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Squeezing More from Gravitational-

AQuadrature squeezed Wave Detectors
below Shot-n0|se Ilm It December 5, 2019 « Physics 12,139
AAp p I i C atl O n S :i:’e::;i:::’ ::Zl:::c::nu::z; iraa;/i:‘a::‘naa:-sv;ao/\:'e detectors uses quantum effects to boost sensitivity and

AGeneration of entangled
EPR state for quantum
communication

AQuantum Information
Processing

AQuantum metrology, such
as gravitational wave
sensing1l, 2]

[1] AcerneseF., et al. "Increasing the astrophysical reach of the advanced T. Pyle/LIGO

Virgo detector via the application of squeezed vacuum states of light."

Physical Review Letters 123.23 (2019): 231108. Ball, Philip. "Focus: Squeezing More from Gravitatitviale Detectors.Physicd2 (2019): 139.
[2[Tse M., et al. "Quanturrenhanced advanced LIGO detectors in the era of

gravitationatwave astronomy." 7

Physical Review Letters 123.23 (2019): 231107.
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AWhat are random number useful for ?

A Computer simulations A Encryption, secure communications
10k - ,,:f b [ e %‘E@@S—t_;—ﬁ:\ . S
|- Requirements:
1.4 ¢ NHzE & -Nhdgderdlahg Uniform
2a{ S OdthE)r:edlctable

Jonas Dehmng et al. Science 2020;369:eabb9789
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AHow to produce random numbers ?

-> Algorithmically
ADigits of
oM MpPHCpPOpPY T Ppo i O %Lf?il%aﬂdé)rﬂ OHT
AQ (1 0 )b w umber Generators
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AHow to produce random numbers ?
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AClassical RNG |
Predictable in principle, securit | -
‘ P RS, y ‘ <

relies on the trust in the model.
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[1] Symulet al. (2011)Applied Physics Lette@3(23), 231103.
[2] Abellanet al. (2019)Optics expres®2.2: 16451654
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ASource independent QRNG

_ Discrete Variables Continuous Variables
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AHow to quantify the randomness amount ?

A Variance is not enough ‘ ‘

o _ (a) low entropy distribution (b) high entropy distribution
A Relevant quantity is the Mientropy:

o @) 17T (A ¢ Bo)
AWhen source is untrusted; conditional rémtropy[1]: 0 (B) O (VY
‘0 (030 IT@i ¢ o®)

[1] R.Konig R. Renner, and C. Schaffner, The operationing of minand maxentropy, IEEE Trans. Inf. Theory

55, 4337 (2009). y
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AThe entropic uncertainty principle:
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_ Raw
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{6 } Alice
Assumptions:

U Trusted measurement device (untrusted classical noise)
U I.1.D. and bounded source (untrusted)

Extraction Secure

23



R Motivation & context
. Australian
J\/\ LKB Q N G Source independent protocol ' National

University
(Quantum random number generatoiResults -

Laser BS

flip shutters




Motivation & context
( ) M | Austral
J\/\ LKB NG Source independent protocol " National
B

= =7 Universit
(Quantum random number generatoiResults !

Laser BS

flip shutters

OPA Cavity

\ e \;
==

Homodyne
detection

25



Q R N G Motivation & context .
: Australian
J\/\ LKB Source independent protocol National |

(Quantum random number generatoiResults N

Thermal State

08 unconditionalmin-
| entropy’0 (0 )

07|
_|(|_..J
© L .
> R Side information
206F T T
c s
T -
0.5/ Bound onconditional minT—se
| entropy’O (0 |O) N
0.4|

Variance



Motivation & context
R . Australi
J\/\ LKB Q NG Source independent protocol ' National

Universit
(Quantum random number generatoiResults - !

Laser BS

PMYl |f Thermal
state
source

78

flip shutters I




Motivation & context
( ) M | Austral
J\/k LKB NG Source independent protocol =, Nevomar

sy Universit
(Quantum random number generatoResults !

Squeezed State

0.?4':

— Hou(P) — Hnn(@
O Hon(P) — Han(@)
o, 070 * How(P) * Hmin(Q)
2070
=
o
o
c
L

26 28 30 32 34 38 38
Squeezing (dB)
28



Motivation & context .
J\A LKB Q RNG Source independent protocol ‘,., Natonar

= Universit
(Quantum random number generatoResults ’

AConclusion

AWe demonstrated aeal-time, self-testing QRNG based amon-classical light
First QRNMased orsqueezed light

AWe tested the QRNG wittifferent sourcesto validate the source
iIndependent protocol

ATypical rate ~10kb/s

APerspective
AFrom proof of principle to high speed QRNG
AUse squeezed source for other device independent protocol

ReaiTime Sourcéndependent Quantum RandoiMumber Generator

with Squeezed States
Thibault Michel J.Y. Haw, D. ®4arangon O.Thearle
G. Vallone, PVilloresi, P. KLam, S.M. Assad

PhysRevApplied.12.034017 T
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AFemtosecond laser:
A 100 fs pulses
A76 MHz repetition rate
AHigh peak intensity ~MW
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Nature Commun. 9, 15645 (2017) I
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