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Iniziative future 
sui neutrini da acceleratore

V. Palladino
Gruppo II INFN 
Napoli 20/5/2004

dopo OPERA & ICARUS

UN ESPERIMENTO : T2K … approvato
sigla INFN 05?

UN NETWORK EUROPEO: BENE
approvato 2004-2008 cofin EC-INFN 

Un WW R&D PROJECT: MICE at RAL
in fase di disegno & fund raising
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Peµ= - 4 Re Jeµ
12sin2∆12

- 4 Re Jeµ
13sin2∆13

 - 4 Re Jeµ
23sin2∆23

 ± 8J sin∆12sin∆23sin∆13

Peτ= - 4 Re Jeτ
12sin2∆12

- 4 Re Jeτ
13sin2∆13

 - 4 Re Jeτ
23sin2∆23

 ± 8J sin∆12sin∆23sin∆13

The matrix of neutrino transition probability
Solar (SuperK,SNO)
LBL Reactors (Kamland)

Pee=1- …..

Pµµ=1- ….. P µτ= - 4 Re Jµ τ
12sin2∆12

- 4 Re Jµ τ
13sin2∆13

 - 4 Re Jµ τ
23sin2∆23

 ± 8J sin∆12sin∆23sin∆13

Pµe = - 4 …
- 4 …

 - 4 …
 - (± 8J….

Atmo
K2K, NuMI, CNGS

T & CP violating term e-iδ

universal

Pττ=1- …..Pτe = ……. Pτµ= …..

Experiments ahead of us, for decades  ……..
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The matrix of neutrino transition probability

Pee=1- ….. Peµ= - 4 Re Jeµ
12sin2∆12

- 4 Re Jeµ
13sin2∆13

 - 4 Re Jeµ
23sin2∆23

 ± 8J sin∆12sin∆23sin∆13

Peτ= - 4 Re Jeτ
12sin2∆12

- 4 Re Jeτ
13sin2∆13

 - 4 Re Jeτ
23sin2∆23

 ± 8J sin∆12sin∆23sin∆13
BetaBeam, NuFact

golden silverNuFact

Pµe = - 4 …
- 4 …

 - 4 …
 - (± 8J….

Pµµ=1- ….. P µτ= - 4 Re Jµ τ
12sin2∆12

- 4 Re Jµ τ
13sin2∆13

 - 4 Re Jµ τ
23sin2∆23

 ± 8J sin∆12sin∆23sin∆13

SuperBeam, NuFact 

Pττ=1- …..Pτe = ……. Pτµ= …..

The Neutrino Factory does them all !
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2006    2009                 2014 >2014 

R&D targets, horns
beta ions

R&D µ cooling, reacceleration, storage

CNGS  Opera & ICARUS

EU T2K ………….    T2H?

Superbeam 
Betabeam 

CERN ν to Frejus 

NuFact
CERN ν to LNGS  & al

A possible coherent plan of 
EU initiative in neutrino Physics ?
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Neutrino mixing
If neutrino have finite mass, weak and mass eigenstates can differ

ilil U νν Σ=
Weak Mass eigenstates

sij=sinθij, cij=cosθijPontecorvo-Maki-Nakagawa-Sakata Matrix
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Neutrino Oscillation
as an unique way to access neutrino (very small) mass and mixing

s(eV)eigenvalue mass:   ,  ),energy(GeV neutrino:  ,length(km)flight : 222
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Present knowledge on neutrino
� ∆m23

2 ~ 1.6 – 3.6×10-3 eV2 (atm ν)
� ∆m12

2 ~ 3 - 20×10-5 eV2 (sol ν)
• Hierarchical masses:

– m3 ~  0.04 – 0.06 eV
– m2 ~ 0.005 – 0.014 eV

M
as

s
M

as
s （（

ｅ
Ｖ
）

ｅ
Ｖ
）

Generation

Neutrinos

?

Masses

Mixing angles
sin22θ23~1     (θ23~45°)
sin22θ12~0.8  (θ12~30°)
sin22θ13<0.12 (θ13<10°) @∆m13

2~3x10-3eV2

Extremely small masses
Large mixing
θ13 >0? important for CPV
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Purposes of T2K experiment
1. Test 3 flavor neutrino mixing framework

Discovery of νe appearance (θ13>0?)
At the same ∆m2 as νµ disapp. Firm evidence of 3gen. mix.
Most impotant and urgent in 1st phase
Open possibility to search for CPV 

Precision measurements of osc. params.
∆m23,θ23/∆m13,θ13
Comparison w/ quark sector
Test exotic models (decay, extra dimensions,….)

NC measurement
No additional light “neutrino”?

