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The name of the experiment in the initial proposal, i.e.  

- Solar Axion Telescopic ANtenna -

was, for some reason, changed as 

- CERN Axion Solar Telescope -

… we saved the logo though :)

1999 2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019 2020 2021 2022 2023 ...

http://cds.cern.ch/record/410414/files/SC00001091.pdf

proposal

http://cds.cern.ch/record/410414/files/SC00001091.pdf
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• Axion helioscope a la Sikivie.

• Recycled LHC dipole magnet; a straight twin aperture 
superconducting test magnet: 
ü ~10 m long
ü running at ~1.8 K with ~12 kA
ü ~9 T field within the bores of 5 cm diameter

• Primakoff conversion of the axion to photon inside 
the cold bores of the magnet.

• Low background photon detectors.

a. 1 year run with vacuum in the pipe line
b. +1 year run with gas in the pipe line; 0 to 1 atm
c. +1 year run with gas in the pipe line; 1 to 10 atm 

±30 vertical tracking only±30 vertical & ±450 horizontal tracking±100 vertical & ±450 horizontal tracking

The plot from the proposal shows 3s limits for

proposal
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approval, construction & commissioning

CAST’s LHC magnet to be mounted on a moving platform 
(±80 vertical & ±400 horizontal) with X-ray detectors on 
either end, to observe the Sun ~3 hours per day 
including sunrise and sunset. 
Rest of the day devoted to background measurements 
and, through the Earth’s motion, observations of a large 
portion of the sky. 

CAST was a new departure for CERN, relying not on the lab’s expertise in 
accelerators but on its know-how in X-ray detection, magnets and cryogenics.  

Drawing of the 
CAST Magnet 

and movement 
system.

CAST’s X-ray detectors under development, looking at gas-filled and solid state 
options. 

The aperture of the LHC magnet’s beam pipes is around five times the 
predicted solar axion source size, so its X-ray detectors must be 
correspondingly large, implying a high level of noise. To overcome this 
problem, using X-ray lenses to focus the converted X-rays emerging 
parallel from the 50 mm magnet aperture to a sub-millimeter spot was 
considered; this would bring a vast signal-to-noise improvement.
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approval, construction & commissioning

CAST, being approved in 2000, worked hard to finish 
the installation phase.

The cryogenics of the magnet and the tracking system 
ready and two gas detectors (a TPC and a 
micromegas) installed at both ends of the magnet.

Some preliminary data taken, and the definitive data 
taking phase to start with the third detector and the 
X-ray focusing mirror system to be installed. 

The main purpose of the experiment: 
• original goal of a sensitivity to axion-photon 

coupling down to gagg ≲ 5.10-11 GeV-1 for ma ≲
0.02 eV. 

• A second phase of acquisition with a gas filled 
tube to provide a mass to the photons will 
allow to extend a limit gagg ≲ 10-10 GeV-1 for 
axion masses up to ma ≲ 1 eV.
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approval, construction & commissioning

TPC was fully installed on the magnet and first data 
taken on Sept. 19, 2002.
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Start of data taking

Concluding remarks from the 16th Collaboration Meeting of CAST on May 
30th, 2003:

CAST has started data taking with the TPC and the MM on May 1st, 2003. 

The first 2 runs with all 3 detectors working (including the X-ray telescope 
& the CCD) having all valves open were performed in the last 3 days (May 
28-30).

To keep in mind: 
The operation of the CAST experiment is performed in several phases with
different conditions of the magnet pipes and different detector
configurations.
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Start of data taking
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Phase I (vacuum running)

CAST, a ~10 meters long LHC, ~9 Tesla, test magnet 
is mounted on a moving platform that tracks the 
sun about 1.5 hours during sunrise,and 1.5 hours 
during during sunset. It moves ±80 vertically & ±400

horizontaly. 

