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ELECTROMAGNETICALLY INDUCED TRANSPARENCYRESONANCES INVERTED IN MAGNETIC FIELDA. Sargsyan a, D. Sarkisyan a*, Y. Pashayan-Leroy b, C. Leroy b,S. Cartaleva 
, A. D. Wilson-Gordon d, M. Auzinsh eaInstitute for Physi
al Resear
h, NAS of Armenia0203, Ashtarak-2, ArmeniabLaboratoire Interdis
iplinaire Carnot de Bourgogne, UMR CNRS6303, Université de Bourgogne, Fran
e
Institute of Ele
troni
s, Bulgarian A
ademy of S
ien
es, So�a, BulgariadDepartment of Chemistry, Bar-Ilan UniversityRamat Gan 5290002, IsraeleDepartment of Physi
s, University of LatviaLV-1586, Riga, LatviaRe
eived May 22, 2015The phenomenon of ele
tromagneti
ally indu
ed transparen
y (EIT) is investigated in a �-system of the 87RbD1 line in an external transverse magneti
 �eld. Two spe
tros
opi
 
ells having strongly di�erent values of therelaxation rates 
rel are used: an Rb 
ell with antirelaxation 
oating (L � 1 
m) and an Rb nanometri
-thin
ell (nano
ell) with a thi
kness of the atomi
 vapor 
olumn L = 795 nm. For the EIT in the nano
ell, we havethe usual EIT resonan
es 
hara
terized by a redu
tion in the absorption (dark resonan
e (DR)), whereas forthe EIT in the Rb 
ell with an antirelaxation 
oating, the resonan
es demonstrate an in
rease in the absorption(bright resonan
es (BR)). We suppose that su
h an unusual behavior of the EIT resonan
es (i. e., the reversalof the sign from DR to BR) is 
aused by the in�uen
e of an alignment pro
ess. The in�uen
e of alignmentstrongly depends on the 
on�guration of the 
oupling and probe frequen
ies as well as on the 
on�guration ofthe magneti
 �eld.DOI: 10.7868/S00444510151200681. INTRODUCTIONIn order to observe 
oherent pro
esses in atomi
 va-por 
ells, su
h as 
oherent population trapping (CPT),ele
tromagneti
ally indu
ed transparen
y (EIT), andele
tromagneti
ally indu
ed absorption (EIA), it is im-portant to ensure 
onditions that allow ground-state
oherent spin states to survive many 
ollisions with the
ell walls [1�7℄. For this purpose, antirelaxation 
oat-ings (ARC) 
an be used in atomi
 vapor 
ells [8℄. Theuse of a vapor 
ell with ARC allows obtaining ultra-narrow resonan
es with the linewidth less than 2 Hzin the nonlinear magneto-opti
 e�e
t [9℄. Ultranar-*E-mail: davsark�yahoo.
om, david�ipr.s
i.am

row EIT resonan
es of width � 100 Hz have been ob-served in [10℄ using a vapor 
ell with ARC. In [11℄, thetransformation of a Ramsey EIA into a magneti
-�eld-indu
ed transparen
y resonan
e in a para�n-
oated Rbvapor 
ell in the Hanle 
on�guration, with a linewidthof 0.6 mG was reported. The Hanle 
on�guration hasalso been used to study the 87Rb, D1 line [12℄. The EITpro
ess in multi-Zeeman-sublevel atoms has been 
on-sidered in [13℄. Experimental eviden
e for the brightmagneto-opti
al resonan
e sign reversal in Cs atoms
on�ned in a nano
ell has been presented in [14℄. Mar-galit et al. have studied the e�e
t of a transverse mag-neti
 �eld on the absorption spe
tra of degenerate two-level systems in the D2 line of 87Rb [15℄ and degenerate� systems in the D1 line of 87Rb [16℄.Here, for the �rst time to our knowledge, we present1104
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Fig. 1. Sket
h of the experimental setup. 1 � Faraday isolators, PBS1;2;3 � polarization beam splitters, 2 � Helmholtz
oils, 3 � photodiodes, 4 � Rb vapor 
ell with ARC or Rb nano
ell, 5 � auxiliary nano
ell with L = �, 6 � auxiliarynano
ell with L = �=2, 7 � permanent ring magnet, BD � beam damp, F � �ltersexperimental eviden
e for the transformation of a darkresonan
e (DR) into a bright resonan
e in an externaltransverse magneti
 �eld in a Rb vapor 
ell with ARC.The results are 
ompared with those obtained usinga Rb nano
ell with a vapor 
olumn of the thi
knessL = 795 nm, where the sign reversal is absent.2. EXPERIMENTThe experimental arrangement is sket
hed in Fig. 1.Two beams of single-frequen
y extended 
avity diodelasers (ECDL) with � � 795 nm (linewidth � 1 MHz)are well superposed and dire
ted with the help of apolarization beam splitter PBS1 either onto the RbARC 
ell, or onto the Rb nano
ell. The 
ouplingand probe beams have linear and perpendi
ular po-larizations. The Rb ARC 
ell or the Rb nano
ell (4 )are pla
ed inside three pairs of mutually perpendi
u-lar Helmholtz 
oils (2 ), making it possibility to 
an
elthe laboratory magneti
 �eld as well as to apply a ho-mogeneous magneti
 �eld. The opti
al emissions arere
orded by photodiodes (3 ) and the signal of the pho-todiodes is intensi�ed and re
orded by digital storageos
illos
ope Tektronix TDS 3032B; F are �lters. Thepower of the 
oupling and probe lasers are 1�30 mW

