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Dear André Rubbia, Mark Thomson and Maury Goodman, 
 
I am very fascinated by the DUNE experiment and herewith apply to join the DUNE 
collaboration.  
 
With my research group, I am working on various theoretical and phenomenological 
aspects of particle and astro-particle physics beyond the Standard Model, with a focus on 
neutrino physics, Grand Unified Theories (GUTs) of the fundamental interactions and early 
universe cosmology. DUNE will be able to contribute significantly to answering many of 
the big open questions in these areas.  
 
With my planned future work, I would be happy to contribute to the DUNE WG on 
phenomenology:  
 
For example, one future project of my group related to DUNE will be concerned with 
proton decay in classes of predictive supersymmetric GUTs. There will be a new postdoc 
starting this fall and we will kick the project off very soon. This work will help to further 
clarify the power of great sensitivity of DUNE to test GUTs via the search for nucleon 
decay processes.  
 
Furthermore, my group will also continue activities regarding the construction and 
precision analysis of neutrino flavor models. The project will be building on results 
obtained in the recent years, where we have shown that predictive flavor models in the 
framework of GUTs can lead, e.g., to predictions for the leptonic Dirac CP. The high 
sensitivity of DUNE to the neutrino mixing parameters will be very important for testing the 
predictions of such models. 
 

Stefan Antusch (joined DUNE)
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during	 the	 past	 years	 and	 outstanding	 science	 results,	 prelude	 to	 further	 science	

achievements.		

	

As	far	as	the	financial	investments	in	R&D	and	detector	construction	for	the	period	
2016-2020	are	concerned,	we	define	priorities	such	that:	
	

A) first	 priority	 for	 Swiss	 funding,	 notably	 FLARE,	 should	 be	 given	 to	 the	
approved	WA105	and	SBN	projects.		

B) The	Swiss	involvement	in	DUNE	will	be	developed	in	the	coming	years	within	
the	international	context.		A	coherent	Swiss	DUNE	proposal	for	FLARE	will	be	

eventually	submitted.		

C) The	 evolution	 of	 the	 Hyper-K	 project	 might	 also	 lead	 to	 a	 proposal	 to	 be	
submitted	to	FLARE,	which	will	propose	upgrades	of	the	T2K	experiment	and	

participation	to	the	Hyper-K	construction.		

D) After	approval	by	CERN	and	pending	more	precise	timescales,	SHiP	will	also	
request		support	from	FLARE.		

E) The	evolution	of	a	ton-scale	double	beta	decay	experiment	might	also	lead	to	
a	proposal	to	be	submitted	to	FLARE.	

	

Details	 on	 the	 funding	 expected	 for	 the	 neutrino	 pillar	 from	 FLARE	 and	 other	
instruments	are	presented	 in	 the	CHIPP	tables.	We	give	here	some	general	points,	

relevant	for	the	next	5	years	(2016-2020):	
	

1. WA105	 currently	 constructing	 the	 3x1x1m3	 dual	 phase	 prototype	 will	

develop	as	a	major	 test	 facility	at	 the	CERN	EHN1	area	where	 the	6x6x6m3	

demonstrator	will	 be	built	 and	operated.	The	ETHZ	group	will	 take	 care	of	

most	of	the	hardware	activities,	with	specific	contributions	on	the	dual-phase	

TPC,	field-cage	cathode	mechanics	and	HV,	cryogenics,	and	readout	and	slow-

control	 electronics.	 One	will	 request	 an	 integrated	 FLARE	 funding	 of	 2050	

kCHF.	

2. The	 involvement	 of	 the	 Swiss	 researchers	 in	 the	 running	 MicroBooNE	
experiment,	 first	 detector	 of	 the	 SBN	 complex,	 will	 continue	 with	

investments	 in	 the	 SBND	 near	 detector.	 The	 major	 Swiss	 hardware	

responsibilities	will	be	on	the	UV-laser	calibration	system,	on	the	HV	and	on	

the	large	cosmic	tagger	made	of	scintillator	strips.	An	expected	total	of	3000	

kCHF	(including	operation	money	and	upgrade)	will	be	requested.	

3. To	 continue	 the	 T2K/NA61	 participation,	 maintenance	 and	 upkeep	 will	
require	100	kCHF	per	year.		

4. If	 the	 T2K	 upgrade	 will	 be	 approved,	 this	 might	 lead	 to	 a	 proposal	 to	 be	
submitted	to	FLARE	for	an	investment	estimated	to	about	500	kCHF.		

