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StimPDC – Vector Vortex Beams
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Quantum Thermodynamics
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Thermodynamics and Quantum Systems

Classical work
Adiabatic process

Work for Quantum 
systems in equilibrium

Adiabatic (slow) process
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Thermodynamics and Quantum Systems

Classical work
Non adiabatic Work for Quantum systems

Non adiabatic (fast) process

� < Δ�



Fluctuation Relations and Quantum Systems 



C. Jarzynski, H. T. Quan, and S. Rahav,  Phys. Rev. X 5, 031038 (2015)

Two-measurements protocol
Work distribution

Free energy refers to a
thermal state buildt using
the final Hamiltonian
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Time dependent Schrödinger  equation:

Optical Analogy
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D. Marcuse. Light Transmission Optics . (Van Nostrand Reinhold Company, New York, 1982).
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Analogy between the paraxial wave
equation and 2D Schrödinger equation
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Quantum Harmonic Oscillator

Figure credits: 
Phil. Trans. R. Soc. A
Swings and roundabouts: optical Poincaré spheres for polarization and Gaussian beams, M. R. Dennis, M. A. 
Alonso, DOI: 10.1098/rsta.2015.0441

Hamiltonian (2D)

Eigen energies

P=0



Two-measurement protocol

First measurement

Initial state

rT = e-bЄ/Z

Second measurement

Unitary Process(fast)

�� =
��

2�
+

�

2
��

��  

�� =
��

2�
+

�

2
��

��  

Repeat several times to obtain the transition probabilities

ei

W1 = ef1 – ei

W3 = ef2 - ei

W3 = ef3 - ei



Two-measurement protocol - Work distribution - LG modes

First measurement Second measurement

SLM phase mask

Transition
probabilities

Initial state

rT = e-bℓ/Z

Repeat several times to obtain the transition probabilities

W1 = |ℓ|f1– |ℓ|i
W3 = |ℓ|f2 - |ℓ|i
W3 = |ℓ|f3 - |ℓ|i



Two-measurement protocol

Measured
transition
probabilities

Thermal
distribution
coefficients

Work
distribution

Jarzynski’s
relation



Work distribution for optical analog 
Quantum Harmonic Oscillators



Results: Transition probabilities



Results: Fluctuation relations



Setup with entangled photons
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Setup with entangled photons

To appear in Phys. Rev. A



Remote state preparation and
Klyshko advanced wave picture (AWP)

Two-photon optics: diffractlon, holography, and transformation of two-dimensional 
signals, A.V. Belinskii, D.N. Klyshko, JETP, Vol. 78, No. 3, p. 259 (March 1994)
(Russian original - ZhETF, Vol. 105, No. 3, p. 487, March 1994 )





Remote state preparation and AWP



Results
Single sided channel Double sided channel



Results
Single sided channel Double sided channel

< ����> ≠ 1 < ����> ≠ 1



Discussion

- Change in free energy DF ? No, the Hamiltonian does not change.

- Heat generation? No, the system is suposed to be closed, but if it
is open, there is no heat bath.

- Information Exchange? No, see Sagawa and Tasaki, PRL 104, 
090602 (2010) – Measurement and feedack => Maxwell’s demon

- Difference between Forward and Backward processes in the AWP ?

- Non unitarity/unital – simulating turbulence with SLM was made
averaging 30 rounds of measurement with 30 masks.

< ����> ≠ 1 ???



Generalized Fluctuation Relation

� ∗ → identity



Generalized Fluctuation Relation

< ����> - (1- d)



Generalized Second Law

� ∗ → identity



Generalized Second Law





Pump beam

SPDC state

Definitions

SPDC state

Theory



Pump, signal/seed and idler states

m = p, s, i

Signal state as a function of
pump and seed

Theory



Pump

Pump

Theory



Experimental setup

Experimental results

Experimental results



Vortex beam phase conjugation

Polarization projections, seed, idler conj, idler NC

a) Vector seed, b) Seed transformed
c) Idler conjugated, d) Idler NC



Submitted to Phys. Rev. Applied



Conclusions and Perspectives

- Quantum Thermodynamics with Gaussian beams and 
entanglement brings new insights

- Converting information into work, optical heat 
engines ??

- Experimental study of Fluctuation Relations
- out of Equilibrium physics

- Vector/vector vortex beam  phase conjugation in  
StimPDC

- Anisotropic wavefront reconstruction



Looking forward to have you 
visiting us here

Thank you!


