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Enhancement of vectorial nonlinearity in rubidium vapor
by using an additional pump beam
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We report the enhancement of nonlinearity to absorption ratio in rubidium vapor for a signal b&Rbimansition D2 line with, = 1 by
means of an additional pump beam. Experimental results for a pump beam in co- and counter-propagation configurations are reported. The
ratio increment of approximately 2 times is obtained for the co-propagating case when the pump beam isRyred at

Keywords: Rubidium vapor; polarization self-rotation; nonlinear phase shift.

Reportamos el incremento de la dazentre la no-linealidad y la absabai en vapor de rubidio para un hafiaken la Inea de transiéin D2

del® Ru conF, = 1 utilizando un haz de bombeo adicional. Se reportan resultados experimentales cuando el haz de bombeo se propaga en
la misma direcdn del haz sial y en direcdn opuesta &ste. Un incremento de aproximadamente 2 veces se obtiene cuando los haces de
bombeo y skal se propagan en la misma dirgaty el laser de bombeo se encuentra sintonizado énéalde transiéin F; = 1.

Descriptores: Vapor de rubidio; autorotagn del plano de polarizatn; fase no lineal.

PACS: 42.65.Hw; 42.70.Ng

1. Introduction levels. Thus we report here only the experimental results
for both pump and signal beams withiy = 1 line, though
The self-rotation of elliptically polarized light when it inter- qualitatively the effects are close to those obtained for signal
acts with near-resonant atomic vapors is a well known pheatF, = 1 and pump af, = 2, which are reported in Ref. 11.
nomenon [1-4]. The two initially unbalanced components
of circularly polarized light in the elliptically polarized laser
beam experiment different refractive index values. As a con#

sequence, the change in the angle of the major axis of t
polarization ellipse occurs upon propagation [1]. In rub|dmFhe experimental setup is shown in Fig. 1. We used two in-

ium vapor, a complete model of nonlinearity requires solvmgd(.apendent tungable diode external cavity Iaser; near 780 nm,
the full density matrix evolution equation. The resulting vec-W'th. 50 mka\)l (sh|gbnal) and 6? mw (pl(ijp). Tne initial p;larl-
torial interaction shows that nonlinearity is maximal When[lgf?gorgzssugmeﬁf $Z|§:Srrl1n§glr a7r15 rrnnrl:lljgny pVeV;F')SePnaIlCLrJ]:tf_
the light intensity has some optimal value which is typically ically isolated with a double:-metal shield. ?’he reS|st|\%e
lower, than the maximal intensity of laser, and the nonlin- h y located betw mth i hells. The first polar-
earity can be enhanced by a combination of elliptic polariza: eater was located between the two shells. ‘The first polar
tion and a weak longitudinal magnetic field [5]. Recently, the'z'ng beamsplitter cube gives a well defined initial vertical
rubidium vapor nonlinearity has been used for applicatlonéz)OI"’mz"’ltlon in the signal beam. A quarter-wave plate pro-
such as dynamic interferometry and electromagnetic vacuum
squeezing [6-10]. In these applications the figure of merit is
the nonlinearityy to absorptiony ratio (R = 7/a), which Beamsplitter
gives an estimate of the achievable nonlinear phase shift. / """" ﬂ
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2. Experimental results

Pump Laser

Thus, increasing the value of R is important. In this work

we show that it is possible to enhance the value of R by us- ol conty i

ing an additional pump laser at resonance With= 1 of D2 B Rocen & @ Protodetector
Rb line (780 nm) for a signal beam &} = 1. An improve-

ment at R was found when the pump and signal beams are Photogetector

co-propagating in the rubidium vapor and the pump beam is
resonantafy, =1, F, = 0.

The improvement of R is also possible when the pump
beam is at resonance witfy, = 2, F, = 2 [11]. The en-
hancement of R in both cases is similas times in rela-
Fion to case without pump). However, our numerical modelrigure 1. The experimental setup. The scheme marked with letter
is valid only when the pump and the signal beams are resa represents the measurement arm. The scheme marked with letter
onant with different Doppler-broadened ground state subB represents the pump and control arm.
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FIGURE 3. Comparative curves of self-rotation as a function of 0.4 70 75 80 &5 90
signal intensity for co- and counter-propagating pump laser in the ' ' ‘ ' '
9 Y propagating pump a) Frequency (GHz)

transitonF, = 1, F. = 0. The intensity of pump beam is at
maximum (2.22 mW/mm).

duces a beam with controlled elliptic polarizatiah5® plate
rotation angle). The output half-wave plate is followed by a
polarizing beamsplitter and a differential photodetector. The
signal beam is frequency scanned, and the half-wave plate is
rotated until signals of two photodetectors are equal far from
the absorption line. The difference signal from photodetector
pair is proportional to polarization ellipse rotation angle [1,7].
The sum of these two signals gives a measure of absorption
(measurement arm in Fig. 1).

