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W e have observed a Zeeman e˜e ct in an evanescent w ave absor ption
in Rb vapor with a sin gle-mode t unable dio de laser . The spectra are ob-

tained for several magnetic Ùeld- and laser light- conÙgurati ons enablin g the
observ ation of di˜erent ¤ and ¥ Zeeman split lines contribution. The relative
amplitud es and relative frequencies of all Zeeman comp onents w ere calcu-

lated theoreticall y and compared w ith measured spectra. T he analysis of the
data can lead to the determination of the polari zati on state of the evanescent
w ave.

PAC S numb ers: 42.25.Gy , 32.60. + i

1. I n t rod uct io n

W hen a l ight beam enters the boundary layer of two dielectri cs over the
cri ti cal angle the to ta l interna l reÛection occurs. However, the l ight penetra tes
the di lute m edium creati ng the evanescent wa ve. Its penetrati on depth is of the
order of the wa velength. W hen the di lute medium is an ato mic or m olecular gas
one can talk about the evanescent wa ve spectroscopy (EW S) [1]. EW S deals wi th
ato m s or molecules in a very smal l volum e lyi ng very close to the surf ace at the
bounda ry. W i th appl ied magneti c Ùeld B i t i s easy to obta in a high m agni tude and
great hom ogeneity of B in the evanescent wa ve region. In the paper we present
the Zeeman ẽ ect in the R b vapor observed in the evanescent wa ve in di ˜erent
geometri cal conÙgurati ons. It is a pri mary step to the inv estigati on of the e˜ecti ve
polari zati on of the evanescent wa ve.
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2 . T heor y

It is wel l known tha t the to ta l interna l reÛection occurs i f the angle of inci-
dence ˚ is greater tha n ˚ c = arcsin n 2 =n 1 , where n 1 > n 2 (Fi g. 1). The angle of
ref racti on becom es im aginary and the evanescent wa ve is described by the wa ve
num ber k wi th the com plex z com ponent [2]:

k x = k 0 n 1 sin ˚ ; (1a)

k z = ik 0 n 2

s ˚
n 1

n 2

sin ˚

Ç
2

À 1 ; (1b)

where k 0 i s the wa venumber in vacuum . Substi tuti ng Eq. (1b) into the wa vefunc-
ti on of the electri c Ùeld E = E 0 exp [ i ( k Â r À ! t ) ] one gets the dam ping factor
exp ( À j k z j z ). The quanti ty j k z j

À 1 i s interpreted as a penetra ti on depth and for
angles of inci dence close to the cri ti cal angle i t is of the order of the wa velength.
The Goos{ H �anchen shift occurs in the OX di recti on, whi ch is represented by the
quanti ty x s in Fi g . 1 [3, 4].

Fig. 1. The scheme of the total internal reÛection.

In the experi ment we measure the quanti ty R , where R = j r j
2 is the reÛection

coe£ cient obta ined from the Fresnel equati ons for the T M and TE polarizati on of
the inci dent wave (n 2 1 = n 2 =n 1 ):
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For the com plex index of refracti on n2 ¤ 1 + iç ( ç § 1 ) we get:
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where ç describes the absorpti on by the ato m ic vapor in the vi ci ni ty of the di electri c
interf ace and is pro porti onal to the square of the m atri x element of the electri c
di po le operato r for a given tra nsiti on.

The streng ths and positi ons of the l ines in the absorpti on spectra of R b were
found as the functi ons of a m agni tude of an externa l magneti c Ùeld [5]. In the Ùeld
we used (of the order of 0.1 T), the quantum numb ers F = I + J are not conserved
because of the m ixing of the m agneti c subl evels wi th the sam e numb ers M , but
wi th di ˜erent numb ers F . In the Schr�odi nger equati on

H at j L F ; M i = E L F M j L F ; M i (4)

we have ta ken into account quantum num bers L F , where L F ! F when B ! 0 .
The subscri pt denotes numb er F of the parti cular level in the zero magneti c Ùeld
(see Fi gs. 2 and 3). H at i s the ato m ic Ha m il to nian and E L F M i s the energy of the

Fig. 2. H yp erÙne structure of the ground and Ùrst excited state of Rb 8 7 atoms

(af ter [6, 7]).

Fig. 3. Saturated spectrum of Rb 87
( ; lines ' to ') and Rb ; lines

to ). The cross-over resonances are show n ( ).
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L F level. One can represent the ato mic state as the sum of j F ; M i states:

j L F ; M i =
X

F

C L F

F M
j F ; M i ; (5a)

where
X

F

j C L F

F M
j

2 = 1 : (5b)

The calcul ati ons of the l ine strengths and energies were perform ed for both ¤ and
¥ com ponents of the c ' and d ' tra nsiti ons (see Fi g. 2 and the calcul ated curves in
Fi g. 6).

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

The experim enta l setup consisted of a cyl inder- shaped quartz cell wi th a
reservo i r heated to 4 3 3 Ï 2 K, m agneti c Ùeld, the ref erence satura ti on spectro scopy
arra ngement and the Fabry{ PÇerot interf erometer. Two last ones al lowed us to
calculate the current frequency of the laser radi ati on. The exempl ary satura ti on
spectroscopy spectrum is shown in Fi g. 3. The cell was 30 mm in di am eter and
50 m m high and conta ined natura l mixture of R b8 5 and Rb 8 7 vapor at the density
of 2 È 1 0 1 4 cm À 3 (whi ch corresp onds to the pressure of 1.33 Pa [8]). One of the
basesof the cell was com mon to the base of the quartz pri sm wi th refracti ve index
n = 1 : 4 5 (see Fi g. 4).

