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The energy scale of Table top

Radiation Type Radio Microwave Infrared Visible Ultraviolet  X-ray Gamma ray
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Wavelength (m) 107° 0.5x10° 1078

Approximate Scale
of Wavelength
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Frequency (Hz)

Emperature of
objects at which
this radiation is the

most intense
wavelength emitted 1K 100 K 10,000 K 10,000,000 K
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The energy scale of Table top

Radiation Type Radio Microwave Infrared Visible Ultraviolet  X-ray Gamma ray
Wavelength (m) 10° 1072 107° 0.5x10° 1078 10710 10712

2 a ‘
Approximate Scale \ 5 4
of Wavelength l é:& & "‘%‘

Buildings Humans Butterflies zoans Molecules  Atoms  Atomic Nuclei

Frequency (Hz)

1THz 10THz 100THz 1000THz
(33.5cm, 0.0042meV)  (33500cm-", 0.042meV) (3350cm, 0.42meV) (33500cm-, 4.2meV)
L Phonons _
Acoustic, librational - Optical, Molecular

Magnetic excitations

Electronic excitation
Free Electron (Drude) > dd-transition, Charge Transfer, Plasma res., etc
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Outline

v Equilibrium Optical Spectroscopy

-The optical conductivity in the Visible and Near-IR

-What do we learn from optical conductivity?

-An example, metal insulator transition in complex oxides
v" Non-equilibrium optical (visible near-IR) spectroscopy

-Pump&probe the main idea

-«Single color» Pump and probe

-Broadband P&P spectroscopy
v’ Self referential examples:

-Revealing the excitonic nature of excitation (Hubbard Exciton)

-The electron-phonon (EP) interaction in with strong electronic correlation
v" Non-equilibrium Infrared spectroscopy

-Optical pump and THz probe spectroscopy (technique and example)

-THz pump and optical probe spectroscopy

-Phonon pump optical probe spectroscopy (MidIR pulse generation)
v Perspectives

-Beyond classical spectroscopy

-Using the quantum state of light as a new spectroscopyc tool

-Table top Vs. FEL and sincrotrons
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Equilibrium optical conductivity

Caracterization of the response of the material
to a field at a specific frequency

-Optical conductivity < o,(w) and o,(w)
Links the current density to the electric field for
general frequencies 2 J(w)=o(w)E(w)
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Equilibrium optical conductivity

Caracterization of the response of the material Drude-Lorentz Model
to a field at a specific frequency

-Optical conductivity < o,(w) and o,(w) e(w) —
Links the current density to the electric field for
general frequencies 2 J(w)=o(w)E(w)

-Dielectric Function = ¢,(w) and &,(w)
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Equilibrium optical conductivity

Caracterization of the response of the material Drude-Lorentz Model
to a field at a specific frequency ,
. . R Wp
-Optical conductivity < o,(w) and o,(w) e(w) = €0 T 3 :
Links the current density to the electric field for wW* + ?,Fow

general frequencies 2 J(w)=o(w)E(w)

-Dielectric Function = ¢,(w) and &,(w)

+Z —w2 —zF@w

-Index of Refraction - n(w) and k(w)

A7 Ne?

2
WP = T

Commonly used Techniques:
-Reflectivity (require KK transformation)

-Ellipsometry (meas. of real and Im part)
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Equilibrium optical conductivity

Caracterization of the response of the material Drude-Lorentz Model
to a field at a specific frequency
2
. . R Wp
-Optical conductivity < o,(w) and o,(w) e(w) = €0 T 3 :
Links the current density to the electric field for wW* + ZFDUJ

general frequencies 2 J(w)=o(w)E(w)

-Dielectric Function = ¢,(w) and &,(w)

+Z —w2 —zFZw

-Index of Refraction - n(w) and k(w)

2 __ 4mxNe?
Wp = ——
Commonly used Techniques: ’ ’
-Reflectivity (require KK transformation) Extended Drude Model
-Ellipsometry (meas. of real and Im part) I'y(w) frequency dependent to

describe all scattering processes
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Equilibrium optical conductivity

Caracterization of the response of the material Drude-Lorentz Model
to a field at a specific frequency
2
. . R Wp
-Optical conductivity < o,(w) and o,(w) e(w) = €0 T 3 :
Links the current density to the electric field for wW* + ZFDUJ

general frequencies 2 J(w)=o(w)E(w)

-Dielectric Function = ¢,(w) and &,(w)

+Z —w2 —zFZw

-Index of Refraction - n(w) and k(w)

2 __ 4mxNe?
Wp = ——
Commonly used Techniques: ’ ’
-Reflectivity (require KK transformation) Extended Drude Model
-Ellipsometry (meas. of real and Im part) I'y(w) frequency dependent to

describe all scattering processes

Integral of sigma one is a conserved quantity (sum rule...)
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What do we learn from equilibrium optical conductivity?