and 5 �W�0.5 mW, respe
tively. An improved di-
roi
 atomi
 vapor laser lo
k (DAVLL) method is usedfor the 
oupling frequen
y stabilization [17℄. The fre-quen
y referen
e spe
tra formation is realized with thehelp of an auxiliary nano
ell with L = � (5 ) [17℄. APBS2 is used to separate the 
oupling and probe beams,su
h that only the probe beam transmission is moni-tored.2.1. The 
oupling is in resonan
e with the1! 10 transition; the probe is s
anned throughthe 2! 10 transitionIn Fig. 2a, a �-system formed in the 87Rb D1 line isshown. The 
oupling frequen
y is in resonan
e with the1! 10 transition, while the probe frequen
y is s
annedthrough the 2! 10 transition (the primes indi
ate theupper levels of the atoms). Two 
ells �lled with naturalRb are used: an 8 mm long 
ell with ARC (ARC 
ell)and a nano
ell with the thi
kness L = � = 795 nm[17℄. An external magneti
 B �eld is dire
ted alongthe probe EP �eld, while EC is perpendi
ular to theB �eld (see Fig. 2b ). In Fig. 3, the EIT spe
tra forthe nano
ell (the upper 
urve) and the ARC 
ell (thelower 
urve) are shown for the transverse magneti
 �eldB � 27 G. The respe
tive 
oupling and probe laser4 ÆÝÒÔ, âûï. 6 (12) 1105
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tra for the Rbnano
ell with L = � = 795 nm, T = 110 ÆC (up-per 
urve): two DRs are shown. For the ARC 
ell,T = 36 ÆC (lower 
urve) two small DRs and two largeRIA are shown. The probe power is 0:2 mW, the 
ou-pling power is 13:6 mW, and B � 27 Gpowers are 13.6 mW and 0.2 mW. It 
an be seen thatwe have the usual EIT resonan
es for the nano
ell,demonstrating a redu
tion in the absorption (dark res-onan
es). As shown previously [16℄, there are four DRs.However, it is easy to show that the middle two mustbe stronger (see Figs. 18 and 20 below). The situa-tion is very di�erent for the ARC 
ell. There, we seethat the two outer high-amplitude resonan
es show anin
rease in absorption, i. e., they are bright resonan
es(we 
all them resonan
es inverted by alignment (RIA)).Figure 4 shows the EIT spe
tra for the ARC 
ell as afun
tion of the probe laser power for B � 27 G (the
oupling laser power is 13.6 mW). It 
an be seen that
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Fig. 4. 87Rb D1 line, and DR and RIA spe
tra for theARC 
ell (T = 36 ÆC) versus the probe laser power.The 
oupling laser power is 13:6 mW and B � 27 G
RIA

