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Research activity of my PhD
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DarkSide-20k sensitivity

* Some backgrounds require further
investigation (single electron, CEVNS)
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* Setup to study innovative techniques to
characterize and possibly reduce this
spurious events
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Research activity of my PhD

Gas input :n
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First run test

* Argon condensation inside the inner . . T
chamber ol IR s et W TR, W e o

e About 7 L of liquid condensated

8

~ = Temperature Bot RPT (K)
—— Temperature Condenser (K)
—— Temperature Mid RPT (K)

» Tested the stability (~ 1 week)

e

Temperature [K]
Temperature (K)

. |
= \J )
[ % 86 |
CF25
8 b - T T
. ) L, Temperature Gradient (Mid - Bot) vs Time
; T Cold head sensor (T) — fesai 0
roa 8.0 7 —1 S T
P 3 ‘
c =
= E 7.8 \/-\/\\_/~‘-/~’\‘._—\-~
KF40 g 7.6 1 ) ‘
L | | | | |
- —— Mld RPT sensor (TD) 2024-12-04 2024-12-05 2024-12-06 2024-12-07 2024-12-08 2024-12-09
5

\ < ?—1 Bottom RPT sensor (Tg) Time




DarkSide-20k and DArT SiPM tiles warm test
\ |

* Circuit to power the tile
* Pulse generator to power LED
* Black box to shield external photons

* Waveform output signal readout through the T
oscilloscope

DArT SiPM signal
e SiPMs conditions:

* V,...=31V+ 1.5V overvoltage
* Operational Amplifier range (-1.4V , +3.6V)

* LED conditions:
* Vpp=19V
e Offset=15V
* Pulse Frequency: 3MHz

—— Input Pulse to the LED
SiPM output signal

Riccardo Pavarani, riccardo.pavarani@ca.infn.it 6



IV curves of Darkside-20Kk tile

» Measurement of a DarkSide tile IV curves » Measurement of a DarkSide tile IV curves
(this work) (DarkSide collaboration)
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Test at cryogenic temperature

Characterization of the electronic response at cryogenic temperature
In Liquid Argon (87 K) or Liquid Nitrogen (77K)

Design of the support structure to be
placed inside of the inner chamber

* 3 supporting bars

» Exagonal plate
(~10 cm from the bottom)

« 1 DarkSide tile and 4 DArT SiPM

* Black box

« LED

* Additional heater and temperature sensor
(PT100)

Optical plane
DArT SiPM
]
: :
. DS-20k -
- -
@ I:I tile I:I @
~ ~
= =
]
DAFT SiPM

24 SiPMs

DArT SiPM DS-20k tile
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Research activity of my PhD

Coherent Elastic veutrino Nucleus Scattering
will be the dominating background of DS-20k

in the high mass region

Elastic coherent (CEvNS)
Ago > 2R

Higher cross section with respect to other

neutrino processes at low energy
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Sensitivity of COH CsI and LAr detectors
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Neutrino charge radius

Toward precision physics tests with future COHERENT detectors

M. Atzori Corona ,I'E M. Cadeddu ,2'E| N. Cargioli ,2'
F. Dordei ,2'@ C. Giunti ,3’ and R. Pavarani 2’4ﬂ
L Istituto Nazionale di Fisica Nucleare (INFN), Sezione di Roma Tor Vergata,
Via della Ricerca Scientifica, I-00133 Rome, Italy
2[stituto Nazionale di Fisica Nucleare (INFN), Sezione di Cagliari,
Complesso Universitario di Monserrato - S.P. per Sestu Km 0.700, 09042 Monserrato (Cagliari), Ttaly
3 Istituto Nazionale di Fisica Nucleare (INFN),
Sezione di Torino, Via P. Giuria 1, I-10125 Torino, Haly
*Universitd degli Studi di Padova, Dipartimento di Fisica e Astronomia “Galileo Galilei”,
Via Francesco Marzolo 8, 35131 Padova, Italy

