Supernova Neutrinos
Detection @ LNGS

Giulia Pagliaroli

Gran Sasso Science Institute




Outline

¢ Core Collapse SNe Neutrinos
¢ LVD detector

¢ Borexino detector

¢ Halo 2 @ LNGS?

¢ The GW-Nu Network

Giulia Pagliaroli 2 CSQCD 2016



Core-Collapse SNe
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Neutrinos Expectations
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Standard MSW oscillations
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Time Integrated Features

Total energy budget
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Supernova Neutrinos Detection

EMISSION DETECTION
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LVD: Large Volume Detector

Giulia Pagliaroli

LVD consists of an array of 840
scintillator counters, interleaved
by streamer tubes, and arranged
in a compact and modular

geometry.

Mass (ktons) 1.0
Energy threshold (MeV) 4.0
Scintillator composition CqHog

Protons (10°!) 9.34
Carbon nuclei (10°*!) 4.23
Electrons (103!) 34.7
Iron nuclei (10%°) 9.71
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A 21 years Neutrinos

Observatory

LVD active mass as a function of tn Ehe
period from 1992 June to 2013 December.
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Detection Probability
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BOREXINO Detector

External water tank —, tainless Steel Sphere

Nylon Outer Vessel BR.X

Ropes Nylon Inner Vessel

Fiducial volume LI&SS (ktOflS) 03
Energy threshold (MeV) 0.25

Scintillator composition CgH 9

Internal
PMTs

o Protons (107) 181
shielding Carbon nuclei (103!) 1.36
Electrons (1031) 9.94
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BOREXINO SPECTRUM
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Ultrapure Liquid Scintillator

SN at 10 kpc

Channel Color code | Signal BRX

Ve+p—n+er red e” | 54.1 (49.6)
n+p— D+ 9.2 Mev purple ¥ 46.0 (42.1)
@— p— I/D blue p 16.0 (5.7)

v+2C v+t orange ¥ 4.7 (2.1)

v+e —svte green e 4.4 (4.6)

ve +12C s e +2N magenta, e 2.0 (0.7)

ve+2C — et +12B | black thin | e* 1.2 (0.8)

v+12Csv+p+'B yellow p 0.8 (0.2)

ve +12C - e~ +p+11C |red dashed | p 0.5 (0.1)

C. Lujan-Peschard, GP and F. Vissani JCAP 1407 (2014) 051
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HALO 2 @ LNGS ?

1300 tons of Pb (Opera isotopic abundance 52.4 %)

a Helium and
Lead Observatory

“Helium” — because 3He
neutron detectors '
+

“Lead” — because of high
nue-Pb cross sections,
low n-capture cross-section
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Electronic SN Neutrinos

CC interaction processes

v, +*Pb— ?'Bi+n E,>9.26MeV
v, +*Pb— **Bi+2n'\+e” JE, >24 MeV
NC 1nteraction processes

v.+*Pb—""Pb+n E, >737MeV
v.+*Pb— **Pb+2n E >17.86MeV

212 (169) 85 (81)
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MULTI-MESSENGERS

with Gravitational Waves

Collaboration:

G.P., E. Katsavounidis, E. Coccia, C. Casentini, V.
Fafone, W. Fulgione, F. Vissani, C.Vigorito, G.Testera, C.
D. Ott, V. Re, K. Scholberg, M. Gromov, L. Koepke

References:

- Proposal for data exchange among GW detectors: LIGO, Virgo and
neutrinos detectors: Borexino, LVD and IceCube

o I. Leonor et al., Class.Quant.Grav. 27 (2010)
o G.P. et al., Phys.Rev.Lett. 103 (2009) 031102



GW expectations
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Uncertainty on the prediction
of orders of magnitude!

Signals cannot be modeled.
It’s very compelling to discriminate
These short duration bursts of GW's
From the spikes due to the Noise




Distance Reach

\ « Super-Kamiokande ’s recent
Probability of detection vs distance = ¢« distantn burSt SearCh

;f oo requiring two neutrino
00 events (with energy
5., threshold 17 MeV) within 20
305 second§ §hows a ~18%
g o probablhty of detecting a SN
& in M31

1 T T « Requiring the coincidence

O 00700300 Soanceoscomons ey A with a GW trigger it is

possible to lower the
threshold to 8.5 MeV
increasing the detection
probability to the ~35%

Leonor et al. Class.Quant.Grav. 27 (2010) 084019
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Conclusions

¢ Neutrinos emitted from CCSNe can be fundamental probes
to infer about the explosion mechanism

¢ LNGS shows an interesting dedicated program

¢ A complete picture can be obtained only by combining
different detectors techniques
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