DR

0 100 200 300 400
Probe power, µW

0

4

8

12

16

20

|Amplitude|, arb. units

Fig. 5. Dependen
e of the RIA and DR amplitudes asfun
tions of the probe laser power, T = 36 ÆC andB � 27 Gin
reasing the probe intensity results in the disappear-an
e of the EIT resonan
e (see also Fig. 5), whi
h 
anbe related to the stronger alignment of atomi
 popula-tion on Zeeman sublevels of the Fg = 2 level when theprobe intensity is enhan
ed. The inset shows the DRfor B = 0, where the linewidth is � 5 MHz.We note that for the respe
tive 
oupling and probelasers powers 1mW and 0.01 mW, the linewidth of theDR is 3.5 MHz (but with a smaller 
ontrast). It iswell known that in order to obtain narrow DRs, thetwo lasers must be 
oherently 
oupled [3; 4℄. However,1106
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Fig. 7. Dependen
e of the RIA amplitude on the 
ou-pling laser power; the probe laser power is 0:5 mW andB � 27 Gfor the study of the EIT resonan
e splitting and shiftin strong external magneti
 �elds (when the frequen
yshift rea
hes several GHz), a 
onvenient alternative isthe use of two di�erent lasers [19℄. The dependen
eof the DR and RIA for the ARC 
ell as a fun
tion ofthe 
oupling power (with the probe power 0.5 mW)is shown in Figs. 6 and 7. The enhan
ement of theamplitude of the RIA resonan
es with in
reasing the
oupling beam intensity 
an be attributed to hyper�neopti
al pumping from the Fg = 1 to Fg = 2 level dueto the 
oupling laser. As a result, more atoms are re-distributed among the Fg = 2 Zeeman sublevels due

�1�2
�1

0 +2+1
+10

Fg = 2
Fe = 1

Fig. 8. 87Rb D1 line, the Zeeman opti
al pumpingpro
ess for the 2! 10 transition (see [20; 21℄)to the Zeeman opti
al pumping (ZOP) pro
ess. In or-der to explain the unusual behavior of the RIA, thetransition system in terms of the ZOP for the 87Rb D1line 2 ! 10 is shown in Fig. 8. Due to the ZOP ef-fe
t 
aused by the strong probe beam, the populationof the level Fg = 2 
an be trapped in sublevels withmF = �2 (shown by bla
k bars), whi
h means that so-
alled alignment o

urs [20; 21℄. The alignment e�e
t
auses a strong redistribution of the population of theFg = 2 level. We note that the population of the out-ermost Zeeman sublevels with mF = �2 is high alsobe
ause these levels are not ex
ited by the laser light.The in
rease (or redu
tion) in the population N by�N of the levels Fg = 2 with mF = �2 is [20; 21℄�N � �dEP~ �2 1
N
rel ; (1)where dEP =~ is the Rabi frequen
y of the probe laser,
N is the natural linewidth, and 
rel is the rate of de
ayof the 
oheren
e between the lower levels. We see fromEq. (1) that �N strongly depends on the relaxationrate 
rel. For a usual 
ell without ARC, it is inverselyproportional to the time-of-�ight of the atom a
rossthe laser beam with a diameter D, and for D � 1 mm,
rel is typi
ally � 100 kHz. For our ARC 
ell, it is� 1 kHz due to the antirelaxation 
oating not being ofhigh quality, while an advantage of this ARC 
ell is itsresistan
e to temperature up to 100 ÆC [22℄.For the nano
ell, the relaxation rate is mu
h higher(
rel is � 1 MHz). This is related to the frequent
ollisions of the Rb atoms with the nano
ell windows,destroying the alignment pro
ess (see the upper 
urvein Fig. 3). Figure 9 shows the splitting and the shiftof the RIA as a fun
tion of the transverse magneti
�eld B. The frequen
y interval between the RIAs is� 4:2 MHz/G (see below) and remains linear with B1107 4*
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Fig. 9. Splitting and shift of the RIA as fun
tions of theexternal transverse magneti
 B �eld. The frequen
y in-terval between the RIA is � 4:2 MHz/G. The dashedline shows that RIA are displa
ed symmetri
ally withrespe
t to the initial position of the DR at B = 0up to 100 G. As 
an be seen, the amplitudes of the RIAare almost independent of the magneti
 �eld.As regards the physi
al me
hanism of RIA forma-tion, we propose the following. Sin
e there are eightZeeman sublevels for the Fg = 1, 2 levels, initially allthe Zeeman sublevels are populated equally, with thepopulation 1/8 for ea
h sublevel. In the 
ase of a strongZOP, all the population of Fg = 2 is 
on
entrated inthe sublevels mF = �2, and hen
e their populationis 5/16, while the population in the Fg = 1 Zeemansublevels is 2/16 for ea
h sublevel. Be
auseN(Fg = 2;mF = �2) > N(Fg = 1;mF = 0;�1);strong absorption of the probe radiation �P 
an o