‘We present a comprehensive sensitivity study of future CEvNS detectors, focusing on a cryo-
genic cesium iodide detector and a tonne-scale liquid argon one, currently being developed by the
COHERENT Collaboration. These setups will enable precision measurements of the weak mixing
angle at low energies and allow accurate extraction of the neutron nuclear distribution radius. We
also demonstrate that next-generation detectors will place constraints on the neutrino charge radius
comparable to or better than current global fits. In addition, we explore the sensitivity to non stan-
dard neutrino electromagnetic properties, such as magnetic moments and millicharges, as well as

new mediators. These findings reinforce the role of CEvNS experiments in the upcoming precision
era, with future detectors playing a key role in advancing our understanding of neutrino interactions
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and electroweak physics at low energies.
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Courses, schools and other activities

Courses:

* DarkSide Young Academy (exam passed): dark matter theory,
Aria and argon purification, DarkSide 20k status and update,
cryogenics of DarkSide-20k and my talk

\° Rare event search with noble liquids (attended)

N

Other activities:
 TECH-FPA PhD retreat in LNGS, L’ Aquila
* Poster at Incontri di Fisica delle alte energie (IFAE), Cagliari

passed)
» Shift DEAP3600
* Darkside Masterclass, Cagliari

K astroparticle physics, L'Aquila

* Poster and talk at Multi Aspect Young ORiented Advanced Neutrino
Academy (MAYORANA) — International School, Modica (exam

* Gran Sasso Hands-on 2025 PhD summer school on experimental

™Y
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v
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GRAN SASSO
Z@ZS

i. . MW PhDs hc\
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Next activities of my PhD

* Development of data acquisition system (DAQ)
* Testing SiPMs at cryogenic temperatures

* Design and construction of dual-phase TPC

* Improvement of slow control system (LabView?)

* Simulations for the final system (Geant4)
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Next activities of my PhD

* Development of a data acquisition system (DAQ)

* Testing of the SIPMs atures

* Design and constru TPC

* Improvement the slo LabView?)

* Simulations for the final system
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Research activity of my PhD

< (@ Lab_Operations@Cagliari
@

S RVICITY

®_Cryocon 26 Controller Reported:
Timestamp: 2024-12-09 22:54:55
Mo T mid-chamber = 122.3 K

% T cold head = 149.94 K

o T bot-chamber = 90.15 K

" PID Setpoint = 150.0 K

5 Controller State: ON

& Heateris ON: 77.25% power

CRYOGIN
@®_Cryocon 26 Controller Reported:
g Timestamp: 2024-12-09 23:05:00
N T mid-chamber = 122.81 K

2% T cold head = 150.03 K

o T bot-chamber = 90.18 K

@" PID Setpoint = 150.0 K

{8 Controller State: ON

& Heater is ON: 78.27% power

CRYOGIN

®_Cryocon 26 Controller Reported:
k@ Timestamp: 2024-12-09 23:14:54
N T mid-chamber = 123.27 K

%% T cold head = 149.98 K

» Live plot of temperature and heaters ;l.‘é°é§*;1?;’?‘i'is%‘.’oz£ K
- ok Controller State: ON
power %Y

& Heateris ON: 77.11% power

e Live time of analog pressure * Anydesk remotely
* Telegram bot reporting about the status of

 Heaters can be controlled from the ,
the system every 10 minutes

PC setting a temperature
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 Research activity of my PhD

Time Projection Chamber
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Research activity of my PhD

.~ X kg x day]

Events / [N_

The physics goal 1s to build a
setup to investigate the so-called
single electron background
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Research activity of my PhD

SEC vs Delta Time (SEC-S1)
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Research activity of my PhD

CEvVNS allows one to test the SM through
the weak mixing angle, and to access to
the weak nuclear distributions.
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Research activity of my PhD

v v

Although neutrinos are electrically neutral particles, they can interact with other charged particle through photon
exchange in loop diagrams via the neutrinos charge radius (NCR). The NCR introduces a flavor dependence in the
cross section
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M. Atzori Corona et al., JHEP 09, 164 (2022)
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http://dx.doi.org/10.1007/JHEP09(2022)164

Top view

IPM is an array of microcells

Side view

Single microcell

electrical equivalent
circuit of a microcell
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Corrado Cicald - Laborata

Viaias > Vap

Amplitude [mV]

20 80

time [ns]

Singolo fotoelettrone (1 p.e.)
Guadagno = area sotto la curva in
elettroni
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