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Slow group velocity of Light

e Observation of Slow light

— in atomic vapors (cold and hot)
L. V. Hau, et al., Nature (1999);
M. Kash, et al., PRL (1999)

D. Budker, et al., PRL (1999)

— 18 solids

A. V. Turukhin et al., PRL (2002)

e Applications

— Nonlinear Optics, Phonons,
Phasematching

A.B. Matsko, et al., PRL (2000,2001)

— New type of scattering
S.E. Harris, PRL (2000)

— A few photons level
S.E. Harris, L. Hau, PRL (1999)

— Stopping light [O. Kocharovskaya, PRL
2001], and Quantum Storage [L. Hau, et
al., Nature 2001], [D. F. Phillips et al.,
PRL 2001]
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Stopping Light

e stoping light via atomic motion
(spatial dispersion)
— Optical pumping scheme
Kocharovskaya, PRL (2001)

— Control propagation via additional fields
(uwave, double Lambda scheme)

e stoping light via nonlinear interaction,
Induced photonic crystal
Rostovtsev et al., PRA (1999)
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How slow is slow light? mdi
(L)
C

g ~ 10 — 10% m/s b

L. V. Hau et al., Nature 397, 594 (1999).
M. Kash et al., PRL 82, 5229 (1999).
D. Budker et al., PRL 83, 1767 (1999).

Temporal Dispersion

c
n+ w%ﬂ—
S. E. Harris et al. Phys. Rev. A46, R29 (1992)
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Spatial Dispersion

Mono-velocity atoms w on on
“ k = En(w, k), c=uwy4(n +w%)+w—a—k
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The Galilean transformation between laboratory | /& a4 § 3
and co-moving frames Awy/K
k=k w=g- kv, lc)uri;c laser |
d*™d BT —
vy = Re(dw/dk) = Reld(o - l}v) /dié] =y — v, ST _Ji:
" v=v,
Probe laser
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Laboratory Frame Physics
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Necessary conditions:

¥ K 2kvr, YebY < R < kur, [ 2L, (%:—;1 < Veb)
Otherwise all atoms are trapped. Width of the
effective beam kAv ~ Q, /L
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Control propagation via additional fields sl W) / xo (¥, K0} F (0)do, (1)
a a
where
Q ur |
F —=
a G L) T v? + ud (5)
c c
Q, x(v, k) = (6)
(A) 2 b (B) b i 1 102 \ ur 1
: N T TInPI+E LY T L 7 a2 oV
The susceptibility x(v) is obtained by solving abl'ep + Q22 1+ Lea T v4 4+ un
density matrix equations of motion given by
ﬁab = "rabpab+i(paa'—Pbb)a_inpcb+iﬂ;pac exp("i‘s“"t)’ kzb(d'u)z = 'sz + ME_ ~ 72 ﬂm
’ R P 27 P S 0T
deb = —L ebPeb + 1(Peal® — PabSl) + inepfl, exp(idwt), _
Pecb cbPcb (pc Pab ) biby p( ) X(V k) _ n(w _ 1’ch) nquv

Pea = —TcaPeati(Pec—Paa)V+iapcs =il poa exp(—idwt),
Paa = =(27 + 70)Paa — 2IMm(papa”) + 2Im(pca2*),
Pob = Tb—"Y0Pbb+YPaa+2IMm(papa’®) +2Im(pg ),
Pec = Te=70Pbb+YPaa—2IMm(pca*) +2Im(pcsS2y,),

02 20%(u? + ul) (wtku—ire)
V, = V0 (1 o MR (7)
g g Vgo 2(u2 + ug‘)
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To stop light pulse we should meet the condition

46v > Vy0 (8)
k2 Q4
ve + 422y > "Zn (9)
or
kz 92
Yoo + 4 > =4 (10)

For 7., = 10% 571, Q) = ~ the inequality is correct..
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The probe pulse can be represented as a sum of
plane waves, in the form

E(t,z) = ) Epexp(ikz —iwgt).  (11)
k

Without a microwave field, the dispersion relation
is given

wr = Vyk, (12)

Switching on the microwave field modifies the
dispersion relation, V; = 0, by

E(t,z) =)  Exexp(ikz — iwxt) = E(t = ton, 2).
k

The probe pulse is trapped at the position it has
been at the time of switching t,,.




