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Quantum Sciences
The First Revolution

1. 1900s Planck Blackbody Law 1920s Quantu
2. Mechanics Completed 1920s Relativistic
Quantum Mechanics

3. 1920s Dirac Quantizes EM Field =~

4. 1930s Blochs Theory of Solid State.

5. 1940s Quantum Electrodynamics
6. 1950s Nuclear Magnetic Resonance 1950s
7. Masers and Atomic Clocks 1950s Theory o.q

Superconductivity .

8. 1960s Invention of the Laser 1980s Laser

9. Cooling of Atoms and lons 1990s

Bose-Einstein Condensates




Quantum Technology
The Second Revolution

1.Harnessing Entanglement and Coherent Quantum Systems.

2.1970s Optical Tests of Bells Inequalities.

3. 1980s Quantum Cryptography (QKD) Invented.

4. 1980s Quantum Computing Invented.

5. 1994 QKD Demonstrated over 10km Fiber.

6. 1994 Factoring Algorithm Discovered.

7.1994 Ekerts Talk on Factoring Algorithm at ICAP. Quantum

8. 1995 DoD Funding for quantum computing Comes Online. smass _OQEom..mﬁ:

9. 1996 Quantum Error no_.qmnw_oz quantum no_.:nc::m . In Space
Scalable! :

10. 1997 XOR in lon Traps and Cavity QED.

11. 1998 Kane Scheme for QC in Semiconductors.

12. 1999 Nakamura Observes Rabi Oscillations in mo,c_cm.

13. 2000 moc?mo_a m:”mzm_mam:ﬁ inlon .

14. d.m_umwog Scalable Linear Optical O,:m:EB noaucﬂ_:m

15. 2002 Clark no_‘_m:cnﬁm Four-Qubit Kane Prototype _<_0n_6_u

16. 2003 Nakamura Entangles a SQUID Pair .
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Applications

Quantum computers

To be able to solve, in a few minutes, problems that are

unsolvable by
the supercomputers of today and tomorrow.

design of:

O Chemical processes
O New materials

Q Higher temperature superconductors
Q Machine learning and _
Q Artificial intelligence.
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Atomic quantum clocks

Can be synchronised with GPS to provide very high levels of
timing stability and traceability, even in hostile
environments where GPS is unavailable ordenied.

These timing solutions can be useful within :
Q Future smart networks,

Q Synchronization of energy grids,

O Telecoms,

O Broadcasting,

QO Energy and security.




Quantum sensors

That exploit quantum superposition andlor entanglement
to achieve a higher sensitivity and resolution

To measure:

Voids under the ground and to detect mineral deposits
Legacy infrastructure.

Non-invasive point-of-care diagnosis.

brain imaging and particle detection

biosensors to magnetic resonance

imaging and the detection of defects in metals

D0 O Q00

measure acceleration and rotation very precisely (QPS)




Quantum imaging

An image has been obtained without ever detecting the light
that was used to illuminate the imaged object, while the light
revealing the image never touches the imaged object.




Quantum simulators

can be constructed for the special purpose of simulating materials

or chemical reactions. Simulation allows new processes or properties
to be explored before the material exists, as a tool to design new
materials that are needed in multiple sectors, such as energy or
transport.




QUANTUM RADAR

Remote-sensing method based on quantum entanglement

Quantum radar has the potential to:
o Enhance the performance of radar systems
high sensitivity and high resolution

Entangled
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Photong-35 ™, *

ws| g




g wnjuend ayL

uielJ



Bird navigation

European robin

A o

0.40
b
£
T o 3
W. 1_uq. =]
g T
.
@

L= 100 s

il T ——

o =8 24 328 =2
Angle 8

025 —




09l sT (S s 39Ud 35 3o (531N oy (w3 SN 41yl 3 adgl Olailiae
ogilgs s 559L8 0392 39 le> Cardg (ow ) ¥

. i Quantum Technology Roadmap Report L % OECD Science, Technology
D uantumMani mmmﬁo Consolidated from Workshops in London and Glasgow \\ and Innovation Qutiook 2016

 ANewtrs of Technology

Quantum Europe 2016:
A New Eraof Technology

S : ﬁr.m tum
\WORKSHOP OK MM mmn_..w\ in Europe

QuanTuM TECHNOLOGIES AND INDUSTRY L e S as. &W
Gy MIU;P-I U.N..Pz HUAWEL

S aEROSPA

58 0 ORI S B2 128 Bt Fh y e 4 U2 8 s i 4 it 23]
! technologies in the UK _ (in el? & BOSCH

imec Alcatel-Lucent &




Why should biologists be
interested in quantum?

Quantum mechanics plays a
critical role in much of biology!

« Retinal, responsible for vision
— Ultrafast vision receptor

« Light harvesting complexes in photosynthesis
— Ultraefficient collection & conversion of light

« Green Fluorescent Protein
— Highly efficient marker




Why should physicists be
interested in biology?

