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Cold atomic cloud
—p-| |mpurities in solids
\ Photonic crystals

Atomic vapor cell

Transparency, and slow and stored light in atomic
medium
» Optimization protocols for light storage:
— iteration optimization procedure
— optimal control field calculations
+ Effect of four-wave mixing processes at higher optical
depth

+ Large fractional delay with EIT slow light using integrated
gain and dynamic group velocity control




Light-atoms interaction:
dark-state polariton
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Electromagnetically Induced
Transparency (EIT)
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A.V. Gorshkov et al., Phys. Rev. Lett. 98, 123601 (2007);
A.V. Gorshkov et al., Phys. Rev. A 76, 033804,033805, 033806 (2007) .

Maximum storage and retrieval efficiency depends only on optical
density of a medium and retrieval direction.




Stored light efficiency optimization
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Maximum storage and retrieval efficiency depends only on optical
density of a medium and retrieval direction.

There exist a unique spin coherence distribution which provides
maximum storage efficiency.

Gorshkov et al., Phys. Rev. Lett. 98, 123601 (2007);
Gorshkov et al., Phys. Rev. A 76, 033804,033805, 033806 (2007) .

Stored light efficiency optimization
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Maximum storage and retrieval efficiency depends only on optical
density of a medium and retrieval direction.

There exist a unique spin coherence distribution which provides
maximum storage efficiency.

For each signal pulseshape there is a corresponding control field
pulseshape which maps the signal pulse into optimal spin
distribution.

. Gorshkov et al., Phys. Rev. Lett. 98, 123601 (2007);
. Gorshkov et al., Phys. Rev. A 76, 033804,033805, 033806 (2007) .
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The optimal signal pulse for a given control field shape can
be found experimentally by starting with an arbitrary pulse,
and cycling through storage and retrieval procedure several
times.

Assumptions of the theory: &>

Three-level A system
No spin wave decay
Motionless atoms
Uniform control field intensity

Control field Signal field

across the laser beam Realities of the experiment:
Multilevel Rb atoms

Nonzero spin wave decay
Doppler and pressure broadening
of optical transition

Velocity changing collisions with
buffer gas atoms

Gaussian laser beam crossection




What we need to test:

Statement |: After a few iterations a signal pulse shape will
converge

Statement II: Final converged signal pulse is stored and
retrieved with the highest efficiency

Statement IlI: For the same control field a signal pulse
should converge to the same optimal shape independent of
the initial signal pulse shape

Statement IV: Each control field profile results in different
optimal signal pulseshape, but for each control-signal pair
maximum achievable efficiency is the same.
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What we’ve tested:

v'Statement |: After a few iterations a signal pulse shape

does converge

v'Statement II: Final converged signal pulse is stored and
retrieved with the highest efficiency.

v'Statement Ill: For the same control field a signal pulse

converges to the same optimal shape independent of the
initial signal pulse shape

v'Statement IV: Each control field profile results in different
optimal signal pulseshape, but for each control-signal pair
maximum achievable efficiency is the same.

only while pulse duration is small compare to the spin wave decay time

I. Novikova et al., Phys. Rev. Lett. 98, 243602 (2007)

Calculations of optimal control field

For a given signal field pulseshape we can calculate the
control field temporal profile that provides the most efficient
mapping between the input pulse and an optimal spin wave .
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Control field optimization
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Control field optimization
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Storage with the calculated control field and retrieval with the

same reversed control field reproduces original signal field
pulse shaped (only reversed).
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Measure spin wave decay
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Control field
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Fractional delay — up to 20

I. Novikova et al., Phys. Rev. Lett. in press (2007); e-print 0706.3945 (2007).

algorithm based on time-reversal using weak classica
pulses.

+ Experimental results are in a good agreement with the
theoretical predications.

« Changes in our experimental setup are required to avoid
destructive effects of radiation trapping and four-wave
mixing.
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