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Neural networks try to simulate the brain by
processing data.through layers of artificial neurons.
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Neutrino sources

Grand Unified Neutrino Spectrum at Earth

Edoardo Vitagliano, Irene Tamborra, Georg Raffelt. Oct 25, 2019. 54 pp.
MPP-2019-205

e-Print: arXiv:1910.11878 [astro-ph.HE] | PDF
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Neutrino interactions with matter
> Electron

— Y NC

P aas
vx/\\vx /\

»Nucleus, however, complicated

Coherent elastic
neutrino-nucleus This is the gentlest interaction of a

scattering (CEVNS) neutrino with a nucleus



Why CEVNS: high cross-section
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Cross section

E,: neutrino energy

do _ CGAM @
dl’ 27 4

MT T: nuclear recoil energy
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Form factor: F=1 = full coherence
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Large cross section by neutrino standards) but hard to observe
due to tiny nuclear recoil energies:
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from duty  Comparison of pion decay-at-rest (tDAR) v sources Fun fact. free neutrinos
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Why Ge-mini?

Ge-mini: inverted coaxial point-contact
Ge detector

» Inverted coaxial -> large mass

» point-contact -> low threshold

» Electronic noise<150 eV FWHM

» Threshold -> 0.4 keVee, ~2-2.5 keVnr




Shielding structure
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Pb shield Conus-1 —data (without muon veto)
—MC muon-induced

Polyethylene —MC muon-induced (rescaled)

Ge detectors —electromagnetic (rescaled)

—neutron-induced (rescaled)

Copper shield

Support structure

Ge preamplifiers

count rate/d 'kg'0.1ke
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Muon veto ————>
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» Pb and Copper (heavy nucleus) shields from gamma-rays
> Polyethylene capture neutron
» Muon veto

Data from similar shallow-depth Ge CEVNS experiments (such as
CONUS) help guide Ge-mini background considerations



Ge-mini expected CEVNS events
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Current status: » 10kg worth has been deployed
. . » The rest 8 kg will be deployed this summer
Ge-mini ’ ey




Quenching factor (%)

QF no drama in this talk...
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Broad Impact of tDAR CEVNS Studies

Largest o in Supernovae Non-Standard

Nuclear Form Factors Sterile Searches

dynamics Interactions
i Mattelo Cadeddu’s talk on Magnificent CEVNS 2023 10 .
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WIMP Mass GeV/c?

BSM light mediator too...
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Take away

» CEVNS are something!

»High cross-section, require low energy threshold
detectors

» Well predicted in the standard model

» Precision measurements can be a great tool to
probe physics in the standard model and beyond



COHERENT Collaboration

* ~80 members, 21 institutions

* Formed in 2013 to observe CEVNS in
multiple nuclear targets to measure N2-
scaling of cross section

 Spallation Neutron Source (SNS) at Oak
Ridge National Laboratory (ORNL) is also a
perfect source of neutrinos.

* Intense flux of low-energy pulsed neutrinos
also useful for studying inelastic neutrino-
nucleus interactions

* Intense proton pulses also useful for dark
sector searches

Carnegle

Mellon

i Duke |1 RV |

ﬁ LaurentianUniversity
UniversittLaurentienne *

LA % OAK RIDGE
UNIVERSITY ~ National Laboratory
’. ﬁ NATIONAL UNIVERSITY OF

SRS st @ SOUTH DAKOTA

Los Alamos | (%

NATIONAL LABORATORY

MEPH] g N
f Y7

Mgt

4..\ - N ral

sssssss &3

Sandia
|I'| National

Laboratories

M S e

SEOUL NATIONAL UNIVERSITY

S Tufts

UNIVERSITYof
TENNESSEEWI

KNOXVILLE

N Ly i}
UNIVERSITY of

T WASHINGTON

WASHINGTON
£ JEFFERSON
COLLEGE



Stopped-Pion (tDAR) Neutrinos

Flux

Decays atr t
22p

0.035 :—

Capture: 99/‘ ’ 0_03:
0.025)

¥, (delayed)
— v, (delayed)
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2-body decay: monochromatic 29.9 MeV v,

4+ 4+ 3-body decay: range of energies
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The only
experimental
sighature:

tiny energy
deposited

by nuclear
recoils in the
target material

deposited energy

scattered
0 neutrino

Z
boson

nuclear
recoll

$ secondary
recoils

= WIMP dark matter detectors developed
over the last ~decade are sensitive
to ~ keV to 10’s of keV recoils



Low-energy nuclear recoil detection strategies

- W

phonons \W 1 hotons
(heat) ~ ,’ P
’_
\\ P
see a
feel a warm pulse flash
s scintillating crystal

> noble liquid

Cryogenic '
Ge, Si 2-phase

HPGe

http://dmrc.snu.ac.kr/english/intro/introl.html



Proton beam energy: 0.9-1.3 GeV
Total power: 0.9-1.4 MW

Pulse duration: 380 ns FWHM
Repetition rate: 60 Hz

Liquid mercury target

Target Container
Cooling Channels

The neutrinos are free!
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