Optical Conductivity of a Metal

Drude Interband

Transition
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What do we learn from equilibrium optical conductivity?

Optical Conductivity of a Metal

Metal insulator Transition in VO2
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What do we learn from equilibrium optical conductivity?
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v Equilibrium Optical Spectroscopy

-The optical conductivity in the Visible and Near-IR

-What do we learn from optical conductivity?

-An example, metal insulator transition in complex oxides
v" Non-equilibrium optical (visible near-IR) spectroscopy

-Pump&probe the main idea

-«Single color» Pump and probe

-Broadband P&P spectroscopy
v’ Self referential examples:

-Revealing the excitonic nature of excitation (Hubbard Exciton)

-The electron-phonon (EP) interaction in with strong electronic correlation
v" Non-equilibrium Infrared spectroscopy

-Optical pump and THz probe spectroscopy (technique and example)

-THz pump and optical probe spectroscopy

-Phonon pump optical probe spectroscopy (MidIR pulse generation)
v Perspectives

-Beyond classical spectroscopy

-Using the quantum state of light as a new spectroscopyc tool

-Table top Vs. FEL and sincrotrons
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Why non-equilibrium physics?

Non-Equilibrium studies
for Equilibrium physics

temperature

Fermi liquid

antiferromagnet

haole doping
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Why non-equilibrium physics?

Non-Equilibrium studies Dynamical response domeinated by a
for Equilibrium physics Higherarchy in the time scales

temperature

Fermi liquid

[

antiferromagnet

!
o
—

haole doping

T.=e- Temeprature, T, =T of strongly coupled ex., T, ..,=T weakly coupled ex.
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Why non-equilibrium physics?

Non-Equilibrium studies
for Equilibrium physics

Complexity

(&)
N/

strange metal

temperature

Fermi liquid

antiferromagnet

haole doping
Nat. Comm. 5, 5112, 2014
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Why non-equilibrium physics?

Non-Equilibrium studies Non-Equilibrium physics
for Equilibrium physics for optical control
Complexity

lattice

strange metal

temperature

:
ou . T
<) Fermi liquid
:
=
© =
S strange metal
123 -
:— -
2 |z hole doping
[~ =
% u . T .
= |2 Fermi liquid
:
=
=
<

haole doping
Nat. Comm. 5, 5112, 2014
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Why non-equilibrium physics?
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for Equilibrium physics for optical control
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temperature
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Why non-equilibrium physics?
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Why non-equilibrium physics?

Non-Equilibrium studies Non-Equilibrium physics
for Equilibrium physics for optical control

. Insulator-to-metal transition
Complexity ,

lattice

Nature Material 12, 882 (2013)
Phys. Rev. B 93, 054305 (2016)

strange metal

temperature

Fermi liquid

antiferromagnet

haole doping
Nat. Comm. 5, 5112, 2014
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Why non-equilibrium physics?

Non-Equilibrium studies
for Equilibrium physics

Complexity

lattice

strange metal

temperature

Fermi liquid

antiferromagnet

haole doping
Nat. Comm. 5, 5112, 2014

Non-Equilibrium physics
for optical control

Insulator-to-metal transition

800 nm

Nature Material 12, 882 (2013)
Phys. Rev. B 93, 054305 (2016)

Photo-induced Superconductivity
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The prime tool for non-equilibrium physics: Pump and probe

-«All Optical» pump and probe spectrocsopy

-Reflectivity, Transmission, Kerr, Moke...
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The prime tool for non-equilibrium physics: Pump and probe

-«All Optical» pump and probe spectrocsopy

/4 -Reflectivity, Transmission, Kerr, Moke...

-Time resolved X-Ray diffraction

Controlle

Delay -Photon-in/electron-out pump and probe

-Time and Angle Resolved Photoelectron
Spectroscopy
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Time Domain
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The prime tool for non-equilibrium physics: Pump and probe

4 -What do i measure?

