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Future Neutrino Oscillation Facilities
                   Accelerator R&D in EUROPE



Elliptical 5 cell bulk Niobium cavities
(e.g.: =0.47)

The preferred possibility for high power : the SPL
SC-linac (160 MeV  4 GeV) with ejection at intermediate energy

Kinetic energy (GeV) 4

Beam power at  4
GeV (MW)

0.12

Repetition  period
(s)

0.6

Protons/pulse (x
1014)

1.1

Average pulse
current (mA)

20

Pulse duration (ms) 0.9

Low Power - SPL

beam characteristics at 4

GeV

Length: ~430 m
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Baseline Beta Beam scenario,

EURISOL

. 

  

Neutrino
Source

Decay
Ring

Ion production
ISOL target &

Ion source

Proton Driver
SPL

Decay ring

B  = 1000 Tm

B = ~6 T
C = ~6900 m
Lss= ~2500 m

6He:    = 100
18Ne:   = 100SPS

Acceleration to
medium energy
RCS, 1.7 GeV

PS

-emitters of suitable lifetime

Ion acceleration
Linac, 0.4 GeV

Beam preparation
pulsed  ECR

Detector in the Frejus tunnel

Existing!!!

8.7 GeV

93 GeV



neutrino factory: 

accelerate muons and

store to produce neutrinos



INO ~7500 km (Magic distance)

Explore neutrino factory
or muon collider  
as an option for the future.
Feasibility, cost 

Long baseline detectors: Magnetized Iron, emulsions, liquid argon
Good baselines are: ~3000-5000 depending on muon threshold + 7500 km

Laguna site! 



High-power target
. 4MW

. good transmission
MERIT experiment
(CERN)

Major challenges tackled 
           by R&D expts

Fast muon cooling
MICE experiment
  (RAL)

Fast, large aperture
accelerator (FFAG)
EMMA (Daresbury)

ISS baseline



International Design Study 
     IDS-NF

International Design Study of the

Neutrino Factory
International Design Study of the

Neutrino Factory
International Design Study of the

Neutrino Factory
International Design Study of the

Neutrino Factory
International Design Study of the

Neutrino Factory
International Design Study of the

Neutrino Factory
International Design Study of the

Neutrino Factory
International Design Study of the

Neutrino FactorySteering Group

A.Blondel, K.Long (chair), M.Zisman, Y.Kuno

Physics and Performance Evaluation:

A.Donini, P.Huber, S.Pascoli, W.Winter

Accelerator:

S.Berg, Y.Mori , C.Prior , J.Pozimski

Detector:

A.Bross, A.Cervera, N.Mondal, P.Soler

Aim: produce CDR for 2012

‘CDR’ implies:
Physics performance of costed scenario
Conceived as input to cost/performance 
comparison required at C.E.R.N. 
Council Strategy Group 2012 decision point

The collaboration

EU component is part-funded via EUROnu

https://www.ids-nf.org





































Study of neutrino interactions

using the FNAL booster neutrino beam

Yoshinari Hayato

( Kamioka, ICRR, U. Tokyo )

(Thank to the MiniBooNE collaboration 

for providing the MiniBooNE figures and plots.)

1. Introduction 

2. FNAL Booster neutrino beam-line 

and two neutrino experiments

MiniBooNE and SciBooNE.

3. Quasi-elastic scattering and elastic scattering

4. Single pion productions

5. Summary



MiniBooNE detector

5.75m

• 800 ton CH2 detector

• Signal region

1280 8inch PMTs

• Veto region

  240 8inch PMTs

• Use Cherenkov light
        and scintillation light

Typical μ event

Experiment started in August 2002.



Muon Range Detector

(MRD)

Electron Catcher (EC)

SciBar

• 12 2”-thick steel layers

       + scintillator planes

           ( alternate x & y )
• Measure μ momentum

       using range

      ( up to ~ 1.2 GeV/c )

• Spaghetti calorimeter

• 2 planes (11 X0)

       4 x 4 cm2 cell x 128
• Identify 0 and e

2m

4m

( Used in K2K experiment )

( Used in CHORUS, HARP and K2K )

( Components are recycled 

           from past experiment ) 

SciBooNE detectors

• Full active tracking detector

15 tons of scintillator ( 14336 bars )

also acts as the interaction target.

WLS fiber readout, 64ch MA-PMT

Cell size   : 2.5 x 1.3 x 300cm3

• PID ( p/  ID )

        using dE/dx

• Identify interactions

•  Interaction target

   & tracking detector

( Data taking: June 2007 to August 2008. )



Charged current Quasi-elastic scattering

Current status of the cross-section measurements

Recently, NOMAD released their results as shown in this figure.

( T. Katori )

Still need further studies.
• a few GeV region : MINER A, MINOS

• less than 1 GeV : T2K-near detectors ...

( V. Lyubushkin et al., arXiv:0812.4543 [hep-ex] )

Their MA value was consistent with the world average.



