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Optomechanics

The Basic Model Of Optomechanical System

d
A = hww (R)ata ~ R [w +R “’] ata

W’ ﬂ'1nt = —hgo \ <ncav>5252

ﬂfu]] = FLA(XZ + Yz) + hwm(xz + pz) + ﬂjnt

Mechanics

* Macroscopic Quantum Mechanics
* Couples to everything (microwaves, optics)
* Large Q (~ 10°)
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Introduction Optomechanics

QND coupling in Optomechanics

Hen = RA(X? 4+ Y2) 4 hwn (X2 + p2) + hgXx

* Good cavity (k < wy,) Modulate the pump at mechanical frequency /
Create the two sidebands of the optomechanical cavity
* V. B. Braginsky et al., Science, 209, 547 (1980)
* A.A. Clerk et al., New J. Phys, 10, 095010 (2008)
* Bad cavity (k > w,) Very short pulses (M. Vanner et al., PNAS, 108,
16182)

Squeezing

(X,Y) — (SX,S7'Y)
H = hgXx — H = hgSXx.
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Introduction Quantum Nondemolition Interaction

QND Enhancement By Squeezing

N
Y N | v-px
QND, K

q /N | a+XxK
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Quantum Nondemolition Interaction

QND Enhancement By Squeezing
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Quantum Nondemolition Interaction

QND Enhancement By Squeezing

X SX SX X
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Y ly N\ 1y —pk Y — pKS
QND, K
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Quantum Nondemolition Interaction

QND Enhancement By Squeezing
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State Upload With QND Optomechanics

Interface Scheme [PRA,93,033813]

X X
Y N\ Y 1 qK
QND, K
q \ q
P p+ XK
After QND
q— q(0)

p — p(0) +KX ;
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The Main Part State Upload With QND Optomechanics

Interface Scheme [PRA,93,033813]

q(1—KK’ ) — YK’

X X HD
K’
Y N\ Y+qk LS N\
QND, K
q \ q C
P p+ XK p + XK
After Feedforward
q— q(0)(1 —KK" )—YK’
p = p(0) +KX
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The Main Part State Upload With QND Optomechanics

Interface Scheme [PRA,93,033813]

X SX X HD
S K’
Y 1y N\ yyqk LS I
QND, K
q \ q — (1~ KK'S) = YK’
P p + XKS p + XKS

After Optical Presqueezing and Feedforward
q — q(0)(1 —KK’S) — YK’
p — p(0) + KXS;
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The Main Part State Upload With QND Optomechanics

Interface Scheme [PRA,93,033813]

X SX X HD
S K’
Y 1y N\ yyqk LS I
QND, K
q \ q — (1~ KK'S) = YK’
P p + XKS p + XKS

After Optical Presqueezing and Feedforward

qf:G(qo\/l —T—ﬁY),

Pf:%(PO\/ﬁJr\FTX)»

1 2 /
= — = K" /KS.
=TT ° /KS
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The Main Part State Upload With QND Optomechanics

Interface Scheme [PRA,93,033813]

q(1 —KK’S) — YK’

X SX X HD
S K’
Y 1y N\ yyqk LS I
QND, K
q \ q N
P P+ XKS

After Optical Presqueezing and Feedforward

p + XKS

dr, pr

qr :c(qo\/l —T—ﬁY), do,Po T
1
pf:E(pO\/1—T+ﬁX), T
1
T=— —  o®=K'/KS.
1+ (KS)—2 © / X,Y
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State Upload With QND Optomechanics

The Main Part

Excess Noise
VN = v/var qo X var po,
T

qr =qoV1 —T—VTy,
Wi

pr=poVT—T +VTX.
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State Upload With QND Optomechanics

Optomechanical Implementation

11127077

* Resolved sideband w,, > «
* Long pulses kT > 1

QND coupling K = g,/2%
* Mechanical mode is precooled close to ground state
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_ State Upload With QND Optomechanics
Imperfections

Cavity Mode

* Adds vacuum noise
» Distorts the shape of the pulse



Imperfections

Cavity Mode

* Adds vacuum noise
» Distorts the shape of the pulse

_ R

Bath

* Distorts the shape of the pulse
* Adds thermal noise ~ Tynn
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State Upload With QND Optomechanics

State Upload (Full Solution)
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For parameters of [Meenehan et al., PRX:5, 041002 (2015)]
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Transfer of Negativity of [1)
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The Main Part State Upload With QND Optomechanics

State Upload (Solution Without Cavity Mode)
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QND Interface Between Distant Mechanical Modes

Desired outcome

qi qi1 + Kqz

P1 P1

q2 qz

P2 pszp1
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The Main Part

Principal Performance

QND Interface Between Distant Mechanical Modes

q1 q1 —XSK]

P1 \ / P1

QND, K;

X sx/\ X

Y Y +piK

wn|=
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Principal Performanc

QND Interface Between Distant Mechanical Modes

e
a1 q1 — XSKq
P1 \ / P
QND, K;
X sx |\ | sx SX + Kaq2
I 7
QND, K,
q2 \ 92
P2
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Principal Performanc

QND Interface Between Distant Mechanical Modes

e
q1 + K2K¢q2
q1 q1 — XSK; —SX(Ky —K¢)
4
P1 \ / P1 P1
QND, K4 HD
X SX / \ SX ~ a2
Y > 1 ~P1 Kf
& N/
QND, K;
q2 \ 92
P2 P2 —KiKapi + Y
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The Main Part QND Interface Between Distant Mechanical Modes

Possible Implementation

12772277, 127222777

* Resolved sideband
* Long pulses
* Mechanics is left precooled just before the corresponding interaction
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_ QND Interface Between Distant Mechanical Modes
Loss and noise
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Optimized
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-~ Concusion |
Conclusion

State Upload [ PRA:93, 033813 (2016), arXiv: 1511.08611 ]

S
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Thank You!
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