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Fig. 1. D1 line energy-level diagram of *Rb.
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Fig. 2. Experimental setup. DLl and DL2, diode lasers;
PBS, polarizing beam splitter; PD, photodetector; LIA,

lock-in amplifier.
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M2 A 5 [ 1Y Raman $1FE, 22 H AR FEH
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(b)
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1 1 1 1
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K3 (a) FEOLILIR (A2 =0) Hl (b) G LRI (A2 =
350 MHz ) T 19 55 £ I Ol W e 3% (% (8 S 4k ) M8 4R 5T
FWM {55 (LLA50Lk). (TEE: LR R R T MES
BN, X TRENE, B (b) 5otk 5 AR H35% K
B IPRIR Y 2.5 £%)

Fig. 3. Experimental results for the transmission intensity
of the weak probe beam (black solid line) and the FWM
signal with narrow linewidth (red solid line) as a function of
Az (a) Ay = 0; (b) Ay = 350 MHz. (Note that in order to
see the details clearly, the spectral intensity in Fig. (b) is
the result of magnification to 2.5 times the actual

situation.).
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B SIE T THLS LA (PR E-5E4k). MR 4 7T L)
B BRTERGS (U6-2E) AmERssHR
FE M ZRBOLIE S 8 5 2 Ah, 78 Ay = AAb B %
25 FWM 15 5 SHEIS ISR S 1936 3 Hody.

Is/arb. units

B4 HREHEN RN, FWM SR {E S (-2
B) MEe A CRE-914). SRR A AAE Ot L =
1.97 mW, $HDGIR Y L = 7.4 mW; BRISHIR F B9 S50
& INp="T7.2MHz, Iy =0.72MHz, G2 = 10.8 MHz,
G3 = 20.4 MHz)

Fig. 4. Experimental results (red star) and theoretical fit-
ting (black solid line) for the FWM signal. The coupling
field intensity I, = 1.97 mW and the control field intensity
I; = 7.4 mW are used in the experiment. The parameters
used in the theoretical simulation are I719 = 7.2 MHz,
I'yo =0.72MHz, G2 = 10.8 MHz, G3 = 20.4 MHz.
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(ku) BEFERT, FEMSCHE BB NKIE A kb, R
L oo I RE A A I FE 52 B Raman BURDE 1k
{57 Rl WIS RAMESLRTERE. X
SRR T I 5(a) M 6(a) PR FWM {554k
e MRS N BRI T LU ) 58S iR
B TR B vy, A B T X 4R 3 B v BT Y Raman
W 4R & v AT R AR, JF H FWM ik 26 56
Trwm o (|Ga2|? + |G3|?) /ku.

1.0 + (a)

Irwm (Isrs)

va/u (v1/u)

—1.5 0 1.5
A/

K5 AR A O (L) &0 TR (FWM G (3L
28 ) R SRS (M Zk), Al (b) J5 + 4R B BE vo/u (5
) Mo fu (BLR). TS S BN Go/y = 0.5 (REL),
2.5(44k), 4.0(# %)

Fig. 5. (a) FWM (solid line) and SRS (dotted line), and
(b) corresponding resonant velocities wva/u (solid line) and
v1/u (dotted line) as a function of Aj/y when
G2/~ = 0.5 (black), 2.5(red), 4.0(blue).
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Irwnm (Isrs)
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K6 BZEERITLTT (bu) TR (2) FWM G35
(J:gk) A1 SRS JE ik (HELR), 1 (b) J5F L4 38 B g fu (52
£R) Mo /u (BLR). TS 2800 ku/vy = 50.7 (B Zk),
101.4(£14%), 202.8(i#i £k)

Fig. 6. (a) FWM (solid line) and SRS (dotted line), and
(b) corresponding resonant velocities wva/u (solid line) and
v1/u (dotted line) as a function of A;/y when ku/y =
50.7 (black), 101.4(red), 202.8(blue).
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Enhanced third-order nonlinear processes
*
based on Raman resonance
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Abstract

We observe experimentally huge enhanced four-wave mixing based on Raman resonance in an ¥Rb atomic
vapor system. With the decrease of coupling field power or the increase of experimental temperature, the signal
tends to be narrowed down in linewidth, and be basically the same spectrum as the stimulated Raman
spectroscopy. It is found that the macroscopic polarization interference effect plays a crucial role in determining
the nonlinear spectra. Further more, in the Doppler-broadened A-type energy level system, there is a strong
relationship among electromagnetically induced transparency, four-wave mixing and stimulated Raman
spectroscopy. The sharp transparent window in electromagnetically induced transparency can be interpreted as
the suppression of Raman gain on the linear absorption of the probe field. However, the four-wave mixing signal
is a new field generated by the atomic vapor system, and it comes from the Raman gain which is affected and
modified by the absorption and dispersion of the nonlinear optical medium. It shows that in a A-type Doppler-
broadened system, in essence, both the electromagnetically induced transparency and enhanced four-wave
mixing stem from stimulated Raman scattering based on the third-order nonlinear processes, just the spectra of

which are from different ways and objects of detection.

Keywords: stimulated Raman spectroscopy, four-wave mixing, electromagnetically induced transparency,

polarization interference
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