urvia a two-photon Raman-type pro
ess (with the emis-sion at the 
oupling frequen
y �C), shown in Fig. 10.We suppose that the sublevels mF = �2 of the levelFe = 2 are also involved (via the 2 ! 20 transition)in this two-photon Raman-type pro
ess (see Fig. 11).We note that 
ompetition between the EIT and a two-photon Raman-type pro
ess has been observed for a�-system of Na atoms when the probe and 
ouplinglaser frequen
ies were near resonan
e [23℄.A similar pro
ess has been 
onsidered in a �-systemof 87Rb, where the ground levels of the system areformed by the Zeeman sublevels of the same groundlevel [24℄. The 
ross-se
tion for su
h a two-photon
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2
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1
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Fig. 10. 87Rb D1 line, a two-photon Raman-typepro
ess. The populations N(Fg = 2; mF = �2)are indi
ated by the large bars, and the populationsN(Fg = 1; mF = �1)) by the small bars. We supposethat the sublevels mF = �2 of the level Fe = 2 arealso involved (via the 2! 20 transition)20(mF = �2;�1;10(mF = �1;RIA2�2�2� �P �P �C �C+2�2�10+1 0��Fg = 1���� �1+1� = 0:7 MHz/GFg=2
814 MHz 0;+1;+2)0;+1)

Fig. 11. 87Rb D1 line, a two-photon Raman-type pro-
ess. The frequen
y separation between the RIAs: the
oupling laser frequen
y �C (with �+ and �� polariza-tions) is �xed, the probe laser frequen
y �P (with the �polarization) is varied. The frequen
y interval betweenRIA is 6 � 0:7 MHz/G = 4:2 MHz/GRaman-type absorption (TPA) pro
ess of the probebeam �P is1108
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N
21 �dEC~� �2 ; (2)where dEC=~ is the Rabi frequen
y of the 
oupling ra-diation (hen
e, �TPA is proportional to the 
ouplinglaser power, see Figs. 6 and 7), � is the laser fre-quen
y detuning from the 5P1=2 level, 
N = 6 MHz,
rel � 0:001 MHz, and � = 795 nm. For TPA ofthe probe laser radiation, we have �TPA(Ng2 �Ng1)L,� � 30�40 MHz, 
C � 35 MHz, and L � 0:8 
m. Ifwe suppose that 87Rb (Ng2 �Ng1) � 108 
m�3 (whi
his a realisti
 number be
ause N (87Rb) � 7 � 109 
m�3at T = 35 ÆC), then TPA (i. e., RIA) 
an rea
h � 10per
ent, whi
h agrees with the experiment.The value of the frequen
y separation between theRIAs is determined by the diagram presented in Fig. 11.The frequen
y �C of the 
oupling laser (having �+ and�� polarizations) is �xed, while the frequen
y �P of theprobe laser (having � polarization) varies. The �rstpro
ess forming RIA starts from Fg = 2, mF = +2and �nishes at Fg = 1, mF = +1, while the se
ondpro
ess starts from Fg = 2, mF = �2 and �nishes atFg = 1, mF = �1. We suppose that the sublevelsmF = �2 of the level Fe = 2 are also involved forthe probe radiation (via the 2�20 transition) by thistwo-photon Raman-type pro
ess, sin
e level 20 is lo-
ated � 800 MHz above level 10, and hen
e the transi-tions 2�10 and 2�20 overlap by the Doppler wings. Wenote that it has been demonstrated in [25℄ for a TPApro
ess (in a ladder system) that even for a 1.5 GHzdetuning from the intermediate level, nearly 100 per-
ent absorption is a
hieved for on Rb 2 mm long 
ell.A similar situation takes pla
e for the two-photon Ra-man-type pro
ess shown in Fig. 15 below (with the sub-levels mF = �2 of the level Fe = 2 also involved).As we see, the frequen
y interval between two RIAs is6 �0:7MHz/G = 4:2MHz/G. It is easy to show that forthe EIT splitting in the 
ase of the nano
ell (Fig. 3),the frequen
y interval between the two neighboring EITresonan
es is 2 � 0:7 MHz/G = 1:4 MHz/G.2.2. The 
oupling is in resonan
e with the2! 10 transition; the probe is s
anned throughthe 1! 10 transitionFigure 12 presents the transmission spe
tra for theARC 
ell at T = 36 ÆC. The upper 
urve shows thespe
trum for the 
oupling and probe laser frequen
y
on�guration presented in Fig. 13, while the lower 
urve
orresponds to the 
on�guration of �C and �P pre-sented in Fig. 3. It is important to note that whenthe probe laser power is in
reased, DRs (shown in the
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Fig. 12. 87RbD1 line, the EIT spe
tra for the ARC 
ell,T = 36 ÆC. The upper 
urve shows the spe
trum forthe 
oupling and probe laser frequen
y 
on�guration inFig. 13, and the lower 
urve refers to the 
on�gurationin Fig. 3. The probe power is 0:2 mW, the 
ouplingpower is 13:6 mW, and B � 27 G
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Fig. 13. �-system of the 87Rb D1 lineupper 
urve) are still present in the spe
trum, whilein the lower 
urve, the DRs 
ompletely vanish for apower > 0:4 mW (only the two RIAs remain). There-fore, we suppose that the alignment pro
ess illustratedin Fig. 14 does not lead to the 
omplete depletion of themF = �1 Zeeman sublevels of the ground state. Prob-ably, this 
an be related to the hyper�ne opti
al pump-ing by the 
oupling laser to the Fg = 1 level. Due to theZOP e�e
t 
aused by the probe laser in the 1!10 Zee-man sublevel system, the main population of the level1109
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Fig. 14. 87Rb D1 line, the Zeeman opti
al pumpingpro
ess for the 1! 10 transition [20; 21℄
2�2�

