3 state. Ho wever we have not registered i t for any other
sodi um line. The depl eti on can be observed onl y when the rising slope of the
Ûuorescence pul se is well registered. For observati ons at 615 or 569 nm we were
not able to elim inate a strong radiati on emi tted at 589 nm . The l ines leading f rom
the levels lyi ng higher tha n 5 level were so weak tha t duri ng ini ti al several tens
of nanoseconds, when the depleti on occurs, the longi tudi na l Ûuorescence was not
di stinguishable f rom the noise level.
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5. Co n cl u si on

The exci ta ti on of dense ato m ic vapour by intense laser l ight tuned to an
exci ted level m ay lead to Ûuorescence at vari ous ato mic l ines. In sodium exci ted
to the 4 P level we registered the Ûuorescence for several tra nsi ti ons both per-
pendicul arl y and longi tudi nal ly in respect to the laser beam . For the longi tudi nal
observati on of the Ûuorescence pul se at 498 nm (5 D { 3 P ) one observes a depleti on
whi ch occurs at the mom ent of the maxi mum popul ati on on the Na (3 P ) level. The
depl eti on is caused by reabsorpti on of the radiati on at thi s wa velength.

Thi s work was supp orted by the Pol ish UM- 946/ 32 and UM 991/ 25/ 2000
research grants.
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