Controlle
Delay
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Non-equilibrium “Parameters Space”

-F PFes®  Time resolved spectroscopies

v'Time Resolved x-rays and electron diffraction
v'TR Kerr, moke and X-MCD, Arpes
v'TR Spectroscopy, TRRaman

Phys. Rev. Lett., 106, 217401 (2011), Nature 468, 799-802, Nature 435, 655 (2005)
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The prime tool for non-equilibrium physics: Pump and probe

4 -What do i measure?

Controlle
Delay

-What do | pump?
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Non-equilibrium “Parameters Space”

-F PFes®  Time resolved spectroscopies

v'Time Resolved x-rays and electron diffraction
v'TR Kerr, moke and X-MCD, Arpes
v'TR Spectroscopy, TRRaman

Phys. Rev. Lett., 106, 217401 (2011), Nature 468, 799-802, Nature 435, 655 (2005)

-Pump & Prose Optical Control of Material

Insulator () Phase Metal (M) Phase Wavelength (um)

- DT el B " v'Photo-Induced phase transitions
E T P SV | v'Coherent control (IR and THz)
o @ o ~ % v'Light control of quantum coherent §
4 Q" o 8 20 40 60 80 100 i
Photon energy (meV) phas eS

Science 307, 2005, Nature 449(2007) Science 331, 2011

ICTP 17/03/2016 m q

Eletira Sincrotrone Trieste

Daniele Fausti



Non-equilibrium “Parameters Space”

Electromagnetic pulse
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Non-equilibrium “Parameters Space”

Electromagnetic pulse

|

ﬂ

ﬂ

ﬂ

Pump & Probe

Wavelength, Intensity, Pulse length...
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Non-equilibrium “Parameters Space”

Pump & Probe

Electromagnetic pulse Wavelength, Intensity, Pulse length...
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Carrier Envelope Phase
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Non-equilibrium “Parameters Space”

Pump,& Probe

Electromagnetic pulse Wavelength, Intensity, Pulse length...
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Carrier Envelope Phase Quantum State of the e.m. Field
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From P&P measurements to P&P spectroscopy
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Non-Linear Optical Processe: White light generation
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Non-Linear Optical Processe: White light generation
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From P&P measurements to P&P spectroscopy
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From P&P measurements to P&P spectroscopy
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From P&P measurements to P&P spectroscopy
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From P&P measurements to P&P spectroscopy
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From P&P measurements to P&P spectroscopy
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From P&P measurements to P&P spectroscopy
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From P&P measurements to P&P spectroscopy
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From P&P measurements to P&P spectroscopy
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From P&P measurements to P&P spectroscopy
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YVO;: Properties

v' Layer compound of BaTiO3-like
distorted/tilted octahedra (Pbnm)

v V3 — 3d,

v Mott insulator

v' Magnetization reversal
v Orbital/Spin orderlngs
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YVO;: Properties

Orbital Physics in V3*(3d,)
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YVO;: Properties

v" Mott insulator

Mott gap ~1.2eV T=200K
v Crystal field determined “mainly” by JT
v" No Quantum fluctuation
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YVO,: Optical Properties
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YVO,: Optical Properties

v" 6 Gaussian and 1 Tauc-
Lorentz oscillators
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YVO,: Optical Properties

v 6 Gaussian and 1 Tauc-Lorentz oscillators
v Anomalous behavior of SW in the Spin and OO
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YVO,: Optical Properties

v 6 Gaussian and 1 Tauc-Lorentz oscillators
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YVO,: Transient Optical Properties
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Thermal Vs. Non-thermal SW

v'Thermal benchmark
v'"Non-Thermal Thermal contribution
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Thermal Vs. Non-thermal SW

v Thermodyn. estimate of the T variation in the photo-excited state(AT)
v'Extrapolation of static optical properties (T,+AT) N
AT[K] _ QabsNa-V
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v'Direct Exchange of SW between the two bands _
i.e. Itis the same band! Hubbard Exciton?!
Phys. Rev. B 86, 165135 (2012)
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Open problem in the cuprates
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Open problem in the cuprates
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Open problem in the cuprates
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What links the low energy physics of superconductivity to high energy?
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Optical properties of La,_Sr CuO,
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Optical properties of La,_Sr CuO,
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Optical properties of La,_Sr CuO,
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Optical properties of La,_Sr CuO,
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Optical properties of La,_Sr CuO,
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Selectivity of the excitation process
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Selectivity of the excitation process
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Selectivity of the excitation process
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Selectivity of the excitation process
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Selectivity of the excitation process

