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Abstract: The authors survey the theoretical and experimental aspects of generation of slow light in a far-off-
resonance Raman medium driven by a strong coupling field. When material dispersion is negligible, the
propagation of two coupled sidebands can be described in terms of two normal modes that propagate
independently at different group velocities, one at the vacuum speed of light and one at a reduced velocity.
They use solid hydrogen as a Raman medium to demonstrate the generation of slow light. The numerical
calculations and experimental observations show that, due to high density, narrow Raman width, and small
two-photon detuning, far-off-resonance Raman scattering in solid hydrogen can slow down the pulse-peak
velocity of the Stokes and anti-Stokes fields to the order of c/10 000. This velocity reduction affects the
amplitudes of the Stokes and anti-Stokes fields via the beating between the normal modes. The double-peak
structure observed in the intensity temporal profiles of the sideband fields is a signature of the splitting of
the copropagating normal modes. 
Author Keywords: Off resonance; Slow light; Solid hydrogen; Stimulated Raman scattering 
Index Keywords: Light propagation; Nonlinear optics; Photons; Solid hydrogen; Raman scattering 
 
Year: 2003 
Source title: IEEE Journal on Selected Topics in Quantum Electronics 
Volume: 9 
Issue: 1 
Page : 93-101 
Cited by: 15 
Link: Scorpus Link 
Correspondence  Address:  Kien,  F.L.;  Department  of  Applied  Physics,  University  of  Electro-
Communications,  Chofu,  Tokyo  182-8585,  Japan  
ISSN: 1077260X 
CODEN: IJSQE 
DOI: 10.1109/JSTQE.2002.807969 
Language of Original Document: English 
Abbreviated Source Title: IEEE Journal on Selected Topics in Quantum Electronics 
Document Type: Review 
Source: Scopus 
Authors with affiliations: 

http://www.scopus.com/inward/record.url?eid=2-s2.0-0037275757&partnerID=40&md5=726e8ad785b0638b3b63e20d9eb2826d


1.

2.

3.

1.

2.

3.

4.

5.

6.

7.

8.

9.

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

Kien, F.L., Department of Applied Physics, University of Electro-Communications, Chofu, Tokyo 182-8585, Japan, CREST,

Japan Sci./Technology Corporation, Chofu, Tokyo 182-8585, Japan, Department of Physics, University of Hanoi, Hanoi, Viet

Nam, Institute of Physics, Natl. Ctr. for Nat. Sci./Technology, Hanoi, Viet Nam 

Liang, J.Q., Department of Applied Physics, University of Electro-Communications, Chofu, Tokyo 182-8585, Japan, CREST,

Japan Sci./Technology Corporation, Chofu, Tokyo 182-8585, Japan 

Hakuta, K., Department of Applied Physics, University of Electro-Communications, Chofu, Tokyo 182-8585, Japan, CREST,

Japan Sci./Technology Corporation, Chofu, Tokyo 182-8585, Japan 

References: 
Matsko, A.B., Kocharovskaya, O., Rostovtsev, Y., Welch, G.R., Zibrov, A.S., Scully, M.O., Slow, ultraslow, stored, and

frozen light (2001) Adv. At. Mol Opt. Phys., 46, pp. 191-242 

Harris, S.E., Field, J.E., Imamoglu, A., Nonlinear optical processes using electromagnetically induced transparency (1990)

Phys. Rev. Lett., 64, pp. 1107-1110 

Kasapi, A., Jain, M., Yin, G.Y., Harris, S.E., Electromagnetically induced transparency: Propagation dynamics (1995) Phys.

Rev. Lett., 74, pp. 2447-2450 

Schmidt, O., Wynands, R., Hussein, Z., Meschede, D., Steep dispersion and group velocity below c/3000 in coherent

population trapping (1996) Phys. Rev. A, 53, pp. R27-R30 

Hau, L.V., Harris, S.E., Dutton, Z., Behroozi, C.H., Light speed reduction to 17 meters per second in an ultracold atomic gas

(1999) Nature, 397, pp. 594-598 

Kash,  M.M.,  Sautenkov,  V.A.,  Zibrov,  A.S.,  Hollberg,  L.,  Welch,  G.R.,  Lukin,  M.D.,  Rostovtsev,  Y.,  Scully,  M.O.,

Ultraslow group velocity and enhanced nonlinear optical effects in a coherently driven hot atomic gas (1999) Phys. Rev.