Continuous data taking  since July 10th, 2003 with 
the following detectors:
• TPC (sunset)
• Micromegas (sunrise)
• CCD camera via x-ray mirror telescope (sunrise)

The figure shows expected sensitivity of CAST. The 
loss of sensitivity with increasing ma is simply due 
to the loss of coherence. Data analyzed thus far 
yield an upper bound on the photon-axion coupling 
constant, gaγγ ≤ 3 x 10−10 GeV−1 for axion masses 
less than 5 x 10−2 eV. 



19Serkant Ali Cetin / 1st General Meeting of COST Action COSMIC WISPers (CA21106) / 8 Sep 2023 C O    M I C
I S P E R S

CA21106

1999 2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019 2020 2021 2022 2023 ...

Phase I (vacuum running)

During 2003 and 2004 the
experiment operated with vacuum
inside the magnet bores (Phase I),
thus exploring the axion mass range
up to 0.02 eV.

Detectors:
On the sunset side a Time Projection Chamber
(TPC) covering both bores. On the sunrise side
one Micromegas and one pn-Charge Coupled
Device (CCD) chip coupled to an X-Ray Telescope
(XRT).

With the absence of signal over
background, an upper limit on the
axion-photon coupling constant of
gagg < 8.8 × 10-11 GeV-1 at 95% C.L.
was set. This result superseeds the
astrophysical limit derived (at that
time) from energy-loss arguments on
horizontal branch stars.
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We searched for 14.4 keV solar axions or more general
axion-like particles (ALPs), that may be emitted in the
M1 nuclear transition of 57Fe.

The signal we searched for, i.e., an excess of 14.4 keV X-
rays when the magnet was pointing to the Sun was not
found and we set model-independent constraints on
the coupling constants of pseudoscalar particles that
couple to two photons and to a nucleon at 95% CL:
gaγgaN<1.36 × 10−16 GeV−1 for ma < 0.03 eV.

We explored the low mass region up to 0.03 eV, as a
contrast to other experiments sensitive on these
couplings that put some constraints in the ∼ 102−106 eV
axion mass range.

The axion-nucleon couplings can vary from 3.6 x 10−6 to 
3.6 x 10−7 reflecting constraints due to the 57Fe solar 
axion luminosity and detection sensitivity, respectively.

Other results from Phase I data
Phase I (vacuum running)
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Another search was for a high-energy axion emission 
signal from 7Li (0.478 MeV) and D(p,γ) 3He (5.5 MeV) 
nuclear transitions.

To detect photons coming from conversion of these 
axions in the CAST magnet, we used a low-background 
high-energy photon calorimeter that was mounted on 
one end of the magnet during Phase I (6 months run in 
2004).

Other results from Phase I data
Phase I (vacuum running)

This was the first such search 
for high-energy pseudoscalar 
bosons with couplings to 
nucleons conducted using a 
helioscope approach. 

No excess signal above 
background was found.
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Other results from Phase I data
Phase I (vacuum running)

In non-hadronic axion models, which have 
a tree-level axion-electron interaction, the 
Sun produces a strong axion flux by 
bremsstrahlung, Compton scattering, and 
axio-recombination, the “BCA processes.” 
Based on a new calculation of this flux, 
including for the first time axio-
recombination, we derived limits on the 
axion-electron Yukawa coupling gae and 
axion-photon interaction strength gag

using Phase-I data.

The sensitivity of CAST to non-hadronic 
axions allowed us to set a bound on the 
product of both coupling constants for ma 
≤ 10 meV as gaγ gae < 8.1 × 10−23 GeV−1 at 
95% CL. 
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Phase II ( 4He running)

In order to extend CAST sensitivity to higher
axion masses, magnet bores were filled with a
gas. From 2005 to 2007 the magnet bores were
filled with 4He (Phase II with 4He).

Detectors:
Same configuration as in Phase I, but having improvements on
electronic noise of TPC, upgrades of vacuum system for
XRT+CCD and new Micromegas with reduced detector
background.