5. GERDA	will	require	an	integrated	operation	funding	of	about	250	kCHF.	
	

In	perspective:	

	

6. Following	 the	 ongoing	 DOE	 Critical	 Decision	 Process	 (DUNE/LBNF	 CD-1	
passed	 in	 July	 2015,	 CD3a	 review	 in	 December	 2015,	 CD2	 in	 2019)	 and	
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• A coherent strategy among Swiss groups defined in 2006 has enabled 
significant and very visible contributions to the T2K experiment:

I. Kreslo, 1.04.2016 RECFA visit to Switzerland -- ETHZ 11

The running T2K neutrino oscillation experiment 

Contributions 
to near 
detector TPC

Critical input data for T2K from 
experiment at CERN

ND280 Magnet

 Swiss contributions:

By 2025 sensitive to MH at 3 sigma for delta=-pi/2  
sensitive to CP-violation at 5 sigma for delta=-pi/2  
(combined with NOVA results)

Search for ν
μ
 → ν

e
 oscillations in accelerator beam

I. Kreslo, 1.04.2016 RECFA visit to Switzerland -- ETHZ 11

The running T2K neutrino oscillation experiment 

Contributions 
to near 
detector TPC

Critical input data for T2K from 
experiment at CERN

ND280 Magnet

 Swiss contributions:

By 2025 sensitive to MH at 3 sigma for delta=-pi/2  
sensitive to CP-violation at 5 sigma for delta=-pi/2  
(combined with NOVA results)

Search for ν
μ
 → ν

e
 oscillations in accelerator beam

Search for electron neutrino and antineutrino 
appearance in accelerator beam

Study of muon neutrino and antineutrino disappearance

      !-mode POT: 7.57×1020 (50.14%)
      !-mode POT: 7.53×1020 (49.86%)

27 May 2016
POT total: 1.510×1021

2011    2012    2013    2014    2015    2016

Three major updates since Neutrino 2016:
1) Update with full data (May 27)

- "-mode:  7.48×10+K POT (additional 0.48×10+K POT )
- "-mode:  7.47×10+K POT 

2)	"̅# disappearance analysis as a test of the CPT theorem
3) Selection of additional "5 CC1ij sample

Update since Neutrino 2016 (7/4/2016) 

10

(POT = Proton on target)

Beam power record : 400 kW

Total POT = 1.5 x 1021 pots
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Search for electron neutrino and 
antineutrino appearance

Study of muon neutrino and 
antineutrino disappearance

WXY and opYX
X Comparison

- No hint of CPT violation

13
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T2K Result with Reactor Constraint
(ãåçX XWdY = Ä. Äâ[± Ä.ÄÄ[)

- T2K-only result consistent with the reactor measurement
- Favors the 9]^ ∼ − _

+	 regionConsistency between reactors and T2K  

Combined result within 3 neutrino flavours 
prefers the δCP ≈ -π/2 region and normal 

hierarchy

WdY and STU
- T2K result with reactor constraint (sin+ 2-1. = 0.085 ± 0.005)
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T2K to T2K-II

- Approved T2K statistics 7.8×10+1 POT, expected around 2020
- 1st stage of J-PARC main ring power supply upgrade approved

- Aiming for > 1 MW beam power (currently 420 kW)
- T2K-II extends T2K run to 20×10+1 POT on the time scale of 2026
- Requires accelerator and beam-line upgrade to reach 1.3 MW

23

JPARC neutrino beam power forecast• T2K accumulated statistics in 
5 years (2011-2016) is 
1.5x1021 pots 
Record beam power 400kW 

• Approved T2K statistics is 
7.8x1021 pots which is x5 
more than presently 
accumulated 

• Thanks to proton beam power 
upgrade ($50M for new 
magnet power supplies), 
expect  to reach 750 kW and 
T2K approved goal by year 
2020

• New proposal T2K-II: assume that JPARC MR accelerator will continue to be 
upgraded beyond 2020 to reach 1.3MW by 2026; then extend T2K statistics to 
20x1021 pots by 2026

⇒ T2K-II aims at reaching 3σ sensitivity for special case δCP=-90o
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New design for HK submitted last March:
Significant reduction for the cost of the project  
→ 2 vertical tanks and mass from 1Mton to 
0.52Mton (fiducial 190 kton per tank) 
Staging (first tank ≈ 2026, second tank ≈ 2033)

⇒ Covers 60% of CP phase space at >5σ in 10 years @ 1.3MW 
(For δCP=-90o: 8σ C.L. and precision measurement of ≈±20o)

