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Outline

* Brief history of neutrino physics
* Neutrino oscillations

* DUNE experiment

e Supernova neutrinos

* Low E calorimetry



Neutrino History
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Neutrino’s Early History

* 1953-56 Detected by Cowan & Reines

* Reactor v,
* Nobel Prize 1995
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Spark-chamber photo

Neutrino’s Early History i

l Single muon

* 1962 Neutrino flavours confirmed by

Lederman et al. soo == —— R il
gl
* Nobel Prize 1988 - TSN
. I \l\.%\\\\\‘\\\\\\\”&:@: h M
* v, (v, observed in 1975/2000) ' | &\\\\\ s "-'-'U““i \\\\\
““““““ g




Neutrino Oscillations Era

* 1960s Solar neutrino detection
 Homestake
* Solar neutrino problem —1/3 v, observed
* Nobel Prize in 2002 (after problem resolved)
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Neutrino Oscillations Era

e Oscillations

Disappearance of atmospheric v, in SuperK

e 1998 SuperKamiokande, 2001 SNO sub-GeV multi-GeV
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Neutrino Oscillations Era -

e Oscillations

1957 proposed by Pontecorvo

1978 Wolfenstein, 1985 Mikheyev-Sirmonov
* Proposed matter effect (called MSW)

1998 SuperKamiokande, 2001 SNO 2001

e Observed oscillation effects

 Nobel Prize 2015
2003/2008 KamLAND

* Inambiguous proof of oscillations

in reactor neutrinos
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Neutrino Mixing
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Oscillation in Vacuum
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Oscillation parameters

Parameter Value ‘ Precision
Am,4? 7.53x10°> eV? 2.4%
|Am3,2 | = | Ams,?| 2.45x103 eV? 1.4%
01, 33° 4.2%
0,3 47° 3.8%
013 9° 2.8%

6cp ?




Flavour states

PMNS Matrix
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~ Amplitude of transition

Mass states
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Neutrino Mass

Normal ordering
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Neutrino Mass

Normal ordering

14



Neutrino Mass

A
Normal ordering Inverted ordering
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Missing — “Known Unknowns”

* 8,5 = 45° — DUNE, HyperK

* Mass ordering —JUNO, DUNE, HyperK

* Absolute mass — KATRIN

* Is neutrino Majorana or Dirac particle? — searches for OV
* CP violation and value of 6. — DUNE, HyperK
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Deep Underground Neutrino Experiment

e Goal: precise measurement of neutrino oscillation parameters
* From oscillations of accelerator neutrinos over a long baseline

Sanford
Underground
Research
Facility
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Fermilab
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Near Detector Site

UNDERGROUND CAVERN

UNDERGROUND
VENTILATION SYSTEM (60 M DEPTH)
* Neutrino flux monitoring
e Cross section measurement Ep——
- Predictions for Far Detector (&2 ,,;,w-r' AND UTILITIES
* Relative measurement = :
constraint on systematics SAND .“ | ,,L :
BEAM. | s PRISM DETECTOR
MON|TOR 0 LA "— 7 }L_, MOVEMENT SYSTEM
DETECTOR e
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Far Detector Site

Former gold mines in South Dakota
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Far Detector Site

Long-Baseline Neutrino Facility

South Dakota Site Neutrinos from
Fermi National
Accelerator Laboratory

in lllinois

Ross Shaft
1.5 km to surface

Facility
and cryogenic
support systems

One of four
detector modules of the
Deep Underground
Neutrino Experiment

4850 Level of
Sanford Underground
Research Facility
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Cryostat

Cryogenic systems

Detector electronics
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Liquid Argon TPC — LArTPC

Sense Wires
u v X V wire plane waveforms

Liquid Argon TPC

* 3D images from drifted
charge

Cathode
Plane

* Scintillation light collected
by photon detection system
=>» time to anchor in drift
direction &
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X wire plane waveforms
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Example of ProtoDUNE Test-Beam Pion Event

DUNE:ProtoDUNE-SP Run 5772 Event 15132
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Status

e Caverns excavated!

e 1st detector expected running
in about 6 years




DUNE’s Physics Scope
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DUNE’s Physics Scope

CP violation

CP Violation Sensitivity
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DUNE’s Physics Scope

Precision measurement: Am,,?> - mass ordering, 0,5 - octant
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DUNE’s Physics Scope

CP violation
Precision measurement: Am,,%2 - mass ordering, 0,5 - octant

Non-beam physics
* BSM nucleon transitions: Proton decay, n-n transition
* Low energy neutrinos: Supernova, Solar
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Core-collapse Supernova

* | am not an expert &

* One possible end of a star

* Critical mass of Fe core ~ 1.4 M,
* Core collapse

* Rebound in ~¥102s

* Release of energy in v and v
* About 10°3 ergs in 10°8 neutrinos @ ~ 10 MeV
* Small part (~1%) transformed to visible explosion

Layers not to scale, source: Wikipedia.org
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Phases

Garching model

Infall Neutronization Accretion Cooling
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Energy
Spectrum

Dependent on models

Measuring spectrum vs
time would help

constraining

Expect ~1000 v, events
from 10 kpc (Milky Way

centre)

But very rare — once
every few decades
within ~20 kpc
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LOW-E Ca IOriI I Ietry Simulated elastic scattering v, + e
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LArlAT

40 cm

90 cm

Phys. Rev. D 101, 012010 (2020) 36



Observation of Scintillation Light

PMTs

field cage wall
reflector foil

0..
L 4
L4
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Michel Electrons from Cosmic Ray Muons
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Michel Electron in PMT Signal
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Spectrum from
Charge

Events
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Events / 2 MeV

Improvements When Combined
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ProtoDUNE

Electronics Readout
Crates

CERN North Area

~“6m —

Cathode Plane

Assembly
Anode Plane Assemblies
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Michel electrons at ProtoDUNE

DUNE:ProtoDUNE-SP
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Light collection

* Large area light collectors

PD
Modules

rcell 2

Active Ganging PCBs
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Light collection

* Large area light collectors

* Multi-layered design
X-Arapuca

Passive photosensor ganging
PCB (4 per side)

Main Structural Bar
(2 per supercell)

Filter Plate Clamping Bar
(4 per supercell-- holds plates
in frame)

Coated filter plates (6 per side)

Filter Plate Alignment Frame
(1 per side)
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Light collection

* Large area light collectors

* Multi-layered design

* Photons converted to lower wavelengths and trapped!

127nm photon

Dichroic Filter

SiPM

127nm photon

e Dichroic Filter '
A " ’

L~

V

127nm photon

# ~, Dichroic Filter ’

N

-

4
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Challenges

* Large volume = long distance for light = attenuation and scattering
* Slow component in scintillation light ~2 us
* Electronics relaxation time ~0.5 s
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Summary

DUNE
* Will play major role in determination of CP violation in leptons

* Prepares for SN events

* Will come online around 2030
* | am working on combined calorimetry in ProtoDUNE
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DUNE Collaboration

* 1,400+ people from
200+ institutions in 30+ countries
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0,5 Octant Sensitivity
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Average Fractional Truth Particle Energy
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Supernova Neutrino Interaction in DUNE
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