With 160 different pressure settings, the range
of axion masses up to 0.39 eV was scanned.
New upper limits on the axion-photon coupling
constant were achieved.
The measurement time at each pressure setting
was only a few hours, resulting in large
statistical fluctuations of the exclusion limit.
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Phase II ( 4He running)

In order to extend CAST sensitivity to higher
axion masses, magnet bores were filled with a
gas. From 2005 to 2007 the magnet bores were
filled with 4He (Phase II with 4He).

Detectors:
Same configuration as in Phase I, but having improvements on
electronic noise of TPC, upgrades of vacuum system for
XRT+CCD and new Micromegas with reduced detector
background.

With 160 different pressure settings, the range
of axion masses up to 0.39 eV was scanned.
New upper limits on the axion-photon coupling
constant were achieved.
The measurement time at each pressure setting
was only a few hours, resulting in large
statistical fluctuations of the exclusion limit.

For the first time, the limit entered the QCD
axion model band in the eV range.
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4BaRBE – Low energy run

The expected energy distribution of reconverted photons is
peaked at 3 keV. There could be, however, a low energy tail due
to various processes active in the Sun.

The BaRBE (Basso Rate Bassa Energia) experiment of INFN has
been set-up to develop a low-background, single-photon
counting system for low energy photons (in the visible band
initially) with the aim of using such a detector in all those
experimental situations where an extremely low rate of signal
photons is expected.

The study of the low energy tail of the CAST spectrum is a
prime example of such an application. The first measurements
with the BaRBE detector system were performed at CAST using
a Photo Multiplier Tube (PMT) and an Avalanche Photodiode
(APD) optically coupled to the CAST magnet bore via a 40 m
optical fiber. The observed Dark Count Rate (DCR) was 0.4 Hz
with both detectors, and no excess of photons over background
was observed around the 2 eV energy range for the runs taken
in Nov. 2007 and in Mar. 2008.

Difference between ”light” and ”dark” average count 
rates measured in the March 2008 run (PMT data only). 
Points on the axis correspond to different 
configurations, including background (BKG) tests and 
sun tracking (ST) periods with the magnet on (Bon). 
Error bars represent 1 σ intervals.
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4He to 3He preparation
+ LHC people busy 
with the recovery of 
the accident…

By the way;
the design, setup and
initial operation of the
magnet bores 4He and
3He gas filling was an
engineering PhD thesis
by itself…
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Phase II ( 3He running )From 2009 to 2011, CAST took data with 3He
inside the magnet bores and scanned the range
of axion masses up to 1.18 eV (Phase II with 3He).
Detectors:
TPC is replaced with two Micromegas detectors of readouts
fabricated with novel bulk and microbulk techniques. On the
sunrise end a new shielded bulk (and later on microbulk)
Micromegas replaced the unshielded one of our previous run.
XRT+CCD remained unchanged.

The first results for the axion mass range 0.39 eV
< ma < 0.64 eV enabled CAST to become the first
axion helioscope experiment that crossed the
KSVZ axion line.
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Phase II ( 3He running )From 2009 to 2011, CAST took data with 3He
inside the magnet bores and scanned the range
of axion masses up to 1.18 eV (Phase II with 3He).
Detectors:
TPC is replaced with two Micromegas detectors of readouts
fabricated with novel bulk and microbulk techniques. On the
sunrise end a new shielded bulk (and later on microbulk)
Micromegas replaced the unshielded one of our previous run.
XRT+CCD remained unchanged.

The first results for the axion mass range 0.39 eV
< ma < 0.64 eV enabled CAST to become the first
axion helioscope experiment that crossed the
KSVZ axion line.

Then, covering the search range 0.64 eV ≲ ma ≲
1.17 eV closed the gap to the cosmological hot
dark matter limit and actually overlapped with it.

From the absence of excess x rays when the
magnet was pointing to the Sun, we set a typical
upper limit on the axion-photon coupling of gaγγ
≲ 3.3 × 10−10 GeV−1 at 95% C.L., with the exact
value depending on the pressure setting.
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Phase II ( 4He running )

In 2012, CAST has been using 4He in
order to revisit, with improved
sensitivity and longer exposures, a
narrow part at ~0.2 eV and a
theoretically motivated range of axion
masses around 0.4 eV.

