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Interest in Slow Light

Fundamentals of optical physics
Intrigue: Can (group) refractive index really be 10°7
Optical delay lines, optical storage, optical memories

Implications for quantum information

Challenge/Goal

Slow light in room-temperature solid-state material.
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How to Produce. Slow L;OM‘ o’

G-roup Zﬂé«aw Cean lof’_ S \arse, aAaS

~ (J %Y\(m‘w)
“3 | + Y

Use. {Nonlincar o?%:cﬁs +o

0) decre ase \‘mé wi ¥ }/
( PTDAU(_‘Q’-- Su\o 'DQ’PP\(’(— \Zr\ewid'&"«)

QZ) f:\QCrensL b Scrp'};om

(ss *rans o fred pvlse_ is defectab /Q)



Slow Light in Ruby
Need a large dn/dw. (How?)

Kramers-Kronig relations:
Want a very narrow absorption line.

Well-known how to do so:

Make use of "spectral holes" due to
population oscillations.

Hole-burning in a homogeneously
broadened line; requires T, << T}.

1/To 1/T4
inhomogeneously homogeneously
broadened medium broadened medium
(or inhomogeneously
broadened)

PRL 90,113903(2003); see also news story in Nature.



Spectral Holes Due to Population Oscillations
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population oscillation terms important only for 6 <1/Tj

Probe-beam response:
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Spectral Holes in Homogeneously
Broadened Materials

Occurs only 1n collisionally broadened media (T, << T))
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Boyd, Raymer, Narum and Harter, Phys. Rev. A24,411, 1981.
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OBSERVATION OF A SPECTRAL HOLE DUE TO POPULATION DSCILLATIONS
N A HOMOGENEOUSLY BROADENED OFTICAL ABSORFTION LINE

Lioyd W, HILLMAM, Robert ¥, BOYT, Termy KR ASIMSKLand C.R. STROUD, Jr.
Tha festitute of Opsies, University of Rachester, Rochester, NY 14827, L1514
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Experimental Setup Used to Observe Slow Light in Ruby

Digital
Oscilloscope
/ \ Reference Detector
Function Generator ,
d lefuser
\ Ruby
Argon lon Laser ] D—
EO modulator f=40cm f=75cm

7.25 cm ruby laser rod (pink ruby)



Measurement of Delay Time for Harmonic Modulation
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For 1.2 ms delay, v = 60 m/s and ng = 5 x 106



Gaussian Pulse Propagation Through Ruby
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No pulse distortion!



Alexandrite Displays both Saturable
and Inverse-Saturable Absorption
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Inverse-Saturable Absorption Produces
Superluminal Propagation in Alexandrite

At 476 nm, alexandrite 1s an inverse saturable absorber

Negative time delay of 50 s correponds to a veleocity of -800 m/s
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M. Bigelow, N. Lepeshkin, and RWB, Science, 2003.



Slow and Fast Light --What Next?

Longer fractional delay
(saturate deeper; propagate farther)

Find material with faster response
(technique works with shorter pul ses)





