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Detecting low-energy supernova neutrinos NN

Current neutrino telescopes
e Super-Kamiokande

® [ceCube
° ..
-> sensitive to galactic SNe

Expect 1-2 SNe per century!

Routine SNe detection
e Goal: more than one SN / year
->reach beyond galaxy
e Requirements
- ~5 Mton effective volume
=10 MeV neutrino energy

sboeser@physik.uni-bonn.de

. .
@ AnoromEDA
GALAXY

THE LOCAL
GROUP

TRIANGULUM
GALAXY

" MILKY waAY
GALAXY *

MILKY WAY GALAXY



mailto:sboeser@physik.uni-bonn.de
mailto:sboeser@physik.uni-bonn.de

Physics targets

e Direct probe of core collapse
->e.g black hole vs. core collapse

e Total rate of SNe
->no dust obscuration

e Neutrino mass hierarchy &
QCD phase transition

e Early triggers for follow-up with
other instruments

-> catch very early phase

® Boost coincident searches with
gravitation wave detectors

SN 1987A
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Black hole vs. neutron star

Neutrino signature
® inverse beta decay
=2v+p—oet+n

e near-thermal profile
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e failed SNe

/ ->optically dark

Positron Energy [MeV]
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Towards a low-energy v detector

IceCube (in operation)
e 80 strings, 125m / 17m spacing
® Eihresh ~ 100 GeV

-> astrophysical CR-sources

DeepCore (in operation)
e +6 strings, 72m / 7m spacing
® Ethresh ~ 10 GeV
-2 WIMPs, neutrino oscillations,...

IceCube Lab

x__—__ i IceTop

e my _-‘_;:-_:‘_:/31 Stations, each with

50m[— \_-— S T 2 Cherenkov tanks

2 sensors per tank
324 optical sensors

IceCube Array

86 strings

60 sensors on each string
5160 optical sensors

1450 m|

DeepCore
optimized for lower energies

Eiffel Tower
. 2 [324m

2450 m

2820 m
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Towards a low-energy v detector

IceCube (in operation)
e 80 strings, 125m / 17m spacing
® Eihresh ~ 100 GeV

-> astrophysical CR-sources

DeepCore (in operation)
® +6 strings, 72m / 7m spacing
® Eihresh ~ 10 GeV

- WIMPs, neutrino oscillations,...

PINGU (pre-proposal stage)
e +20 string, 25m / 4m spacing
® Einresh ~ 1GeV

->v mass hierarchy, WIMPs,...

50m[—

1450 m

2450 m
2820 m

IceTop

2 sensors per tank
324 optical sensors

IceCube Array

86 strings

60 sensors on each string
5160 optical sensors

DeepCore
/optimized for lower energies

. Eiffel Tower
e 324m
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Towards a low-energy v detector

IceCube (in operation)

e 80 strings, 125m / 17m spacing lceCube Lab
° EthreSh - 100 Gev :_...\-:"-;:;:i‘:—_:‘:"‘._-‘_i'- = /lsﬁegt-gt%ns, each with
. 50m[— e e e B 2 Cherenkov tanks
- astrophysical CR-sources bttt 324 optial sensors
ptical sensors
DeepCore (in operation)
] ] IceCybe Array
¢ +6 Strlngs’ 72m / 7m SpaCIng €356(;)Ss,t(:r?sgc?rson each string
PS Ethresh ~ 10 Gev 5160 optical sensors
- WIMPs, neutrino oscillations,... M L e
1450 m ; * AT
PINGU (pre-proposal stage)
. . DeepCore
e +20 string, 25m / 4m spacing i __—optimized for lower energies
® Etnresh ~ 1GeV B 1 b
->v mass hierarchy, WIMPs, ... 2450 m ' h e
2820 m )

MICA (envisioned)
e +100 strings, 15-25m / 0.5m spacing
® Einresh ~ few MeV

-> Supernova v, proton decay,...
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Why at the South Pole?

