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Low Temperature Calorimeters

Near equilibrium detectors
Energy deposition induces increase of temperature
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A.Fleischmanet al.,

: AIPConf. Proc1185(2009)571
Paramagnetlc temperature Sensor

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

absorber

SQUID loop »

T C

thermal link

thermal bath

A 4



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 MMC _ ., WM _, MM E
T — u - T - u -
LLL P @—CtOt PUs i P PUs T C.

absorber

SQUID loop »

T C

thermal link

thermal bath

A 4



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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Performance
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Operation over a large temperature ran:
A operation of large arrays

Large dynamic range
A no saturation of the signal

Design defined decay constant

A thermal link optimized for
detector heat capacity at operating
temperature

Fastrisetime
A Reductionun-resolvedpile-up

Extremelygoodenergyresolution
A identificationof smallstructures

Excellentinearity
A precisedefinition of the energyscale



DeteC’[Ol‘ geometries A planar paramagnetic sensor

A superconducting coil
A transformed coupled to a dc SQUID




Persistent current
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Reliable injection of a persistent current in
the superconducting coil:

Achievable critical current density:19 MA/cn?
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MMC readout

Two-stage deSQUID readout with flubocked loop

low noise
smallpower dissipationon detector SQUIEhip (voltagebias1st stage

st nd
1" stage 2" stage In house produced SQUID array



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
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MMC fabrication

40 m? Cleanroom class 100
at Kirchhoff Institute for Physics

Wet bench

Chemistry bench
Masklessligner

UHYV sputtering system
Dry etching system

A Flexibilityin designand fabrication
A Reliableprocessesor thin films

A Productionof MMC arrayand
superconductingelectronics




MMC fabrication

ECHel0O0k wafer
Fabrication steps

Layer Material| Thickness | Deposition technique
1 gggllg) Eggj’ (layer 1) Nb 250 nm Sputtering + etching
2 | Isolation Nb,Os | - Anodisation
3 | Isolation 510, 175 nm Sputtering — lift-off
4 | Isolation 510, 175 nm Sputtering —+ lift-off
5 | Heaters AuPd 150 nm Sputtering + lift-off
6 | SQUID lines (layer 2) | Nb 600 nm Sputtering —+ lift-off
7 | Sensor AgEr 480 nm Sputtering —+ lift-off
8 | Thermalisation Au 300 nm Sputtering — lift-off
9 | Stems Au 100 nm Sputtering
10 | Absorber - 1st layer Au 3 um Electroplating + lift-off
11 | '3Ho host material Ag 100 nm | Sputtering
12 | '3Ho implantation 165Ho - Ton-implantation
13 | '%*Ho host material Ag 100 nm | Sputtering + lift-off
14 | Absorber - 2nd layer | Au 3 um Sputtering —+ lift-off

F. Mantegazzini, PhD Dissertation, Heidelberg University, 2021
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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
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maxs30 setup for IAXO

Search for an evidence feplaraxions

X-ray
detector
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Low background and high energy resolution
(low threshold) xray detectors

The IAXO Collaboration, Journal of High Energ¥hysics2021137 (2021)



maxs30 setup for IAXO

— detector module

_— support structures

_— adapter plate

Design suitable for IAXO telescope

High purity materials for background
reduction

D. Unger et al., JINST16(2021) P06006,
arXiv:2010.1534gphysics.ins-det]



https://arxiv.org/abs/2010.15348

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

maXxs30 with24tAm +433U external sources
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T. Sikorsky et al., Phys.Rev Lett. 125(2020)142503



maXxs30 with24tAm +433U external sources
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maXxs30 with24tAm +433U external sources
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Energy calibration
A Polynomial function ® to 4th order
A Stable over long measuring time
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Hom maXxXs30 to maxsl00

Lo _ Absorber volumean be adjusted for the particles to be detected
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Sensor volume is optimizé¢d match the heat capacity of the
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Same design, but scaled up!

3

Vv K v
Highlychargedion spectroscopy

LargearealLamb shiftS



32 readout channels for 4000 pixels



32 readout channels for 4000 pixels

1) The Hydra principle

Flux [@]
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thermal
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stems
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Pixel identificatiorviarise-time
of the detectorsignal

Porst et al, AIP Conf. Proc. 1185(2009)599



32 readout channels for 4000 pixels

1) The Hydra principle
2) Segmented sensor
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32 readout channels for 4000 pixels

1) The Hydra principle
2) Segmented sensor
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32 readout channels for 4000 pixels

1) The Hydra principle
2) Segmented sensor
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32 readout channels for 4000 pixels

1) The Hydra principle
2) Segmented sensor
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32 readout channels for 4000 pixels

1) The Hydra principle
2) Segmented sensor
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32 readout channels for 4000 pixelsSIOCCA

1) The Hydra principle
2) Segmented sensor

~4.5cm

A 64x64 pixels

A ~100 eV (FWHM)

A 32x32temperaturesensors
A Read ouby 16+16 SQUIDs

L. Gamer et al.,J. Low Temp. Phy484839 (2016)



32 readout channels for 4000 pixelsSIOCCA

1) The Hydra principle
2) Segmented sensor

A 64x64 pixels

A ~100eV (FWHM)

A 32x32temperaturesensors
A Read ouby 16+16 SQUIDs




MMCs for th eECH (Expe rl ment The ECHo Collaboration EPJST 2268 (2017)1623

< Absorber top

ECHauseslargearraysof MMCswith enclosed®3Ho o
o implanted area

= A\bsorber bottom
Au:Er sensor
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M. Bral3 and M. W. Haverkort , New J. Phys22(2020) 093018



