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Calorimetric approach

Electron capture in 153Ho

163Ho - 163Dy[H] + v,

Calorimetric measurement of atomic de-excitations (E,)
Q =2863.2 + 0.6 eV
Tqp = 4570 y = 2x10"" nuclei < 1 Bq

163py[H;] - 3Dy + E.
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From Holmes to Holmes+

Cryogenic microcalorimeter (TES) arrays with ion-implanted ¢3Ho

Proof-of-concept with m, sensitivity < 0.1 eV

Gradual aproach based on scalability
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first phase of a mid term (5y) plan for
m, statistical sensitivity O(1 eV)

up to =1000 pixels

up to =30 Bq(*®*Ho)/pixel

multiplexed TES 64-pixel array
=1 Bq('®*Ho)/pixel

AE =1 eVand T,=1 ys

B. Alpert et al., Eur. Phys. J. C, (2015) 75:112

- m, statistical sensitivity O(10 eV)
HOLMES collab., http://arxiv.org/abs/2503.19920

< 0.1 eV m, sensitivity requires scaling up
the HOLMES experiment by ~ O(109)
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Towards sub-0.1 eV sensitivity

—— HOLMES 2024: 0.3 Bqg 48 det (tw = 2 months) (+ experimental result) .
AErwum = 5 eV
HOLMES+: 3 Bq 256 det (= 30 Bq 16 det) Th =2 1S
r— HOLMES++: 30 Bq 256 det b = 2x10* c/eV/day/det
| - HOLMES ++: 30 Bq 1024 det =1y
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Microcalorimeter arrays

Au absorber with h 22mm "
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163Ho mass separation

average activity (A) = 0.325 Bq o ]
H % MES INFN total activity Ay, = 16.9 Bq & ion implanation

(P rr— peak activity A,,,=0.6 Bq



Holmes+ 3 year program (2025-2027)

improve ion implanter for better control and higher efficiency - up to few 10%
* now integrating electrostatic triplet for focusing, XY stirring magnet and target chamber for co-deposition
» upgrade ion source: Forced Electron Beam Induced Arc Discharge or Resonant Laser lonization
increase '°3Ho activity per detector - up to O(100) Bq
* reduce detector operating temperature to < 30mK
* implement Au co-deposition
reduce readout/DAQ cost - few € per channel
* new multiplexing scheme w/o rfSQUIDs and larger multiplexing factor
* leverage new large bandwidth RFSoC boards
enlarge the international collaboration

163Ho electrostatic
triplet slit / ion source

XY scan

co-deposition k '

/}\"r ion beam
target chamber

ECR microwave sources

HOLMES CNFN 7

ibiwts Rpsaanl & frah Nadicke



Holmes+ 3 year program (2025-2027)

improve ion implanter for better control and higher efficiency - up to few 10%
* now integrating electrostatic triplet for focusing, XY stirring magnet and target chamber for co-deposition
» upgrade ion source: Forced Electron Beam Induced Arc Discharge or Resonant Laser lonization
increase '°3Ho activity per detector - up to O(100) Bq
* reduce detector operating temperature to < 30mK
* implement Au co-deposition
reduce readout/DAQ cost - few € per channel
* leverage new large bandwidth RFSoC boards
enlarge the international collaboration

163Ho electrostatic
triplet [ / ion source

XY scan

co-deposition \ ‘

/Ar ion beam
target chamber

ECR microwave sources

HOLMES CNFN ;

ibiwts Rpsaanl & frah Nadicke



KICS read-out

KICS - Kinetic Inductance Current Sensors

->¢

FONDAZIONE
BRUNO KESSLER

IDEA: microwave multiplexing of

) microwave
several cryogenic detectors

feedline

Lumped elements tunable resonator, aluminum patch
galvanically coupled to detectors

coupling inductance

WORKING PRINCIPLE

microwave feedline

/
tunable
resonators

cryogenic
detectors

o

» Each detector pixel is coupled to a unique
resonator

« Events in each pixel are reconstruced by
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KICS read-out

KICS - Kinetic Inductance Current Sensors

First results at TIFPA:

microfabricated device
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Transmission (dB)

Optical darkfield microscope image
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First current tunable resonators successfully microfabricated and tested at TIFPA
* In progress: KICS design to read out HOLMES TESs
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Financial status 2025

Project duration: 3 years é(\\?
J

Assegnazioni TIFPA, first year (2025)
TIFPA

Materiale di consumo per misure di screening

Consumabili 5 kE
con cryocooler
: . Microfabbricazione di dispositivi presso FBK
Microfabricazione cemEnZiens NEN-EEK 15 KE SJ
Missioni Missioni presso altri laboratori 3.5 KkE

Total 23.5 kE
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Financial request 2026

Project duration: 3 years é(\\?
7

Financial requests for TIFPA, second year (2026)

(to be confirmed) TIFPA

Materiale di consumo per laboratorio per

Consumabili : 8 KE
misure RF
. .. Microfabbricazione di dispositivi presso FBK
Microfabricazione (cemvarEiens INFN-F 2K 25 kE
Missioni Missioni presso altri laboratori 3 KE
Total 35 kE
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Thank you!
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