<]
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South Pole ice cap

— SPICE MIE NEW: LEA AHA WHAM Q
e very clear (Aatt = 45m) = g
e |ow radioactivity 2 005 20 g
° -
é 0.03 33 ‘33
IceCube performance S 0.02 ] 50 S
e high uptime (> 99%) \ 70 3
e low failure rate (< 2%) 001+ -}/ 100
. . - ‘ 125
e effective reconstruction ‘ |
->10° neutrinos per year 0.005 200
- ‘ | ‘ Y250
R A S RS SRS A
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Installation

400 11 vs. depth
e fast & robust a(400 nm) [m™" ] vs. depth [m ]

e cost-effective
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Detector optimization

Testing geometries

61 /127 strings

2150 - 2450m depth (clearest ice)
300 optical sensors / string
35.6cm? photo-sensitive area
require 5 hits / neutrino event

-> optimize string spacing

IceCube

this work
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WOM: a new photo-sensor

Basic concept
e \Wavelength shifters (WLS)
-> concentrate light

WLS paint
Features

® |arge collection area
® |low noise rate (few Hz)
e better UV sensitivity 3&122
e cost effective
-> prototype under
development
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small PMT

_______ adiabatic
light guide

______ wavelength shifter
coated glass tube

<€— pressure housing
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Prototype testing
e self-calibrating lab setup

WOM performance

.. 0.14
§ IceCube DOM
E 0.12 - Cylindrical WOM
%o.m—
= 0.08 -
0.05 [
0.04 {+
0.02 |-
0.00 | | | | | | | i
250 300 350 400 450 500 550 600 650
Wavelength [nm]
Mean | Apeak | Aeff | Noise
Modul pea
odule | 0E ]| (nm] | [em?] | [Hz]
WOM 1.5 370(100-150 ~10
DOM 7.10| 420 18 800
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Backgrounds and noise

Requirements

N
o

Effective mass [Mton]
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e SN trigger
- 3v’sin 10 sec

e want < 1 fake SN trigger / year
- need < 1 mHz fake v’s

127 strings, trigger level
PS cut (f,, =10 Hz)
PS cut (f,, =50 Hz)
- - PScut(f,, =500 Hz)

. . T e e m e e e m e e e e o e e o = = = =

String spacing [m]

Backgrounds

self-noise 1.0 mHz
solar ve 28.2 mHz
atmo v 0.32 mHz
Michel electrons 1.5 mHz

Lessons learned

® need large-area,
low noise sensors

e solar neutrinos most
challenging

->use event direction
(elastic scattering)

But: solar v interesting

themselves
(G-modes of the sun)
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Supernova rate

Supernova rate (SNR)
e cosmological SNR
=> proportional to galaxy
blue luminosity
e apply to galaxy catalog

Star formation rate (SFR)
e heavy stars short-lived
- SNR o« SFR

e cosmic SFR
-> twice as high as
cosmic SNR

® many missed
(e.g dark) SNe?
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SNR [10™* yr' Mpc™]

O Lietal. (2010b)

» Cappellaro et al. (1999)

& Botticella et al. (2008)

<] Cappellaro et al. (2005)

! Bazin et al. (2009)
Dahlen et al. (2004)

© mean lggal S
(see Figure 2

Olllllllllllllllllllll
0 0.2 04 0.6 08 1.0

Redshift z
[S. Horiuchi, et al, arxiv:1102.1977v2]
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Supernova rate

Supernova rate (SNR)
e cosmological SNR
=> proportional to galaxy
blue luminosity
e apply to galaxy catalog

SNe per Year

Star formation rate (SFR)
e heavy stars short-lived
- SNR o« SFR

e cosmic SFR
-> twice as high as
cosmic SNR

® many missed
(e.g dark) SNe?
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—— scaled to cosmic SFR
— Dblue luminosity

O &5 10 15 20 25 30 35 40

Distance [Mpc]
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Supernova detection probability

— LL model, N, >3
TBP model, N, >3
Dark SN model, N, >3

o o o =
e L 2 B © « B

Detection probability

O
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.
v
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Distance to SN [Mpc]

— LL model, N, >10
TBP model, N, >10
Dark SN model, N, >10
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Observed rate

supernova rate detectlon probablllty
1.0

§ oo e T
g 80 _ 08}
a7 =

60- S o6l

50~ a

40 S o4l

201 Q0.2

1o§

o

o
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051015202530350
Distance [Mpc] .
Distance to SN [Mpc]

observed SNe / year

*Dark SN rate

LL 2.34 0.55 assumed to be
10% of total
= TBP 1.13 0.26
Dark SNe* 2.03 0.34 ** cosmic SFR
2x cosmic SNR
Sum*™* 1.5-86 06-1.8

[S.B. et al, arxiv:1304.2553]
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e South Pole offers a pristine environment for
a very large low-energy neutrino detector

a \
i %

e Dense array can reach 10 Mton at'a
10 MeV threshold with great scientific potential
(e.g proton decay, extragalactic supernovae)

e R&D towards large, low-noise photosensor
required to make this project feasible

sboeser@physik.uni-bonn.de 17



mailto:sboeser@physik.uni-bonn.de
mailto:sboeser@physik.uni-bonn.de

