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Setting the Stage

�2

Heidelberg, February 2017

Abschlusserklärung  
 

des von den drei gewählten Komitees KAT, KET und KHuK organisierten Workshops  
The Future of Neutrino Physics - 

A German Perspective on Topics, Opportunities and Challenges 

23-24 February 2017, MPIK Heidelberg 

 

Dieses Erklärung spiegelt die Abschlußdiskussion des Workshops (125 Teilnehmer*innen) wider. 
Es beschränkt sich ausdrücklich auf zukünftige Experimente mit signifikanter deutscher 
Beteiligung, über die auf dem Workshop die strategische Diskussion geführt wurde. Die 
Teilnehmer*innen sind sich einig darüber, dass sie aber auch kleinere deutsche Beteiligungen an 
anderen Experimenten oder F&E als wichtige Bereicherung und Balance zu den Experimenten mit 
großer Beteiligung für sehr wichtig halten. 

 

Neutrinomasse: 
Das KATRIN-Experiment soll im jetzt beginnenden Betrieb sein Potenzial voll ausnutzen, ein 
weiterer Ausbau könnte die Empfindlichkeit auf normale und sterile Neutrinos nochmals steigern. 
Ein neuer Ansatz zur Bestimmung der Neutrinomassen mit Kryobolometer mit dem ECHo-
Experiment ist sehr vielversprechend und bietet Chancen jenseits von KATRIN.   
Natur der Neutrinos – Leptonzahl-Verletzung: 
GERDA II funktioniert hervorragend und hat weltweit den niedrigsten Untergrund eines 
Doppelbetazerfallsexperiments bei gleichzeitig sehr hoher Energieauflösung demonstriert, was für 
das Entdeckungspotential eines solchen Experiments von entscheidender Bedeutung ist. Mit der 
Erweiterung auf LEGEND-200, ein Experiment mit weltweiter Beteiligung, soll die Empfindlichkeit 
weiter erhöht werden. 
Neutrinomassenhierarchie und Oszillationsparameter: 
Es ist zu erwarten, dass bis 2025 die Massenhierarchie durch das Reaktorneutrinoexperiment 
JUNO, die Beschleunigerneutrinoexperimente NOνA und T2K-II, sowie durch ein Neutrinoteleskop 
mit sehr niedriger Energieschwelle wie PINGU oder ORCA hinreichend klar bestimmt werden 
kann. Ebenfalls ist eine Verbesserung der übrigen Neutrinooszillationsparameter zu erwarten. Die 
Teilnehmer*innen begrüßen sehr die komplementären und ergänzenden Messungen mit 
verschiedenen Quellen (Reaktor-, Beschleuniger-, atmosphärische Neutrinos), um dieses Ziel  
durch eine gemeinsame Analyse aller Daten zu erreichen, und halten deshalb die signifikante 
deutsche Beteiligung an einem der beiden Neutrinoteleskope für sehr wünschenswert. 
CP-Verletzung:  
Eine zweifelsfreie Entdeckung der CP-Verletzung im leptonischen Sektor und die genaue 
Bestimmung der CP-Phase δ erfordern ein “long baseline” Beschleunigerneutrinoexperiment der 
nächsten Generation wie DUNE oder Hyper-Kamiokande. Während der Vollausbau von Hyper-
Kamiokande in Standardmodell-Szenarien eine etwas höhere Empfindlichkeit erwarten lässt, öffnet 
der Breitband-Neutrinostrahl von DUNE den Vorteil von deutlich mehr Redundanz für die Suche 
nach Physik jenseits des Standardmodells. Wenn eine hinreichende Sichtbarkeit durch eine 
deutsche Beteiligung möglich ist, halten die Teilnehmer*innen die koordinierte Beteiligung an 
einem der beiden Experimente für sehr wünschenswert. 