I. Kreslo, 1.04.2016 RECFA visit to Switzerland -- ETHZ 14

Future in oscillation physics : Hyper-K
Hyper-K
(Megaton-scale water Cherenkov detector with upgraded J-PARC beam)

x25 larger than Super-Kamiokande
CP-violation discovery (5-sigma) for 58% of parameter space
CP-violation phase to better than 19 degrees
(target for approval: 2017, first run in 2025-2026)

(c) Hyper-Kamiokande Collaboration (c) Hyper-Kamiokande Collaboration

New assumption of JPARC beam power:
Continuous beam upgrade at JPARC 
Reach 750 kW by 2020 and 1.3 MW by 2026 (?)

Beam flux  and  Xsections      

The Near Detector ND280 upgrades for T2K-II  and T2HK   

T. Nakaya , LNI, KEK 2016 

•  The new ND280 will continue to perform for T2HK  
 
•  Same narrow band beam centered at 600 MeV  
 
•  Cross section measurements in WATER 
 
•  Investigation of the nuclear effects (FSI,….)  

WAGASCI     

Near detector ND280 upgrade:
Reduction of systematic errors

New Intermediate detector @ 1.2km:
New infrastructure outside J-PARC 
New kton-scale WC detector 
@ ≈120m depth 
Two options: NuPRISM / TITUS

Now similar to LAGUNA-LBNO WC design

ICHEP	2016	-- I.	Shipsey

Next on CP 

HK 

T2K-II 

• HK: 10 years, staged 
• Dune: 7 years full conf. 
• T2K-II: 3 times T2K stats and 

several improvements in 
beam configuration and data 
analysis 

• T2K+Nova: full stats, basically 
already achieved 

• What about Nova-II? 

NH 

Next on CP 

HK 

T2K-II 

• HK: 10 years, staged 
• Dune: 7 years full conf. 
• T2K-II: 3 times T2K stats and 

several improvements in 
beam configuration and data 
analysis 

• T2K+Nova: full stats, basically 
already achieved 

• What about Nova-II? 

NH 

Third generation are developing fast 
Third generation are developing fast Third generation are developing fast 

Third generation are developing fast 

3rd Generation	expts are	
developing	rapidly
Definitive	measurement	of	CP	violation

HK:	10	years,	staged
DUNE:	7	years	full	conf.
T2K-II	x3	T2K	stats

Plus:	study	of		atmospheric	n�s,	
nucleon	decay,	&	precision	measurement
of	n�s	from	galactic	supernovae	explosions
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DUNE Experimental Strategy  
 

Wide%band,%high%purity%ºµ%beam%with%peak%flux%
at%2.5%GeV%opera<ng%at%»1.2%MW%and%upgradeable%

•  four%iden<cal%cryostats%deep%underground%
•  staged%approach%to%four%independent%10%kt%LAr%detector%modules%%
•  SingleGphase%and%doubleGphase%readout%under%considera<on%%%

high%precision%%
near%detector%

June 23,2015 Thomas Kutter | Prototype Detector & Beam Test7

“Long-Baseline Neutrino Facility (LBNF) and Deep Underground Neutrino 
Experiment (DUNE) Conceptual Design Report Volume 2: The Physics 
Program for DUNE at LBNF” (arXiv:1512.06148)
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Chapter 7: Near Detector Reference Design 7–85

Magnet'
Coils'

Forward'
ECAL'

End'
RPCs'

Backward'ECAL'Barrel'
ECAL'

STT'Module'

Barrel''
RPCs'

End'
RPCs'

Figure 7.1: A schematic drawing of the fine-grained tracker design. fig:STT_schematic

LBNE Conceptual Design Report

complex

≈890 members, ≈160 institutions from 29 countries; US deeply intertwined with CERN 

University of Basel, Department of Physics, Klingelbergstrasse 82, 4056 Basel 
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Dear André Rubbia, Mark Thomson and Maury Goodman, 
 
I am very fascinated by the DUNE experiment and herewith apply to join the DUNE 
collaboration.  
 
With my research group, I am working on various theoretical and phenomenological 
aspects of particle and astro-particle physics beyond the Standard Model, with a focus on 
neutrino physics, Grand Unified Theories (GUTs) of the fundamental interactions and early 
universe cosmology. DUNE will be able to contribute significantly to answering many of 
the big open questions in these areas.  
 
