
Advances in Optomechanics
Nenad Kralj, Faculty of Physics, University of Rijeka 

 

3rd General Meeting, COST Action “Cosmic WISPers” (CA21106) 
11/09/2025



Optomechanics: introduction

N. Kralj   |                   Advances in Optomechanics              |               3rd General Meeting COST Action “Cosmic WISPers”,  Sofia, Bulgaria, 11/09/2025            |                 2



Optomechanics: introduction

N. Kralj   |                   Advances in Optomechanics              |               3rd General Meeting COST Action “Cosmic WISPers”,  Sofia, Bulgaria, 11/09/2025            |                 2



Optomechanics: introduction

N. Kralj   |                   Advances in Optomechanics              |               3rd General Meeting COST Action “Cosmic WISPers”,  Sofia, Bulgaria, 11/09/2025            |                 2



Optomechanics: introduction

N. Kralj   |                   Advances in Optomechanics              |               3rd General Meeting COST Action “Cosmic WISPers”,  Sofia, Bulgaria, 11/09/2025            |                 2

<latexit sha1_base64="mM79j747DflCz4yx08+2FB/GUQo="></latexit>

HI = ~g0
p
n̄cav(a+ a

†)(b+ b
†)

<latexit sha1_base64="irir+HFf91E6/O9IoMZxhSW8Agw="></latexit>

HI / a
†
b+ a

†
b
† + c.c.



Optomechanics: introduction

N. Kralj   |                   Advances in Optomechanics              |               3rd General Meeting COST Action “Cosmic WISPers”,  Sofia, Bulgaria, 11/09/2025            |                 2

Braginsky first interested in 
instabilities (blue-detuned regime)! 
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Optomechanics: introduction

membrane-in-the-middle (MIM)
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Basic principles and improving mechanical Q
<latexit sha1_base64="5g9c3wQ1Ipliz6hyUeJIfCgBgv4="></latexit>

�opt = A� �A+

quantum 
cooperativity

Jack Harris: membrane-in-the-middle, separate objects, higher Qs

- high-finesse cavity
- high-Q oscillator
- cryogenic environment

N. Kralj   |                   Advances in Optomechanics              |               3rd General Meeting COST Action “Cosmic WISPers”,  Sofia, Bulgaria, 11/09/2025            |                 4



Basic principles and improving mechanical Q
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�opt = A� �A+

quantum 
cooperativity

Jack Harris: membrane-in-the-middle, separate objects, higher Qs

- high-finesse cavity
- high-Q oscillator
- cryogenic environment

three generations: 
1. dissipation dilution
2. phononic bandgap
3. soft clamping
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M. Rossi et al., Nature 563, 53-58 (2018)

J. Chen et al., Nat. Commun. 11, 943 (2020)

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

• soft-clamped membranes

adapted from: D. Hälg et al., 
Phys. Rev. Applied 15 (2 2021), 
p. L021001

low-mass “Dandelion”
design by E. Langman

Improving mechanical Q
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Soft-clamped membranes
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Soft-clamped membranes
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Quantum optomechanics at room temperature
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J. Chen et al., Nat. Commun. 11, 943 (2020)
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• soft-clamped membranes

adapted from: D. Hälg et al., 
Phys. Rev. Applied 15 (2 2021), 
p. L021001

mirror noise!

low-mass “Dandelion”
design by E. Langman

Quantum optomechanics at room temperature
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Y. Tsaturyan, PhD thesis, University of Copenhagen (2019)

15 mm
15 mm

• two strategies:


• reduce mirror size: fiber mirrors


• create a bandgap: “exoskeleton” mirror

Quantum optomechanics at room temperature
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Quantum optomechanics at room temperature

• apparent displacement:

• measurement efficiency:

• ideal filter:

S. Saarinen, N. Kralj et al., Optica 10 (3), 364-372 (2023)
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S. Saarinen, N. Kralj et al., Optica 10 (3), 364-372 (2023)

but unity quantum cooperativity 
not prohibited by bistability!
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Quantum optomechanics at room temperature
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Quantum optomechanics at room temperature

L. Magrini  et al., Nature 595, 373-377 (2021)

U. Delić et al., Science, Vol. 367, Issue 6480, pp. 892-895 (2020)

C. Whittle et al., Science, Vol. 372, 
Issue 6548, pp. 1333-1336 (2021)

J. Guo, R. Norte and S. Gröblacher, 
Phys. Rev. Lett. 123, 223602 (2019)
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Quantum optomechanics at room temperature

G. Huang et al., Nature 626, 512 (2024)
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OMIT-based mechanical memory for single photons
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ideal memory:

- high efficiency

- long coherence time

- telecom operation

- on-demand readout
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- high efficiency

- long coherence time

- telecom operation

- on-demand readout
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ideal memory:

- high efficiency

- long coherence time

- telecom operation

- on-demand readout
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Memory: tests with short pulses

M. Bjeregaard Kristensen, N. Kralj et al., Phys. Rev. Lett. 132, 100802 (2024).
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Memory: current project with SPDC

Faculty of Physics, University of Rijeka 
Institute of Physics, Zagreb

Ruđer Bošković Institute, Zagreb
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currently looking for interested PhD students and postdocs!
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Einstein Telescope: CQNC proposal

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