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Outline
•T2K-> JPARC upgrade
•NOνA-> FNAL-Dusel LB
•European studies and plans
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Current status of neutrino mass and mixings
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Outstanding questions in neutrino physics

 Discover the last oscillation channel θ13 (T2K,NOνA, 
Double Chooz, Daya Bay)

 Measurement of neutrino mass
 Dirac or Majorana? (Neutrinoless Double Beta 

Decay)
 Mass hierarchy
 CP violation in the leptonic sector (leptogenesis!)
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Super Beam features

 “Conventional” technology
 Shorter schedule
 Competitive CP sensitivity 

        down to sin2(2θ13)~10-3

First indications about sin2(2θ13) in 2010-
2011 (T2K+…) eagerly expected!
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From conventional beams to SuperBeams

Exp. Power 
(MW)

Baseline Start Goal

MINOS 0.192 735 2005 Atm osc.

Opera 0.5 730 2006 ν
τ 
app

T2K 0.75 295 2009 θ13

NOvA 0.7 810 2011 Θ13 hierarchy

Fnal-
>Dusel

2.3 1290 >2014 CP, mass 
hierarchy

JPARC+ 1.66 295-> >2014 CP

SPL 4 135 >2018 CP
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Tokai to Kamioka (T2K) long baseline 
neutrino oscillation experiment 

•Intense proton beam from JPARC
•Off-axis by 2.5 deg
•Tuned at osc. max
•Goals: 
•discover ν

e
 appearance

•Precise measurement of ν
μ
 disapp.

•SK: 1600 CC/yr/22.5kt

First off axis beam!



NUFACT09,  
Chicago, July 2009  
30 juin  2009

 Marco Zito 7



NUFACT09,  
Chicago, July 2009  
30 juin  2009

 Marco Zito 8



NUFACT09,  
Chicago, July 2009  
30 juin  2009

 Marco Zito 9



NUFACT09,  
Chicago, July 2009  
30 juin  2009

 Marco Zito 10

K. Sakashita
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T2K Near Detector: ND280
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T2K ND280 Tracker

3 TPC equipped with Micromegas det.
9m**2 sensitive area 120 k channels

2 Active targets (FGD)
1 cm**2 scint. Bars
Read out with MPPC
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T2K ND280 scintillator detectors

ND280 detectors: 
•Test beam performed
•Construction almost finished
•Being installed in JPARC

P0D
ECAL

SMRD
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T2K  ν
e 
appearance sensitivity

•Five years at 750 kW
•For δ=0
•Sensitivity (90%CL) below 10-2
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T2K discovery potential and plan

2010
•First result: 2009 with 100kWx107 s
•Intermediate step: 1 MWx107 s
•Full exposure 3.75 MWx107 s
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T. Hasegawa
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T. Hasegawa
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T. Hasegawa
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T. Hasegawa
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NOνA and beyond
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NOνA

•Uses NuMi off axis beam 
•Baseline 810 km
•Far detector 14 kt
•Ground breaking: May 1 2009
•Installation, data taking 2011
•Finish installation 2013
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NoνA Far detector (Ash River)
Slide by L. Mualem 
at FNAL User meeting 2009
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NoνA Far detector
Slide by L. Mualem 
at FNAL User meeting 2009
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NoνA sensitivity

3 years ν + 3 years ν 

Physics program:
•Measurement of θ

13

•Determination of mass hierarchy
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US program beyond NOνA

 Various studies (BNL-FNAL LB) have explored the various options (WBB, 
longer baseline, detector technology) concluding that

 Future experiments using conventional neutrino beams can be designed to 
have 3-5σ discovery potential for measuring CP violation and the neutrino 
mass hierarchy for values of sin2(2θ

13
) as low as ~ 0.01

 
These sensitivities are reached assuming :
 – a proton source at the Megawatt level (or decades of running time)
 – a neutrino beam optimized to the oscillation probability (covering the 1st 

and 2nd oscillation maximum)
 – an experiment baseline > 1000 km (sensitivity to the mass hierarchy)
 – a Detector with effective mass (mass*efficiency) > 100kT
 Large detector in DUSEL and high intensity neutrino beam at FNAL are 

recommended by the P5 Report

Based on slides by 
G. Rameika at last 
Neutrino GDR Paris 
april 2009
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Dusel
FDR 2012
Construction starts in 2013
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M. Diwan NNN08
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Europe

 Start of design studies FP7 EUROnu (2008-2012, 
beams) et LAGUNA (2008-2010, underground labs)

 CERN: Workshop “New Physics Opportunities” (may 
2009) and Workshop Neutrinos (october 2009)
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CERN workshop (1-3 October 2009)