����
RIA

�C�C
20(mF = �2;�1;
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Fig. 15. 87Rb D1 line, a two-photon Raman-type pro-
ess. The 
oupling laser 
ontains �+ and �� polariza-tions and its frequen
y �C is �xed, the probe laser hasthe frequen
y �P that is varied and has a � polariza-tion. As we see, the frequen
y interval between RIA forthe upper 
urve presented in Fig. 12 is 1:4 MHz/GFg = 1 in the 
ase of a strong probe laser is 
on
en-trated in the sublevels mF = 0 (shown with the bla
kbar) [20; 21℄. The value of the frequen
y separation be-tween the RIAs is determined by the diagram presentedin Fig. 15. The 
oupling laser frequen
y �C is �xed,while the probe laser frequen
y �P is varied and hasa � polarization. The �rst pro
ess forming RIA starts

�hfs = 6835 MHzFg = 2Fg = 1

�hfs = 814:5 MHz Fe = 2Fe = 1�C �P
Fig. 16. �-system of the 87Rb D1 linefrom Fg = 1, mF = 0 and �nishes at Fg = 2, mF = +1,while the se
ond pro
ess starts from Fg = 1, mF = 0and �nishes at Fg = 2, mF = �1. We note that theRIA resonan
e formation starts from the most popu-lated Zeeman sublevel of the Fg = 1 hyper�ne level,whi
h is mF = 0 (see Fig. 14). Thus, both RIA reso-nan
es (Fig. 12, the upper spe
trum) are situated in themiddle, between the DRs. For good DR formation, theatomi
 population of ground levels in the �-system hasto be similar. By 
ontrast, the RIA resonan
e is wellpronoun
ed when there is a large population di�eren
ebetween the ground levels. Thus, the spe
trum pre-sented in Fig. 12 (the lower spe
trum) 
an be explainedby the fa
t that, here, the most populated Zeeman sub-levels of the Fg = 2 level are mF = �2. Consequently,the DRs are between the RIA resonan
es. As we see,the frequen
y interval between two RIAs (the upperspe
trum) is 2 � 0:7 MHz/G = 1:4 MHz/G.2.3. The 
oupling is in resonan
e with the1! 20 transition; the probe is s
anned throughthe 2! 20 transitionThe �87Rb system of theD1 line is shown in Fig. 16.Figure 17 shows the EIT and RIA spe
tra for thenano
ell, L = � = 795 nm (the upper 
urve) and theARC 
ell (the lower 
urve), for the transverse magneti
�eld B � 27 G. The respe
tive 
oupling and probe laserpowers are 13.6 mW and 0.2 mW. As 
an be seen for theEIT spe
trum in the nano
ell, all four narrow featuresrepresent usual DRs 
hara
terized by a redu
tion in theabsorption. Under similar 
onditions in the 
ase of theARC 
ell, the two DRs are of reversed sign, i. e., theRIA resonan
es that show in
reased absorption. The1110
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Fig. 17. 87Rb D1 line, the EIT spe
tra for the Rbnano
ell, L = � = 795 nm, T = 110 ÆC (upper 
urve)and for the Rb ARC 
ell, T = 36 ÆC (lower 
urve); theprobe laser power is 0:2 mW, the 
oupling laser poweris 13:6 mW, and B � 27 Gfrequen
y interval between the two RIAs in the lower
urve in Fig. 17 is 2 � 0:7 MHz/G = 1:4 MHz/G. Here,the ZOP results in a strong population a

