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It has been shown that a detector system, sensitive to single photons in the eV range can
be coupled to the CAST experiment [1]. However the detectors used had high background
rates compared with the expected signal, thus a search for a detector suitable for integrating
in the present setup and with a low background rates was initiated. A suitable detector
candidate was found and results from first tests are presented.

1 Introduction

Although it has been observed and studied from the very beginning of civilization, the Sun
is far from being completely understood thus leaving space for some surprises. One of them
might be the production of yet experimentally undiscovered particles that could be the axion
or particles that have some of its properties (Axion Like Particles).

The differential Solar axion flux at the Earth is expected to be peaked at 3.0 keV with
the average energy being 4.2 keV [2]. However there are many not completely understood
phenomena taking place in the Sun [3] that could affect the calculated axion spectrum. One
of possibilities is related to one of the most puzzling questions of modern physics: the high
temperature of the Solar corona and its existance alone. The proposed explanations for the
temperature difference of three orders of magnitude between corona and surface of the Sun,
include wave heating theory, proposed back in 1949 [4], magnetic reconnection [5] and the axion
production related to the magnetic fields near the surface of the Sun [6][7]. The last one is,
obviously, also the most interesting as far as this work is concerned. The mechanisms that
could contribute to the axion spectrum at low energies (≈ eV), with respect to the peak of the
theoretical forecast, are either the oscillation of axions from the solar core in X-ray photons
and their scattering off free electrons in the solar corona or the production of axions by the
Primakoff effect [8]. These two processes could also explain the reduction in the solar luminosity
near sunspots in the visible part of the electromagnetic spectrum.

Furthermore, there are also theoretical mechanisms that include axions affecting the high
energy tail of the expected axion spectrum. However they are not of interest for this work and
are described elsewhere, as for example the production of axions by the deexcitation of the
thermally excited 57Fe nuclide [9].

Since the preliminary tests have shown the feasibilty of integrating another detector to the
CERN Axion Solar Telescope (CAST) without interfering with its scientific programme the
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study of low background detectors continued. Since one of the requirements was the simplicity
of use and its commercial availabilty in order to start the measurement campaign at CAST as
soon as possible, an Avalanche PhotoDiode operated in the Geiger mode (G-APD) was chosen.
Since its background count rate is still rather high with respect to the requirements, a scheme
for lowering it by cooling the sensor to cryogenic temperatures was devised.

An overview of the first measurements and the results from the G-APD cooled to a liquid
nitrogen temperature will be reported here.

2 Beam measurements

The experimental effort related to the BaRBE (acronym for Low rate Low energy in italian)
project financed by the Italian National Institute for Nuclear Physics (INFN) was focussed on
building an optical system that would connect one of CAST magnet bores to a single photon
detector in the low energy range in the beginning, and afterwards operating a suitable low
background detector. The first stage resulted in a setup that coupled the CAST magnet bore
via an optical fiber to a low background photomultiplier tube whose exposure to a photon
beam coming from converted axions could be controlled by an optical switch. Since the beam
of reconverted photons has a 50 mm diameter a Galilean telescope was used to match it to
an optical fiber with 200 µm core. The results have shown no eccess counts (Fig. 1) in
36000 s detector exposure time, which allows us to put a lower limit for the coupling constant
gaγγ ∼= 10−6 in case the standard axion spectrum is taken as the reference model.
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Figure 1: Difference between light and background average count rates measured so far at
CAST. Points on the abscissa axis correspond to different configurations of the apparatus
during solar tracking. Error bars represent 1 σ intervals.
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3 Detector developments

From the obtained results it can be clearly seen that the proposed setup is working and that
interesting limits in the axion mass-coupling constant plane cannot be reached by simple inte-
gration, the limit being inversely proportional to the eighth root of measurement time, thus a
detector with lower background has to be considered. Among the possible choices, a G-APD
was chosen as the most promising due to its relative simplicity of operation and commercial
availabilty. In particular the id101-50 model produced by IdQuantique was selected. Although
the best sensors of this type have a background count rate still too high for considerably low-
ering the coupling constant limit, this detector is interesting since its background is mainly
due to thermally emitted carriers and thus it is possible to further reduce it by cooling the
detector to cryogenic temperatures. For this purpose a cryostat was constructed (Fig. 2) with
a copper cold finger that holds about one liter of liquid nitrogen that is sufficient for about
one hour long operation without refilling. The detector is placed in a seat in the cold finger
and its temperature is read by thermocouples attached to the cold finger. The temperature
of liquid nitrogen was reached, but the temperature of the G-APD active area could not be
directly measured thus leaving us only with an estimate that was obtained from the measured
temperature dependency of the breakdown voltage. It results that the sensor was cooled down
at least to 130 K. The cooling of the detector is not free of drawbacks since it results in rais-
ing the afterpulsing rate, however the detector is to be operated at a low signal rate and the
problem can be solved by increasing the detector dead time. The solution adopted selects and
discards the afterpulses by software, thus leaving the hardware of the detector unaltered and
providing the control of the dead time as well as raw and corrected counting rates.

Figure 2: Custom made liquid nitrogen cryostat. The coolant is inserted from the aperture
in the upper part that is connected to a hollow copper cold finger which is also holding the
detector.

As can be seen in the following plot (Fig. 3) cooling to cryogenic temperature resulted in
lowering the Dark Count Rate (DCR) by five orders of magnitude (blue symbols) with respect
to the DCR at room temperature while maintaining the quantum efficiency (red symbols). The
fact that the counts remain unchanged while lowering the temperature guarantees also that the
dead time was set correctly and that it does not affect the efficiency.

It has to be stressed that the detector under study is an off-specs detector with a DCR of
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Figure 3: Characterization of a test G-APD detector at three different temperatures. The
chosen working bias voltage regions are indicated by a rectangle. A reduction of five orders
of magnitude in DCR with respect to that at room temperature is obtained when cooling the
detector.

almost 100 kHz at room temperature, while tests with detectors with low DCR also at room
temperature are to be conducted yet. It is not clear whether the same order of magnitude
reduction can be obtained.

4 Conclusion and prospects

In order not to interfere with the CAST original scientific programme, a permanent installation
for the low energy photon counter was devised with a modification to the original BaRBE
setup. It consists of a 5 µm thick polypropylene support for a 20 nm aluminum mirror (Fig.
4) that should be placed in the reconverted photon beam. It is transparent to X-rays while
it is reflective for ≈eV photons, thus steering them to the telescope that conveys them in the
optical fiber leading to the detector. With a detector that has a sufficiently low background

Figure 4: Semitransparent mirror placed in its support. A steered laser beam coming from
telescope can be seen.
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and the semitransparent mirror in place the search for Solar axions in the low energy range can
start, still with no hope of lowering the limit, when only standard axion model is considered,
but with an enhanced probability of detecting axions coming from processes discussed in the
introduction.
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