GLOphotonics

o900 he Hollow-Core PCF & Photonic MicroCell™ company

1)

Navigating the Quantum
World with Magnetic Fields

Devang Naik, Lead scientist, BTU QuTech ~

GLOphotonics CONFIDENTIAL

llllll



®@%  ®»®»®® The company

@ A French start-up based in Limoges. Incubation in Bath 4_200_8).
Transfer to and re-incubaticn in Limoges (July 2011). Trading
activitiesin 2013

2t ~20 employees. 80% in R&D, 12 PhD+
I 150 m? clean room (ISO-07)
2 drawing fiber towers
vStratetic partenership with XLIM / GPPMM

(%\) Development & supply of photonic comeonents, modules and/or
\ ¥/ systems based on a proprietary Technology*.
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Recent advances are revealing the bio-magnetic nature of

the human body
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However the signals are buried deep within noise ...

MT/NHz -

nT/NHz Magnetoelectric

Fluxgate & Giant
Magnetoimpedance
Optically Pumped
Magnetometer
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However the 1) Use Quantum Spins

4 2) need to be cooled to -269 C
_ 3) need constant recalibration
i 4) not very portable
% c] T —
E nTAHz +
% pTHHz 4 |
s
fTINHz 4

L 1
DC 0.01
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No net

magnetization
(M=0) Net Magnetization
Preparing Quantum Spins
Spin B \(S‘B
Orientation

Atom

/_LT'

Reradiated
Light
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Aligned angular
momentum but
no precession

—

Energy input
Displacgm:t of M

Precession of M
at Larmor
frequency



Bl z: 2. B changes by AB:

Additional
transverse field | Z Z

H = total
field at the

cenfer of
the sensor

micrenetic field

Signal:
Cheange of the scalar
valie of the total

s daoloontic Convert Magnetic Field to Frequencies,
. Folation period

Y o which can be measured with
metrological precision

tB Faraday Rotation ‘ ,
e W "Never measure anything but frequency!”

l\\‘__,/ Arthur Schawlow
il i . (co-inventor of laser with Townes, winner of Nobel Prize in 1981)
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Additional
travsverse field

1) Using Quantum Spin allows fT/+/(Hz)

sensitivity e .
S .
. E However
fieldatthe \ = o 2) frequencies < 10 kHz

cenfer of

Cheange of the scalar
the sensor

valie of the total
magnetic field during

3) limited by fundamental quantum noise
4) limited by spatial sensitivity o

tB Faraday Rotation ‘ ,
e W "Never measure anything but frequency!”

l\\‘__,/ Arthur Schawlow
il i . (co-inventor of laser with Townes, winner of Nobel Prize in 1981)
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Bl z: 2. B changes by AB:

Proof -of -Principle: Measuring B field of
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Bl z: 2. B changes by AB:
Additional A P rOOf‘Of'Pf'iﬂCiPIC: Measur‘ing B field of
neurons with entangled atoms

travsverse field

- Spin Squeezing
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The Importance of Atom-Light Interactions

Preparing Quantum
osr{;‘::tamn E Every Step in the process requires

Ato high atom-light interactions:
Lgser g g
e 1) Preparing Quantum Spins
R‘E’iZﬁi‘“e" 2) Measuring Quantum Spins
T — ———— 3) Beyond Quantum Limit
Measuring Quantum }?r, \
~
A1 A7) \‘E\ . E .
P N e
. /l’(?x/;/ -
B\_\,;..g;é_w | |
NV Spin Squeezing
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The Importance of Atom-Light Cavity Enhancement:
Pr-epar-i‘ | ° fClCTOf'S Of IO0,000

| - complex locking
Laser %g
Light i‘
%/vv Re
L

- stability issues
T Quantume Spins
— 0
K
Measuring G

Probe Quantum Spins

antum Limit

\@. Photodetectors —7 F
,J}Eji Spin Squeezing
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By confining light + atoms on length scales over kms, we can arrive at

