SDD-in-HPGe - Towards a background-free X-ray detector
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e next generation helioscope, expand solar axion

frontier by > 1 order of magnitude
[Armengaud et al., JINST 9 (2014) T05002]

- > 10*signal-to-noise improvement
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high-efficiency low-background X-ray detectors
e sensitivity g, * o g,/ b2 112
(background-dominated, square-root)

-  goal 10 cts/keV/cm?/s
(O(1) cts/yr in ROI)



Challenges

SDD in passive shield
(see Susanne’s talk)

deep-underground bulk detectors
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primary detector

Active shielding

e external background has to enter / leave undetected,
either way counts
-  allows most compact design

secondary
e intrinsic background / secondaries (e.g. X-ray detector

fluorescence, neutron capture) are detectable ‘ s

- best background requires highest efficiency / activeness

e central for success of [GERDA | (HPGe in liquid argon),

[Agostini et al., Nature 544 (2017) 47]
but has not yet (fully) arrived at keV-scale

shielding
layers



electronics

Our idea: SDD-in-HPGe detector (ASIC) ultra-thin

entrance window

e all-semiconductor active-shield detector,

single-pixel SDD in well-type HPGe detector
single-pixel
SDD

-  ultra-pure (almost) 47 veto

9.9 keV Ge K-line
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e requires proof of concept




Preliminary work and seed request

extensive simulation campaign

substantial suppression for dominant
backgrounds

TRISTAN development
o single-pixel SDD with on-chip JFET
o  ASIC-based read-out
GERDA/LEGEND experience
o active background suppression technique
o  point-contact well-type HPGe detector
but

o large-diameter well with ultra-thin
contact/deadlayer (~0.5 um)

item cost
HPGe detector, Mirion SAGe Well GSW 300 detector incl.

o o L 80 k€
dipstick cryostat, preamplifier and liquid nitrogen dewar
low-energy low-background workshop 1 k€
sum 81 k€
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SAGe™

Small Anode Germanium
Well Detector

DESCRIPTION

FEATURES & BENEFITS

« Blind well approaches 41 counting
geometry yielding high absolute

The Mirion SAGe™ Well Detector!
combines excellent energy resolution

Furthermore, the detector is

manufactured with an aspect ratio of

efficiency at low and high energies with maximum a coaxial detector to allow excellent

for small samples. Like
Traditional Well Detectors, the SAGe
ATl e Fa Rl aiadd i o W EE A Rals

- Superior i to
Traditional Well Detectors at both
i A W s e e

efficiency performance for standard
laboratory geometries such as Marinelli
s e e e g e




Timeline
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HPGe procurement

HPGe characterization

test stand construction proof of concept
workshop & low-background design

two ingredients towards a background-free X-ray detectors
e proof of SDD-in-HPGe concept, requires well-type HPGe detector

o identify low-background synergies, exchange expertise across ORIGINS experiments
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Conclusions

e TAXO requires deep underground performance at
shallow depth (108 cts/keV/cm2/s)

o novel X-ray detector concept

-  all-semiconductor active-shield, SDD-in-HPGe
(other applications?)

o  best materials available in community

- use synergies within ORIGINS cluster

e  HPGe detector required for proof of concept

- place us at forefront of IAXO detector development
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