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Outline of the presentation
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Energy calibration of bulk events with 2Am ":-:-:-.
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mm), in contrast to optical photons, which are fully absorbed at the surface (A=82 nm)
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% The 59.5 keV of 2*Am are enough energetic to penetrate the entire crystal volume (1= 13
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Neighbour analysis for bulk events

Effects related to interactions in the bulk position of americium can be investigated by
studying the partition energy between main and neighbouring dice
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Neighbour analysis for bulk events

Energy ratio R,, [%]
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O Energyspectrum of KID 49. Both the peaks
of control LED and americium are clearly
visible
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Calorimetric amplitude > &9

Following the results just exposed, the sum of the amplitudes of all the KIDs, corrected for the quality
factor, should be able to compensate the anti-correlation and improve the resolution of 24 Am events

Calorimetric amplitude: KID 49
10
. Acal:AC/Qc_l_ZneighAn/Qn E .
e = v
. %3 10! g
5 S
E 2
: s
S o
~ e
& S
—1
10!
\\\\\\\\\\\\\ Calorimetric Amplitude [A.U]




Calorimetric energy spectra
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Calorimetric energy spectra
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Conclusions and status of the pap
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Calibration of the bulk events induced by the 59.5 keV
gamma rays of 2*Am

Standard optical calibration validated with a deficit below
10%

Energy resolution improved from 5 to 2% (¢) by summing
the energies of neighbouring dice
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Abstract BULLKID is a cryogenic, solid-state detector de-
signed for direct searches of particle Dark Matter candi-
dates, with mass < 1 GeV/c?, and coherent neutrino-nucleus
scattering. It is based on an array of dice carved in 5 mm
thick crystals, sensed by phonon mediated Kinetic Induc-
tance Detectors. In previous works, the array was calibrated
with bursts of optical photons, which are absorbed in the
first micrometer of the dice and behave as surface events.
In this work, we present the reconstruction of bulk events
through the 59.5 keV X-ray generated by an >*' Am source,
which emulates more closely the interaction of Dark Matter
and neutrinos. The peak resolution is 4.5% and its mean is
shifted by less than ~10 % with respect to the optical cali-
bration. The resolution is further improved by a factor ~
combining the signal from neighbors dice. These results con-
firm the performance of the detector in view of the physics
goals of the BULLKID-DM experiment

1 Introduction

BULLKID [2, 5, 7] is a monolithic array of dice of 5.4 x
5.4 x 5.0 mm® carved in crystal (silicon or germanium) and
sensed by phonon-mediated cryogenic Kinetic Inductance

Se-mail: matico folcarelli@uniromal it (corresponding author)

ilitazione, Universith di Ferrara, Via Luigi Borsari 46, 44121 Ferrara - Italy

Detectors (KIDs). It is designed for the detection of sub-keV
energy depositions from particle interactions within the crys-
tal, making it suitable for direct Dark-Matter (DM) searches
and coherent elastic neutrino-nucleus scattering (CEvNS)
experiments. One of the main challenges in this low-energy
regime is the energy calibration and, so far, the BULLKID-
DM collaboration has adopted a method based on bursts
of 400 nm optical photons [3, 8]. These photons produce
electron recoils near the surface of the crystal, unlike DM or
CEvNS interactions which produce nuclear recoils uniformly

throughout the crystal volume (bulk events). Validating this
optical calibration method, using particle interactions, is thus
of critical importance to confirm the detector's performance
under realistic conditions. In this work, we present such a

validation by reconstructing the 59.5 keV X-ray peak from a
radioactive 2*! Am source using a silicon BULLKID. These
Xerays, see (Fig. 1), are suffi
the entire crystal volume (dus = 13 mm) [9], in contrast
to optical photons, which are fully absorbed at the surface
(s ~ 82 nm) [6]. This measurement both confirms the
reliability of the optical calibration technique and allows the
investigation for different responses between bulk and sur-
face events.

ently energetic to penetrate




Background with mild shield
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The setup is based on a single wafer (STACK-04) in a lead holder for the suppression of natural
radioactivity
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Energy calibration with Pb X-ray peaks
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Fitting strategy

Fitted the peaks in two intervals in the uncalibrated [mrad] amplitude. Assumed a linearly decreasing
background and fixed the relative position and intensity of the peaks.
In each interval, assumed the same sigma for all the peaks.
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Calibration function ‘
From the fits we can evaluate the responsivity and the non-linearity coefficient
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lin CPOF Am

Residuals

plitude[mrad]

Channel 47

R LEDs: (11.96\pm 0.43) mrad/keV

1000
800
600
400

200

10

Nominal energy [keV]

Residuals

plitude[mrad]

lin CPOF Am

[mrad]

800
700
600
500
400
300
200

100 ]

—
o
il

R LEDs: (9.21\pm 0.27 ) mrad/keV

n
il

Nominal energy [keV]

PEERKNNNNNNNNSY

s ® -
L e e & B s s a



Cut’s efficiency evaluation
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Conclusions

O The presence of the X-ray
peaks of Pb allowed the energy ]
calibration during the last 0.8
acquisition with mild shield. _

0.6

O

Discrepancy with optical
calibration of -10%, confirming
the results of americium
analysis
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