2. Search for CPV in lepton sector (2nd phase)
Give hint on Matter/Anti-matter asymmetry in the universe

3. Proton decay search (2nd phase)
Direct evidence of Baryon number violation
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Overview of Overview of T2K experimentT2K experiment

νµ beam of ~1GeV

Kamioka

JAERI
(Tokai-mura)
0.75 MW  50 GeV PS

Super-K: 50 kton
Water Cherenkov 

~Mt “Hyper 
Kamiokande”

4MW 50GeV PS

ννµµ→→ ννxx disappearance
ννµµ→→ ννee appearance
NC measurement

1st Phase

CPV
proton decay

2nd Phase
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JHF project

µ

µ

Dec. 2000: approved by Japanese gov.
April, 2001:  Phase 1 construction started.

Phase 1 + Phase 2 = 1,890 Oku Yen.
Phase 1 = 1,335 Oku Yen for 6 years.
Cash in fund = 30 (JFY00) + 47 (JFY01) Oku Yen. 
Construction budget does not include salaries.

March,2007: Phase 1 compelete

1 oku Yen= 1M$
when 1$=100yen
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Site View of the Project

Linac
400 MeV normal linac
400-600 MeV superconducting linac

50 GeV Synchrotron

Particle Nuclear Physics

Neutrino
Nuclear Transmutation

Life & Material Science
(Neutron, Muon, RI)

3 GeV Synchrotron
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T2KGiappone, USA, EU, Russia, Canada, Korea, Poland, ….  

Italia
Francia
Spagna
Svizzera
UK

Bari
Napoli
Padova (Mezzetto)
Roma I

Milano
Roma III
Bologna
Cagliari 
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PrinciplePrinciple
Neutrino energy reconstruction by using Neutrino energy reconstruction by using 
QuasiQuasi--elasticelastic (QE) interaction.(QE) interaction.

Oscillation pattern measurementOscillation pattern measurement
BG due to missBG due to miss--reconstruction of inelastic interactionreconstruction of inelastic interaction

Greatly improved by using narrow spectrumGreatly improved by using narrow spectrum

Narrow spectrum tuned Narrow spectrum tuned at the oscillation at the oscillation 
maximummaximum..

High sensitivity High sensitivity 
Less backgroundLess background

Gigantic water Gigantic water CherenkovCherenkov detectordetector
High statisticsHigh statistics
High efficiency for low energyHigh efficiency for low energy
Good PID (e/Good PID (e/µµ) capability) capability

∆m2=1.6～4x10-3eV2

Eν=0.4～1GeV
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Neutrino Energy Εν reconstruction

µµµ

µµ
ν θcos

22

pEm
mEm

E
N

N

+−

−
=

νµ + n → µ + p + π

ν

µ-

p

(Eµ, pµ)θλ

Inelastic (BG)
π

⇔CC quasi elastic reaction

νµ + n → µ + p

ν

µ-

p

(Eµ, pµ)θµ

CCqe

CCqe

CC inelastic

CCqe

inelastic
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Off Axis Beam (another NBB option)
(ref.: BNL-E889 Proposal)

θTarget Horns Decay Pipe

Far Det.

WBB w/ intentionally misaligned beam line from det. axis

Decay Kinematics

Quasi Monochromatic Beam
x2~3 intense than NBB
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Expected spectrum

0.21%

K-decay

µ-decay

Very small νe/νµ
@ νµ peak

~4500 tot int/22.5kt/yr
~3000 CC int/22.5kt/yr

νµ

OA3°
OA2°
OA1°

Osc. Prob.=sin2(1.27∆m2L/Eν)

∆m2=3x10-3eV2

L=295km

os
c.

m
ax

.
νe contamination
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Narrow Band Beam for ν int study @ near
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Easy to tune Eν
Less HE tail (than OAB)
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Detectors
• Muon monitors @ ~140m

– Behind the beam dump
– Fast (spill-by-spill) monitoring of beam direction/intensity

• First Front detector “Neutrino monitor” @280m
– Neutrino intensity/direction
– Study of neutrino interactions

• Second Front Detector @ ~2km
– Almost same Eν spectrum as for SK
– Absolute neutrino spectrum
– Precise estimation of background

• Far detector @ 295km
– Super-Kamiokande (50kt)
– Hyper-Kamiokande (~1Mt)

0
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1400

1600

1800

x 10 3

0 0.5 1 1.5 2 2.5 3 3.5 4 4.5 5

Eν (GeV)

1.5km

295km

0.28km

Neutrino spectra at diff. dist

dominant syst. in K2K
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Far detector in second phase

Phase-I: Super-K
22.5kt (50kt)

Phase-II: Hyper-K
1,000 kt

Candidate site in Kamioka
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νe appearance
5yr, 22.5kt

123.211.19.31.8
Selected

.4<Eν
rec<1.2

40.8%3.8%0.2%0.02%red.eff.

301.6292.14080.310713.6Generated
Osc’d νeBeam νeνµN.C.νµC.C.

