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m_calorimetric measurement
o purely kinematic assessment | — direct approach
o embedded source . — systematics avoided
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Luca Origo for H%M ES



— microcalorimeters = = = == = = == = = = =

Holmium
AE — ATabs_) ARTES — eee “bsorber G sensor
Mo/Cu superconducting film linked to cryogenic bath

an Au absorber,
(low T variation — high R jumps)

many reasons:
state of the art performances
time, energy resolutions
tunable devices
suitable for multiplexing
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e — AlTES—> ALSQUID feedline
o Afres_) A(P
resonators
multiple TESs readout
with a unique feedline gL
(N depends on the HEMT
amplifier bandwidth) AESeILRE
rf-SQUIDs
TESs

microwave resonators
ramp (flux modulation)
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— readout scheme === = = = == = = = =

S21 Measurement - All Resonances

32 TESs bandwidth: ~500 MHz
32 resonators

HEMT in 4-8 GHZ:
potentially 32 x 8 TESs
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SR CIg [OIRVISS performances ===~ = = = = = = =

TESs without Ho (old characterization):
o AE ~ 4eV (@6keV)

FWHM
o T1,~20ps
o electrical parameters of the TES circuit
o 1,~300ps
o thermal parameters of the TES circuit
o At~15ups

o unresolved pile-up fraction of events
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I. TES for the HOLMES experiment

I1l. TES characterization

What's next?




— II. TES fabrication - = = = =

Ho

photoresist

SiNX membrane
Si substrate

absorber

TES
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SR ES == el °3Ho implantatio

183Ho ion-implantation @ Genova lab
e Ar plasma sputters the source target
e mass selector bending magnet
e FCreadtheselected current

Faraday cup

TESs location el megne:

for implantation

sputter ion source
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e R S *°*Ho implantatio

— —
%*Ho ion-implantation @ Genova lab o <
e Ar plasma sputters the source target é N
e mass selector bending magnet b .
e FCreadtheselected current - /
“The HOLMES low activity implantation” =~
by Giovanni Gallucci araday cup

(second talk in the afternoon) lipole magnet

T s'® - sputterion source
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e | B 23 =1 e]g[e=\i[e] Il detector holder - = = =

32 shunting
resonances

32 resonators/
SQUIDs pairs

voltage bias O(1V)
ramp signal 250 kHz
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e L =R el 11 s 1all experimental setup - = = 0m

input RF

——| - 2 x 32 TESs readout:
k e Xx1RFline
5 x1HEMT

HEMT ampl.
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— |I. TES fabrication

experimental setup

. conv.

DAC
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DAC |-
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“top “bottom”

T

2 x 32 TESs readout:
e x1RFline
o x1HEMT
e X2 FPGAs
o DAC/ADC
o Xx21Q mixers

o /B conv.

e x2LO generators




I. TES for the HOLMES experiment

Il. TES fabrication

What’s next?




- 2024 measurements === === == = = =

1st run spect.ral features calibration
(with external sources)

>

measurement w/ 64 pixels
without fluorescence source
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bias voltage fixes
uniform working points

[y
(=}
w

1.0 1.5
Bias [V]

—_
(=)
[

>
()
o)
s
-l
-
i
8
=]
=]
5]
&)

implanted ®3Ho activity

TES performances (TD, To and AE
estimation of G

estimation of CHO

FwHM)

1000 1500 2000
Energy [eV]




implanted activit - = m m == m = == o=

TES activity map [Bq]

018 | W m 015 0097 0078 0.00083
ﬂ = 0.17 0.098 0'14

12 pixels not measured

studying different implanted activities
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N \ Ho Activity [Bq]




signal decay times _— e = m mm m m mm = =

TES decay time map [us]
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non-uniform distribution

(two times longer)

i i tsam ling 4 sl
combination of effects: | (250T<H§ramp)

G < substrate etching procedure

C — implanted activity of Ho t o =4 MS




— thermal conductance - = = m == m m wm= = = = =

and therefore the P Te = (93,568 % 0.092) mK

—— G =(234.949 £ 1.642) pW/K

TES response at fixed R (
flowing through the bath) dependson T, o o

<G>=200pW/K | o.=30pW/K

<TC> = 94 mK oTEO.8 mK

60
Toath(MK)

TES thermal conductance map [pW/K]
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- heat capacity of Ho _— = m = == m m == m m = =

4 ms time window

Holmium heat capacity effect on TES worst AE
performances longer T

FWHM

Schottky anomaly

Specific heat of bulk Ho metal

~O.8 pJ/K . AOSSamsgo 800 1000
C = C +C__ .+

tot abs, Au TES
i i estimated from data: Tg<C,./G
CHo oc AHo
@ 90 mK t with
~3.6 J/(K- | - . agreement wi
/(K- mol) Cabs, Ho — (2.77 10.9) J/(K mol) ECHo study
PRELIMINARY o e im0

(2021)
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I. TES for the HOLMES experiment

Il. TES fabrication

lll. TES characterization




NOW!

Data collection is ongoing: first results with increased
statistics will be soon available establishing the first m
upper limit assessment of the HOLMES experiment

...SOON ion-implanter update
new TES implantation run

e electromagnetic focusing stage

maximizing **3Ho implanted
activity and

e co-deposition target chamber

new TESs ?

more statistics and new m,
assessments...

lowering the transition temperature
would improve performances
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Backup slides...




— Backup slides

e how we receive the

chip: l

e after implantation/deposition -
and photoresist lift-off:
/T T
DRIE‘ - KOH — more space required between
] ] TESs, tested succesfully @ MiB
H . - Deep Reactive lon Etching (DRIE)

KO
— perpendicular etching, not properly
amnl . -
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Bottom Chip
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Assumptions: <G>=170 pW/K
<0./G>=1%
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T,[s]x GIW K] = K, (C HK, AHo[s'l])

det+Au

0.1 0.2 0.3 0.4
Ho Activity [Bq]

KiA L DKE] = K, [sJK*]=C, [JK*mol*]T, [s]/N, [mol?]

we can fix C at ~0.8 pJ/K

det+Au

C,,, is computed from the CHo =(2.77 £0.9) J/(K - mol)

AN






m_nu

A spectral fit is performed
over each TES dataset

Multi-spectrum analysis with
neutrino mass as shared
parameter

Stan-based software for
bayesian inference through
Markov Chain Monte Carlo

--- counts
0 counts_rep
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