Phase II with 4He

Detectors:
Three Micromegas detectors of the microbulk
type (one in the sunrise and two in the sunset side)
and XRT+CCD on the sunrise side. The detectors on
the sunrise side remained unchanged since Phase II,
but the Micromegas detectors on the sunset side
were upgraded, improving the background levels of
the detectors.
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Paraphotons: 

Hidden sector photons, or paraphotons, are massive 
equivalents of real photons, and an oscillation can occur 
between both. 

Hidden sector photons can be produced also in the sun and 
propagate freely to the Earth where they can transform into 
real photons within a vacuum. 

CAST searched for solar hidden sector photons using the 
BaRBE detector setup between 2010-2012. 

These measurements allowed CAST to place bounds on the 
coupling strength of paraphotons to real photons ("kinetic 
mixing") in the mass range up to 1 eV.



31Serkant Ali Cetin / 1st General Meeting of COST Action COSMIC WISPers (CA21106) / 8 Sep 2023 C O    M I C
I S P E R S

CA21106

1999 2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019 2020 2021 2022 2023 ...

Phase III ( vacuum running )
In 2013 and 2014 CAST took data with vacuum in the
magnet pipes using for the first time sub-keV detectors: an
SDD (Silicon Drift Detector) and in 2014 an InGrid
(Integrated Grid) detector. By reducing the X-ray detection
energy threshold used for axions from 1 keV to 400 eV
CAST became sensitive to the converted solar chameleon
spectrum which peaks around 600 eV.

Phase IV with vacuum.

Detectors:
A second X-ray optics was attached to the second sunrise side. X-ray
detectors on CAST in the period from 2003 to 2012 have operated with
energy thresholds above 1 keV to cover the solar axion energy spectrum. As
of 2013, vacuum setup allowed sub-keV photons to exit the magnet cold
bore and reach the X-ray detectors without absorption. Sub-keV sensitive
detectors were then able to explore this energy range.

Not having observed any excess above background, we
provided a 95% C.L. limit for the coupling strength of
chameleons to photons of βγ 1011 for 1 <βm<106. With this
study, CAST has made a first dedicated sub-keV energy
search for solar chameleons based on the Primakoff effect.
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In the 2013 - 2015 run, thanks to low-background
detectors and a new X-ray telescope, the signal-to-
noise ratio was increased by about a factor of three.

Phase IV with vacuum.

Detectors:
The data used for this analysis were taken with three detection
systems.:
• On the sunset (SS) side of the magnet, two gas-based low

background Micromegas detectors (SS1 and SS2) directly
connected to each of the magnet pipes.

• On the sunrise (SR) side of the magnet, an improved Micromegas
detector was situated at the focal plane of the new XRT.

The detector parts were built with carefully selected low-radioactivity
materials and surrounded by passive (copper and lead) and active (5
cm thick plastic scintillators) shielding. The design choices of these
detectors were the outcome of a longstanding effort to understand
and reduce background sources in these detectors which led to the
best background levels (10-6 keV-1 cm-2 s-1) ever obtained in CAST.

Phase III ( vacuum running )
The new X-ray telescope used the design of NASA's NuSTAR satellite
but was optimized by considering factors including: the physical
constraints of the CAST experiment; the predicted axion spectrum;
and the quantum effciency of the Micromegas detector.

Analyzing this data, the best limit so far on the axion–photon
coupling strength (0.66 x 10-10 GeV-1 at 95% CL) was set.
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A GridPix detector was used to search for soft X-ray
photons in the energy range from 200 eV to 10 keV
from converted solar chameleons. No significant
excess over the expected background has been
observed in the data taken in 2014 and 2015.

Phase IV with vacuum.

The new X-ray detector, the
"GridPix" detector (a combination of
a Timepix ASIC and a Micromegas
gas amplification stage), was
installed in October 2014 behind the
MPE X-ray telescope (XRT) of CAST.

