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SUPERNOVAE: COSMIC FIREWORKS

SETTING THE STAGE

NGC 4526 galaxy

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

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

SN1994D
Neutrinos: direct probes and messengers of SNe hidden dynamics

Rare event (~1.6 SN/100 y): 1 observation with underground instrumentation  Credit NASAESA, The Hubble Key Project Team and

The High-Z Supernova Search Team

3 1987 Birth of
Neutrino Astronomy
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http://www.nasa.gov/
http://www.esa.int/
https://en.wikipedia.org/wiki/NGC_4526

SN NEUTRINO DETECTION NOWADAYS

SAME TECHNOLOGY FOR THE LAST 35 YEARS

Nobel Prize in Physics

"... for the detection of
cosmic neutrinos’

First observation SN1987A @ 50 kpc =% ~25 v, events

Detectors: Kamiokande, IMB, Baksan
Technology: Water Cherenkov & Liquid Scintillator
Detection Channel: Ve +p — T —+ e (Inverse-p decay)

L .
Detector Volume: monolithic (10 m)3 @\9%
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SN NEUTRINO DETECTION NOWADAYS

SAME TECHNOLOGY FOR THE LAST 35 YEARS

First observation SN1987A @ 50 kpc =% ~25 v, events
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. : Superk SNO+, ... _ _
Detectors: KamiokandeIMB-Baksan SUD Conventional neutrino detector

Technology: Water Cherenkov & Liquid Scintillator
pD— N T e (Inverse-p decay)
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SN NEUTRINO DETECTION NOWADAYS

SAME TECHNOLOGY FOR THE LAST 35 YEARS

First observation SN1987A @ 50 kpc =% ~25 v, events

Detectors: Kamiokande HMB-Baksan Superl(, ST, - Conventional neutrino detector
Technology: Water Cherenkov & Liquid Scintillator TIETIITTI . (et

Detection Channel: Ve +p — T + e (Inverse-p decay)
- R . @ @39%1
Detector Volume: monolithic ao-m)» (20 m)
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Need for a new technology:

131 All flavor neutrino detection
Vi/r / V. /+~ most energetic and abundant component
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| High neutrino cross-section

|| Sensitivity to near (~3 kpc) and far (>50 kpc) SNe



COHERENT NEUTRINO-NUCLEUS SCATTERING

RES-NOVA DETECTION CHANNEL
cross-section
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> High interaction cross-section S JRAPNTTEE L
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COHERENT NEUTRINO-NUCLEUS SCATTERING

RES-NOVA DETECTION CHANNEL
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Pb ideal target

Highest neutron number

Highest nuclear stability
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RES-NOVA DETECTOR TECHNOLOGY

ADVANCED CRYOGENIC DETECTORS

Cryogenic calorimeters made from Pb

Thermometer at mK

Transition Edge Sensor
low-threshold DM technology \ Heat
bath
~ 10 mK

absorber

crystal ‘
thermal (0.5-1 kg)
coupling | E >AT /

High-radiopurity crystal /
PbWO,

\/ low-background DBD technology




RES-NOVA:!: THE CHALLENGES

NEUTRINO SIGNAL RATE IN RES-NOVA

| Low background
detectors
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Low energy

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

L. Pattavina et al., JCAP 10, 064 (2021)

102

Conventional SN
neutrino detectors



RES-NOVA! THE POTENTIAL

NEUTRINO SIGNAL RATE IN RES-NOVA

L. Pattavina et al.,
L. Pattavina et al.,

Background
reduction x104
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Proof-of-principle E;ecoi *300 eV

Phys. Rev. D 102, 063001 (2020)
JCAP 10, 064 (2021)
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Conventional SN
neutrino detectors
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RES-NOVA! THE POTENTIAL

NEUTRINO SIGNAL RATE IN RES-NOVA

17.5 1 == CC-SN 27 M,
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N. Nosengo, Nature (2010)