With my planned future work, I would be happy to contribute to the DUNE WG on 
phenomenology:  
 
For example, one future project of my group related to DUNE will be concerned with 
proton decay in classes of predictive supersymmetric GUTs. There will be a new postdoc 
starting this fall and we will kick the project off very soon. This work will help to further 
clarify the power of great sensitivity of DUNE to test GUTs via the search for nucleon 
decay processes.  
 
Furthermore, my group will also continue activities regarding the construction and 
precision analysis of neutrino flavor models. The project will be building on results 
obtained in the recent years, where we have shown that predictive flavor models in the 
framework of GUTs can lead, e.g., to predictions for the leptonic Dirac CP. The high 
sensitivity of DUNE to the neutrino mixing parameters will be very important for testing the 
predictions of such models. 
 

Present MI beam 
power 650kW and 
700kW in 2017

http://arxiv.org/abs/1512.06148
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Measure neutrino spectra at 1300 km in a wide-band beam
•  Determine MH and θ23 octant, probe CPV, test 3-flavor paradigm       
a  and search for ν NSI in a single experiment
–  Long baseline:

•  Matter effects are large ~ 40%
–  Wide-band beam:

•  Study νµ→νe (νµ→νe) and νµ→νx  (νµ→νx )  over range of energies
•  MH & CPV effects are separable  
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 disappearanceµνDUNE 
 modeν150 kt-MW-yr 

)=0.4523θ(2sin

νµ disappearance νe appearance

Systema(c*errors*to*be*negligible*
compared*to*sta(s(cal*power*reached**

over*life(me*of*experiment*• Measure neutrino spectra at 1300 km in a wide-band beam

Optimised 
neutrino beam 
profile to 
cover 1st&2nd 
oscillation 
maxima

Determine MH and θ23 octant, discover CPV, test 3 flavour paradigm and search 
for non-standard interactions in a single experiment
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Figure 3.13: The significance with which the CP violation can be determined as a function of the value
of ”CP for an exposure of 300 kt · MW · year assuming normal MH (left) or inverted MH (right). The
shaded region represents the range in sensitivity due to potential variations in the beam design. fig:cpv_nominal

Table 3.7: The minimum exposure required to determine CP violation with a significance of 3‡ for 75%
of ”CP values or 5‡ for 50% of ”CP values for the CDR reference beam design and the optimized beam
design.

Significance CDR Reference Design Optimized Design
3‡ for 75% of ”CP values 1320 kt · MW · year 850 kt · MW · year
5‡ for 50% of ”CP values 810 kt · MW · year 550 kt · MW · year

tab:cpv_requiredexposure

Volume 2: The Physics Program for DUNE at LBNF LBNF/DUNE Conceptual Design Report

7 years

⇒ Covers 50% of CP phase space at >5σ in 12 years @ 1.2MW For 
δCP=-90o: ≈8σ C.L. and precision measurement of ≈±10o (better than HK)
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Towards the DUNE detector

11

Short Baseline SBN@FNAL:

WA105/ProtoDUNE-DP @ CERN Platform

22.08.16 André Rubbia | CHIPP Board Lugano

Dual phase protoDUNE (WA105/NP02)

13

Drift cage + 
cathode plane

CRP 
frame + 
hanging 
system

Cold 
readout 
electronics

Photon 
Detectors

Signal feed-
throughs

DAQ

Slow control

CRP 
readout 
planes

Photon 
Electronics

Purity 
monitor

Online 
computing

Drift HV 
system

Cosmic tracker

6 m

I. Kreslo, 1.04.2016 RECFA visit to Switzerland -- ETHZ 19

Short-Baseline Program (SBN) : MicroBooNE
Taking neutrino data since Nov 2015 ...

• MicroBooNE running since Nov 2015 
with excellent Booster neutrino beam 
performance → physics exploitation 

• SBND near detector under construction 
to start data taking in 2018 to improve 
systematic errors and perform cross-
section measurements 

• Neutrino event reconstruction 
in LAr TPCs

• Innovative “dual phase” technology 
• Construction and test of full-scale far 

detector components 
• Precise calibration and calorimetry 
• Major CERN infrastructure investment with 

new large extension of the CERN North 
Area and charged particle beams 

• Data taking in 2018 (constrained by LS2)

I. Kreslo, 1.04.2016 RECFA visit to Switzerland -- ETHZ 21

Towards the DUNE detector
Prototypes at CERN Neutrino Experimental Facility (CENF)

Double-phase LAr TPC (WA105) Single-Phase LAr TPC (Proto-DUNE)

I. Kreslo, 1.04.2016 RECFA visit to Switzerland -- ETHZ 20

Short-Baseline Program (SBN) : SBND
Building ready Nov 2016, commissioning in  Q3 2018.

