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ﬁ Example: intensity-sensitive ATR sensing
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Quantum sensing (quantum metrology) ﬂ(IT

ﬂ Original idea: Gravitational wave detector \ ﬁ The use of classical laser (coherent state of Iightﬁ

Poisson distribution

oy = ety 2 HH
A mﬂ Hﬂm

7\ 7 / light storage arm
test mass [ -y test mass

test mass
- LIGO
- Virgo splitter photodetector
- LISA

- DECIGO
- etc..

oL 91 -
— ~ 10 strain induced by C. Caves, PRL 45, 75, (1980)

KL neutron star binary C. Caves, PRD 23, 1693 (1981)

® The use of quantum state of light \ | | ﬂ-hAa:

Classical State Cohrent State K shot-noise limitey
o]

> d=Rap=Mn=ln

V2%
Ao S

/% R=lal= 4 v beats the shot-noise limit

Squeezed State

K J. P. Dowling, Contemporary physics, 49, 125 (2008)j
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Experiment | on quantum plasmonic sensing ﬂ(IT

ﬁ Experimental setup \ fl Classical source ® Quantum source \
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How do quantum and plasmonic
sensing work together?
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Phase-sensitive nanowire sensing
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Two-mode interferometric nhanowire sensing ﬂ(IT
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Transducer m Classical reference (shot-noise limited)
i ;)i ii B 9
-~ & @) = oo T o Im)
dielectric plasmonic plasmonic ® Quantum example (Heisenberg limited)
nanowire nanowire wedge

i) = (INOY12 + [ON)12) /V2
A =10, N) (N, 0| + |N,0) (0, N|

® Monitored output: expectation values
dielectric (Q) dielectric (C) <M> = MOCOS(¢(nbiO))

‘/ / @ — Agcos(N¢(nio))

<Q MWMM
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plasmonic (Q)
C. Lee et. al., ACS Photonics, 3, 992 (2016)
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Two-mode interferometric nhanowire sensing S(IT

® Monitored output: expectation values
dielectric (C) <M> = MOCOS(¢(nbio))
) = Apcos(N ¢(nwio))
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C. Lee et. al., ACS Photonics, 3, 992 (2016)

15 Institute of Theoretical Solid State Physics



AT

Roles of ‘quantum’ and ‘plasmonic’ sensing

® Plasmonic sensing
: how sensitively the transducer can induce the

change in optical phase when an environment

is altered.
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® Quantum sensing . S i ~--.. R

: how sensitively the source and measurement
can identify the change of optical phase when
it occurs.

C. Lee et. al., ACS Photonics, 3, 992 (2016)
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Roles of ‘quantum’ and ‘plasmonic’ sensing

can identify the change of optical phase when change in optical phase when an environment

® Quantum sensing m Plasmonic sensing
: how sensitively the source and measurement : how sensitively the transducer can induce the
it occurs. is altered.
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C. Lee et. al., ACS Photonics, 3, 992 (2016)
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Roles of ‘quantum’ and ‘plasmonic’ sensing A‘(IT

® Quantum sensing m Plasmonic sensing
: how sensitively the source and measurement : how sensitively the transducer can induce the
can identify the change of optical phase when change in optical phase when an environment

it occurs. is altered.
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C. Lee et. al., ACS Photonics, 3, 992 (2016)
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® Quantum example (Heisenberg limited)

[Wm) = (|NO)12 + [ON)12) /\/5]

m General N-photon state

N

|win> - Z Cn|n7N - TL>

n=0

® Minimum resolution via Cramer-Rao bound

S = 06 ‘

anblo

¢ = F,'?

U. Dorner, et al., PRL, 102, 040403 (2009)

C. Lee et. al., ACS Photonics, 3, 992 (2016)
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® Quantum example (Heisenberg limited)

[Wir& = (|NO)12 + [ON)12) /\/5]

5 = F;/?

U. Dorner, et al., PRL, 102, 040403 (2009)

C. Lee et. al., ACS Photonics, 3, 992 (2016)
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Single-mode intensity-sensitive ATR sensing A\‘(IT

®m Intensity-sensitive ATR sensing

' Kretschmann
Zy ATR setup

m For a given incident angle « The average photon number of initial

probe beam, as an example,
énanalyte
100 T e Signal = [rspp|* N
3 80 7 ~~ '-t ASignal ASignal = 4/ |repp 2N
© 60 TP EEERRRPERE: oy, « L8 00) SO EECRE e M
S 40 3 R LR R :
=" 4qU SR foedt e iaround . .
n 20; L U inflection points ® Parameter estimation
; | RU 2 SO : ASignal
O B OMamalyte = T 7
1.22 1.24 1.26 1.28 1.3 ’ OManalyte
nanalyte
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TWO-mOde IntenSIty-senSItlve ATR senSIng Karlsruhe Institute of Technology
- Tyvo-mogle S PR sensing with C Example states: twin modes Ny = Ny \
differential intensity measurement _ : :
* Classical state |oz> |a> ;‘ AN, = AN, :
mode b * Two-mode squeezed vacuum state (SPDC)
> 1 (0.] .
. __1\n ing n
Sensing ['TMSV) = cosh(r) ;( 1)"e"? tanh" (r)|n, n)
mode a @
! Twin photons 114 ) [ 1p) j

Preparation Measurement

C Measurement: intensity difference \
M =0bb—ata

* two-mode correlation can be used.

! the excess noise can be eliminated. J

| Kretschmann
Zy ATR setup
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0.10.
0.05

1g

= 050,

8:08

0.01L,

- Same signal to- =
; the single mode |

...........

C Example states: twin modes
* Classical state |oz>|04>

...................

* Two-mode squeezed vacuum state (SPDC)

1 .
— __1\n ing h"
|ITMSV) cosh(r) ngzo( 1)"e™? tanh" (r)|n, n)

! Twin photons |n,)|ny)

~

C Measurement: intensity difference
M =bTb—afa
* two-mode correlation can be used.

! the excess noise can be eliminated.

_/

Average input power Nge=Np =1
No channel losses at both modes 7, = np = 1
Refractive index of sample Nanalyte = 1.267
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Twin- photon state

SNR

1+ |7"spp|2
Rsnr = SNR.

\/(1 - |Tspp|2)zQM + 20]|rspp|? + (1 = |repp|?)

e
e

< (aNg)
Mandel Q-factor Qn = oA -1
<A(Na - Nb)2>
Degree of correlation o = <N > - <N > -
a b

Coherent
state
2
TN >0 0 Bl
(1- |7"spp|2)2QM (L= |7"spp’2)

Twin-photon [RE 0 1+ [rspp®
state (1= |7spp|)Irspp?
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Two-mode intensity-sensitive ATR sensing

® Two-mode squeezed state (SPDC) ® Twin photons
1 - n_in n
I'TMSV) = cosh(r) 7;}(—1) e tanh" (r)|n, n) 1) |120)

m Effect of increasing the input photon number

T 7~ Increasing T ]
12, input power 20 : : Independent of |
0l input power
s 4 £ 50
(2]
T o5 < 2l
01 -
58 59 60 61 62
ein
e .~ p  Increasingloss |
A0F .
£ 5
i |
58 59 60 61 62

ein
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Estimation of the refractive index ﬂ(IT

Ny =Np =1

m for a given incident angle #;;, = 60
Na =M =1
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i K Noise-reduction by\
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