STAX: a new technique for detecting Axions
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An improved detection scheme for a light-shining-through-wall (LSW) experiment for axion-like
particle searches is discussed. In this proposal it is suggested the use of gyrotrons as source of
photons, which can provide extremely intense fluxes at frequencies around 30 GHz; transitionedge-sensors (TES) single photon detectors in this frequency domain, with efficiency ≈ 1; high
quality factor Fabry-Perot cavities in the microwave domain, both on the photon-axion conversion
and photon regeneration sides. With this set-up, current laboratory exclusion limits on axion-like
particles might be improved by at least four orders of magnitude for axion masses . 0.02 meV.
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1. Introduction
Axions [1] are among the most popular dark matter candidates. They are light neutral scalar
or pseudoscalar bosons, with mass ma ≈ µeV−meV, coupled to the electromagnetic field via
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Figure 1: Experimental configuration of the STAX LSW experiment.

2. LSW experiments
A typical LSW experiment is given by two intense magnetic fields H, separated by a thick
wall[6, 11, 12, 13, 15]. Axions can be produced in the magnetic field before the wall, from a
source of photons via Primakoff effect. Photons exchange 3-momentum q with H, but the energy
is conserved.
The photons which do not convert into axions are stopped by an optical barrier, “the wall",
while axions can cross the wall, due to their negligible cross-section with ordinary matter. On the
1
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1
LI = G a F µν F̃µν
(1.1)
4
In QCD axion models (DFSZ [2] and KSVZ [3]), the axion-photon coupling constant G is directly
related to ma ; thus, G is the only free parameter of the theory. In axion-like particle (ALP) searches,
the parameter space is extended: G and ma are the free parameters [4].
Axions and ALPs experimental searches can be divided into two main categories: 1) Axions
from stellar and space sources; 2) Laboratory searches. In the former case, exclusion limits on the
axion-photon coupling constant are provided by estimates of stellar-energy losses [4, 5], helioscope
[6, 7, 8] and haloscopes experiments[6, 9]. In the latter case, limits on G are given by photon
polarization [10] and Light-Shining-Through-Wall (LSW) [6, 11, 12, 13, 15] experiments.
This proposal is an improved version of the LSW experiments, achieved with the use of
high luminosity source of photons, obtained moving to the sub-THz region where high luminosity sources of photons, like gyrotrons or klystroms can operate, thanks to a cross-section of the
Primakoff photon-axion interaction that is almost independent on the photon energy in the sub-eV
region, where the search is performed. The implemented solution would improve of the present
ALPs laboratory limits on G by at least four orders of magnitude [16], by using extremely intense
photon fluxes from gyrotron sources at frequencies around 30 GHz, TES single photon detectors with efficiency ≈ 1, and high quality factor Fabry-Perot cavities in the microwave domain
(Q ≈ 104 − 105 ), both on the photon-axion conversion and photon regeneration sides.
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other side of the wall in the second magnetic field, axions can back-convert to photons. Reconverted
photons are detected via a single-photon detector.
The photon-axion-photon rate is given by
dNγ
= Φγ ηPγ→a × Pa→γ ∼ Φγ ηG4 H 4 L4
dt

(2.1)

3. STAX experimental configuration and calculated exclusion limits
Current experimental limits for the axion-photon coupling constant are given by the ALPS
Collaboration [11]. The upgrade ALPS-II [13], will improve the previous limits mainly by increasing the magnetic field length as well as introducing a second cavity in the magnetic field region
behind the wall. ALPS-II configuration is very similar to that of Fig. 1, with the photon flux
provided by an optical laser. The STAX proposal consists in a new generation LSW experiment
and improve the limits on G by using sub-THz photon sources, like gyrotrons, providing very high
luminosity (up to 1028 photons/s) at frequencies of about 30 GHz, resulting in photon fluxes up to
1010 more intense than those from optical lasers, used in previous LSW experiments.
The number of expected events will grow by a factor of Q if a Fabry-Perot resonant cavity (for
30 GHz photons) with quality factor Q encloses the magnetic field region where photon-to-axion
conversion is expected to occur. Standard quality factors of Fabry- Perot cavities in the microwave
domain are know to be Q = 104 ÷ 105 .
Single-photon detectors for light at these frequencies, with almost zero dark count can be
developed, based on the (Transition-Edge-Sensor) TES technology. Calorimeters based on TES
have been successfully exploited as single-photon quantum detectors for X-ray spectroscopy[14] as
well as for secure quantum communication applications using near-IR photons. Nano-calorimeters
are able to extend the ability of conventional calorimeters to detect both very tiny powers as well as
small amounts of energy which potentially correspond to a single sub-THz or microwave photon
event. The TES detector will be coupled to an antenna and operated at ultra-cold temperatures ≈ 10
mK, to achieve an almost negligible background with an efficiency close to 1. Thanks to such a
device, the present laboratory exclusion limits on axion-like particles might be improved by at least
four orders of magnitude for axion masses . 0.02 meV [16]. Liimits that STAX experiment may
reach are compared to previous experimental results in Fig. 2. For this proposal we have assumed
a intense dipole magnetic field H = 15T with a path L = 50 cm, an exposure of one month and zero
dark counts. STAX and STAX 2 use gyrotrons with power of 100 kW and 1 MW respectively.
2
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where Φγ [s−1 ] is the initial photon flux and η the single-photon-detector efficiency, G is the (unknown) photon-axion coupling and L is the length of the photons path in the magnetic field H.
Pγ→a = Pa→γ is the axion-photon conversion probability. Since G is ≤ 10−10 from current experimental constraints, the probability of such a double conversion is extremely low due to this 4th
power of G. Nevertheless LSW experiments have the advantage to be independent on cosmological prediction and to exactly know the energy and the time of the searched axions. The rate can be
increased by introducing a Fabry-Perot cavity in the magnetic field area before the wall by a factor
of Q, which is the quality factor of the cavity. Moreover, as discussed in Ref. [17], the rate can
be further increased with the addition of a second Fabry-Perot cavity in the magnetic field region
beyond the wall. In Fig. 1 the scheme of our proposal is sketched.
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STAX: Time: 2.6 · 10 s, H = 15 T, Lx = 0.5 m
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Figure 2: 90% CL STAX and STAX 2 expected limits on G in case of a null result for axions with ma .
0.02 meV. An exposure time of one month and zero dark counts are considered. “STAX" and “STAX 2"
configurations correspond to a 100 kW and 1 MW gyrotron sources, respectively.
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