Quantum Theory of EIT and Slow Light
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Overlapping resonances in the predissociation of the
He-H, van der Waals complex
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Electromagnetically Induced Transparency
S.E. Harris, Phys. Rev. Lett., 1989



Po(E) =

2701 0Vomer(wr,1)|* [(E — Eo)? +T3/4)]

Absorption probability (in arb. units)
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Width (Shift)

Structured continua coupled to the AT split pair

Structured continuum
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Real part of polarization
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The phenomenon of slow light

. BEIT dispersion curves

Photon energy

S. Harris, L. Hau, M. Lukin



A Quantum Theory of Slow Light

Going beyond the weak field limit

[W(t)) = bi(t)| By e Bt/ 5 f dEbp n(t)| E,n~ Ye iEY/R.

We obtain
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Eliminate the continuum,
i
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Eliminate the continuum,

bin(t) = (i/h) f dt'by (') i1 (B)EL () PF

where 0 = wp 1 — w1 .

We obtain

d

oty = iy [ dnER(E- (),



where F'i(7), the spectral auto-correlation function
Fy(r) = — / 455 3" | (B e~ 957

is just the Fourier transform of A;(FE), the total absorption

probability from state | E7 ),

A (E) = Z|u1,n(E)\2 :



The lineshape and ils speclral aulecorrelation funclion
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where F{ 1(7) is the spectral cross-correlation function

Fgﬁl(T) — /d(sEAD,I(E)EﬁET ,

where

Ao 1(E) =) pon(E)pn1(E),



Electromagnetically Induced Transparency



Overlap of the probe pulse with the EIT absorption curve
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t
bE (t) = (i/Rh) / dt'by () pin 1 (E)EL () ePB
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where 0p = w1 — w1 .
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Calculating ( E',m; |¥(t))
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Bare photon states



Calculating ( E',m7 |¥(%))
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Bare photon states

T(t) = f dEbg o(t) |E,n")e tBt/M



Calculating ( E',m7 |¥(%))
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Bare photon states

Fully dressed photon states
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Calculating ( E',m7 |¥(%))

1
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Fully dressed photon states
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After some manipulation we get that
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Lasing without inversion! (Kochorovskaya, Scully, Harris)