They’re all highly efficient, highly
refined, self assembling
quantum nanoscale devices.

« Retinal, responsible for vision
— Ultrafast vision receptor

- Light harvesting complexes in photosynthesis
— Ultraefficient collection & conversion of light

« Green Fluorescent Protein
— Highly efficient marker

g



(YYR7 59 500) olojlu 39 (0gilgs sbds 19Ld (o ulod ol (5 15 5

wla fles gl
pagtleSgnalis

16




Bl TR

Ot e gl b (59O F g0 el
Sllas g 4ilygld 63,59, b Jol 3157 ool Siddg iy wiaav
L ojgy SS9 OV_M 9 b G_b 058y r&.rtﬁb\

PBles] colupj slwl g Olpaaa w1 5V

3L 590 sLas 5 BEGule3T s SlmlV

pole @ yl3g g Sob b MBI Il g)g Juud 3| (SwdVL a2lyo b (Gily 9 42092 pwass v

i L] Sy S 50 Joke Gl & Jluyl g (09519T (5L (559l Arugi (o S (mgd St (g coly AL aY

S LdSds (512 (S ypte0r sl ol Ciiglan SaS b bl g pg2 oy SV
Slanrgn 3 BolELEIS b 5,100 Cupar (2970210 b 0931 i y25 9 (§5lpmads Y

3 50 Slanl gliwl ) 53 Lasliphly § bz b 5l cales?’

{7/



S31390 05 961 91w Sl ol ) Cugii g Slaus!

(ke ol o) yio¥ e+ + 5150 d Uih yanarss
Ziyo yo Br e 5130 & a0 2Bl (SiSu

3 3,90 gols Lol (2 lwlid
soiles Syl siulozl .1

so9iles Olbly )l g Ol ple mt 2
sogidlsS 5l S oy lo3l 3
(5095185 olidicams j slRa o3l 4
Sig S ol oyl D

45 piuy Sigi g8 ol ol .6
bl il ol o317

999,50k 5 gl sl olKiulejl 8
ogiileS Slulxo 9 (HibI) S 9
290 9 95 g o8l lajl 10

1

—
LY
\\.

\¢ *
DX X4

*
0‘0



Ol og9lss S 519L8 5 0 o o

ﬁ B BElE e

https ”\\EEE.,BH.:\

ICOTs

sPlT (s (538U8 Wi

Iranian Center for Quantum Technologies

- A




wlpst 23ad Ogid g pode

Sl 239 09 3 Pole o 350 59 PIRAe3T B LAyl E95%

Olyly 3 o989 pslesto s

iranian National CenterforLaserScienceand T echnology




ol 3 09l gS Slr s 9lid 35 wo 49 ou iy yai slre g

09015 8 ,lgnle (sgm &1 2313l (SLAS 45 sogilsS ()55,
b iy 33 (09519 (55539,

ogiileS ladl 1l

RIS b daaduiio g (098195 (§,12 52 p1 9005

o1 (G3wd g 2 (e 3lailiwl oodl sl

o1 (G5 g 2 (a0 (095155 (S 19U

290 gt )3 1SS (Sigieh Gedome Oyl
095155 (&5509 550 (S (pigy S 4 by o Uwlid g sl

055195 S (g ) SoS & Mawigh (sbag b (&1 b



0 0iilsS slas gl 039> 39 o plonit GaIRALo ;T 41 (ol 3 Sleigy
155 odwiion 10 S H9igd Wiy

29 3 g0




(o gg¥ S 9ld 0355 38 o il alSiglo;T oy

bl 23 Uik 9 pole

22 lislo)T 45 oudgl

(1FRY) 538 59 5 pole o 35 30 39 00w (Sbtl oy S b (id ikaiion )3 Sy gig9 S W

o (sle b pae wda iy Trd a5 ; : : -

TN | SPCM |

wbrn..ob o jlads 1
L 2 4

Le S5 Grv;.,_.lhﬁ.h.,_
coealad sasits

L BBO yab e




s0giilsS Sl ygld 0395 30 0w plouil (AIRiylo 3T o9

N7

11T gUad (o gilss 5,00y

VA (S sb oomindlad) o ok S5 39 YU 5 9 550 b oidsd outsiod 33 Sl g9 ol

M1 Isolator

t LD 405nm

-

___ @
g E
= :
g - :

P—— i %
..,\‘
5 M2
DM pens

SAGNAC

\ Entangled Photons Source
M4




~oed olRialo 3T Jo19 o ¥ alolé s 36

 yafdeb v
4Gy gl Y rplgads g5 7
QBER= Wq.ux-oe 2 3 N¥ 1o 2900 2 gy Cot gl £5 ¥




Google Bearth 593 i 5 YTA dold

4l oo 1Y Sl A 2 5

o 8 B ol 1Y 3900 5 5 2300 lo

do oS5 peb 59 T00KcpentislisF damst

sl P JTY Sl 3l pola?