The workshop is also directly related to the work of the Panel on 
Future Neutrino Facilities, established by the Scientific Policy 
Committee in December 2008 at the request of the CERN Council.
This request concerns “Relations between CERN and the ongoing 
development work regarding future neutrino facilities”, and 
specifically requests answers concerning the importance of precise
measurements of the neutrino oscillation parameters, CERN’s role 
in the R&D work for future neutrino facilities, irrespective of where 
they would be sited, and to what degree neutrino experimentation 
should have a place on the future CERN roadmap. 
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EUROnu: what beam for a neutrino oscillation facility  ?

pH- linac 2.2 (3.5) GeV, 4 MW

Target

~300 MeV ν µ  beam to far detector

decay tunnel

Accumulator
ring + bunch
compressor

Magnetic
horn capture
(collector)

proton driver

hadronsν , µ

p

Proton
driver

Isol target
& ion source

DECAY
RING

B = 5T
L=6880 m

PSB

EURISOL
Existing at CERN

New RFQ

SPS

PS
 Linac

H- linac 2.2 GeV, 4 MW

Target

Linac → 2 GeV

Recirculating
Linacs 2 → 50 GeV

Decay ring – 50 GeV
≈ 2000 m circumference

Ionization
cooling

Phase rotation

ν  beam to far detector

Drift

Accumulator
ring + bunch
compressor

Magnetic
capture

ν  beam to near detector

SPL Super-Beam

Neutrino Factory

Beta-Beam

MEMPHYS

détecteur 
magnétisé
(50-100 kt Lar, 
Super-OPERA…)
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EUROnu Participants

http://fr.wikipedia.org/wiki/Image:Flag_of_Germany.svg
http://fr.wikipedia.org/wiki/Image:Flag_of_France.svg
http://fr.wikipedia.org/wiki/Image:Flag_of_Spain.svg
http://fr.wikipedia.org/wiki/Image:Flag_of_the_United_Kingdom.svg
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EUROnu SuperBeam studies

 Aim: prepare a CDR for an european SuperBeam
 Proton driver: SPL HP option 4 MW, 5 GeV
 Baseline: CERN to Fréjus (130 km)
 Target concepts: start studies of a solid graphite target 

(T2K like, length 78cm, diam. 2.6cm)
 Possible progression according  the needs:

 Multiple (4) targets
 Powder jet

 Simulation, optimization and physics reach: studies 
resumed 

 Optimization of horn under way 
 see A. Longhin talk on friday
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SPL



EUROnu: Simulation of the CERN-Fréjus SuperBeam

primary /K production 
(FLUKA)

 /K focusing with magnetic 
horn (GEANT4)

 fluxes 
computation

Sensitivity on 
fundamental 
parameters: 

CP 
 

13

 4 MW 
p 
from 
SPL

”Study of the performance of the SPL-Frèjus Super Beam using a graphite target”
A. Longhin. EUROnu note (available on www.euronu.org)

● 

● Full simulation chain with latest software tools 
(FLUKA+GEANT4) 
● Focus on solid target option
-more realistic and feasible than liquid mercury target 
as originally envisaged
-very promising results: physics reach not 
compromised !
-design of an optimized focusing system  is ongoing 

see A. Longhin talk on friday
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protons

protons

Possible scheme to mitigate the Possible scheme to mitigate the 
target difficultytarget difficulty

2.5 m

2.5 m
same decay 
tunnel  Ø 3 
mprotons

protons

minimize power dissipation and 
radiation problems
(pulser problems remain as 
before)

2 options:
•send at the same time 1 MW per target/horn system
•send 4 MW/system every 50/4 Hz possibility to use solid 

target?

use
 th

e adva
nta

ge 

of t
he sm

all h
orn

 

siz
e

to be 
studied in 
EUROν

M. Dracos
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The T2K target C. Densham,
M. Fitton, O. Caretta

The T2K target

First powder jet!
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Large Apparatus for Grand Unification
and Neutrino Astrophysics
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SuperBeam strategies 

 SuperBeam strategies are widely different from long 
baseline-wide band beam (US) to shorter baseline-
narrow beam (CERN->Fréjus)

 Also some span of timelines
 Many similar problems across the projects (targets, 

tools, detectors) 
 Far detector (Water Cherenkov vs Lar) ?
 NuFact may play a beneficial role as the forum 

where SuperBeams problems, solutions and 
experiences can be exchanged   
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Conclusions

 T2K neutrino beam started in 2009!
 First results expected in 2010
 NOvA groundbeaking
 The first results on θ

13
 will give crucial hints for the 

future experimental program
 Active studies ongoing for future SuperBeam 

facilities 
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M. Mezzetto



[Reference] 
NOvA: M. Messier, FNAL Director’s CD-3b Review, 2009/6/16
Double CHOOZ: A. Porta, Rencontres de Moriond EW 2009, 2009/3/13
Daya Bay: P. Rubin, ibid

100kWx107s
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