➡Critical path for the realisation of 10 kton FD modules at SURF, South Dakota

100-ton

300-ton
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MicroBooNE status

12

I. Kreslo, 1.04.2016 RECFA visit to Switzerland -- ETHZ 20

Short-Baseline Program (SBN) : SBND
Building ready Nov 2016, commissioning in  Q3 2018.

• Collected	3.4E20	POT	good	quality	beam	data
(expected	2E20	for	the	first	year	!)

• 14	public	notes	with	early	results

 
Figure 4 – Rendering showing the LArTPC with proposed muon tagger panel groups (topside, side, and underside). 
 
 
 
 
 

Topside Panels 

Side Panels 
(Pipe Side) 

Side Panels 
(Feedthrough Side) 

Underside Panels

Cosmic	ray	tagging	system	being	installed	now	!	
All	panels	(150	m2)	designed	and	produced	in	Bern

Also used for WA105/ProtoDUNE-DP

Automated	identification	 of	neutrinos
and	first	differential	distributions:

𝛎μ CC

Michel	electron	reconstruction

Liquid purity
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WA105 3x1x1 status

13

First 10-ton scale test of Dual Phase technology prior to ProtoDUNE-DP

Cryogenic operation: October 2016

First GTT membrane cryostat

located at CERN West Area Blg 182

top-cap

charge readout

field cage

cryostat

(on schedule)

I. Kreslo, 1.04.2016 RECFA visit to Switzerland -- ETHZ 21

Towards the DUNE detector
Prototypes at CERN Neutrino Experimental Facility (CENF)

Double-phase LAr TPC (WA105) Single-Phase LAr TPC (Proto-DUNE)
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Financial resources and requests

14

Implementation	of	the	neutrino	white	paper
2013 2014 2015 2016 2017 2018 2019 2020 2013-2016 2017-2020

Neutrino SBN 0 0 325 125 945 615 315 90 2415 1965
Neutrino NA61/T2K/NP05 132 132 216 214 450 550 600 600 2894 2200
Neutrino WA105/ProtoDUNE 331 382 290 576 650 700 200 50 3179 1600
Neutrino TOTAL 463 514 831 915

2013 2014 2015 2016 2017 2018 2019 2020 2013-2016 2017-2020
Neutrino SBN 0 0 325 125 945 615 315 90 2415 1965
Neutrino NA61/T2K/NP05 132 132 216 214 450 550 1694 1000
Neutrino WA105/ProtoDUNE 331 382 290 576 650 700 200 50 3179 1600
Neutrino DUNE 1300 1300 0 2600
Neutrino TOTAL 463 514 831 915 2045 1865 1815 1440

(*)	No	FLARE	call	in	2018
(**)	To	be	defined	with	successor	of	Blondel

• Steady increase of FLARE funding for neutrino pillar during the period 2013-2016; 
still below the guideline of ≈1.3MCHF/year 

• Since no FLARE call is foreseen in 2018, SBN and WA105 intend to submit two 
requests in November 2016 to cover the total of expenditures for 2017 & 2018. 

• The WA105/ProtoDUNE-DP detector must be constructed before and commissioned 
in spring 2018 due to the constraints from LHC LS2 → no delay is possible. 

• The NA61/T2K/NP05 requests beyond 2018 are to be considered in the context of 
the succession of Prof. Blondel. 

• We anticipate that DUNE construction funds will be requested in 2018 and beyond.

Table compiled from the CHIPP Tables 10.08.2018:
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Paths towards a CPV discovery
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Next on CP 

HK 

T2K-II 

� HK: 10 years, staged 
� Dune: 7 years full conf. 
� T2K-II: 3 times T2K stats and 

several improvements in 
beam configuration and data 
analysis 

� T2K+Nova: full stats, basically 
already achieved 

� What about Nova-II? 

