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Fig. 1 Generation of Stokes photon and anti-Stokes photon based on collective Raman excitation in a three-level A-type
atomic ensemble. Normally, | 1) and 12} are two hyperfine levels of alkali metal atomic ground state, while |3) is one hy-
perfine level in excited state. (a) A “write” laser pulse with appropriate intensity illuminates atomic ensemble and excites
one atom among the atomic ensemble to state |2) via state |3),generates a spin wave inside the atomic ensemble and e
mits a Stokes photon at the same time. (b) After a delay time 8¢, the “read” laser pulse at [2)—|3) transition excites the
atomic ensemble and maps the spin wave stored in the atomic ensemble to an anti-Stokes photon
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Fig. 2 Hyperfine structure of **Cs atom in the frequency-selective-absorption atomic filter which is based on hyperfine-
state optical pumping in a cesium atomic vapor. With atoms initially prepared in the ground state | b) (or state|a?) by
pump laser with frequency of |a)—=|c) transition (or |b)>|d) transition),these atoms absorb the radiation fluorescence
strongly produced by write pulse (read pulse) ,and make the Stokes photon (anti-Stokes photon) passes through the me-

dium freely
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Fig. 3 (a) The transmission rate of probe lights as function of the power of pump laser at room temperature T~
25 ‘C,cesium density N~ 3. 7X 10" /em® ,diameter of pump laser ~ 6 mm. (b) The transmission of probe beams as
function of the temperature of cesium atomic ensemble when the Rabi frequency of pump laser Q=1. 97X 10° MHz=
6T, ,diameter ~ 6 mm,power ~ 45 mW. The parameters are:A=Ap=0.Yp =Yu =7¥= 2 X 2. 617 MHz, po = pa. =
3.8X107*C. m,7 =0.05 MHz,T, =T, =2xX2. 617 MHz, I, =22 X5. 234 MHz
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Fig. 4 Schematic diagram of the experimental setup, (a) The probe beam intersects with the pump beam at a crossing angle
less than 2°. (b) The pump beam is directed into the cesium cell counter-propagating with the probe beam using a reflection-

mirror with a 3 mm diameter hole. (¢) Intensity distribution of hollow pump laser is measured by CCD
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Fig. 6 Transmission of probe lights as a function of Cs vapor cell’s temperature when the power of pump laser is
45mW, (a) The transmission of write pulse and Stokes photons. (b) The distinction ratio between write pulse and
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Frequency-selective-absorption Optical Filter Based on
Hyperfine-state Optical Pumping in A Cesium Atomic Vapor Cell

LIU Ting-ting, LIANG Qiang-bing,GE Yu-long,HE Jun, WANG Jun-min
(The State Key Laboratory of Quantum Optics and Quantum Optics Devices (Shanxi University) ,
and Institute of Opto-Electronics , Shanxi University , Taiyuan 030006 ,China)

Abstract. We report experimental investigation of an atomic optical filters by utilizing a laser-pumped cesi-
um (Cs) atomic vapor cell, which is based on the demand of the detection of quantum correlated Stokes and
anti-Stokes photon pairs in a A-type three-level atomic ensemble, respectively. Firstly, we calculated the
probe transmission rate as function of pump intensity and temperature of cesium ensemble in theory,ti‘]en
in experiment,we achieves a peak transmission ~ 74.3% of probe laser and the distinction ratio between
excitation channel and 9. 2 GHz (hyperfine splitting in Cs ground state) frequency-detuned signal channel
is about ~ 26.7 dB at 47. 15 'C. In order to avoid reflected pump laser by atomic vapor, we utilized a hol-
low pump laser to prepare states and make the contrast of the experiment results with solid pump and hol-
low pump.

Key words:; optical filter based on atomic vapor cell; cesium atomic ensemble; hyperfine-state optical pum-

ping;collective Raman excitation; Stokes photon;anti-Stokes photon