umulationin the Fg = 2, mF = 0 Zeeman sublevel. Thus, thesituation is similar to that presented in Figs. 12 and14, and the RIA resonan
es are situated between theDRs.2.4. The 
oupling is in resonan
e with the2! 20 transition; the probe is s
anned throughthe 1! 20 transitionThis 
ase is interesting be
ause it di�ers from thepreviously presented results. Figure 18 (the upper
urve) shows that there are only EIT resonan
es in thespe
trum, for the nano
ell with L = � = 795 nm. AllDRs have good amplitudes, whi
h 
an be related tothe small value of the Zeeman sublevel population re-distribution due to the alignment pro
ess. In Fig. 18(the lower 
urve), the 
ase of using the ARC 
ell atthe transverse magneti
 �eld B � 27 G is presented forthe 
on�guration shown in Fig. 19 and the respe
tive
oupling and probe laser powers 13.6 mW and 0.2 mW.As we see, it is only for this parti
ular 
on�gurationthat the EIT spe
tra, both for the nano
ell and theARC 
ell, have the usual EIT resonan
es 
hara
ter-ized by a redu
tion in absorption. The frequen
y in-terval between the neighboring EITs (see Fig. 20) is2 �0:7 MHz/G = 1:4 MHz/G. For this energy level 
on-�guration and magneti
 �eld, the transitions between
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Fig. 18. 87RbD1 line, the EIT spe
tra for the nano
ell,L = � = 795 nm, T = 110 ÆC (upper 
urve) and forthe ARC 
ell, T = 36 ÆC (lower 
urve). The probe laserpower is 0:2 mW, the 
oupling laser power is 13:6 mW,and B � 27 G

∆hfs = 6835 MHz

Fg = 2

Fg = 1

∆hfs = 814.5 MHz

Fe = 2

Fe = 1

νC

νP

Fig. 19. �-system of the 87Rb D1 lineZeeman sublevels of the Fg = 1 $ Fe = 2 hyper�netransition results in the alignment of atomi
 popula-tion of the Zeeman sublevels belonging to the Fg = 1level. But in this 
on�guration, all Zeeman sublevels ofthe Fg = 1 level are ex
ited by the probe light beam,and it is therefore impossible to a
hieve strong ZOP,thereby 
reating 
onditions for the RIA resonan
e for-mation.We note that in [18℄, the results for EIT in a mag-neti
 �eld are presented for the 87Rb D1 line for the1111
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����
��Fg = 1 ���� +2+10�1�2 Fg = 2