We set an improved limit on the chameleon photon
coupling, bg ≲ 5.7 x 1010 for 1 < bm < 106 at 95% C.L.
improving our previous results by a factor two thanks
to the powerful combination of the GridPix detector
with the X-ray optics.

Phase III ( vacuum running )
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This year, there was no long term data taking 
but many commissioning, integration, 
maintenance and upgrade studies:
• Commissioning of InGRID
• Commissioning of KWISP
• Commissioning of CAPP
• Grid measurements
• Vibration measurements
• Vacuum maintenance & Upgrade 
• Magnet Movement Maintenance 
• Sun filming
• Run preparations …
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A first measurement in July 2017, with a sensitive opto-
mechanical force sensor (KWISP – Kinetic WISP) designed for the 
direct detection of coupling of chameleons to matter. 

The KWISP detector installed on the CAST axion 
search experiment at CERN looked for tiny 
displacements of a thin membrane caused by 
the mechanical effect of solar chameleons. The 
displacements are detected by a Michelson 
interferometer with a homodyne readout 
scheme. The sensor benefits from the focusing 
action of the ABRIXAS X-ray telescope installed 
at CAST, which increases the chameleon flux on 
the membrane. A mechanical chopper placed 
between the telescope output and the detector 
modulates the incoming chameleon stream. 

The results of the measurements put the limit on the force acting 
at the membrane at (44 ± 18) pN. Using this result, combined with 
the expected chameleon flux at the detector, allows one to define 
an exclusion region in the βm −βγ plane as shown. The detector is 
sensitive for direct coupling to matter 104 ≤ βm ≤ 108, where the 
coupling to photons is locally bound to βγ ≤ 1011.

1999 2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019 2020 2021 2022 2023 ...

The measurement with the KWISP detector is directly 
sensitive to real chameleon interactions, and in this 
sense, it is complementary to the previously existing 
exclusion limits.
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The Relic Axion Dark-Matter
Exploratory Setup (RADES), a detector
which is installed in CAST, used a new
type of cavity geometry where a long
rectangular cavity is divided into
smaller sub-cavities to search for axion
masses above 30 μeV.

RADES started data taking on the 31st of October 2018; a total
time of about 103 hours in 2018 were used for this analysis.

From this axion search at 34.67 µeV, no signal above noise was
found in the data set. An exclusion limit with 95% CL on the
axion-photon coupling constant of gagg ≥ 4 x 10−13 GeV−1 over a
mass range of 34.6738 μeV < ma < 34.6771 μeV was set. This
extracted upper limit of the axion-photon coupling for a narrow
frequency band improves the previous CAST limit at the
corresponding axion mass by more than 2 orders of magnitude.

In the long term, the RADES cavities are envisioned to take data
in the BabyIAXO magnet.

Haloscope
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The CAST-CAPP axion haloscope, operating at CERN
inside the CAST dipole magnet, searched for axions in
the 19.74 μeV to 22.47 μeV mass range from 2019 to
2021.

The detection concept follows the Sikivie haloscope
principle, where Dark Matter axions convert into
photons within a resonator immersed in a magnetic
field.

The CAST-CAPP resonator is an array of four individual
23 x 25 x 390 mm rectangular cavities inserted in
series inside one of the two bores of CAST’s
superconducting dipole magnet, phase-matched to
maximize the detection sensitivity.

Each cavity consists of two pieces of stainless steel,
coated with 30 μm of copper. Each cavity is equipped
with a fast frequency tuning mechanism of 10
MHz/min between 4.774 GHz and 5.434 GHz.

A photograph of the elements of a single cavity assembly (top) and a 
technical drawing of CAST-CAPP tuning mechanism with the two 
sapphire strips (bottom). 

The static B-field is shown by the arrow and is parallel to the two axes 
of the tuning mechanism.