NH 

M. Mezzetto @ Neutrino 2016
T2K & NOvA around 2020: 

T2K 8x1021 pots (now 1.5x1021) 
NOvA 3+3 years 

T2K-II by 2026 (?): 
20x1021 pots with 1.3MW J-PARC 
beam and reduction of systematic 
errors 

DUNE (2026→): 
7 years of running (*)  
1.2 MW for MI proton beam 
40kton far detector 
2% systematic uncertainties 
 
HyperKamiokande (2026→): 

10 years of running 
1.3 MW for JPARC proton beam 
40% PMT coverage 
3% systematic uncertainties(*) DUNE CPV sensitivity for 12 years @1.2MW 

is similar to that shown for HyperK

(*)
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Summary

16

• Neutrinos – and flavour oscillations – are an exciting field and provide so far the 
only evidence for physics beyond the Standard Model (“at the moment we know 
more about the Higgs than we do about neutrinos” –  
Ian Shipsey, concluding talk at ICHEP2016)

• A major scientific success of the Swiss groups of Bern, ETHZ and Geneva has 
been achieved in T2K over several years – producing discoveries, new 
measurements, and a large number of theses. 

• A strong Swiss visibility in the T2K international project was possible thanks to a 
coherent effort among Swiss PIs. In 2006, we had the choice between T2K and 
NOvA and there was a decision to focus on one project. 

• A coherent Swiss plan was presented in the white paper and its implementation 
will allow to maintain this strong visibility coupled to scientific, technical and 
managerial leadership. 

• The Swiss groups already play a crucial role and are currently very active on 
physics studies, detector R&D and collaboration management of future long 
baseline programmes. A further strengthening & consolidation with the groups of 
Basel, UniGE, and possibly others is recommended.
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Backup

17
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Physics potential of T2K-II
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Physics Potential of T2K-II
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- ∼50% increase in effective POT
- ∼3ê sensitivity to 9]^
- Precise measurement of -+.

- resolution of 1.7%

24

Assumes that favoured NH will hold 

Needs reduction of systematic errors to reach 3σ sensitivity for 
special case of δCP=-90o
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LBL science discovery potential
Rapidly reach scientifically interesting sensitivities

19

Exposure is critical to cover the full science exploitation!

5σ	CPV		
Discovery
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What if δCP = -π/2 (or close to) ?
A) First presented at ICHEP, T2K data – when combined within a full 
framework of 3 ordinary neutrinos and with neutrino reactor experiments 
– prefer the δCP ≈ -π/2 region. The CP-conserving cases (sin δCP =0) lie 
outside the 90% confidence interval of T2K which is δCP ∈ [–3.13; –0.39] 
([–2.09 ; –0.74]) for the normal (inverted) mass ordering.  What are the 
consequence for DUNE?

20

• A statistical fluctuation of the T2K data cannot be excluded (e.g. 750 GeV @LHC.). 
  

• DUNE is a next generation experiment designed to unequivocally discover CP-
violation and determine the mass ordering within a single experiment. The 
sensitivity to CPV of the present generation T2K and NOvA is much less due to 
limitations in their designs. For example, T2K sensitivity to CPV depends critically 
on the combination of several very different measurements, such as those from 
accelerator and reactor experiments, and on the actual value of the CP phase.  

• Only DUNE will provide a definitive and irrefutable discovery of CP violation with a 
confidence level of at least 5 sigmas (e.g. discovery of the Higgs boson) over a 
large faction of the possible CP phase values.
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What if δCP = -π/2 (or close to) ?
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B) T2K and NOvA approved plans include an increase their present 
statistics until 2020, and T2K has proposed an extension until 2026 (T2K-II) 
to accumulate x10 the statistics obtained in the last 5 years. If Nature has 
indeed chosen δCP = -π/2, what are the consequences for DUNE?

• If δCP = -π/2, there is a chance that global neutrino fits establish CPV at a 3σ C.L. 
before the start of DUNE. If δCP = -π/2, DUNE will also benefit and will quickly 
reach a 3σ C.L. in 3 years. DUNE will provide the definitive 5σ C.L. discovery of 
CPV in 7 years. 

• DUNE will not only exclude δCP=0 or π with 5σ C.L., it will also measure the value 
of δCP phase with a precision of ±10o. Such a precision is fundamental. It will be for 
instance possible to tell whether CPV is maximal or not - a critical information for 
phenomenologists and theoretical model builders. 

• DUNE, unlike T2K and NOvA and the proposed HK, will  be the only experiment to 
operate in an “on-axis” configuration with a wide-band neutrino beam. DUNE can 
uniquely study how oscillations depend on the neutrino energy. This allows 
exploring if the neutrinos and antineutrinos oscillation asymmetry is consistent with 
the one predicted by a complex phase of the Pontecorvo–Maki–Nakagawa–Sakata 
matrix, thereby enhancing our understanding of the origin of the phenomenon.


