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Back to the principle of cooling many body systems with lig




Principle of optical cooling
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Principle of optical cooling

Doppler cooling
e translational degrees of freedom
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Principle of optical cooling

Cooling by anti-Stokes fluorescence (ASF)
Cooling the vibrational degrees of freedom
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Principle of optical cooling

Cooling by anti-Stokes fluorescence (ASF)
Cooling the vibrational degrees of freedom
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Principle of optical cooling

Cooling by anti-Stokes fluorescence (ASF)
Cooling the vibrational degrees of freedom
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Principle of optical cooling

Cooling by anti-Stokes fluorescence (ASF)
Cooling the vibrational degrees of freedom
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Principle of optical cooling

Cooling by anti-Stokes fluorescence (ASF)
Cooling the vibrational degrees of freedom
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Principle of optical cooling
1- Anti-Stokes fluorescence mechanism

"0 Energy Energy
A A
W~ __—

*Qh----- e

Vv

N\ VN h ((90+Q)
ho,
o— G

% Removes hQ) per scattering event from
the thermal phonons bath




Principle of optical cooling

olids have defects
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Principle of optical cooling

solids have defects 2- Non-radiative recombination
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Requirements to achieve net cooling power in solids

To achieve -%- power in solids you need :

-> Largest possible quantum efficiency 1

- Largest possible oscillator strength f
i.e. short radiative lifetime T of e
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Semiconductor hetero/nanostructures

* Lowerm
* larger f (excitonic enhancement [4])
* Coupling with phonons is of 2"9 order
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1- Can we use polariton fluids
to coold down solids ?
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Cooling a solid-state p-cavity with polaritons

Polariton anti-Stokes fluoresce
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Cooling a solid-state p-cavity with polaritons

Polariton anti-Stokes fluorescer
Principle :

Removes hQ); per scattering event
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Cooling a solid-state p-cavity with polaritons

e Excitonic fraction
—Large, 15t order coupling
with phonons [5]

— Expt. Realization of an out

el s . Lower polariton
of equilibrium refrigerant P




Cooling a solid-state p-cavity with polaritons

* Polaritonic dispersion
—>quenched Stokes emission
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Cooling a solid-state p-cavity with polaritons

* Polaritonic dispersion
—>quenched Stokes emission
—>quenched coupling with NR
point defects
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Cooling a solid-state p-cavity with polaritons

* Polaritonic dispersion
—>quenched Stokes emission
—>quenched coupling with NR
point defects

-~ No low temperature cutoff




Cooling a solid-state p-cavity with polaritons

* Photonic fraction

— Extra short radiative
lifetime, i.e. ultrafast cooling
dynamics (~1ps)

Lower polariton




Energy (meV)

Measured ASF intensity cts/s (log scale)

2814
2812
2810
2808
2806
2804
2802

2800
2798
2796
2794

: '
Wavevecto
Kyl (um-1)

\

“r Excitation laser




Energy (meV)

Measured ASF intensity cts/s (log scale)

2814 2812
2812 2810
2810 2808
2808 2806
2806 2804
2804 2802
2802 2800
2800 2798
2798 2796
2796 2794
2794

2792

-10 5 -10 5
Wavevecto Wavevector
k| (kM) |kl (M)

4/\/\
“r Excitation laser




Energy (meV)

Measured ASF intensity cts/s (log scale)

2814 2812 2804
2812 2810 2802
2810 2808
2800
2808 2806
Bror - 2798
2804 2802 2796
2802 2800 2794
2800
2798 N
2R 2796
2790
2796 2794
2794 2792 2788
-10 5 -10 5 i
Wavevecto Wavevector Wavevector
£ -1 4
ky| (kM) |kl (Lm™) |kl (Lm™)

VA
~Excitation laser

3\




Energy (meV)

ASF intensity cts/s (log scale)

N
al

x10° (cts/s/meV/uW)

ﬂ

2814
2812

N

2810
2808
2806

2804
2802

(=Y
T

2800

2798

o
o

| Te=20K
=0.17 uW

2796

Normalized ASF spectral density

2794 PIaser

2810 2815

-10 - 2795 2800 2805
Wavevector

Ik, | (M) Energy (meV)

\

“r Excitation laser




anti-Stokes fluorescence of polaritons
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anti-Stokes fluorescence of polaritons
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anti-Stokes fluorescence of polaritons
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anti-Stokes fluorescence of polaritons
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anti-Stokes fluorescence of polaritons
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anti-Stokes fluorescence of polaritons
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anti-Stokes fluorescence of polaritons
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anti-Stokes fluorescence of polaritons

Laser power dependence
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anti-Stokes fluorescence of polaritons
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anti-Stokes fluorescence of polaritons
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anti-Stokes fluorescence of polaritons
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anti-Stokes fluorescence of polaritons

Laser power dependence
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anti-Stokes fluorescence of polaritons
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anti-Stokes fluorescence of polaritons
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anti-Stokes fluorescence of polaritons

Laser power dependence
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anti-Stokes fluorescence of polaritons
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anti-Stokes fluorescence of polaritons
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Intermediate summary

+ Setup detection efficency calibration
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Intermediate summary
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Quantitative thermal Balance

or (Watts) Absorbed phonon energy
l Fast and slo

v
P = f dew { Basfi(w — wp) A (w)
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Quantitative thermal Balance

er (Watts) Absorbed phonon energy
l Fast and slow
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Quantitative thermal Balance

g power (Watts) Absorbed phonon energy

\ l Fast and slow cooling
A
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Quantitative thermal Balance

* No temperature cutoff
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Quantitative thermal Balance

* No temperature cutoff
* High participation ratio p of fast
cooling mechanism
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What does the heated polariton gas looks like?
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What does the heated polariton gas looks like?

old” pol. in cold” pol. out : = 6(w—w,)

i-modal output polariton f

N\
Vv \~

“hot” pol. out : A% (@ -

* No internal equilibration (vanishing pp interaction regime)
—>Bi-modale polariton distribution : a « cold » and a « hot »
fluid coexist




What does the heated polariton gas looks like?

« hot » polariton fluid properties = polariton
did interact with thermal phonons
20

Av. energy removed per scattering event
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What does the heated polariton gas looks like?

« hot » polariton fluid properties = polaritonsthat
did interact with thermal phonons
20

Av. energy removed per scattering event

h€d (meV) )

10 -
Av. energy removed per
scattering event (thermal
fluid)
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Phonon bath Infinite
lifetime
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What does the heated polariton gas looks like?

« hot » polariton fluid properties = polaritons
did interact with thermal phonons

éO 86 160 120 1;10
Temperature (K)

Heated polaritons are “hotter” than the
phonon thermsleves !




Conclusion

Properties of a polaritonic refrigerent

* Net Positive cooling power at low laser power

* Involves an ultrafast cooling dynamics mechanism (1ps)
* No temperature cutoff

* Full optical access to thermidynamical properties

* Main limitation so far : 2-photon absorption

« Cold » injected polaritons behave like an out-of-equilibrium
refrigerant fluid

— Bi-modal « cold » and « hot » fluid

— at low T, polaritons removes thermal phonons of higher
energy than normally allowed by thermal equilibrium
—>non-eq. can be a resource !




Non thermal character is fully tunable ! :
- pp interactions < internal equlibrations
- A tunable thermal reservoir can be added : externally pumped excitons

- Thermodynamical properties of polariton superfluids
= thermodynamics of a (out-of-eq.) weakly interacting Bose gas exchanging

heat with a thermal reservoir
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