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Outline of the talk

- Coherent transmission in the stationary regime
Beer-Lambert law and
How to measure the forward scattering field?
Maximum intensity using energy conservation argument
- Transient regime

Forward scattering and coherent (super)flash of light
Phase and intensity measurement
Dicke superradiance and coherent (super)flash?

- Conclusion
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Incoherent and coherent scattering

: atomic density

: size of the medium

: scattering cross-section
Coherent transmission: = ;e X(p ) (Beer-Lambert law)

= is the optical thickness
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Coherent transmission set up
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How to measure the forward scattering intensity?

Our starting point is: = +

At = 0, we abruptly switch the incident field off

(Free induction decay (b 1): First introduced in NMR )
We get: = +
Thus: =

The switching time is challenging since it should be
faster than medium response time (two-level atom: G?)

Gl=21m
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Forward scattering field maximum intensity?

+

Our starting point:

The energy conservation law imposes:
< ,then <

However, since the scattering field is
built upon the incident field, we might

believe that <
- Trueforb 1:
= ex(p ) Oand

if >
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Forward scattering field intensity

We observe: | T=3.3nK

- > ,but < | by=b( d0)=
- We get a superflash
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Superflash peak intensity: theory predictions

Experimental
values
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Forward scattering field reconstruction

T=3.3nK
=b( d0)=
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Forward scattering field reconstruction

“Normal” flash: <
Superflash: >

SUPERFLASH Y
by =3

b, = 19

Data points
(reconstruction method)

Data points
(phase rotation method)
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Coherent (super)flash and Dicke superradiance ?

- Dicke has considered an ensemble of excited state atoms. From this initial preparation, a
macroscopic polarization is built during spontaneous emission leading to the so-called

Dicke superradiance (DS)
- One experimental signature of DS is the short emission of radiators ensemble

- In the coherent superflash experiment, the macroscopic polarization of the medium
comes from the laser excitation. The 2 phenomena (Coherent flash and DS) lead to the

same cooperative emission, with the same decay time (b, G )!
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Flash decay time

We calculate the initial decay time of the (super)flash:

(0") 1 2 1+ex(p )-2ex(p 2)cAds)
(0*) T ¢(0) l1-ex(p 2)c os)
B 2 d B 4
= an =
0(0) 0(0)

Where:
0(0) is the optical thickness at resonance and at zero temperature
is the optical thickness at the laser frequency at the sample temperature
is the phase of the transmitted field
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(Super)flash decay time
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Summary

We measure the forward scattering field of an optically thick
medium. It is a cooperative emission in the forward direction.

is measured by switching the incident field off:
We find that due to phase rotation of the fieldatd [ and

o 1,onehas > (,leadingto acoherent superflash of light

The value of is bounds to , limited only by the energy
conservation law.

The flash decay time seems in agreement with superradiance
emission decay time (work in progress).
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