Status of the HOLMES experiment
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The assessment of the absolute v mass scale is a crucial challenge in today particle physics and cosmology. The only experimental method which can provide a model independent
measurement is the investigation of end-point distortion in beta/electron capture spectra. For such a kind of experiment it is mandatory to use an isotopic species with the lowest
possible Q-value, because of statistical sensitivity scales as 1/Q3. For this reason, electron capture ®3Ho decay is a good choice, having a Q-value of 2.8 keV. The HOLMES experiment
will exploit a calorimetric measurement of 1°3Ho decay spectrum deploying a large set of cryogenic micro-calorimeters implanted with ®3Ho. In order to get the best experimental
sensitivity, it is crucial to combine high activity with very small undetected pileup contribution. Therefore, the main tasks of the experiment are: the development of ~1000 fast (3 us
time resolution) cryogenic micro-calorimeters with energy resolution down to few eV; the embedding inside the arrays of the highest 1°3Ho compatible with detectors’
thermodynamical properties and pile-up issues, avoiding contamination from other species, mainly 1°®"Ho; the development of an efficient high bandwidth multiplexed readout. The
commissioning of the first implanted array is currently on going; the first DAQ is expected to start in 2021. Here, the status of the experiment and the first results about detector
commissioning will be discussed.
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Calorimetric measurement of Dy* de-excitation
energy E.
m, sensitivity depends on Q-value and capture Pile-up implies:
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1~ 4570y: few active nuclei needed to obtain - needs of detector with fast resolving time
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1 10 1 10 1 10 1 10

AEyy [8V] AEyy [8V] AEqy [€V] AEcy [8V]

n
o

1 1 l 1 1 1 l 1 1
2000 3000
energy [eV]

n
(=}

m, statistical sensitivity 90% CL [eV]
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Holmium production and embedding chain:

TES design and production:
183Ho is produced by n-activation of 192Er sample:

; 2 ym Au absorber for full e-/y absorption, usage of «sidecar»
53,503 E"?Zm configuration to avoid TES proximization and allow G
engineering for 1 control.

 High yield (o4~ 20b), but contaminations from other [
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« 2 steps purification procedure has been developed:
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RF SQUID readout with microwave Status and perspectives:

multiplexing: SQUID coupled with DC biased o—Q —=9
TES and a A/4-wave resonant circuit: it
 readout with flux ramp demodulation (common
flux line inductively coupled to all SQUIDs); .
« signal reconstructed by Software defined Hw— ;,p,,’, *“'?
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Source production: 3 batches have been already irradiated at ILL (Grenoble, FR), for a
total of 140MBq of '93Ho. The radiochemical separation process has been proved to work
with an efficiency = 79%
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Iy dep DC biased TES fonf SF  resonatorf Microcalorimeter test: several geometries were

tested using *°Fe (5.9 keV) and fluorescence source
(Mn - 5.9 keV, Ca - 3.7 keV, Cl — 2.6 keV, Al - 1.7
keV). A 3.5 to 5 eV energy resolution have been
evaluated on those lines.

lon implanter: the comissioning of the machine is almost finished in Genova’s INFN
laboratory. Test with different targets containing 165Ho are on going.
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Change in TES current = change in the input
flux to the SQUID;
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The ramp induces a controlled flux variation in

the RF-SQUID, which is crucial for linearizing
the response. | [1] A. De Rujula, M. Lusignoli Phys. Lett. B 118 (1982) 429
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