(D. Perevalov)

# of candidate events : 94,500

Neutral current elastic scattering

( purity 65%, efficiency 26% )

# of candidate events : 8,441

data

statistical error only

per nucleon

preliminary
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(H. Takei)

Z0

μ μ

N N

μ + N -> μ + N

Use recoil proton to tag this kind of events.

MiniBooNE

Differential cross-section( d /dq2 )

( purity 57% )

SciBooNE

Interaction cross-section



Neutral current single 0 production

MiniBooNE

(C. Anderson)

Obtained cross-sections

μ induced 0 production

4.54±0.04 (stat.)±0.71 (sys)

x10-40cm2

μ induced 0 production

1.43±0.03 (stat.)±0.23 (sys)

x10-40cm2

μ

0 momentum

0 momentum

0 direction

0 direction

μ

μ

Z

μ μ

N
N

0



(Y. Kurimoto)

      (NC 0) 

  (CC inclusive)
= 7.7 ±0.6(stat) ±0.6(prelim syst) x10-2

• agrees with NEUT prediction (6.8x10-2) 

preliminary

Neutral current single 0 production

SciBooNE
Z

μ μ

N
N

0
Reconstructed mass of 0

preliminary

Reconstructed mass of 0



Neutral current single 0 production

SciBooNE
Z

μ μ

N
N

0

(primary, res + coh. )

cos 

Directional distribution of 0

Together with the vertex activity,

      it will be possible to enhance
    NC coherent 0 events.

μ + 12C -> μ + 12C + 0

There will be no activity

around the interaction vertex.

(Y. Kurimoto)
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• MINER A is a dedicated neutrino-nucleus cross-section experiment

MINER A

WIN 09 – Perugia, Italy – September 14-

19, 2009

makes use of

the existing

high intensity

NuMI

neutrino beam

at Fermilab

Finely segmented, fully active scintillator

tracking region surrounded by ECAL and

HCAL

range of nuclear targets (He, C, Fe, Pb, CH)

for study of nuclear effects in neutrino

interactions

Side HCAL

Side HCAL

Fully Active

Scintillator Region
He target
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μ CCQE 

candidate 

event

μ CC 0 

candidate 

event

NuMI

Beam

WIN 09 – Perugia, Italy – September 14-

19, 2009

ECAL

Deep 

Inelastice 

candidate 

event

e CCQE 

candidate 

event

p.e.

scale

MINER A Tracking Prototype



DUSEL

NOvA

CNGS

MINOS

MINER A Energy Range

D. Schmitz, Fermilab 59

+ (n, p) + (n, p) +
0

+ n μ + 0 + p

T2K

WIN 09 – Perugia, Italy – September 14-

19, 2009



Hadro-production

measurements for the

T2K experiment with the

NA61/SHINE detector at

the CERN SPS Claudia Strabel, ETH Zurich

For the NA61/SHINE Collaboration

WIN‘09 Workshop

14.-19.09.09, Perugia



 One of the main physics goals of NA61/SHINE:

 T2K @ JPARC (Japan):

 - Long baseline (295km) neutrino oscillation experiment

 - Protons (30-50GeV) + carbon target (90cm)  intense μ beam

 - Neutrino spectra measured off-axis at the near and far detectors: ND280 and SK

61

JPARC

p2.5°SK

295km 280m 0m

ND

p accelerator facility

Precision measurements of hadron production

for the prediction of -fluxes at T2K

     Physics Goals (I)



     NA61/SHINE – Fixed Target Experiment at CERN SPS

NA49 Setup

+ Upgrades:

 Large acceptance (up to 70%) spectrometer for charged particles

 TPCs as main tracking devices

 2 dipole magnets with bending power of max 9 Tm over 7 m length (2007-Run: 1.14 Tm)

 High momentum resolution: (p)/p 2   10-4 (GeV/c)-1

 Good particle identification: (ToF-L/R)  100 ps, (dE/dx)/<dE/dx>   0.04, (minv)  5 MeV

 New ToF-F to entirely cover T2K acceptance ( (ToF-F)  120 ps, 1<p <3 GeV/c, 50< <150 mrad)

Claudia Strabel, NA61 @ CERN SPS

2009/11

He BEAM PIPE

2007/11

PSD



Thin Carbon

Target

T2K Replica

Target

     Setup of Beam Line – Target

Claudia Strabel, NA61 @ CERN SPS

 2 different carbon targets (isotropic graphite,  = 1.84 g/cm3):

         Thin Carbon Target:

            - 2.5 x 2.5 x 2cm3,

            - int. length ~0.04

            - used to evaluate inclusive x-sections

T2K Replica Target:

- Ø= 2.6cm x 90cm,

- int. length ~1.9

                  - used to study secondary

interactions
 Aims of the first NA61 run in October 2007:

  - to set up and test the NA61 apparatus and the detector prototypes

  - to take pilot physics data for T2K with 30.9 GeV/c protons:

Replica target: ~230k events

         Target out: ~80k events

Thin target: ~660k events



     Results from dE/dx and h- Analyses – -

Claudia Strabel, NA61 @ CERN SPS

Systematical error below

20%















Many new results in particular in neutrino cross

section measurements

Exciting future for next generation measurements

Many thanks to all the speakers!