ol Culign

S ag 4 31 53 3 T o agled 1.0 dholl gy 4

LAAAA A







&

Y
Y )

=

-

ety

ey

»

oS 1,58 990 Cdluo 4 8o £ 550l o 3155 3 oogdleS 523U ¥ 0 il Gwile s 0




ook 1,50 3500 Coluo 4 9Mao 7 33 S oY o+ 315 3 0s01eS (55L3 ¥ yo leidly cowbosT 36

PRt e e 3 5 My [ D ity o s S S e h 8 ' it 5 T oy e
1o Olasio

ouiiad SBBMO2 : asilsS ol iy JSSgy @

ilie 53GNAC w315 51 PPKTP Jowy € i0sbpn 3 slapish 3y e @

Fogb AV e st g ol entan s Slasyiph > gge S ®

35) 3o z 9 (ot 555! ol =gty Slasyskd 555a) ot ol oSl oo e VPR: il @
(spe¥e-

by cm il ey

¥Vl Jib @

T AKS AN € mmarm
———————

£
T aman < emer T G
Fedarga

(48 T (sln ol ) B de ¥ 1) ol ads e ®

e e 3 i oy [ g g i s i b & e e 3 ' i S

s
a--w
~w _ rae
“Hoo m e
LR
et Sowcicn = e
coveprliencicoon 350t
sk fu -
By 2t et T
e co s
A aX e
]
,,,,, o
T
e awaer o
Tacs maimge
Gacryee



oS S5 39Ld 0392 53 o plonit (Ao T sWo g 5

23137 5Lad (o giileS 5,8 30,

33T slad oguileS (5 8 30 3 (il Dutuidod 13 (5lay9igd 4o 3 oOla v

Free-Space Entanglement -Based QKD over 1.6 km at Slant-height over 300m

=g ia

e e ey

ww:!.Eu. Ch . t =
When) = = (IHV;) — e'®|V,H,; )

\lll_

LD saSem |

<]
- 'w_.s..
-n .'cs.

-

38 ar



oolw o
o) @ (ogs
) 4 (ol
o5 s 559l (Sl aw
36 dw yow (541 ¥
>

A3



ICQTs

Ol giilyS gl 9 3 po

c..i...r..:..\.n\\h..u P
-_\ 5 .l "
\wcﬁrt\v(c\x\

540 (12935 Ol ;097315 518 (5 98 Sy Cuswlg sy bl 09TilgS 6l (55D g (olo s gl pale Cuamlus Slisian S0

Sl a2 33 Y apin gl s B sl @05 ek Cuslan Sl 1550 10 apile] (618 0 tmyl (o M
O3 & e i sl Shdinl iy and 4y JiSly Sy il 21y g O (g9 ) ol i g gt S (g 5 oS el o Sl e e gy S &
53 & O paael y ol w3300 721 10 pginh g0 1550 Aheg? (gl i 30 &40 D g e Sl g3 3 33 ot SR i gl 0 00 g S (B b 00 i B8
% i a4 a2 b egiel i (550 anag Cug (A G 318 Cuntne (3 gl 0 g0 130 12 B syl il 130l g Lol BB el (Jlaigs L e i o tinmed

A5 oo 8 off 3 gull g1 St A 3 0 (89, e S gl o Mt § 5 s e o IEAF (s g el 3 o Sl g S tsline 1By 0 50l

faand 1345 (70558 (gl y9lid o) 44 gl g wogad o 1 2llo
3 pg Glhwl anie oy aolisl el
b aid j) 2ue "odke i 4 (eatileS (glaig gl
oy oglee 2o WSk b g pdo
23 9 ol A G Ol e 5 smen
5 G 5 olidnd wegle wjy glde (gael
3> 5 S el culis Sl Spe u;
3 G Jlepe gd pglee qgviglal
3 s o g e oBlaghy uy ulne

A IS0 glejle o e J e

3 glejls plaial & & 093 ool 3 sl GBI &

e Sylend § glhase 3die JiSp ol ple e el g gl 098 5 egle sBidingly (g5
T 3 Fp figel gt J o5 0 35 9 Bidpe ale (glagpaan g ool daglejls I 5 p5l8 5 ele (giapaelip g
13 jpe sz b ol gl sis @ gl 10

3 5 womslsf Glaglh 6 3 el 3 (ale duale b 3 ilnSingd g adaalT Gaa b ggs ol
Sl gla)lf 5 e (oe3lss 0jud Bl (Sl Kb e g 3 Al 00 VY iy
ks ojg) B 893 ol Solis I (egleF (gl glé (Bpme g egilss

S (Sie g (sl oo dlaz | Sjud ualia poged 3w G 4 )OI L Ao STk
il gl 353 & 3l Jatite 355 4 ) pludl ) jain &F glaase oWl § Ladle ol 0 Bl 5

. S5 TR S -t a1 (A -t




oy 42 g3 31 i



