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QCD axion and axion like particles

QCD axion:  
a solution to the strong CP problem

Pseudo-Nambu-Goldstone bosons from the  
spontaneous breaking of global symmetries

Axion like particles
[Peccei, Quinn 1977] [Wilzeck, 1978] [Weinberg, 1978]

[Chikashige et al. 78; Gelmini,Roncadelli 80] 
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Figure 1: Diagrams contributing to the e↵ective interaction.

Optical
frequency

!opt

' 2⇡ ⇥ 200THz
(0.8 eV)

Mechanical
frequency

⌦m

' 2⇡ ⇥ 318MHz
(1.4µeV)

Free spectral
range

!FSR = ⇡
L

2⇡ ⇥ 150MHz
(0.6µeV)

Optical
loss rate

 = ⇡
LFopt

300Hz
(2⇥ 10�13 eV)

Laser width L

10Hz
(6⇥ 10�15 eV)

Mechanical
loss rate

�m = ⇡cs
LFac

2mHz
(2⇥ 10�18 eV)

Table 1: Summary of the two axion regimes considered.

1 Introduction

�(p1)

�(km)

�(paS)
g0

�(p1)

�(km)

�(pS)

g0

�(p1) �(km)

a(ka) �(p2)

g
(0)

a ga��

Axion dark matter is predicted by generic models to couple to photons via

L � �ga��
1

4

Z
d
3
raF eF = �ga��

Z
d
3
ra ~E · ~B, (1)

where due to its low frequency/energy, the axion field can be treated classically as

a(~r, t) = a0 cos(~p · ~r � !t) (2)

with momentum ~p = ma~va and energy ! = ma.
Electromagnetic waves in resonant cavities can be employed to absorb such axion fields. In the

present of external electromagnetic fields, axion fields can be absorbed to excite a cavity mode whose
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frequencies of two di↵erent cavity modes. In both cases, the reach to axion masses largely depend on
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Narrowband detection
For a specific : 
1. Photon pop: probe laser need to be turned to a specific frequency; 
2. Phonon pop: final-state phonons need to be populated at a specific frequency, as well as the filter; 
3. Importantly, the cavity length need to be turned such that photons and phonons are on-resonance: 
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Sensitivity and scanning

Scanning: covering an extended mass range
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Sensitivity and scanning

Scanning: covering an extended mass range
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Sensitivity and scanning
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Figure 1: Diagrams contributing to the e↵ective interaction.
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The reach
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 Axioptomechical coupling allows the decoupling of the axion mass from the resonance 
frequency of the system, thus the system size, for resonance searches of the axion dark matter; 

 Highly coherent acoustic modes that can be hosted in well developed optomechanical 
systems can coherently enhance the axion absorption rate on top of the coherent enhancement 
from optical modes; 

Theory prediction shows promising observational prospects of QCD axion and axion like 
particles with laboratory constructible optomechanical cavities.
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from optical modes; 

Theory prediction shows promising observational prospects of QCD axion and axion like 
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 Gravitational wave?  

 Filtering of reducible backgrounds for single photon detection; 

 Thermal model that will limit the injecting laser power and acoustic mode coherence; 

 Strong coupling regime ; 

 A concrete experimental proposal.

g0 Ñϕ ≥ 1

Ongoing:

Thank you!


