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SolarAxionsin Helioscope
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|AXO

|AXGThelnternational Axion Observatory Super toroidal magnet

A 20meters long
IAXOaims to improve CAST sensitivity to s@aions A Magneticfield upto 5.4 T
in 1 order of magnitude A 8bores of 60 cn®

DedicatedX-ray optics
A 0.2cm? focal spot

Trackingsystem
A Basedbn gamma ray telescopes
A 50% of Surtracking time

X-ray detector technologies

A Micromegas

A GridPix

A Metallic Magnetic Calorimeters (MMC)
A TransitionEdge Sensors (TES)

A SiliconDrift Detectors (SDD
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Baby:-IAXO

BabyIAXO isurrently under constructiorat DESY!

Conceptual Design Report
10.1007/JHEP05(2021)137

Dipolemagnet

A 10meters long

A Magneticfield D2 T
A 2Dbores of 70 cn®

DedicatedX-ray optics
A 0.2cm?2 focal spot

Trackingsystem
A Basedon gamma ray telescopes

X-ray detector technologies
A Micromegagbaseline)



IAXO & babyAXO: Sensitivity Perspectives
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BabylAXvill be sensitive to realistic QGIXionmodeld
IAXO will improve CAST sensitivity in more than a factor 10

Furtherphysics potential of (Baby)IAXO:

A Axionelectroncoupling

A InterestingALPs parametespace

A ColdDark Matteraxionsusing thehaloscopeechnique



MMC for IAXO




Low Temperature Calorimeters

Near equilibrium detectors
Energy deposition induces increase of temperature

Thermal bath




Low Temperature Calorimeters

Near equilibrium detectors
Energy deposition induces increase of temperature
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Low Temperature Calorimeters

Near equilibrium detectors
Energy deposition induces increase of temperature
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Metallic Magnetic Calorimeters Topican Appledihyse80 (0053

A.Fleischmanet al.,

: AIPConf. Proc1185(2009)571
Paramagnetlc temperature Sensor

Dilute alloyAu:Eror Ag:Er (Erconcentration: a few hundred ppm)
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Metallic Magnetic Calorimeters Topican Appledihyse80 (0053

A.Fleischmanet al.,
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Paramagnetlc temperature Sensor
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Metallic Magnetic Calorimeters Topican Appledihyse80 (0053

A.Fleischmanet al.,

: AIPConf. Proc1185(2009)571
Paramagnetlc temperature Sensor

Dilute alloyAu:Eror Ag:Er (Erconcentration: a few hundred ppm)

E _
LLL pr@s  MMC. g Mgr
tot L[r

absorber

thermal link

T . T T T T T =10 '
Au:Er 300 | ¥ .
N 500 | AU-ETSDUPP l Au:Er 300 ppm
— @)
> 8 —e— 10.
— < —&— 6.4mT
) cese 51 mT
= S 6 —*— 3.8mT
300 4 = ke 2.6mT
Very good agreement between data and § O e 13mT
theoretical expectation for interacting spin systems ,, 1 ® 4 |
Q 2
.. . : = k)
Optimization of detector geometries < 100 - "g 2| |
for wishedapplications cermt 1 a2
] | ] ] ] ] ] | ! | |
DU 20 40 60 80 100 120 140 O() 20 40 60 80 100

Inverse Temperature T-1 [K-1] Temperature T [mK]



DeteC’[Ol‘ geometries A planar paramagnetic sensor

A superconducting coil
A transformed coupled to a dc SQUID




MMC readout

Two-stage deSQUID readout with flubocked loop
low noise

smallpower dissipationon detector SQUIEhip (voltagebias1st stage
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MMC readout

Detector module!Getd wire-bonds)

Detector chip
- N e Front-end
' SQUID chips
Removable
copper blocks

Amplifier module

§ Detector and amplifier module
.« mounted on the

F.Mantegazzinet al.,JINSTL6 (2021)

P08003arXiv:2102.1110fphysics.inslet] mixing chamber plate



https://arxiv.org/abs/2102.11100

MMC readout

50K plate
(T~50K) I

' =yl
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(T ~ 700 mK)
|

Cold plate
(T ~ 150 mK)
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d “ | PS8 E - Mixing chamber

Detector set-up sy = plate (T~ 10 mK)
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Performance
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Microcalorimeterarrays for Xays spectroscopymaxs
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maXs20/30/100:

A 8x8 pixelsfor photonsup to 20/30/100keV 8 mm

A with DE-= 2/5/30 eV maXs30

A 32 two-stage deSQUIDs Absorber size: 5005003 30 un®

A
v



maxs30 setup for IAXO
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maXxXs30 setup for IAXO Ervin / &V
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https://arxiv.org/abs/2010.15348

maxs30 setup for IAXO
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Cutefficiency> 90% ljasedon calibrationlines)

S5Fe calibration source
Stopping power @1ReV~100%

Background estimatiorg ¢p Tt

A Homogeneous performanaaver the array (from 1 to 10 keV)

A Stable operatiorover 1 month Stilltoo high

A developmentof a cryogenicveto
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https://arxiv.org/abs/2010.15348

Hom maXxXs30 to maxsl00
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Au absorber volumean be adjusted for the particles
to be detected

Sensor volume is optimizaéd match the heat capacity
of the absorber at the working temperature

maXs100




MMCs In IAXO: Challenges

Detector challenges:

@ High efficiency in energy range3 pv E A 6
§ High energy resolution
@ Active area matching IAXO optics focal spot size

Setup challenges:
C Extremely low background ef 1t

C Good mechanical stability for operating while moving/vibrating
C Good magnetic shielding

Cryostat challenges:

C Reliable operation @ 1t + existing technology
C Tiltable to 30



Postdiscovery investigation

DistinguishingAxionModels with IAXO

J. Jaecka&dndL. JThormaehlen
JCAP 02019 039
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Postdiscovery investigation

Weighingthe SolarAxion Probing theaxiongnucleon coupling with the nexgeneration

T. Dafni et al., PhyRev D 99, 035037 (20).9 of axionhelioscopes
L. DiLuzioet al., EPJC 82 (2022) 120
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Postdiscovery investigation

AxionHelioscopessSolar Thermometers
S.Hoof J. JaeckandL. JThormaehlenarXiv:2306.0007 hgp-ph]
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MOCCA- a 4kPixel MoleculaCamera

S

4.48 cm 5"

S O ey

Sensitive area: 4.48 cR¥.48 cm

64 x 64 pixel

Pixel size: 700 um700 pm

Readout by 32 twestage SQUID channels
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MOCCA- First characterization

Mask




MOCCA- First characterization

Mask

Channel number on detector

Kreuzberger, Master Thesis, Kirchhoff-Institute for Physics, Heidelberg University (2023)
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MOCCA- First characterization
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