Ultrafast Dynamics “Slow” thermal response
Sub-gap excitation Sub- and Super- gap
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Selectivity of the excitation process
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Selectivity of the excitation process
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Selectivity of the excitation process
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Selectivity of the excitation process
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Hubbard Holstein Hamiltonian

H=H+Hy+HEgpr

H; = —t Z( CI—}—u,oCiaU + H.C.), —— Hopp|ng

NN,

1 1 _
Hy=U) (nig — ;)i —5). < e-e repulsion

Hepr = wo Za a; + gwo Z . +a;)(1 —n;). < Boson coupling

N - 4

collaboration with N. Nagaosa, A.
Mishchenko, G. De Filippis and V. Cataudella
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Hubbard Holstein Hamiltonian

Hppr

Cioc T H.C.), <— Hoppmg

<—{ e-e repulsion

—n;). < Boson coupling

N - 4

collaboration with N. Nagaosa, A.
Mishchenko, G. De Filippis and V. Cataudella

ICTP 17/03/2016 Daniele Fausti




Experiment Vs. Theory
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Experiment Vs. Theory

Experiment Theory (e-ph OFF)
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Experiment Vs. Theory
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High Vs. Low-photon energy excitation
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High Vs. Low-photon energy excitation

2x10° T

Kinetic energy

asinh(Kinetic energy)

— Kinetic energy
- Boson number

3 eV pump

Incoherent Dressing

Coherent Dressing

. + + .
2T - Kinetic energy (7.=0) ‘ 1 eV pump ]
—— Kinetic energy '
- Boson number 1
- bt

-20 0

20

Delay [fs]

40

t>t,

ICTP 17/03/2016

Elettra Sincrotrone Trieste

Daniele Fausti




High Vs. Low-photon energy excitation
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High Vs. Low-photon energy excitation
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Outline

v Equilibrium Optical Spectroscopy

-The optical conductivity in the Visible and Near-IR

-What do we learn from optical conductivity?

-An example, metal insulator transition in complex oxides
v" Non-equilibrium optical (visible near-IR) spectroscopy

-Pump&probe the main idea

-«Single color» Pump and probe

-Broadband P&P spectroscopy
v’ Self referential examples

-Revealing the excitonic nature of excitation (Hubbard Exciton)

-The electron-phonon (EP) interaction in with strong electronic correlation
v" Non-equilibrium Infrared spectroscopy

-Optical pump and THz probe spectroscopy (technique and example)

-THz pump and optical probe spectroscopy

-Phonon pump optical probe spectroscopy (MidIR pulse generation)
v Perspectives

-Beyond classical spectroscopy

-Using the quantum state of light as a new spectroscopyc tool

-Table top Vs. FEL and sincrotrons
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Generation and measurements of ultrashort THz pulse

Generation:
Optical Rectification
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Generation and measurements of ultrashort THz pulse

Generation: Measurements:
Optical Rectification Electro optic sampling
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Generation and measurements of ultrashort THz pulse
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Generation and measurements of ultrashort THz pulse
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Generation and measurements of ultrashort THz pulse
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Generation and measurements of ultrashort THz pulse
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Test examples: Transmission on silicon
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Test examples: Transmission on silicon
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Metal-insulator transition in VO, single crystal
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Metal-insulator transition in VO, single crystal
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Can we use THz pulses as pump?
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Using THz as a pump

The table-top intense THz Source

2000 I/mm

Zs.Bor and B.Racz,Opt.Comm. 54,165(1985)
J.Hebling et al.,J.Opt.Soc.Am.B 25,B6(2008)
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The table-top THz Source

n =104
> 100 nd/pulse

> 10 ud/cm? fluence

[ETHZ ~ 100 kV/cm ]
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The Franz-Keldysh effect

v'Renormalization of the semiconductor gap with the application of a static field.
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Static Vs. Dynamic Franz-Keldysh effect
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The Franz-Keldysh effect
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v Equilibrium Optical Spectroscopy

-The optical conductivity in the Visible and Near-IR

-What do we learn from optical conductivity?

