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e field quantization

e coherent state

* real laser

* generation of high power light beams

* relevance of quantum uncertainty

* modification of the quantum uncertainty by light
matter interaction

e quantum dynamics & Wigner flow

» effect of losses

e designing material with high nonlinear coefficient

* quantum metrology with high power laser

* nonlinear optics with squeezed vacuum

* the quantum vacuum

XIX HennHenHble BonHbl LLKona - bop - 02 MapTa 2020
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diffraction

/x(O) x() “lab“ phase space of classical optics
I $ far field . a2k (z=0)
%[mHO&Z - fquafign E k distribution
'_/_ :’ * — ———
k ] ‘-‘
: d -
Y, 2
(@) V%(r)-Ru(r)=0 . L k)
* 1 9’ - Y
(b) e (l) i R(](t) =( £(0), Je.(0) lu(x)lﬂ near field distribution x(Z'= 0)
“ Ol Lk, ‘
’ 0z k,  k , tion:
: \onfunc
I(x) I(k,) space distributic
... spatial u(x) , u(ky) Wien
pattern ~~—V—"

(fractional) Fourier transform

XIX HennHenHble BonHbl LLKona - bop - 02 MapTa 2020 4



W(x.k) = Wigner function

->Fraunhofer
k diffraction
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fractional Fourier
transform
->Fresnel diffraction

Hermite Gaussian
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Transverse mode pattern in lasers

—> invariant under proagation
—> invariant under Fourier transformation
—> rotationally symmetric Wigner function
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Zero requires negative
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Equation cfescriﬁing
temyomf evolution
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excitation of mode
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Measurement of g and g with homodyning

amplitude & phase measurement
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quantum state reconstruction of the vacuum state (zero-photon Fock state)

A | Lvovsky et al., Phys. Rev. Lett. 87, 050402 (2001)
Ho
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phase space diagram
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abstract phase space where excitation “lives”

phase space
diagram
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4(0) phase space

T74  diagram quantitative result:

Aqs light source -
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root mean square
power fluctuations in
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interestingly enough:
eigen functions the same as for

laser modes !!!
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field operators
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end of introductory part



coherent state

phase space diagram for light field

field uncertainty
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real laser

if measurement time interval
short enough
>>> coherent state

uncertainty
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generation of high power light beams

laser resonator emitting high power

( & injection locking with seed laser)

amplification of laser radiation

coherent combination q

p Py p

+ +.. 2

The standard quantum limit of coherent beam
combining C.R. Mdller, F. SedImeir, V.O. Martynov et al.
q q 9 New J. Phys. 21, 093047 (2019)
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pure state versus mixed state

- quantum uncertainty :

measurement

- thermal noise :
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modification of the quantum

uncertainty by light matter interaction

example Kerr effect

Schrodinger
equation
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Quantum dynamics & Wigner flow

P. Yang, I.F. Valtierra, A.B. Klimoy, S.-T. Wu, R.-K. Lee, L.L.

Wigner flow on the sphere
£ ; Sanchez-Soto and G. Leuchs, Phys. Scr. 94, 044001 (2019)

... the SU(2) Wigner function under
nonlinear Kerr evolution

6f(‘;'tp|t) =V J@pl) O W,(Q) = e{W,(Q), Wu(D)} + O(’)
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effect of losses

A.O. Caldeira and A.J. Leggett,

loss b
beam splitter i n if energy decays ase”?,
i '_ ________ .
q /EF qy then quantum states
signal i containing n photons
g, decay as e ™™
2 2 (1-n) & formula compatible
vacuum <Aq77) = n(Ag*“) + 7
G. Leuchs, U.L. Andersen
See: Bogolyubov transformation Laser Physics 15, 129 (2005)

a — &n=\/ﬁa+\/(1_n)avac
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designing material with high nonlinear coefficient
oTellurite Te02-WO03-La203 (TWL) glasses E-A. Anashkina , M.Y. Koptev, A.V. Andrianov et al.,

have a non-linear refractive index J. Lightwave Techn. 37, 4375 (2019)
n, ~ 20 times higher than fused silica goal 4 high nonlinearity & low loss
9 special case: permittivity close to zero: 2500
“epsilon near zero (ENZ) material” S 5000 ety enhancement
O
)
3 “—
3X( ) € 15001
No = (é)
degcng Re(ng) % 10001
qy)
Non-perturbative regime E 500 - —
2 . / No(effy €ENhancement
n= |ng+2ngn; 0 10 20 30 40 50 60 70
o Angle of Incidence, @ (deg)

Large optical nonlinearity of indium tin oxide in 1its epsilon-near-zero region,
M. Zahirul Alam, I. De Leon, R. W. Boyd, Science 352, 795 (2016).
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guantum metrology with high power laser

gravitational waves

(interference)
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guantum metrology with high power laser

gravitatio |5 Selected for a Viewpoint in Physics weck ending
PRL 116, 061102 (2016) PHYSICAL REVIEW LETTERS 12 FEBRUARY 2016
(interfere T

k Hole Merger

Observation of Gravitational Waves from a Binary Blac

B.P. Abbott ef al.
(LIGO Scientific Collaboration and Virgo Collaboration)
3
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nonlinear optics with squeezed vacuum

Multiphoton Effects Enhanced due K.Yu. Spasibko, D.A. Kopylov, V.L. Krutyanskiy,
to large Photon-Number Uncertainty T.V. Murzina, G. Leuchs, M.V. Chekhova,

Phys. Rev. Lett. 119, 223603 (2017)

BSV measurement thermal statistics

800 nm spatial
°KHZ ppo filtering /st SPfilters 5 5 4. g™ =n!
2P spectral " p squeezed light statistics
filtering g(") = (2n— D!

PDC @ 1600 nm

1x10° —
DG DG
 1x10%
P phase space %5
squeezing 1x102

/! X 1
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the quantum vacuum

electric field variance

Sohel el the quantum vacuum as a dielectric-diamagnetic medium

G. Leuchs, M. Hawton, L.L. Sanchez-Soto,
Physics 2, 14 (2020) (mdpi)

phase

A
e I space
field quadrature.
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