Haloscope
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From 12 September 2019 to 21 June 2021, a total
frequency range of 660MHz, from 4.774 to 5.434 GHz,
in steps of 200 kHz for a total acquisition time of
4123.8 hours was scanned. The total frequency range
corresponds to axion masses between 19.74 μeV and
22.47 μeV.

The duty cycle of the data-taking campaigns was
approximately 20 hours per day. Background
measurements were also performed for a total of
394.6 hours without magnetic field.

A parallel channel has been used to measure EMI/EMC
ubiquitous parasites yielding 2140 hours of data
between 4.798 GHz and 5.402 GHz.

Every candidate spectrum was compared to the
simultaneously and independently measured
spectrum from the second channel with the external
antenna which is sensitive to the same frequency and
searches for ambient EMI/EMC parasites.

Haloscope
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In this search range, we exclude axion-photon couplings for 
galactic axions down to gaγγ= 8 x 10−14 GeV−1 at the 90% CL.  
The here implemented phase-matching technique also allows for 
future large-scale upgrades.

Haloscope
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Haloscope

In addition, the following novelties, of potential 
importance also for future DM axion searches, have been 
instrumented:

ü Four identical cavities have been coherently combined 
through the phase-matching technique increasing 
significantly the SNR. Combining signals from individual 
cavities is shown to be feasible and still unique in DM 
axion search. This can be extended in future large-
scale axion haloscopes with a large number of small 
cavities.

ü The successful scan of a significant mass range showed 
that this experiment is at the cutting-edge of cavity 
tunability in axion research. This was achieved thanks 
to the unique design of the locomotive tuning 
mechanismand the cavity geometry. With an upgrade 
of the piezoelectric motors at cryo, the tuning range 
can even further be extended to 1 GHz and slightly 
beyond (4.6–5.8 GHz), shown by simulation and also 
demonstrated on the bench at room temperature.

ü The fast-scanning technique includes a fast change of 
resonance frequencies (10 MHz/min) between 4.774 
GHz and 5.434 GHz, which, combined with a high 
sensitivity, allows for 60 s short acquisition intervals for 
each 200 kHz tuning step. This also permits to quickly 
re-tune the cavities to a frequency of interest, for 
instance to investigate a stable and reproducible outlier.

ü The raw data which are recorded in each interval consist 
of a “real and imaginary part” time domain trace 
allowing for easy analysis of the traces for transient 
event search. Together with the fast-scanning technique, 
it permits a simultaneous search for halo DM axions 
and axion-caused electromagnetic transients 
originating for example from mini-clusters or streams. 
It is challenging to separate non-stationary signals from 
axion streams against transient-type EMI/EMC 
perturbations. The very first adequate approach in this 
case is the comparison with the reference antenna 
output in the hall.
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K. Zioutas, 80th CAST CM, May 2022



43Serkant Ali Cetin / 1st General Meeting of COST Action COSMIC WISPers (CA21106) / 8 Sep 2023 C O    M I C
I S P E R S

CA21106

1999 2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019 2020 2021 2022 2023 ...



44Serkant Ali Cetin / 1st General Meeting of COST Action COSMIC WISPers (CA21106) / 8 Sep 2023 C O    M I C
I S P E R S

CA21106

CAST has been a COSMIC LISTENer of the COSMIC 
WISPers for ~20 years… 

With many opportunities, challenges, firsts and leading 
results…

In the end, the LHC test magnet paid off much more 
than it was built for!

1999 2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019 2020 2021 2022 2023 ...
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Engin Arik
Bogazici University

Turkiye

Fatma Senel Boydag
Dogus University,

Turkiye

Ozgen Berkol Dogan
Bogazici University

Turkiye

İskender Hikmet
Dogus Univeristy

Turkiye

Angel Morales
University of Zaragoza

Spain
Julio Morales

University of Zaragoza
Spain

Gerhard Lutz
Max Planck Institute Garching

Germany

Biljana Lakic
Rudjer Boskovic Institute

Croatia

In loving memory of our dear colleagues and friends; 

CASTers who passed away during the lifetime of CAST... 
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Teşekkürler !


