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H; = hgov/Neay(a + aT)(b + bT)

Hiy x a'b+a'd + c.c.

Braginsky first interested in
instabilities (blue-detuned reqgime)!
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Optomechanics: introduction
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Basic principles and improving mechanical Q

PSD
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Jocle Horris: membrane-in-the-middle, separate objects, higher Qs

ngs ~ rﬁ/min

quah%um

- high-finesse cavity
- high-Q oscillator
- cryogenic environment
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Basic principles and improving mechanical Q

PSD

T T T T T T RNORNOT L T T

ngs ~ ﬁmin

0y i/

quantum
cooperativity
1
@”J’m three generations:
- high-finesse cavity 1. dissipation dilution
2. phononic bandgap

- high-Q oscillator

: . 3. soft clamping
- cryogenic environment
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Improving mechanical Q

e soft-clamped membranes

Y. Tsaturyan et al., Nature Nanotechnol. 12, 776-783 (2017)

Om/(27) =1.3MHz  Q,, = 1.4 x 10® at RT
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Soft-clamped membranes

T mm

Qﬁmctory
14D 1Q 1D 1.20 12D 1.30

https://gfactory.dk/ Frequency (MHz)
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Soft-clamped membranes

The Single-Mode Lotus The Low-Mass Dandelion
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Quantum optomechanics at room temperature

e soft-clamped membranes

Y. Tsaturyan et al., Nature Nanotechnol. 12, 776-783 (2017)
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Quantum optomechanics at room temperature

e soft-clamped membranes

Y. Tsaturyan et al., Nature Nanotechnol. 12, 776-783 (2017)
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Quantum optomechanics at room temperature

* two strategies:
* reduce mirror size: fiber mirrors
* create a bandgap: “exoskeleton” mirror
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Y. Tsaturyan, PhD thesis, University of Copenhagen (2019)
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Quantum optomechanics at room temperature

Exoskeleton mirror

Al spacer
Membrane

Fiber on piezo
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|

Qn/(27) = 1.3 MHz k/(2m) = 340 MHz
i p L =97pm go/(2m) = 2.3kHz
Hmin = 0 F = 4850
ne = 0.895

Advances in Optomechanics | 3rd General Meeting COST Action “Cosmic WISPers”, Sofia, Bulgaria, 11/09/2025



Quantum optomechanics at room temperature

e apparent displacement:
Open Loop Dynamics

Yy=4x + Limp Timp
* measurement efficiency: Fu Ftot

['meas o Tldet

N = =
Fth + Fopt 1+ 1/ Cq Fiot > hfb(ﬂ) ximp(ﬂ) Ffy Controller
. ideal filter: 2
dea e arg(hfb(Qm)) ~ —7T/2 < hp [

_ 1 \f .
Nest ~ 3 o
t 9 n

A = 0, readout, locking A = 1542nm

A = —80 MHz, feedback, cooling

S. Saarinen, N. Kralj et al., Optica 10 (3), 364-372 (2023)
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Quantum optomechanics at room temperature
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Quantum optomechanics at room temperature

Article
Real-time optimal quantum control of STAT
mechanical motion atroomtemperature N
OPTOMECHANICS
_ Approaching the motional ground state g
. FR 2 of a 10-kg object o | testinases
A f, I I
P ——N— . C. Whittle et al., Science, Vol. 372, o —
- LY | ) Issue 6548, pp. 1333-1336 (2021) i I
e ol |
L. Magrini et al., Nature 595, 373-377 (2021) e 10 Squeezed Lr T+, l@

Cooling of a levitated nanoparticle to the motional

quantum ground state Feedback Cooling of a Room Temperature Mechanical Oscillator
| close to its Motional Ground State

Microscope
Objective

J. Guo, R. Norte and S. Grdblacher,
Phys. Rev. Lett. 123, 223602 (2019)

L4 on, ’n,f ~ 2 7
,)/CS{/.(J
C, [‘0,
e

Meff — 73.6 Pg
@1550 nm

U. Deli¢ et al., Science, Vol. 367, Issue 6480, pp. 892-895 (2020)
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Quantum optomechanics at room temperature

Room-temperature quantum optomechanics using an
ultralow noise cavity
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OMIT-based mechanical memory for single photons

ideal memory:
- high efficiency

- |n 1 1’ m> - long coherence time
S - telecom operation

4 — 5 - on-demand readout
g Q(:aw

=

B 0 1Om |, m + 1)

10-1
330 340 350 360 330 340 350 360

w/27r [kHZ] w/27r [kHz]
nr(w)+wdng/dw
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OMIT-based mechanical memory for single photons

transmission

Advances in Optomechanics

ideal memory:

- high efficiency

- long coherence time
- telecom operation

- on-demand readout

Wallucks et al. (Groblacher group)

J\ w,+ 2
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Memory: tests with short pulses

n 5 Feﬁ‘ — 1/(2T1) T1 — 23 1ms
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M. Bjeregaard Kristensen, N. Kralj et al., Phys. Rev. Lett. 132, 100802 (2024). eff
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Memory: current project with SPDC
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Einstein Telescope: CQNC proposal

positive mass oscillator effective negative mass oscillator

ancilla cavity
. meter cavity
input coupler waveplate

=

based on idea by M. Tsang and C.M. Caves, Phys. Rev. Lett. 105, 123601 (2010).

optomechanical cavity

micro-mechanical
oscillator
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