A small portion of the pump laser is deviated by a beam-
splitter through the control and pump arm (B in Fig. 1),
where the saturated-absorption spectroscopy lines for the
pump beam are obtained by using an additional control cell
and are used for frequen(_:y fl_xmg of the pump laser light. Thq:IGURE 5. Absorption and self-rotation curves for a parallel po-
other part of pump beam is directed towards the measuremefization of the pump beam impinging in a counter-propagating
rubidium cell. A half-wave plate is used to change the polar-irection. The pump laser intensity is 2.22 mW/fmand the sig-

ization direction of the pump beam to parallel or perpendicunal intensity is: Curve 1: 0.35 mW/nimcurve 2: 1.16 mW/mr
lar with respect to that of the signal beam. The experimentsurve 3: 2.9 mW/mrhand curve 4: 9.3 mW/mm
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FIGURE 6. The same, as in Fig. 5, but for a perpendicular polar-

ization of the pump beam. FIGURE 7. Absorption (a) and self-rotation (b) curves for a co-
propagating beam in transitiafy, = 1, F. = 0. The pump laser

were performed impinging the pump beam in the direction ofintensity is: Curve 1:0 mW/mf curve 2: 0.55 mW/mm curve 3:

signal beam (co-propagating scheme, Fig. 1), and also in the11 mW/mnf and curve 4: 2.22 mW/m The signal intensity

counter-propagating direction (not shown). is 2.9 mW/mni. The variation of R with the pump beam intensity

To observe the effect of pump laser tunediRb D2 line, 'S &S0 shown.
the frequency of the pump beam was fixed and the signal laser
was scanned across a transition. The pump and the sign@ity of signal beam for the maximal value of self-rotation is
beams intersect inside the cell with a small anglé3 mrad ~ 1.16 mW/mn in both cases. The maximum value of R is ob-
in a vertical plane). The pump laser frequency can be fixed d@ined for signal intensity 2.9 mW/mnThe enhancement in
resonance witti, = 1, F., = 0, 1 and 2, as well as for inter- the value of Ris better for the co-propagating case, where the
mediate values, but the better increment of R was found whe¥alue of R is~2 times the value obtained when there is not
the pump was fixed at resonance with = 1, F. = 0. The ~ PUmp beam.

value of R is calculated for the frequency that corresponds The shapes of the absorption and rotation curves present
to the maximum value of self-rotation for each data set. Insome differences if the direction of polarization of the pump
Flg 2, the dependence of self-rotation and rotation to absorg)eam is para||e| or perpendicu|ar with respect to the Signa|
tion ratio R on the Signal beam intenSity is shown when thq:)eam po]arization in the Counter-propagaﬁng case (F|gs 5
pump beam is absent [11]. The self-rotation in this case ignd 6). Some additional oscillations in the rotation curves
maximal, when the signal intensity is 0.36 mW/mmand R are observed for low signal intensity when the polarizations
is maximal when this value is 1.16 mW/mm of the pump and signal beams are parallel (Fig. 5). In both
When the pump beam is present, the value of self-rotatiocases, when the pump beam has a polarization perpendicular
and R increases related to the case without pump in both cdFig. 6) or parallel to that of the signal, the asymmetry in the
and counter-propagating cases (Figs. 3 and 4). The intencurves is evident in a vicinity of the pump beam frequency.
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10d o ] when the polarization of the pump and signal beams is par-

T Saaa allel. For this reason, the Figs. 3 and 4 described before
were done for a parallel polarizations of the pump and signal
beams.

