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“...the world commemorates the tragedy; |

only we can celebrate the triumph..."
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(What happens when we encode information in c]uantum sgstems?i
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Quantum technologies Quantum oPtomechanics

Quantum mang-bodg sgstems Foundations 01C quantum theorg

Ultra-cold atoms Quantum thermodgnamics
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‘ w > state vector (or ket)
; Zh@th@ — E‘¢> Sclfwroeclinger eq.

p clensitg matrix

It does not evolve accorcling to

the SChroeclinger eq.

New laws that rule the Phgsical world
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quat set tne quantum ancl classical worlcls apart?

The superposition Principle
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When aPPIiecl to more than a single Particle

|t lml:)hes entanglement
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Entanglement is a resource for quantum tecnnologies

e T g T T T e T TR S Sy T
0 g 8 i 4 -'-l._rl in 5 | o
: i . - ; 4
] T L% Sl Rier i P P R ',hl_ 1 LT
5 T o o L e S L
¥ : =L . e e ¥ ; s ;

— "W_l‘q,_—q-':f R i ey P TN g
S R o R LT R R, =h "
i, R 1 ; ey
o L 3 Ty 2 :
i [ 1 b ;
" . wLy .. .
LYY ¥ " = . LR
| . Ik A ]



fn’é‘ang/ erent

e
...ul-...l.-.rl...._.._l - -




TN i e e M ﬂ ol
P I ol g o ; b .."'“_ e
4R N .. N
(J)TeQ Z
L AR SR /?Z‘dng/ enrent




TN i e e M ﬂ ol
P I ol g o ; b .."'“_ e
4R N .. N
(J)TeQ Z
L AR SR /?Z‘dng/ enrent




e e i o L,
i
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RS Be”, Bertiman’s socks and the nature of realitg)
Journal de Phgsique 42 41 (1981)
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Localitg |

Or against spookg actions

Einstern

Or against quantum

randomness at distance

These assumptions define classical realitg
ancl bouncl the clegree o1C correlation among events

sl:)atiauy separatecl and clifj'oint
Bell theorem)

"‘ntangled sgstems violate such bound!!
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“The second coming”
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Quantum
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The second c]uantum resolution:

we can control the quantum worlcl
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QUANTUM TECHNOLOGY at QUEEN S

insecure
quantum channel
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Alice’s lab ; classical channel
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Nonclassical state gy

Classica communication
Measurement

Trnastormation
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Quantum cryptography Quantum teleportation

We need microscopic sgstcms

All should be isolated
The control should be Pcmccctl

Arcjust microscoPic sgstcms under sPccial

conditions to be “4avoured’?
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Quantum etfects are certified
in our best labs!

Macroscol:)ic quantum etfects do not aPPear to be evident
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Quantum etfects are certified
in our best quantum labs

Macroscol:)ic quantum etfects do not appear to be evident

~7 N\ WAILIwng




— el i o i

B o e N e g i T 2 s e et I g

Dedo/?erencg

: C , N
Environment
..':3 /"\ -
Q Sgstem B
Wocxej Zurek, LANL
\ Y

tho| ) = E|¢>
Owp = L(p)

Environment:=what is not ‘sgstem’

Ecl. di Schroeclinger:

Nno environment

Master Equation:

environment is there




- ol i e =

R

-

o E ——— R g

Dedo/’]efehde

s , N
Environment
/'_\ -
Sgstem »
)y | Jrons ¢
WOC/%' Zurek, LANL
. y,

Environment:=what is not sgstem

Quantum-to-classica egects at a macro scale’?
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Quantum eHects

-9

“Com Plexit9

[s 1t Possible to observe quantum

TR —— e
— el T e

e e — e



—— —
P -.‘_\__;'._‘_m:l‘_.—'ﬁ_—r--.ﬂ_—,-ﬂ?"—\...—-_ —_— —

N e,

No.




| Lese Fiad !

and a rurror, vibrat '/7g

OSSN

LPN-CNRS 10.0kV 5.2mm x10.0k SE{U) 8117200




- o - e —— . o gy
i

ey —— ey o i

e, e e i e il b it i i sl i

i
b s pmm I ——e

Leex Fiad!

and a rurror, \//Arai/ng

| evitated nanosl:)heres

s T . B
L]






3
L s B
RN N S ST
. L &\ T Q I
o ~
E 5 NS
B G
Q O — [ N N
B e 2
Y Y
N/ N ...-B2pnm
R &
¥ __ N_*"
Q XS
\
s -

-400 -200 0 200 400
Relative frequency (o — w.)/2n (Hz)

-600

Quantumlg
E = hw(n+1/2)

o




mirror |



QUANTUM TECHNOLOGY at QUEEN S

Schroea//nser




o e -

-
———

-
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Quantum Effects
in Biology
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f Another revolcdion

The third cluantum revolution:

allis quantuml
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| Lead selenide

absorb the sun's energy and
.J transfer hot electrons to the
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Molecular motors

‘Quantum-dot’
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