0�2�1+1+2
Couple,�+ and ��Probe, �

�hfs = 6835 MHz

Fe = 2

0�1+1Fig. 20. 87Rb D1 line, a two-photon Raman-type pro-
ess. The 
oupling laser has a �xed frequen
y �C and�+ and �� polarizations, the probe laser has the �polarization, and the frequen
y �P is varied. Degen-erate frequen
ies are indi
ated by 
ir
les and re
tan-gles. There are four di�erent EIT frequen
ies. Thefrequen
y interval between the neighboring EITs is2 � 0:7 MHz/G = 1:4 MHz/G�C and �P 
on�guration in Fig. 19, and there are alsofour EIT resonan
es, as shown in Fig. 18. However,the diagram shown in Fig. 1 in [18℄ is in
orre
t be
ausethe 
oupling laser frequen
y varies, rather than being
onstant as shown in Fig. 20.3. DISCUSSIONS AND CONCLUSIONAs we see from the results presented above, the most
onvenient �-system for the RIA observation is the oneshown in Fig. 2a, where �C is in resonan
e with the1 ! 10 transition, while �P is s
anned through the2 ! 10 transition. We suppose that in this 
ase (the
on�guration shown in Fig. 2b ), the alignment is verye�e
tive due to the strong Zeeman opti
al pumping.For the other �C and �P 
on�gurations, the alignmentis weaker, whi
h is probably 
aused by an additionalredistribution of the population between the Zeemansublevels 
aused by the strong 
oupling laser.In order to demonstrate that the alignment pro
ess(shown in Fig. 6) is 
aused by the probe laser with the� polarization, we have studied another experimental
on�guration shown in Fig. 21. The EIT spe
trum forthe ARC 
ell and the magneti
 �eld B � 27 G is thelower spe
trum shown in Fig. 22, while the upper spe
-

k
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Fig. 21. The 
on�guration of B, k, EP , and EC
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Fig. 22. 87Rb D1 line, the EIT spe
tra for the ARC
ell, T = 36 ÆC. The respe
tive 
oupling and probelaser powers are 13:6 mW and 1 mW. The upper spe
-trum shows the EIT resonan
e for B = 0, and the lowerspe
trum shows the EIT spe
trum for B k EC , withB � 27 Gtrum shows the DRs for B =0. As we 
an see, thespe
trum is very di�erent from that presented in Fig. 3:instead of the RIAs, we have four DRs 
hara
terized bya redu
tion in the absorption (the two middle DRs havedispersion-like pro�les that probably demonstrate the
ompetition between EIT and TPA).Also, using the �C and �P 
on�guration shown inFig. 2a, and applying a longitudinal magneti
 �eld(B k k), we have dete
ted the well-known spe
trumwith three DRs shown in Fig. 23. In this 
ase, the mag-neti
 �eld 
reates three �-systems (shown in the inset)and three DRs are formed [3; 16; 26℄. The middle DRhas a larger amplitude, sin
e there are two 
hannels1112
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Fg = 1Fig. 23. 87Rb D1 line, the EIT spe
tra for the ARC
ell, T = 36 ÆC. The respe
tive 
oupling and probelaser powers are 13:6 mW and 1mW, and a longitudinalmagneti
 �eld B k k, B � 27 G is applied. Three DRsare shown. The inset shows three �-systems formed bythe magneti
 �eldfor its formation when the probe and 
oupling lasershave polarizations (�+, ��) or (��, �+) and they formthe middle DR with the same frequen
y. The iden-ti
al three DRs are also formed in the nano
ell withL = 795 nm [17℄.From the systemati
 experimental study reportedhere, it 
an be 
on
luded that the good-amplitude RIAresonan
es are observed in the 
ase of strong alignmentenabled by the probe beam and low Zeeman opti
alpumping by the 
oupling laser.It is well known that velo
ity-sele
tive opti
alpumping (VSOP) resonan
es a

ompany the EIT (DR)resonan
es [27℄. In the 
ase of EIT in an atomi
 va-por 
ell with ARC (see Figs. 3, 9, 12, 17, 18, 22 andFig. 23), these VSOPs have a very small amplitude orare absent.A simple pra
ti
al method to measure the qualityof the ARC is presented in [28℄, whi
h is based onthe measurement of the temporal dependen
e of theintensity of the �uores
en
e from irradiated alkaliatoms by pulsed light at resonan
e. We note that theresults presented in Fig. 4 
an also be used for testingthe ARC quality, i. e., to determine the number of
ollisions NC(surv) with the 
ell walls that is su�
ientfor the ground-state 
oherent spin states to survive.As we see for the probe laser power of 13 �W, theratio of the amplitudes is jA(RIA)=A(DR)j � 1. If

NC(surv) is larger than that used for the ARC 
ell(NC(surv) � 200�300), then the ratio is > 1 at thesame probe laser power of 13 �W.This work was partially supported by a MarieCurie International Resear
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