2 091 The dependence of absorption and rotation curves on the
2 pump beam intensity is shown in Figs. 7 and 8. In the co-
s propagating case, although the self-rotation value reaches
‘% 0.8 a maximum for a pump beam intensity of 0.55 mwW/fmm

2 ’ and then decreases, the value of R does not change signif-
< icantly from this value until the pump intensity is maximal

: . (Fig. 7(b)). In the counter-propagating case, R is maximal
0.7 o when the pump beam is 0.22 mW/rAmnd then decreases if
’ this intensity grows (until 40% when intensity is maximal),

- — as it is shown in Fig. 8(b). However, the co-propagating case
7.0 75 8.0 8.5 9.0 9.5

continues to be the scheme with the better value of R as can
a) Frequency (GHz) be seen in Figs. 7(b) and 8(b).
0.4{z08 ™\ oo : : :
(A I —— ‘ 3. Discussion and conclusions
00 05 10 15 20 1
0.3 | pump (MW/mm?) :, ) ) )
= o We have demonstrated experimentally that is possible to en-
8 o hance the polarization self-rotation and rotation to absorption
< 0.2 || ratio in 8’Rb D2 line for a signal beam tuned &, = 1
= line by using an additional pump beam. An increment of
° 0.1 ~2 times in the value of the figure of merit was obtained for
“T—.'J a pump laser tuned &, = 1, F. = 0. In the counter-
9D 5ol propagating case we found a saturation pump beam intensity
from which the figure of merit decreases (0.22 mW/hm
The saturation was predicted by the theory in a previous work
011 but had not been evident when the pump beam was at reso-
@ 7z 2o =25 8o a5 nance withF, = 2 [11]. In the co-propagating scheme, the

b) maximal value of R was obtained when the pump beam in-
Frequency (GHz) tensity was 0.55 mW/mfand remained fixed until the pump
FIGURE 8. The same, as in Fig. 10, but for counter-propagating intensity is maximal. In this case the better increase of R was
pump. The signal intensity is 2.9 mW/mm obtained, so the enhancement of R is possible with a low-
power pump beanm~2 mw).

In the co-propagation case, no evident feature is seen e also found some characteristic asymmetries in self-
when the pump beam polarization changes even with a lowotation curves for low intensities of the signal beam when
power signal beam. We suppose that this dependence of thge pump laser is counter-propagating with respect to the sig-
pump beam polarization is a characteristic of the cross-phasga|. The enhancement of R was better when the polarization

modulation interaction between the pump and signal beamgf the pump and signal beams is parallel that when the beams
when the pump intensity is stronger than the signal intensityre mutually perpendicular.

ase.g, occurs at the curve 1 in Fig. 5 where the intensity
ratio pump/signal is-6 times.
We verify the dependence of self-rotation and R valuesAcknowledgments
with the signal beam intensity for both cases, when the pump
beam polarization is parallel and perpendicular to that of thel his research was performed in the framework of Consejo
signal beam. An enhancement in the value of R was observddacional de Ciencia Tecnol@gproject 156891.

1. S. M. Rochester, D. S. Hsiung, D. Budker, R. Y. Chiao, D. F. 3. W. V. Davis, A. L. Gaeta, and R. W. Boy@pt. Lett.17 (1992)
Kimball, and V. V. YashchukPhys. Rev. A3 (2001) 043814. 1304.

2. V. M. Arutyunyan, T. A. Papazyan, G. G. Adonts, A.V. Kar- 4. S. Qiuet al, Chinese Optics Letters0 (2012) 052701.
manyan, S. P. Ishkhanyan, and L. Khol'8yv. Phys. JETR1
(1975) 22.

Rev. Mex. Fis60(2014) 366-370



370 N. KORNEEV, Y.M. TORRES AND Y. ORTEGA

5. N. Korneev, and C. Gutirez ParraJ. Opt. Soc. Am. B9 9. I. H. Agha, Messin G., and P. Grangi€pt. Exp.18 (2010)

(2012) 2588. 4198.
6. A.B. Matsko, I. Novikova, G. R. Welch, D. Budker, D. F. Kim-
ball, and S. M. RochestePhys. Rev. A6 (2002) 043815. 10. T. Horrom, G. Romanov, |. Novikova, and E. Mikhailoy,
7. J. Ries, B. Brezger, and A. I. LvovskiPhys. Rev. &8 (2003) Mod. Opt.60(2013) 43.
025801.
8. E. E. Mikhailov, A. Lezama, T. W. Noel, and I. Novikov4, 11. N. Korneeyv, Y.M. Torres, C. Gu#irez-Parra and Y. Ortega,
Mod. Opt.56 (2009) 1985. Mod. Opt.61(2014) 12.

Rev. Mex. Fis60(2014) 366-370