-An example, metal insulator transition in complex oxides
v" Non-equilibrium optical (visible near-IR) spectroscopy

-Pump&probe the main idea

-«Single color» Pump and probe

-Broadband P&P spectroscopy
v’ Self referential examples

-Revealing the excitonic nature of excitation (Hubbard Exciton)

-The electron-phonon (EP) interaction in with strong electronic correlation
v" Non-equilibrium Infrared spectroscopy

-Optical pump and THz probe spectroscopy (technique and example)

-THz pump and optical probe spectroscopy

-Phonon pump optical probe spectroscopy (MidIR pulse generation)
v Perspectives

-Beyond classical spectroscopy

-Using the quantum state of light as a new spectroscopyc tool
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Can we resonantly excite phonon modes?
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Can we resonantly excite phonon modes?

t

v Revealing the non-adiabatic resonse of electron
v' Amplitude and phase resolution
v Optical control of material properties

Science 331, 189 (2011)*; Nature Material 12, 882 (2013)
Nat. Photonics 5,485 (2011), Nat. Materials 12, 535 (2013)
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Can we resonantly excite phonon modes?

A cascade of non-linear processes to generate carrier envelope
phase stable mid-IR pulses?

800 nm pump
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Can we resonantly excite phonon modes?

A cascade of non-linear processes to generate carrier envelope
phase stable mid-IR pulses?
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Phonon Pump in CuGeO3

630 - phonon-assisted
d-d transitions
600 charge
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Phonon Pump in CuGeO3
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Phonon Pump in CuGeO3
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Phonon Pump in CuGeO3
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Phonon Pump in CuGeO3
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Phonon Pump in CuGeO3
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Phonon Pump in CuGeO3
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Phonon Pump in CuGeO3
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Phonon Pump in CuGeO3
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Phonon Pump in CuGeO3
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Phonon Pump in CuGeO3
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Phonon Pump in CuGeO3
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Outline

v Equilibrium Optical Spectroscopy

-The optical conductivity in the Visible and Near-IR

-What do we learn from optical conductivity?

-An example, metal insulator transition in complex oxides
v" Non-equilibrium optical (visible near-IR) spectroscopy

-Pump&probe the main idea

-«Single color» Pump and probe

-Broadband P&P spectroscopy
v’ Self referential examples

-Revealing the excitonic nature of excitation (Hubbard Exciton)

-The electron-phonon (EP) interaction in with strong electronic correlation
v" Non-equilibrium Infrared spectroscopy

-Optical pump and THz probe spectroscopy (technique and example)

-THz pump and optical probe spectroscopy

-Phonon pump optical probe spectroscopy (MidIR pulse generation)
v Perspectives

-Beyond classical spectroscopy

-Using the quantum state of light as a new spectroscopyc tool

-Table top Vs. FEL and sincrotrons

ICTP 17/03/2016 E. L q

Eletira Sincrotrone Trieste

(Wi} paniele Faust



Outline

v Equilibrium Optical Spectroscopy
-The optical conductivity in the Visible and Near-IR
-What do we learn from optical conductivity?
-An example, metal insulator transition in complex oxides
v" Non-equilibrium optical (visible near-IR) spectroscopy
-Pump&probe the main idea
-«Single color» Pump and probe
-Broadband P&P spectroscopy
v’ Self referential examples
-Revealing the excitonic nature of excitation (Hubbard Exciton)
-The electron-phonon (EP) interaction in with strong electronic correlation
v" Non-equilibrium Infrared spectroscopy
-Optical pump and THz probe spectroscopy (technique and example)
-THz pump and optical probe spectroscopy
-Phonon pump optical probe spectroscopy (MidIR pulse generation)
v Perspectives
-Beyond classical spectroscopy
-Using the quantum state of light as a new spectroscopyc tool
-Table top Vs. FEL and sincrotrons

ICTP 17/03/2016 E. L q

Eletira Sincrotrone Trieste

(Wi} paniele Faust



Basic idea

Quantum Optics: Ultrafast processes in Condensed
measuring quantum states of light Matter: Pump&Probe

PUMP PULS
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Basic idea

Quantum Optics:
measuring quantum states of light

PROBE PULSE

PUMP PULS

]
—
7
e

]
7
—
=

=

Ultrafast processes in Condensed

Matter: Pump&Probe

Optical property

Time delay

ICTP 17/03/2016

Daniele Fausti

Elettra Sincrotrone Trieste



Basic idea

Quantum Optics:

Ultrafast processes in Condensed
measuring quantum states of light Matter: Pump&Probe