Lett., 82, pp. 5229-5232 

Budker, D., Kimball, D.F., Rochester, S.M., Yashchuk, V.V., Nonlinear magneto-optics and reduced group velocity of light

in atomic vapor with slow ground state relaxation (1999) Phys. Rev. Lett., 83, pp. 1767-1770 

Turukhin, A.V., Sudarshanam, V.S., Shahriar, M.S., Musser, J.A., Ham, B.S., Hemmer, P.R., Observation of ultraslow and

stored light pulses in a solid (2001) Phys. Rev. Lett., 88, p. 023602 

Harris, S.E., Yamamoto, Y., Photon switching by quantum interference (1998) Phys. Rev. Lett., 81, pp. 3611-3614 

Harris, S.E., Hau, L.V., Nonlinear optics at low light levels (1999) Phys. Rev. Lett., 82, pp. 4611-4614 

Deng, L., Kozuma, M., Hagley, E.W., Payne, M.G., Opening optical four-wave mixing channels with giant enhancement

using ultraslow pump waves (2002) Phys. Rev. Lett., 88, p. 143902 

Lukin, M.D., Yelin, S.F., Fleischhauer, M., Entanglement of atomic ensembles by trapping correlated photon states (2000)

Phys. Rev. Lett., 84, pp. 4232-4235 

Fleischhauer, M., Lukin, M.D., Dark-state polaritons in electromagnetically induced transparency (2000) Phys. Rev. Lett.,

84, pp. 5094-5097 

Harris, S.E., Refractive-index control with strong fields (1994) Opt. Lett., 19, pp. 2018-2020 

Le Kien, F., Hakuta, K., Stimulated Raman scattering with slow light (2000) Can. J. Phys., 78, pp. 543-559 

Normal modes and propagation dynamics in a strongly driven Raman medium (2001) Phys. Rev. A, 63, p. 023807 

Payne, M.G., Deng, L., Extremely slow propagation of a light pulse in an ultracold atomic vapor: A Raman scheme without

electromagnetically induced transparency (2001) Phys. Rev. A, 64, pp. 031802R 

Deng, L., Hagley, E.W., Kozuma, M., Payne, M.G., Optical-wave group-velocity reduction without electromagnetically

induced transparency (2002) Phys. Rev. A, 65, pp. 051805R 

Liang, J.Q.,  Katsuragawa, M., Le Kien, F.,  Hakuta,  K.,  Slow light produced by stimulated Raman scattering in solid



20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

hydrogen (2002) Phys. Rev. A, 65, pp. 031801R 

Hakuta, K., Suzuki, M., Katsuragawa, M., Li, J.Z., Self-induced phase matching in parametric anti-stokes stimulated Raman

scattering (1997) Phys. Rev. Lett., 79, pp. 209-212 

Harris, S.E., Sokolov, A.V., Subfemtosecond pulse generation by molecular modulation (1998) Phys. Rev. Lett., 81, pp.

2894-2897 

Le Kien, F., Liang, J.Q., Katsuragawa, M., Ohtsuki, K., Hakuta, K., Sokolov, A.V., Subfemtosecond pulse generation with

molecular coherence control in stimulated Raman scattering (1999) Phys. Rev. A, 60, pp. 1562-1571 

Harris, S.E., Field, J.E., Kasapi, A., Dispersive properties of electromagnetically induced transparency (1992) Phys. Rev. A,

46, pp. R29-R32 

Harris, S.E., Normal modes for electromagnetically induced transparency (1994) Phys. Rev. Lett., 72, pp. 52-55 

Grobe, R., Hioe, F.T., Eberly, J.H., Formation of shape-preserving pulses in a nonlinear adiabatically integrable system

(1994) Phys. Rev. Lett., 73, pp. 3183-3186 

Van Kranendonk, J., (1983) Solid Hydrogen, , New York: Plenum 

Li,  J.Z.,  Katsuragawa, M.,  Suzuki,  M.,  Hakuta,  K.,  Stimulated Raman scattering in solid hydrogen: Measurement of

coherence decay (1998) Phys.  Rev.  A, 58,  pp.  R58-R60 

Katsuragawa, M., Hakuta, K., Raman gain measurement in solid parahydrogen (2000) Opt. Lett., 25, pp. 177-179 

Suzuki, M., Katsuragawa, M., Sihombing, R.S.D., Li, J.Z., Hakuta, K., Solid hydrogen for nonlinear optics (1998) J. Low

Temp. Phys., 111, pp. 463-468 