Neutrinoastronomie: 
Das IceCube-Experiment soll sein maximales Potential ausnutzen. Für die Neutrinoastronomie 
nach der erfolgreichen Entdeckung der extraterrestrischen Neutrinos mit IceCube sollen sich die 
deutschen Gruppen auf IceCube-Gen2 konzentrieren, unter Aufrechterhaltung der Alternativlösung 
KM3NeT für den Fall, dass IceCube-Gen2 nicht realisiert werden kann. 
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Future Long Baseline Experiments

Key physics goals of next-generation long 
baseline neutrino experiments:

• Discover CP violation in the lepton sector

• Resolve the mass hierarchy

• Astrophysics with Neutrinos: Understanding 

supernova explosions

• Search for nucleon decay

• Searches for New Physics in the neutrino sector
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A high-level look at physics, projects and project status

* N.B.: ν CPV no direct evidence for leptogenesis - 
still need a model connecting to high scales

 

?*
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A high-level look at physics, projects and project status

in construction at Fermilab -  
physics start 2024, first beam 2026

in discussion in Japan
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➫ DUNE and (T2)HyperK are complementary in their techniques


➫ A compelling program of fundamental physics with substantial discovery potential


➫ Both are open to and interested in new collaborators, in particular also from Germany
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A high-level look at physics, projects and project status

in construction at Fermilab -  
physics start 2024, first beam 2026

in discussion in Japan

➫ DUNE and (T2)HyperK are complementary in their techniques


➫ A compelling program of fundamental physics with substantial discovery potential


➫ Both are open to and interested in new collaborators, in particular also from Germany

This talk:  
Focus on DUNE - 
more on relative 
merits: next talk
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DUNE Status & Timescales

• LBNF / DUNE is an approved 
project - received DOE CD-3a 
approval (initial far site construction, 
~ 300M USD) in 09/2016 

• official ground breaking 

21.07.2017 at SURF

• Full DOE funding received for this 

fiscal year: 95M USD

• A strong European commitment to 

DUNE: Sizable activities in many 
countries, also the CERN Neutrino 
Platform & ProtoDUNE detectors


• A large (and growing) collaboration: 
~ 1100 members, 175 institutions, 
31 countries

�5

Plans & the path towards physics, funding 

ND Installation: 2025-2026, 

to be ready for first beam
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DUNE: A Closer Look

• Oscillation physics: 

• Mass hierarchy through matter effects

• CP violation in the neutrino sector

�6

The oscillation physics program & requirements for the experiment

Long baseline, ~ 1000+ km

broadband beam to unfold CPV and 
hierarchy through energy dependence

~ 2 GeV  
neutrino energy

Neutrino beam Anti-Neutrino beam
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The oscillation physics program & requirements for the experiment

Long baseline, ~ 1000+ km

broadband beam to unfold CPV and 
hierarchy through energy dependence

~ 2 GeV  
neutrino energy

A consequence for the 
detector:  
Good reconstruction of 
the neutrino energy of key 
importance

Neutrino beam Anti-Neutrino beam
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DUNE: A Closer Look

• Supernova physics: 

• Observe neutrinos created during 

formation of neutron star: p -> n νe e+

�7

The non-beam physics program & requirements for the experiment

sensitive to CC interactions of few MeV 
neutrinos - such as: 40Ar + νe -> 40K* + e-
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The non-beam physics program & requirements for the experiment

sensitive to CC interactions of few MeV 
neutrinos - such as: 40Ar + νe -> 40K* + e-

Highly efficient 
reconstruction of multi-
stage decay topologies

• Nucleon decay:

• Sensitivity to SUSY-inspired decay 

modes with Kaon final states: p -> νK+
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• Supernova physics: 

• Observe neutrinos created during 

formation of neutron star: p -> n νe e+

�7

The non-beam physics program & requirements for the experiment

sensitive to CC interactions of few MeV 
neutrinos - such as: 40Ar + νe -> 40K* + e-

A consequence for the detector: Low 
energy threshold, 3D reconstruction

Deep underground location to limit 
background

Highly efficient 
reconstruction of multi-
stage decay topologies

• Nucleon decay:

• Sensitivity to SUSY-inspired decay 

modes with Kaon final states: p -> νK+
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DUNE: A Closer Look
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DUNE detector systems & possibilities for participation

LBNF: 
A broadband on-axis neutrino 
beam with high power:  
1.2 MW from day 1 - upgrade 
possibility to > 2 MW

Far detector to measure oscillated neutrinos:  
4 x 10 kT fiducial volume LAr TPC 
1300 km baseline, covers 1st and 2nd oscillation max. 

