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Neutrino telescopes

- Largest particle detectors on Earth SPICE core
- ldeal for rare event searches

Working principle

- Large transparent volume instrumented with light
Sensors

- Particles interact with the natural medium

- Charged particles produce Cherenkov light at relativistic
speeds

- Emitted light is detected by sensors

Slow or neutral particles cannot be detected this way!
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Luminescence of water and ice

Passage of ionising radiation through matter

Excitation of atoms / molecules / lattice
Relaxation with isotropic light emission

Characterisation

ight yield per deposited energy
decay kinetics

wavelength spectrum
quenching

works for all speeds

works for all ionising radiation

How does it work in water / ice?

Potential dependencies
- temperature

- impurities / solubles

- radiation type
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Measurements in laboratory
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Light yield (Lab + in-situ)
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Spectrum (Lab + in-situ)
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Decay kinetics (in-situ)

Recorded waveforms with photomultiplier
Method 10 ' ' ' ' ' ' SPICE core

- time difference between a pulse and all subsequent pulses

- subtract Estistol contribution (modelled)
- short < 120 ns:
- obtained from wavetorm

Amplitude / mV

- corrected for PMT eftects
- long > 120 ns:

- obtained from trigger timestamps 0 20 40 60 80 100 120 140
Time / ns

Preliminary

Results Estisol

- little depth dependence
Fit and data

Counts

Decay times of ice
T1 = 2.44 ns
To = 196 ns
T3 = 5.03 ys
T4 = 56.1 Us
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Application

Search for massive Big Bang relics Charged Q-Ball & Noise SPICEcore
- Q-balls:

e predicted in supersymmetry

e coherent states of squarks, sleptons, Higgs field —vPE——
e candidates for Dark Matter = - Q-balls (g, =le or s =10"*" cm®)
e charged Q-balls emit luminescence light ChefenKov -

.  light
- Magnetic monopoles: -

e predicted in GUT, further unifying theories
and electroweak theory

. . . . light .
__Lufminée_scé_n_ceé______5 _____

* topologically stable defect in vacuum

e carry at least an isolated magnetic charge
e see first search ever: POS 534 (DM 16 Jul 18:00h)
using light yield and decay time

Light yield / (y/cm)

- Nuclearites =
Muon.
- stable states in SM in thermodynamic processes 10t i S i SRR i rect

light

- lumps of u-, d-, s-quarks (neutron stars)

Y R F T
10”* 1073 107% 0.1 0.2 0.30.4 0.50.6 0.7 0.80.91.0

- Super heavy neutral Dark Matter
Velocity / ¢

Standard model particles

- energy reconstruction

- reconstruction of signature features 11
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Luminescence of water and ice

UNIVERSITAT
WUPPERTAL
a nhovel detection channel for neutrino telescopes
Anna Pollmann
Spectrum of luminescence of ice
What is it about:
Measurements of luminescence properties in water and ice 8 - == FEnoratony || B-source
@ South Pole and in laboratory T o + 23
. light yield w o & + o= R
decay kinetics 3 4. N sl
spectrum ~ L + -13°C
quenching 2 - ——t=
== Preliminary

300 350 400 450 500
Why relevant: Wavelength / nm

the huge volume of large neutrino telescopes makes them ideal for rare event searches

but these water-Cherenkov detectors rely on Cherenkov light only

luminescence light would enable searches for other particles in other parameter ranges

Conclusions:
Simulations of Magnetic Monopoles and Q-balls show that luminescence is a suitable new detection

channel
First search for Magnetic Monopoles yielded World leading sensitivities (POS 534, DM 16 Jul 18:00h)