PROBE PULSE j
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PUMP PULS

ICTP 17/03/2016 Daniele Fausti




Basic idea

Quantum Optics:
measuring quantum states of light

PROBE PULSE

PUMP PULS

Ultrafast processes in Condensed
Matter: Pump&Probe

---------------------------
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Higher order: Pump and Probe a-quartz
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Higher order: Pump and Probe a-quartz
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Higher order: Pump and Probe o-quartz
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Higher order: Pump and Probe o-quartz

ela)

| k Coherent Phonon Fluctuation
| «\ OO0 Distribution
A \ [\ A Si
/ \ [\ [ \,\ A \ /) / Q Q
ad VAVAVAVAVAVAY:

AT (arb. unit)

05 0 0.5 1 15 2 25 O. ______ =0 O ______ g
Time Delay (ps)

nhothons probability distribution phothons probability distribution

Number of Number of

}

40%

&

20%

wh o 19Te0enyt

An— <An >
o

-0.5 0.0 0.5 1.0 15 2.0 2.5
Time delav (ps)

0%
-0.5 0.0 0.5 1.0 1.5 2.0 2.5

Time delay (ps)

Nature Comm. 6, 10249 (Dec. 2015)

ICTP 17/03/2016 !E. g q

Eletira Sincrotrone Trieste

gﬁ}éﬁ Daniele Fausti



Technology overview

Table top techniques are a nice complement to synchrotron and FEL facilities

Buildings Humans Butterflies i zoans Molecules  Atoms  Atomic Nuclei

Frequency (Hz)

1THz 10THz 100THz 1000THz
(33.5cm-1, 0.0042meV)  (33500cm!, 0.042meV)  (3350cm-!, 0.42meV) (33500cm-!, 4.2meV)

ICTP 17/03/2016 Daniele Fausti

Eletira Sincrotrone Trieste



Technology overview

Table top techniques are a nice complement to synchrotron and FEL facilities

Buildings Humans Butterflies Atomic Nuclei

NO Table Top

Frequency (Hz) SOU RC ES
B | . —
1THz 10THz 100THz 1000THz

(33.5cm-1, 0.0042meV)  (33500cm!, 0.042meV)  (3350cm-!, 0.42meV) (33500cm-!, 4.2meV)

Non-Equilibrium probes

Optical Rep. Crystal OPA+DFG _

A=300um A=30um A=3um A=300nm

' Daniele Fausti

ICTP 17/03/2016 m q }

Eletira Sincrotrone Trieste




Technology overview

Table top techniques are a nice complement to synchrotron and FEL facilities

Buildings Humans Butterflies Atomic Nuclei

NO Table Top
SOURCES

Frequency (Hz)

1THz 10THz 100THz 1000THz
(33.5cm-1, 0.0042meV)  (33500cm!, 0.042meV)  (3350cm-!, 0.42meV) (33500cm-!, 4.2meV)

Non-Equilibrium probes

Optical Rep. Crystal OPA+DFG _

A=300um A=30um A=3um A=300nm
Optical
Rep. Non-Equilibrium pumps
Crystal OPA+DFG E
A=300um A=30um A=3um A=300nm

ICTP 17/03/2016  Daniele Fausti

Eletira Sincrotrone Trieste



Technology overview

Table top techniques are a nice complement to synchrotron and FEL facilities

Buildings Humans Butterflies Atomic Nuclei

NO Table Top
SOURCES

Frequency (Hz)

1THz 10THz 100THz 1000THz
(33.5cm-1, 0.0042meV)  (33500cm!, 0.042meV)  (3350cm-!, 0.42meV) (33500cm-!, 4.2meV)

Non-Equilibrium probes

Optical Rep. Crystal OPA+DFG _

A=300um A=30um A=3um A=300nm

Optical
Rep.
Crystal

Z%J;%E-Srﬂ? Non-Equilibrium pumps
" J OPA+DFG

A=300um A=30um

A=300nm

ICTP 17/03/2016  Daniele Fausti

Eletira Sincrotrone Trieste



Conclusions

v'The light pulses do not “just” inject energy into the system

v'Classical Parameters of the light pulses:

Spectrally selective excitation to understand equilibrium

 Selective excitation to control functionalities
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v" Use the Quantum State of light pulses as a spectroscopic tool

* Photon number fluctuation (Coh. Vs. Squeezed states)

* Quantum state reconstructlon

Number of phothons probability distribution
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