Near detector to constrain un-oscillated flux and to 
perform a rich, high statistics non-oscillation program 
hybrid detector system: LAr + multipurpose detector system 
575 m from production target 
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(mass production); R&D possibilities, in particular 
in photon detection, reconstruction software
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ND subsystems

• In the process of being defined
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LBNF: 
A broadband on-axis neutrino 
beam with high power:  
1.2 MW from day 1 - upgrade 
possibility to > 2 MW

Far detector to measure oscillated neutrinos:  
4 x 10 kT fiducial volume LAr TPC 
1300 km baseline, covers 1st and 2nd oscillation max. 

Near detector to constrain un-oscillated flux and to 
perform a rich, high statistics non-oscillation program 
hybrid detector system: LAr + multipurpose detector system 
575 m from production target 

• preparations for construction of first three detectors
➫ potential to participate in detector construction 

(mass production); R&D possibilities, in particular 
in photon detection, reconstruction software

➫ globally: possibilities for contributions to event reconstruction, analysis preparation, …

➫ potential for significant contributions to overall ND 
concept, possibility to take a leading role in one of the 
ND subsystems

• In the process of being defined
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The DUNE Near Detector

�9

Design, Physics and Calorimetry

• Design of detector system still being developed:

• A non-magnetised LAr detector

• A “fine-grained tracker” in a dipole or recycled solenoid

• HP-TPC or straw tube tracker

• Electromagnetic calorimeter

• possibly a 3D scintillator tracker, muon detectors, PRISM
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Design, Physics and Calorimetry

• Near detector physics: Three classes of goals 
• Constraining systematics in oscillation studies

• Precision measurements of neutrino interactions: 

cross sections, electroweak physics, nucleon 
structure, …


• Search for New Physics: Sterile ν’s, dark matter,…

several 100k interaction/year on Ar in tracker

several 100M interactions/year in ECAL
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Design, Physics and Calorimetry

The role of the ECAL: 
• Detect π0 produced in neutrino interactions

• Important contribution to energy reconstruction

• Understanding of νµ NC background to νe CC 

appearance signal

• Detect photons and neutrons

• Possibly track muons (and others) from LAr into tracker

• Possibly provide event timestamps - in particular in 

combination with slow tracker
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structure, …
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The DUNE Near Detector

• High intensity and high energy of LBNF neutrino beam 
leads to a high interaction rate

• Pile-up an issue for slow detectors

�10

Possibilities for a highly granular electromagnetic calorimeter

1 spill: ~ 10 µs, w/o dirt/rock or hall / infrastructure



Frank Simon (fsimon@mpp.mpg.de)Long Baseline Experiments: Possibilities & Interests  - KET Strategieworkshop, May 2018

The DUNE Near Detector

• High intensity and high energy of LBNF neutrino beam 
leads to a high interaction rate

• Pile-up an issue for slow detectors
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Possibilities for a highly granular electromagnetic calorimeter

1 spill: ~ 10 µs, w/o dirt/rock or hall / infrastructure

• An ECAL with “pointing capability” could improve π0, 
provide matching to interactions observed in tracker

• First studies at MPP: location accuracy of ~ 10 - 15 cm 

seems achievable, ns - level timing may further help in 
photon assignment & matching
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Possibilities for a highly granular electromagnetic calorimeter

1 spill: ~ 10 µs, w/o dirt/rock or hall / infrastructure

• An ECAL with “pointing capability” could improve π0, 
provide matching to interactions observed in tracker

