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The QCD axion

UPQ (1)
(Peccei and Quinn; 1977)

Strong CP Problem

Peccei and Quinn proposal:

New Symmetry broken at the energy scale fa
Axion: Nambu-Goldstone boson that emerges from 
symmetry breaking

ma = 6 ×10
−6 eV 1012GeV

fa

⎛
⎝⎜

⎞
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By non-perturbative
effects

(Weinberg, Wilczek; 1978)



Dark Matter Axions

Axions could solve the Dark Matter problem if they were 
produced in the early universe by a non-thermal 
mechanism

fa ∼ 1012GeV ma ∼ 10−5eV

(Preskill, Wise and Wilczek; Abbott and Sikivie; Dine and Fischler 1983)

Axion Like Particles (ALPs):

Motivated by extensions of the Standard Model, they also 
are cold dark matter candidates

(Svrcek and Witten 2006)

(Arias et al. 2012)



Axion Experiments

Laγγ = − ga ⃗E ⋅ ⃗B g = gγ
α
π

1
fa

gγ = − 0.97

gγ = 0.36

KSVZ model

DFSZ model

(Kim 1979; Shifman et al. 1980)

(Zhitnitskii 1980; Dine et al. 1981)

Haloscopes

Helioscopes

Light Shining Through a Wall

ADMX, HAYSTAC, MADMAX, ABRACADABRA

CAST, IAXO

ALPS, OSQAR, ALPS II



Current status of the axion search

(Irastorza and Redondo 2018)
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Stimulated axion decay into two photons 

τ0
a =

64π
m3g2 axion life-time for spontaneous decay

m = 10−5eV
g = 10−15GeV−1 τ0

a ∼ 1042yr

τa =
τ0

a

1 + fγ
Actual Axion Life-Time

fγ =
16π2ργ

m3Δω
stimulated axion decay

Let’s suppose a power of 1kWatt with a bandwidth of 1MHz 
during a time of 1 second in a volume of 1 meter cube

ωγ = m/2

fγ ∼ 1025



Stimulated axion decay into two photons (The Echo)

P0

a

P0

ECHO

γ0

γ0 γ γ

P− =
1
16

g2ρ
dP0

dν
t ω0 = ω− =

m
2

P0 = 1kW

Isothermal dark matter model P− ∼ 10−21W

t = 1000s



The Echo in a cold flow

ϕ

⃗ω0

m ⃗v

⃗ω−

ω0 =
m
2

(1 + v∥) + 𝒪(v2)

ω− =
m
2

(1 − v∥) + 𝒪(v2)

ϕ ≃ 2 |v⊥ |

The echo is spread spatially and there is a maximum time 
during which the echo arrives to the detector

tmax = C
R

|v⊥ |

θ





The Echo in a cold flow

ρ = ∫ d3v
d3ρ
dv3

( ⃗v )

The echo is spread in frequency

δω− =
m
2

δv∥

Pc =
1
16

g2ρ
dP0

dν
C

R
|v⊥ |



The Caustic Ring Halo Model

The local dark matter distribution is 
dominated  by a single flow

v = 300km/s δv = 70m/s

B = 4 × 10−8m

v⊥ = 5km/s

ρ = 1GeV/cm3

θ = 0.017



The Isothermal Halo Model

The velocity distribution is Gaussian

δv = 270km/s

The echo is spread in all directions

⟨ 1
|v⊥ | ⟩ =

1
124km/s

B = 1.7 × 10−4m

v = 220km/s

ρ = 0.3GeV/cm3



Sources of noise

s/n =
Pc

Tn

tm
B

Dicke’s radiometer equation



Sources of noise



Sources of noise

Back-Scattering of the outgoing beam

Rayleigh Scattering (molecules in the atmosphere)

Tn = 5.58 × 10−2 K ( m
10−5eV )

3

( R
50m ) ( 300km/s

v ) ( P0

GW )

Back-scattering due to plasma effects in the ionosphere

For the near future

Back-scattering due to fluctuations of the atmosphere refractive index (Troposcatter)

Deflection of the outgoing beam due to refractive index gradients



Sensitivity of our proposal

Caustic Ring Model

dE0

dln(m)
= 6.5MWyear ( s/n

5 ) ( 10−4eV
m )

1/2
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Isothermal Model
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Sensitivity of our proposal

10 MWyear per factor 2



Sensitivity of our proposal

10 MWyear per factor 2



Conclusions

The echo method is applicable over a wide range of 
axion mass. Where the Earth’s atmosphere is 
mostly transparent

The echo method is attractive from the experimental point 
of view, specially for radio-astronomy technology

2.5 × 10−7eV < m < 2.5 × 10−4eV

The echo method is much better in the Caustic Ring 
Model because the density is bigger, has less spread in 
frequency and less spread in physical space



What is Next?

Finding or building a tunable power amplifier

Finding money

Finding a radio telescope

Planning the best strategy to optimize resources

Control of leakages from the source



Spasibo!