Orders of Magnitude Larger Optical Depth in a compact, simple platform

- volume reduced from m3 to 100s um3 lll
- no cavity enhancement needed
GkQPthO”ICS CONFIDENTIAL




GLO is well positioned for Quantum 2.0

Revolution
The Commercial Quantum Sensors utilizing

Entanglement/Squeezing !l

Paving the way for Cold-Atom-Core PCF

- CRYST

RSTE ropean Usdon's Ho 2C2
IC'H CPCF undn.:r G

ralion progra
gcc~\ tJ 034531

GLO GRANT BUDGET 344K€

3
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“w ¢
Nulli-mode handling

Or‘der‘s Of MagniTUde L Functionalized ‘y “ %\
- volume reduced f Solid optical fibre | \‘y N

\ -
Spatially-structured e | Generalion of

- no cavity enhance¢"'ihien olinkoms non.classical light G0

provides fibers

G LOPhOtOﬂICS Market study of Rb-PMC

Industry evaluation of Rk-PMC
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Conductivity

B...(@w) = {Qouglwey(e,—1) —ioc] + P(j1,— 1)} By ()
permitivity permeability
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By taking our lab level technology
and implementing in all-fibered PMC
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— Conductivity 90 degrees out of phase
conductivity  — allows measurement via homodyne !l

B, (o) = {Qupglwey(e,—1) P(,~ 1)} By (@)
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Current Medical Diagnostic Technology

frequency [Hz]

) Blood
[ ] Gray Matter
[ ) White Matter

e such as MRI measure only water:
[ ] Muscle ° °
0 We aim to offer tissue

O Lung (deflated)
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1) Cardiac Fibrillation Prediction Il
2) Pre-Natal HeartBeats !l
3) Personal ID via 'HeartPrints’ Il
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HOLLOW CORE PHOTONICS

CRYSTAL FIBER & PHOTONIC MICROCELL™ MerCi Bea ucou p

BEAM DELIVERY Thank You L
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PULSE COMPRESSION -

FREQUENCY
CONVERSION 8 LASERS
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@ Quantum tech

% LOW LATENCY DATACOM

iy
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TECHNOLOGY SOLUTIONS

e

*

Quantum photan sources & memories
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Product family and product development
BTU-QuTech

\V’ Quantum tech

Magnometery & brain imaging solutions
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= Quantum pf;-ntc;n sources & memories
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m Quantum tech

Spectral hoke buming
'1vmnry

-
L/J

Twinlas

Photon par
SUree

GLOphotonics

Product family and product development

Examples of Qtech activities

Quantum sources

1) Spans both the telecommunication and qguantum memory band!
2) Modular, ‘plug n play’ design for networked quantum communication

Trapped atom memory

Photon detector 1

1560 AM

Photon par
IR
Photon detector 2

Opens the door for truly global Quantum Internet of Things
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GLO

photonics

e Hollow-Core P( Photonic MicroCell™ company

Merci
Thank you
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Three different dispersions

regimes of conductivity:

1) Alpha dispersions (Hz-kHz) are
associated with ionic diffusion
processes at the cellular
membrane level.

2) Beta dispersions (kHz-MHz) is
caused by the polarization of cell
membranes which acts as a
barrier to ion flow and protein
polarization.

3) Gamma dispersions (6Hz) are
associated with water polarization

B...(@w) = {Qouglwey(e,—1) —ioc] + P(j1,— 1)} By ()
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Intro Spin Squeezing
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Measurement along one direction randomly disturbs orthogonal states

.~ } Aeisenberg Uncertainty
Tt e B h
AxAp > e

leads to an intrinsic uncertainty
in the instantaneous spin

5Jx5Jy > JZ/ 2
as well as in time

[/, (D),J(t +7)] = i/ sin(wT)

micrerntetic field

.
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leading to random,

------

uncontrollable spin noise

bz

tic field

rrerre e

J (1), J(t + 7)] = i/ sin(w7)

;




Creates large circle of uncertainty —p Heisenberg Uncertainty Principle
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Stroboscopic measurements at twice the frequency leads to disturbance only
in one direction, allowing beyond Standard Quantum Limit Precision
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Product family and product development