• First studies at MPP: location accuracy of ~ 10 - 15 cm 

seems achievable, ns - level timing may further help in 
photon assignment & matching

An ECAL based on CALICE SiPM on tile technology:
















































































Pb absorber plastic scintillator signal / power routingSiPM

1 mm

5 mm

1 mm

20 - 30 mm

20 - 30 mm

30 layers

~ 250 mm

50 layers

~ 400 mm

14 - 20 mm

inner ECAL

outer ECAL

pressure vessel

• Profit from extensive experience of 
several German institutes on the CALICE 
AHCAL (23k channel prototype in 2018)

• An ambitious system - potentially with 

1M+ channels (combining tiles and strips)

➫ A possibility for a highly visible, leading role
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Summary

• The discovery and the precise study of CP violation in the neutrino sector would be a major step forward: 
Long baseline neutrino experiments are uniquely capable of achieving this in the mid-term future

• Two projects - both with a rich physics program beyond the primary goal of measuring CP violation:

• (T2)HyperK - in discussion in Japan

• DUNE - under construction at Fermilab, on track for first physics in 2024, first beam in 2026

�11

And possibilities for a significant participation
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And possibilities for a significant participation

• DUNE offers interesting possibilities for a highly visible participation of German groups on detector R&D, 
design and construction, and data analysis

• Requirements of Near Detector calorimetry particularly well-matched to expertise of CALICE AHCAL groups

• Expertise in Particle Flow event reconstruction with granular detectors

• Experience with (high pressure) TPCs
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And possibilities for a significant participation

• DUNE offers interesting possibilities for a highly visible participation of German groups on detector R&D, 
design and construction, and data analysis

• Requirements of Near Detector calorimetry particularly well-matched to expertise of CALICE AHCAL groups

• Expertise in Particle Flow event reconstruction with granular detectors

• Experience with (high pressure) TPCs

• Interest in Germany is emerging

• First activities on DUNE Near Detector calorimeter design started in spring 2017

• Now gaining further momentum, involving several PIs at different institutes also involved in CALICE activities

• A joint BMBF Verbundforschung application for R&D on scintillator-based detectors of  

CALICE and WbLS groups
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Extras

�12
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The DUNE Timeline from a Resource & Review Perspective

• May 2018: Technical Proposal for DUNE (responsibility matrix) 

• March 2019: RRB to provide funding status

• April 2019: LBNF and DUNE internal/external TDR reviews 

• July 2019: LBNC review of TDRs; Review of international DUNE construction project

• Sept 2019: RRB to review funding status for construction; validation of international funding model

• October 2019: DOE CD-2 Review of LBNF/DUNE & “CD-3” review for far site and two far detector modules

• - July 2020: LBNC review of TDR for near detector

�13

A more detailed look at upcoming milestones

• ~ May 2018: Settle on Near Detector concept

• 2019: Conceptual Design Report
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The DUNE Far Detectors

• DUNE consists of 4 far detector modules (17kt, 10kt fiducial), each with independent cryostat

• “2 + 1 + 1” model - with two modules ready in 2024, two additional modules coming at later stage

• 2 Single-phase modules, one of which is the first module

• 1 Dual-phase module - assumed to be second module

• 1 [As yet] uncovered LAr “Opportunity” module

�14

Staging, Technology, Opportunities

• Construction of first three modules organized through “consortia”
• Single Phase:

• Anode Plane Assemblies (APA)

• Photon Detection System

• TPC Electronics

• Dual Phase:

• Charge Readout Plane (CRP)

• Photon Detection System

• TPC Electronics

• common:

• HV system

• DAQ

• Slow controls / instrumentation

In all: leadership established, 
interest exists, but in most, in 
particular in DP and common items 
still room for additional contributors
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DUNE Physics Projections

• Present assumptions (T = 0 in 2026): 
Year 1 with 20 kT,1.2 MW; year 2 30 kT; year 4 40 kT; year 7 upgrade to 2.1 MW

�15

Expected sensitivities, evolution with time


