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AHEOTALRNA

HacTosmada padora npercraBieHa Ha 9 EBpomefickyn xOH@e peHINMNO
10 arToMHOM ¥ MonekyaApHoK (usWKe MOHM3OBaHHHX I'a30B, JuccaooH,
I988. B paGoTe NpoaHa/m3MpoBAHA AVHAMMKE DACOPOCTpPAHEHHMA pe30O-—
HaHCHO® (fuiyopecUeHIME B OOTOKe ATOMCB IPE BOSOYKISHUE TpeXypoB-
HeBOH cuCTeMH INBYMA HHTEHCUBHHMYE Ja36DHHMH Ny9ramd. [loxasaHo,
YTO [pY OOCTATOYHO CGOJBMOM CKOPOCTH NOTOKAE ATOMOB CHOHTAHHOS
W3JIy4eHMe C BEDXHEI'C YPOBHA MOXeT OeclpelATCTBEeHHO paclipocTpa-
HATHECA B HaOpDABJSHHM, [IDPOTHBOIOJOEHOM IBHNFSHHMK [y4YKa, OpH JIO—
OO MMOTHOCTE ATOMOE. [[pHReliHH COOTBETCTBYDIHME OLSHKM IJIA CJAy-

9ad IIOTHOT'O JUTHEBOI'O [yvEA.
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RESONANCE FLUORESCENCE OF AN ATOMIC BEAM
AT SATURATED EXCITATION OF CASCADE LEVELS

B.A. Knyazev, P.I. Melnikov
Institute of Nuclear Physics, 630090, Novosibirsk, USSR

Laser induced fluorescence of an atomic beam is successfully used as a diag-
nostic technique. In recent years there have been several investigations when the
optical double resonance in atomic beams was used for this purpose [l —4]. On
many occasions a beam density can be sufficiently high. In this paper we study
the problem of passing the resonance fluorescence from the excited volume L to a
detecting system through the surrounding atomic flow.

We introduce the model of a three-level atomic system shown in Fig. 1. The
levels 1, 2, 3 are coupled by intense laser radiations with wavelengths &, and As.
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The spectral widths of these radiations are more than the Doppler width of the
absorption lines. The Doppler width is caused by the angular spread of the atomic
beam and the distribution in energy of the beam atoms. In the general case, the
spectral lines can be spatially nonisolropic, but, as a rule, they have no wings.
Further we assume a rectangular isotropic shape of the lines a, (Fig. 2) with a
width Aw;=2nav,/k;. In this case, the diffusive mechanism oi radiation transfer in
a gas is realized [5]. The typical scheme of resonance fluorescence experiments is
shown in Fig. 2. Two intense beams of pulse lasers excite the atoms of a broad
atomic flow into volume L in the saluration regime. The intensity of spontaneous
emission from the upper level (A:) is recorded with a detecting system. The inten-
sity grows with the flow density and tends to its maximum value
loz{em ™ 's ™'} =Aws/A3 when the free path length &y becomes less than a radius of
the excited volume':
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"I a system is four-level {e. g. Li-atom), the summand g; will be replaced by ga(l + Awjfda).




At the pulse beginning the surrounding gas is transpareni for Ay radiation, but
in the course of time the emission flow fo, =Aw;/Af, which is emitted from zone L,
excites the middle level of the atoms in the zone 0. This zone becomes nontrans-
parent for Ag-radiation at the moment of time {=T7. Before this moment only a
simple two-level system 1-2 can by taken into account. The path length
lo=(012Ns) ~'=4(g1/g2) (A /A2 AINs) is small, and the radiation flow fg is high
enough in order to excite the second level up to saturation: ni"'=g,Ny/(g:4 22).
[t means that zone D expands as «a wave of seli-induced transparency». The
expansion velocity and the boundary position are
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When the absorption coeffcient n$*(Rp— R_ )09 becomes equal to 1, the radiation
Az will be absorbed into zone D. Thus, the absorption becomes a factor when
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Aflter that time we must take account the three levels.

We have assumed above the gas to be quasi-stationary (vs< vp). The «secon-
dary excited» zone D will be drifted into zone L, and the radiation will pass thro-
ugh the flow in the direction of the detecting
system without any absorption, if one takes

i 6 UpcosP = vp, and consequently
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For illustration, take the saturated laser-indu-
ced fluorescence of a flow of Li atoms (28, 2P,
; 40 and 3P levels), then by Eq. (1) the intensity of
Fig.3 ha-Tluorescerice from zone L is maximal (fo2) when
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L Pugm
0 1 2 Substitute Ny» in Eq. (4) and obtain a domain

where conditions (4) and (5) are both satisfied
(see the cross-hatched field in the Fig. 3). Let a=5-10"7 v,Cosp=0.7-10° em/s,
and R, =0.5mm [3], then Nyw=2.10" ecm~? and the condition (4) is satisfied
(N=2-10" ecm—%).
Thus, the salurated resonance fluorescence from the upper level can be obser-
ved without absorption even at very high density of an atomic beam, if the beam
velocity is high sufficiently.
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