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Introduction

Axion heliosopes and state of the art



Solar axions and helioscopes
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State of the art; CAST W\ XO

CERN Axion Solar Telescope
A powerful axion helioscope = more than 20 years of experience
Decommissioned prototype LHC dipole magnet = Length = 10 m; Magnetic field=9 T
Solar tracking possible during sunrise and sunset (2 x 1.5 h per day)

2013-2015: IAXO pathfinder

Sunrise detector: x-ray focusing optics + Micromegas (IAXO Pathfinder)
Best experimental limit on axion-photon coupling over broad axion mass range

Igavl <0.66 x 1010 [GeV1] (95% C.L.) [NPHYS4109]
2019-2021: new data taking campaign with IAXO pathfinder
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State of the art; CAST W\ XO

CERN Axion Solar Telescope

A powerful axion helioscope = more than 20 years of experience
Decommissioned prototype LHC dipole magnet = Length = 10 m; Magnetic field=9 T

Solar tracking possible during sunrise and sunset (2 x 1.5 h per day)

2013-2015: IAXO pathfinder

Sunrise detector: x-ray focusing optics + Micromegas (IAXO Pathfinder)
Best experimental limit on axion-photon coupling over broad axion mass range i
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Results with Ar-based gas mixtures w\XO

* Typical background spectra with Ar-based mixtures:
* Background is reduced a few orders of magnitude based on the topological signature of X-rays: small,

symmetric and point-like events.
* Copper fluorescence lines at 8 and 8.9 keV. Intrinsic to the detector.
* Argon escape peak at ~3 keV.

Nature Physics 4109 (2017) 7-

Expected solar axion flux
oy = 10710 GeV !
Cu K, and Kq

Ar escape peak
~3keV

(x107¢ keVTcm2s7)
Axion flux [1010 keV ™ em2s71]
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Solar axion peak expected at ~3 keV.

For better results we need to reduce the background in this energy range.
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Motivation for the new data taking campaig

* |ncrease the statistics, which was limited to ~290 hours.

* Improve the sensitivity in gg, .

e R&D for BabylAXO and IAXO

Closed-loop Xe-based gas system (Xe+Ne+2.3% iC4H10).
Insight into limitations of background and threshold.

Provide technical and operational experience.
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Dataset Period Pressure Background time  Solar tracking time
[mbar] [h] d
1 2019 - Sep 2020 Ar + 2.3% isobutane 1400 ~2900 ~152
3 Late 2020 - 2021 48.85% Xe + 48.85% Ne + 2.3% isobutane 1050 ~3600 ~154




Hardware

The |IAXO pathfinder system



The IAXO pathfinder system at CAST

X-ray
telescope
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Active shielding:
plastic scintillator as a cosmic
muon veto.

310 s
L

Passive shielding:
10 cm of lead
around the
Jetector.

X-ray optics




The IAXO pathfinder system at CAST
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The IAXO pathfinder system at CAST
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Gas system upgrade

* Argon data taking was in open loop =2 clean and fresh gas always available.
* Xenon is too expensive =2 we need to recirculate the gas.
* Not free of challenges!

> ¢ : D 2 * Moisture filter  Oxygen filter
o ; - )‘: v | ' ' * A ) ;" .

Py

From gas panel
To recirculation outlet V59
pump inlet V50

From gas buffer
volume (GB)

Filters were found
to be Rn emitters!

To filter
inlet V54




U\ XO

Microbulk Micromegas detectors

* Very homogeneous amplification gap, uniform gain.
* Intrinsically radiopure.

 Good energy and spatial resolution. vacuum
* Pixelized readout gives topological information.

Interface _
Micromegas copper cathode / entrance window
— U=-750V
readout tube radiation
gas volume
Detector
chamber
primary e” conversion region ring for field shaping
Readout U=-500V
strips N V. I e e e e mesh
connector U=-350V
e” avalanche amplification region

anode / strip readout
u=0vV

>>Fe Calibration intensity map
30 )

X-ray window

é 205_ e Signal reaches the active volume through a mylar window.
: e X-rays ionize the gas in the conversion region and the produced
1oF signal is read by the Micromegas.
U : » Datais analyzed with the REST-for-Physics framework
ot (github.com/rest-for-physics).
F Rare Event
—20; e Searches Toolkit
_39:;0_‘ . software
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>>Fe calibrations and live data quality control U\XO
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>>Fe calibrations and live data quality control U\XO
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Calibrations in the X- ray Iab at CERN

Target Energy (keV) Filter Range (keV)

Al 1.5 Al -

Au 2.1 PEEK 2.0-3.5
Ag 3.0 Ag -

Ti 4.5 Ti 3.5-5.5
Mn 5.9 Cr 5.5-6.5
Co 6.9 Fe 6.5-7.5
Cu 8.0 — 7.5-10

We cover the energy Rol from solar axion flux : (0.1, 10)keV
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Calibrations in the X-ray lab at CERN w\XO
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Software

The REST-for-physics framework



The REST-for-physics framework m/rest-for-physics w\XO

The REST-for-Physics (Rare Event Searches Toolkit) Framework is a collaborative software
effort that provides common tools for:

o acquisition,
o  simulation,
o  data analysis

It was originally designed to work with data of gaseous Time Projection®Chambers (TPCs).
It is mainly written in C++ and it is fully integrated with ROOT I/O interface.