RES-NOVA FIRST PROTOTYPE

ARCHAEOLOGICAL PB CRYOGENIC DETECTOR
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Archaeological Roman Pb:

from underwater shipwreck
2000 years old

Archaeo-Pb
cryogenic detector

High radiopurity: < 1 mBag/kg

x104 better than commercial
low-background Pb

L. Pattavina et al.,
Eur. Phys. J. A 55, 127 (2019)
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Counts above detector threshold

RES-NOVA: THE DETECTOR

AN ARRAY OF PBWU0O4 CRYSTALS

Detector mass [ton]
0.1 1.0 3.5 8.3 16.2 27.9 444 RN-1 @LNGS

104 ';_S_K_-_Cid_f3_2__|ﬁtl-.l ____________________________________________ Size: (60 Cm)3

Threshold: 1 keV
SN @ 10 kpc: IR L
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nreshold 1 keV Size: (‘Ifltokcm)
nreshold 5 keV Threshold: eV
nreshold 10 keV SN@ 10 kpc: ~600 counts
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Detector linear dimension [cm]

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



RES-NOVA BACKGROUND BUDGET

SIMULATION OF MAIN BAGCKGROUND COMPONENTS

MULTIPLICITY 1 TOTAL ENERGY SPECTRUM

10714

[ — b
S 9 3
A b b

Rate [events ton~! keV~! s71]
-
<

MULTIPLICITY 4 TOTAL ENERGY SPECTRUM

aasasal AL ALAL

b daasal Adod sl A

. 232Th in Cu
- 210pp in Cu
< —— 238yin Cuy
| o 1 - Lr'
ol
ﬂ |

—— 210pp in PbWO,
232Th in PbWO,
2381 in PbWO,

i

232Th in PTFE
238y in PTFE
—— 219p in PTFE

Surface on Cu

—— Neutrons
-=-=Total

20

40

i

Energy [keV]

80

100

120

10714

— — —
o o o
(A

Rate [events ton~! keV~1 s71]
= =
o o
L

—— 210pp in PbWO,
232Th in PbWO4

—— 238 in PbWO,
232Th in Cu
210pp in Cu

—— 238 in Cu

232Th in PTFE

238 in PTFE
~ 210pp in PTFE
Surface on Cu
Neutrons
-=--Total

20

60
Energy [keV]

80

100

Main background [130] keV : crystal radioactive impurities

Coincidence selection =» Strong background suppression

102L
1 A
10 § A ®
> A failed CC-SN 40 M
- 1071 ] Neutronization [0.001,0.1] s
2 ! Long accretion [0.1,2] s
8 1072 ] Accretion[0.1,1] s
§ I Cooling[1,10]s
v 1073
5 104
3 | l |
. |
_5 l
10 il 100 IF I R
[ ] EE BN E N BN BN = Ng

123456 7 8 910111213141516171819202122232425
Detector Multiplicity
14 L. Pattavina et al., JCAP 10, 064 (2021)



Signal significance [o]
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RES-NOVA SENSITIVITY

SIMULATION OF MAIN BACKGROUND COMPONENTS
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failed CC-SN 40 M. Detector volume: (60 cm)3
N L . . Target: archaeo-PbWO4

3 = > >
é} % % - Energy threshold: 1 keV
S E E Bkg @ ROI: 10-3 c/keV/ton/s/
= *z

Full investigation of
the MW galaxy
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distance [kpc]

.5 L. Pattavina et al., JCAP 10, 064 (2021)



RES-NOVA PROOFS OF PRINCIPLE

AGCHIEVEMENT OF LOW THRESHOLD AND LOW BACKGROUND

® N. Ferreiro Iachellini et al.,
[ArX1v:2111.07638]
| 1n publication on JLTP
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Above ground @ Max Planck Munich (DE)
Nuclear recoil threshold - 300 eV (PbWO4 - 16 g)

RES-NOVA group of interest
[ArXiv:2203.07441]
in publication on EPJ-C
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Deep space exploration Diffuse SN neutrino Background
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