Fig. 4. Exp erimental setup: 1 | laser, 2 | saturation spectroscopy setup, 3 | FP

interf erometer, 4 | p olarizer, 5 | half -w aveplate, 6 | oven w ith quartz cell, 7 |

photo dio des, 8 | data acquisi tion system.

W e used two hyp erÙne components of the rubi dium D 1 l ine: F = 1 ! F =

1 ( c' ) and F = 1 ! F = 2 ( d ') at Ñ = 7 9 4 : 9 8 nm (see Fi gs. 2, 3). The magni tude
of the appl ied m agneti c Ùeld was contro lled by the proper setti ng of the di stance
between two consta nt m agnets. The value of B (0 .08 to 0.15 T) al lowed us to
resolve some of the Zeeman com ponents of the D oppl er-bro adened spectrum . A
laser beam (wi th the l ight intensi ty of 1 ñ W / mm 2 ) came from the EOSI 2001 di ode
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Fig. 5. ConÙgurations A, B, and C of the magnetic Ùeld.

laser wi th a D MD 795 head and tuna bl e externa l resonato r. The laser l inewi dth
wa s less tha n 1 MHz. W e used di ˜erent ori entati ons of the m agneti c Ùeld and two
l inear polari zati ons of the inci dent beam (pa ra llel and perpendicul ar to the plane
of incidence) denoted as TM and TE (see Fi g. 5).

4. R esul t s

The obta ined spectra for di ˜erent polari zati ons of the incident beam and
for di ˜erent conÙgura ti ons A, B, and C are shown in Fi gs. 6{ 10, where the ori gin
of the relati ve frequency scales corresponds to the d ' tra nsiti on. The angle of
inci dence was set to about 2 mrad over the cri ti cal angle. In Fi g. 6a and b there
are shown two exemplary spectra wi th the Ùtted functi ons. The Ùtti ng procedure
served onl y for Ùnding the exact m agnitude of B in the evanescent wa ve volume
and f or norm al izi ng the experim enta l and calcul ated proÙles. For sim pl icit y the
theo reti cal functi on consisted of Gaussian curves. The value of B wa s trea ted as
a param eter in the am pl itudes and positi ons of the Gaussian pro Ùles obta ined
by solvi ng Eq. (4). The calcul ated m agni tude of the m agneti c Ùeld was 0 : 1 0 2 Ï

0 : 0 0 1 T for each presented spectrum . The agreement between the theo reti cal and

Fig. 6. Tw o exemplary spectra (dotted lines) w ith some of the Gaussian proÙles

(dashed lines) as the parts of the calcula ted proÙles (solid lines): polariz atio n TM in

the conÙguration C (a) and polarizati on T M in the conÙguration B (b). T he thin solid

line represents the inÛuence of Rb 8 5 .
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exp erimenta l spectra shows tha t the polarizati on of the evanescent wa ve coul d be
described by the base polari zati ons ¤ and ¥ .

In Fi gs. 7{ 10 one can see partl y resolved l ines corresp ondi ng to the Zeeman
spl itti ng. The curves are di ˜erent f or ¤ and ¥ l ines in the Zeeman e˜ect. In Fi g. 7
we present the signals obta ined for di ˜erent conÙgurati ons but always wi th the

Fig. 7. The spectra for the polarizati on TE in the conÙgurati on C (solid line) and for

the polarizati on T M in the conÙguratio n B (dotted line); polarizati on of the evanescent

w ave is ¤ in both cases. The saturation spectroscopy spectrum is show n as a ref erence

(see also Fig. 3).

Fig. 8. T he spectra for the polarizati on TE in the conÙguration A (thic k solid line)

and for the polariza tion TE in the conÙguration B (thin solid line); polarizati on of the

evanescent w ave is ¥ in both cases.

Fig. 9. The spectra for the polariza tion T E in the conÙguration B (solid line) and for

the polarizati on T M in the conÙguration C (dotted line); polarizati on of the evanescent

w ave is ¥ in b oth cases.
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Fig. 10. T he spectra for the polarizati on T E in the conÙguration A (solid line) and for

the polari zatio n T M in the conÙgurati on A (dotted line); polari zatio n of the evanescent

w ave is ¥ in b oth cases.

l ight polari zati on para l lel to the m agneti c Ùeld. In Fi g. 8 we present the signals
for di ˜erent conÙgura ti ons but always wi th the l ight polarizati on perpendi cular
to the m agneti c Ùeld. In Fi gs. 9 and 10 for com pari son we present the signals
obta ined for di ˜erent polari zati ons but wi th the same angle to the m agneti c Ùeld.
The curves in Fi gs. 7 and 10 do not overl ap whi ch could be partl y due to a not
perfect polari zati on of the laser beam, whi ch is about 50:1 onl y.

5 . Co n cl usion s

W e checked the possibi l i t y of observi ng the Zeeman e˜ect for the ato ms
intera cti ng wi th the evanescent wa ve. It looks very interesti ng because of the very
smal l volum eof the intera cti on, whi ch helps to obta in hi gh, hom ogeneous m agneti c
Ùeld. The proxi m it y of the surf ace enabl es the inv estigati on of the surface-atom
intera cti ons.

The other interesti ng aspect m ight be the inv estigati on of the evanescent
wa ve polari zati on whi ch is expected to be not a pure l inear TE one [9]. The quan-
ti ta ti ve analysis of tha t polari zati on state wi l l be done later on after com pleti ng
other exp erim ents using e.g. an opto galvanic e˜ect.
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