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Supernovae: cosmic fireworks

setting the stage

Supernovae (SN): high-energy explosions of massive stars

Almost total star binding energy converted into all flavor-neutrinos
but also GW and EM radiation

Neutrinos: direct probes and messengers of SNe hidden dynamics

Rare event (~1.6 SN/100 y): 1 observation with underground
instrumentation

= 1987 Birth of
Neutrino Astronomy

NGC 4526 galaxy

SN1994D

Credit: NASA/ESA, The Hubble Key Project Team and
The High-Z Supernova Search Team


https://en.wikipedia.org/wiki/NGC_4526
http://www.nasa.gov/
http://www.esa.int/

Neutrinos are emitted at all times

Unique neutrino signature

Neutrino transport simulation of a Core-Collapse SN
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A. Mirizzi et al., Riv. Nuovo Cim.39, 1 (2016)

Nota Bene: neutrino flavor oscillations not included MPA Supernova Archive:

https://wwwmpa.mpa-garching.mpg.de/ccsnarchive



https://wwwmpa.mpa-garching.mpg.de/ccsnarchive

Supernova Neutrino signal

What is the average neutrino energy?
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Current SN neutrino detectors are mostly sensitive to anti-ve/ve




All neutrino flavors are detected

Coherent neutrino-nucleus scattering
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All neutrino flavors are detected

Coherent neutrino-nucleus scattering
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All neutrino flavors are detected

Coherent neutrino-nucleus scattering
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All neutrino flavors are detected

Coherent neutrino-nucleus scattering
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All neutrino flavors are detected

Coherent neutrino-nucleus scattering
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All neutrino flavors are detected

Coherent neutrino-nucleus scattering
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Status quo: Opportunities:
ndetection of ~1/6 SN flux n detection of full SN v flux

E small cross-section E highest cross-section

E large volume detectors E cm-scale v telescope
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RES-NOVA gives unique insights into SNe
Innovative experimental approach

Detection
channel Technolo.gy Target
Coherent neutrino- Cryogenic PbWO: from
nucleus scattering detectors archaeological-Pb
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RES-NOVA detection technique

Cryogenic Calorimeters with Transition Edge Sensors
Cryogenic calorimeters based on PbWO4 crystals

Cryogenic measurement of commercial PbWO,
Particle Light
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J.W. Beeman, LP et al., Eur. Phys. J. A 49, 50 (2013)
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Cryogenic detectors built from Archaeological Pb

taken from N. Nosengo (2010)

Archaeological Roman Pb: Archaeo-Pb cryogenic detector Several tons of ArchPb available
from underwater shipwreck High radiopurity: < 1 mBag/kg
2000 years old x104 better than commercial

low-background Pb

L. Pattavina et al., Eur. Phys. J. A 55, 127 (2019)
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RES-NOVA detects SN neutrinos

Nuclear recolil enerqy spectrum’
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RES-NOVA detects SN neutrinos

Nuclear recoil energy spectrum®

10°

. === 27 M Core Collapse SN @ 3 kpc 15220 27 Mo CC-5N
I .| == 27 Mg Core Collapse SN @ 50 kpc Present
- 10 Technology
|
% RES-NOVA
~ 192| Commercial low-background Pb bkg
IC
=
n
& 10°
0,
C?J _— ay —
0 10- -~
= 107%| Archaeological Pb bkg N
© S

—4

7107 1074 10° 10’ 10

L. Pattavina et al., Phys. Rev. D 102, 063001 (2020)

* Energy resolution 0.2 keV

Recoil energy [keV]

15

RES-NOVA Group of Interest, Eur. Phys. J. C 82, 692 (2022)
N. Ferreiro, L. Pattavina et al., J. Low Temp. Phys. 11, 184 (2022)



Detected events [counts]

Neutrino observatory at the cm-scale
an array of PbWOQO; crystals

Neutral current events
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RN-demo @ LNGS
(30 cm)3
1 keV
~10 counts

RN-1
(60 cm)3
1 keV
~50 counts

RN-2
(140 cm)3

1 keV
~900 counts




Not only neutrinos

Dark matter studies

1036

Assuming that the time-integrated DM-induced L0-37

event rate equals the CEVNS rate from SN I
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This simplified scaling argument suggests that
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RES-NOVA dark matter sensitivity

DM differential cross-section:
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Using arch-PbWO as a target, makes RES-NOVA sensitive to a broader range of dark matter masses
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RES-NOVA dark matter sensitivity

projection for:

* spin-independent (left)

* spin-dependent (right)

* Input bkg model: >40
bkg sources

* Exposure of 170 kg-y
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RES-NOVA Coll., Phys. Rev. D 111, 103050 (2025)
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Dark matter preliminary measurement
13 g archPbWO crystal at LNGS

® The crystal had a mass of 13 g and
dimensions of 0.7 x 0.7 x 4 cm?3

Cu frame
Thermal sensor N

* The measurement was performed in IETI a
pulse-tube assisted dilution refrigerator at
LNGS

* Not optimized for ultra-low-background
measurements
¢ Optimized for mechanical stability and

vibrational isolation

Geophone |} . “xT
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e NTD as a thermal sensor (energy Bottom Pb | I gt "1
reconstruction) Shielding [N

- Detert.. position

e 5
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e Energy estimation through
Optimum Filter

® Energy calibration performed
using the 2615 keV y line from
208T]|

e Calibration validated through the
46 keV feature from 210Pb
observed in background data

e Measured detector response: 112
uV/IMeV

e Eenergy resolution a 0 keV: 239
eV - baseline resolution
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Dark matter sensitivity

Data analysis

e DM sensitivity derived by comparing the
observed spectrum with the expected
recoil spectrum in PobWOQO4

e Expected spectra include detector
efficiency and energy resolution effects

¢ Since no reliable background model is
available in the ROI (2.5 keV - 10 keV) ,
limits are obtained using the Yellin
optimum interval method

¢ Sensitivity evaluated at 90% CL

Counts / 1 keV

- PPWQO, background data
- BUlk coOntaminations

4 6 3
Energy [keV]
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Dark matter limit
32.4 g*day

RES-NOVA projection (170 kg-y) CRESST 2019 RES-NOVA projection (170 kg-y) CRESST 2019
=== This work (32.4 g-d) DarkSide 50 —— This work (32.4 g-d) e Xenonlt NEST
XENONNT 2023 LZ 2023 XENONNT 2023 LZ 2022
10—31
10-33 1079
1035} 10731
10737 1033
LE) 10-3° E 1035
~ _ Q
60 10 = 5” 10—37
10743
10—39
1074 —
047 PbWO, v fog 10-41 ¢
10-
e d T T E——

my [GeV/c?] my [GeV/c?]



Deep space exploration

e Diffuse SN neutrino Background
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RES-NUOVA BACKGROUND MODEL

High multiplicity bkg =7 Low-background

High multiplicity SN signal

—

Bkg goal: <10-3 ev/ton/keV/s in coincidence mode (no particle ID)

Background rate in the ROI
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Detector energy spectrum for a SN @ 10 kpc

210pp in PbWO, Bulk in Cu — Neutrons
232Th in PbWO, Bulk+Surface PTFE =~ == Total
238(J in PbWO. Surface on Cu == SN @ 10 kpc
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Signal significance [O]

RES-NOVA sensitivity

small detector great potential
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RES-NOVA proofs of principle

achievement of low threshold and low background

! N. Ferreiro Iachellini et al.,

\ J. Low Temp. Phys. 11, 184 (2022)
-

RES-NOVA group of interest
Eur. Phys. J. C 82, 692 (2022)
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