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Jack Fannon




University of | JackE.P.

Diffuse Supernova Background Neutrinos ) cheffiald | Fanmon

 The cumulative neutrinos created by all past core
collapse supernovae in the universe.

 Estimate 5-20 events/year from 8-80 MeV for a 50 5 ”’ X E
ktonne water Cherenkov detector. 2 Al _
"’M‘. : Atmospheric E
* Can be identified through inverse beta decay = Y
interactions: S

Prompt positron signal
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cascade energy antineutrino events.
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How are we going to detect it? %) Sheffield | Fanmon

o Super-Kamiokande Gadolinium (SKGd)

e 50 ktonne Gd-water Cherenkov detector
located in western Japan.

 Underneath 1000 m (2700 m.w.e) of rock.
Reduces muon rate to ~ 2.5 Hz.

* Operational since 1996 currently in phase VI
with 0.03% Gd by weight.

 Hyper-Kamiokande - Future 260 ktonne pure
water Cherenkov detector.

650 m rock overburden (1755 m.w.e) — Muon
rate ~45 Hz. Spallation background will be

Super-Kamiokande detector. The

| 2.5 m thick outer detector can be
even higher. seen.
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Spallation process ) oboffiald | Fonnon

Muon spallation of oxygen-16
 Muons produce daughter particles that initiate leading to the creation of

....
fEe) Ressse?

electromagnetic and hadronic showers through €\\& unstable carbon-9 and its
spallation processes subsequent beta decay.

 Hadronic showers are the dominant production
route for unstable Isotopes.

e 89% vs 11% for direct interactions between muon
and oxygen nuclel.

» Decay products e™, n, 7, are produced at low
energy — < 20 MeV

 Showers can be located by neutron captures...
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The plan & current results

Create a simulation-based cut using machine learning to classify
spallation-caused low-E events against SRN candidates.
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| University of MODELLING COSMIC RAY MUON SPALLATION

Sheffield FOR SUPER & HYPER-KAMIOKANDE DSNB

Create a simulation-based cut using mac
spallation-caused low-E events again st

-Higher neutron capture cross section, energy and shorter time to
capture

2.2 MeV y on H vs ~8 MeV y cascade on Gd.
200 us at 0% and ~70 us at 0.03% Gd

. - : Diagram of the SK experiment. The
7; : ‘Planned to % inner detector, outer detector, dome,
Yo .4 -Will hold (1 90 ktonnes fiducial). control room, and water filtration system
. Cylinder can be seen [1].
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- 1 Unstable in the showers.
E} { 5 ] -Some isotopes decay to _ P !

- Current
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-Generate an IBD sample (generator added to WCSim) to use as signal (1] kajita, T. & Kearns, Edward & Shiozawa, Mikio. (2016). Establishing
events for the HK analysis and . Atmospheric Neutrino Oscillations with Super-Kamiokande. Nuclear 5
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