The REST framework establishes a common procedure and output data format to define
input information, via configuration (.rml) files.

It allows for official version control, so that all official data will be fully reproducible.

Centralizing site >



http://rest-for-physics.github.io/
https://root.cern.ch/
https://rest-for-physics.github.io/

The REST-for-physics framework

REST-fOf-PhySiCS Q Search REST-for-Physics

Home REST-for-Physics on GitHub m API| documentation

Downloading
Installation v
Getting started v These pages are under continuous construction. Some sections need to be documented yet. If you
REST Basics v are willing to see any of the sections in these pages to be completed or updated, please, do not
REST Libraries o hesitate to create an issue at this documentation repository asking for missing docs. Thanks!
Data processing v
Data analysis v
REST Advanced v Rare Event
Searches Toolkit
The restG4 package R
software
Publications
Guide to VIM

U\ XO

https://rest-for-physics.github.io/

REST-for-Physics publication:

https://doi.org/10.1016/j.cpc.2021.108281

(COmpUREr PHRySics COommmricaions 773 (A1) 1228l

Conlents lists available 21 Scicncelirec M
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Event reconstruction with REST-for-physics
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Example: microbulk detector for IAXO and event reconstruc

real detector data V\xo
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Event reconstruction with REST-for-physics

Experimental

data

Simulation

data

U\ XO

TRestRawSignalEvent TRestDetectorSignalEvent
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Raw signal as recorded by the electronics Reconstructed signal in terms of time,

energy and position
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Simulated event event

From Topological background discrimination in the PandaX-Ill neutrinoless double beta decay experiment

TRestDetectorHits|IEvent
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(d) :
Reconstructed hits event. The effect
of the readout is clearly seen.

https://arxiv.org/abs/1903.03979
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Background discrimination

Z axis (relative) [mm]

150

140

120+

110

90

130F

100+

il '€ 110F . .
Background £ I Calibration
3 event T 105 event
o S 1o00f
~ o - L
- 0 = ‘\
L 13]
B NSOO9S
Y 90-
coa de e b b by s | I T P B cle
-0 5 0 5 10 15 8 5550 s 0 5 10
X axis [mm] X axis [mm)]

The computed observables are used to define selection algorithms.
Four main types of cuts are applied:

Energy cuts: e.g. (1,10) keV.

Fiducial cut: to select the size of the spot (e.g. 10 mm?).

Topological cuts: event size and shape in the XY plane and in the Z direction.
Veto event coincidence cut.
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Data analysis

Background computation and expected limit



Preliminary results with Xe-based gas mixture W\ XO

Motivation:

* Xe-based gas mixtures do not have characteristic X-rays in the energy region of interest.
* They allow for higher detection efficiency than Ar-based gas mixtures.

7 o 1 o
s [ | Xe 2021 i
% s Ar2017 o e
© [T Ar2020 u .

-20 -

—30 - L1

Focal spot even smaller

R P e R T

-, 4
R
T

12
Energy (keV)

The background in the 3 keV range has no peak =2 important achievement since

the peak of Primakoff produced axion is expected in that energy.

27



Preliminary results with Xe-based gas mixture W\ XO
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Ope

ning the box: adding the slow control da W\ XO

ﬁ scTok _Solar Tracking

% scTok_Date Total Xe trackings = 109

ﬁSETEI“: T"TIE 1 e=e aGEbDe Oe a;e @ ¢ oD OGSO © G OEE Ot ' o

ﬁ scTek _SCTimestamp

ﬁ scTok _Labwiew Time

ﬁ scTek _Horizontal Precision
ﬁ scTok _Wertical Precision

Is tracking?

-ﬁ sC_Magnetic Feld 0 a» @ oo D GEOcEEEEED G0 EHEOEENINDG U GO 6 © G GEN G O ©

This will provide us with:

* background dataset (no tracking data)

e signal+background dataset (solar tracking data)
Still need the expected solar axion signal.
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Opening the box: computing a limit W\ XO

. Background data (no tracking data)
2. Signal+background data (solar tracking data)

3. Primakoff spectrum corrected by our efficiency:
telescope, window, gas, strongback.

Expected
limit g4,

s_l]
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Conclusions and outlook w\XO

* New data taking campaign with the IAXO-pathfinder system at CAST.
e Statistics has been doubled with respect to former data.
* Technology and know how for the use of new gas mixtures has been developed.

» Xe-based gas mixtures have succesfully removed the ~3 keV contamination in the
background spectrum.

Possible improvements have been identified and are being tested in our other
prototypes.

Good experience towards BabylAXO and IAXO.

Background level compatible with former results.

New axion-photon coupling limit will be computed soon.
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