Examples of Qtech activities

Quantum sensors

L3 c;@°

| (1) é
=
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* 10_5 1()6 107 108 1()910101()11 10121013
absolute accuracy magnetic field (T)
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Classically Non-Describable Two Valuedness
(& 1
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Classically Non-Describable Two Valuedness
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Classically Non-Describable Two Valuedness

o)

@
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Classically Non-Describable Two Valuedness
(& 1
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Classically Non-Describable Two Valuedness

ey ¥

(Anomalous Zeeman Effect) In order to
explain the order of magnitude the electrons
would have to be spinning faster then speed of
light!ll
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Classically Non-Describable Two Valuedness

1) Entirely Quantum Mechanical Property like mass
(nothing spins) - responsible for structure of all matter

2) however it behaves like angular momentum

3) Gives a charged particle a huge magnetic fieldl!l
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They have been used to probe:

1) Heart
2) Brain
3) with potential for lung,

,a muscles, cerebrospinal fluid,

etc
" 4) ex: SQUIDS, SERF, Proton
Magnetometers

However they are limited by
fundamental quantum noiselll

CONFIDENTIAL
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Exists Relativistically

4
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Requires 3+1 Dimensions

uniform)

F=gE+qxB 4B
Eleciny :gm'dc -

.....

U
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Exists Relativistically




Requir'es 3+1 Dimensions Exists Relativistically
F qE + qv X B B (uniform)

Wczgz elic

1) Entirely Quantum
Mechanical Property

2) behaves relativistically

3) imparts Huge Magnetic
Fieldlll

llllll




Increasing Atom-Light Interactions Key Enabling Technology

Inpur plane

(2)

Need to Enhance Optical Depthlll
- limited by finite overlap between atoms and laser

G LOPhO.tO ni CS CONFIDENTIAL
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Increasing Atom-Light Interactions Key Enabling Technology

WP2 P_" e o - WPL
e S Multi-Pass Geometry
Pulse BA L\ INAT T 5000 o imol +
A s Y A r - simple geometr
T — :‘::-’i;‘ .._.._.. p g Y

- limited enhancement

Probe

<t Cavity Enhancement:
i - factors of 100,000
? - complex locking

K

L

Photodetectors —7
GLOphO‘tOHIC_S CONFIDENTIAL
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Many cutting-edge quantum technologies offer a glimpse
info the world of gravity

GLOphotonics



Many cutting-edge quantum technologies offer a glimpse
info the world of gravity
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However having the ability to see Magnetic
Fields can uncover unheard of beauty

GLOPhOtOﬂiC_S CONFIDENTIAL
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From the Earth's magnetic field revealing
plate techtonics to the Sun's magnetic field
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To the Heart of a Black Hole

Black Hole
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and the Universe Itself
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MULTISECTORIAL e#+sseaApplications
PRODUCT MIX

GLOphotonlcs HC>CF and PMC technology Is equally & platform end
key-enabling techne ogy.

A rezture, retlacted in GLO phntonics products, sardce and arlering
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The Importance of Atom-Light Interactions

Electric Field
“‘”"\\ / Every Step in the process requires
// high atom-light interactions:
@@ 1) Preparing Quantum Spins
2) Measuring Quantum Spins
// \\ 3) Beyond Quantum Limit

Magnetic Field of Light can interact with Quantum Spin of Particle

Magnetic |_ Dire

=3 allowing a knob to control and measure quantum spin
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B z:
Additional B
transverse field 1 Z
B
H — total ,;’ “
field at the =
center of No net Aligned angular Precession of M
the sensor magnatization momentum but Energy input at Larmor
Net Magnetization  no precession Displacement of M frequency
y Convert Magnetic Field to Frequencies, which can be
measured with metrological precision
tB Faraday Rotation
B i Never measure anything but frequency!
e Arthur Schawlow

T .

(co-inventor of laser with Townes, winner of Nobel Prize in 1981)
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