Off Axis (2o) 5year

0
5

10
15
20
25
30
35
40
45

0 1 2 3 4 5
Reconstructed Eν(GeV)Reconstructed Eν(GeV)

Expected Signal+BG

Total BG

BG from νµ Chooz limit

∆m2=3x10-3eV2,

sin22θ13=0.1

~90% of νµ BG from π0 production
~60% of νµ BG comes from HE tail (Eν

true>1.2GeV)
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Sensitivity on νµ νe appearance

Preliminary

2

5

x~20

MINOS

Dashed lines: MINOS Ph2le, Ph2me, Ph2he from right
(A.Para, hep-ph/0005012)
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ννµµ disappearancedisappearance
1ring FC µ-like

Reconstructed Eν (MeV)
Fit with 1-sin22θ・sin2(1.27∆m2L/E)

Oscillation with 
∆m2=3×10-3

sin22θ=1.0

No oscillation

Non-QE

(linear)

(log)

∆m2=3×10-3 

sin22θ=1.0

~3%

Ratio after BG subtraction



23

νµ νx disappearance

δ(sin22θ) δ(∆m2 )
OAB-2degree

0.01 1×10-4

True ∆m2 (eV2) True ∆m2 (eV2)

5 years precision

δ(sin22θ)~0.01 in 5 years
δ(∆m2)   ~<1×10-4 in 5 years
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νµ νe oscillation probability(2)
295km 730km

Solid line: w/ matter
Dashed line: w/o matter Small Matter Effect at 295km.
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νµ/νµ # of CC int.

# of int. for νµ is factor ~3 smaller than νµ due to cross section.
Wrong sign contamination is much higher for anti-ν.

νµ beam

νµ beam

wrong sign

right sign

1021pot/yr
(1st phase)

80m pipe
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Sensitivity(3σ) to CPV(2nd phase)

Chooz excluded
@∆m31~3x10-3eV2

Preliminary
JHF1 3σ discovery

4MW,1Mt
2yr for νµ
6.8yr for νµ

δ>~14deg

δ>~27deg

∆m21=5x10-5eV2

θ12=π/8
∆m32=∆m31=3x10-3eV2

θ23=π/4
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Neutrino Neutrino 
FacilityFacility
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PV2PQ5
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土盛り上面はTP+10.8ｍ保存するため法面発生。

ニュートリノ建屋を輸送道路側へ３ｍ、８間道路から

離れる方向へ５ｍ移動。
（０２０２０７小林隆）

建屋壁面より５ｍ離れたところまで保安林伐採。

伐採面積計：０．286ｈａSM1 ST1
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Near detector
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Station

µ-pit28
0m

13
0m

3NBT

Neutrino beam line

Proton beam transport
Preparation section
Arc section (Supercond.)
Final focusing

Target/Horn system
Decay pipe (130m)
Beam dump

Components

Single turn fast extraction
8 bunches/~5µs
3.3x1014proton/pulse
3.94 (3.64) sec cycle
1ｙｒ≡1021proton on target(POT)

(3300hr~140days)

p+(target) π νµ + µ
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SpecificationSpecification
Beam kinetic energy 50GeV

Protons/pulse 3.3x1014

Beam current 15µA
Beam power 750kW

Extraction Single turn fast extraction
Micro structure 8bunches/9 RF buckets
Bunch spacing 598ns

Spill width ~5µs
Cycle 3.64~3.94sec

Rep rate 0.254~0.275Hz
Proton beam emittance 6.1πmm.mrad

Physical acceptance 60πmm.mrad
Beam loss(proton transport) 1W/m

Curvature of arc 106m
Decay pipe length (target-dump) 130m (from target)

Distance to near detectors 280m/~2km
Distance to SK ~295km

Target-SK beam decline -1.25deg
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Candidate sites for 2km front detector

Production 
target

0km

ν
Around here

ν

GPS survey finished

20m

10m

4m
2km 1km

44m below sea level
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Future ProspectFuture Prospect
2003 : JHFn budget request&approval
2004 : start construction
2005 : K2K final results

T2K

sin22θ13>0.018?
Hint?

2008

201x 3σ discovery

T2H
Search θ13 <10-3

Proton decay

T2H
CPV
precision meas. θ13
Proton decay

20xx Future SuperBeam, VLBL, ν-fact for very small θ13, CPV, sign of ∆m2
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280 m     The two conceptual designs

EU initiative US initiative

calorimeter

3.
4 

m

4.1 m
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calorimeter

magnet (engineering, coils, power supply)

optimal segmentation (Federigo, Lucio)

tracking device (Emilio)

scintillators in iron

e.m. calorimeter

external hadron absorber

3.4m

4.1 m 

Magnet  - coils,   power supply,  transport  ~ 1 MEuro

Tracking 
Electronics         1-2 MEuro

SCIBAR – Japan+US ?

Tele Meeting T2K-I 
oggi 14:30 !!! 
Lab PAMELA 
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Beams for European
Neutrino Experiments 

(BENE)

5 years Networking Activity within CARE: 
N3

subtitle:

Towards a consensual road map for accelerator based neutrino programs in Europe

V. Palladino
Univ & INFN Napoli
INFN/CSN2, LNGS, 22/3/04

an UPDATE SINCE CARE kick-off meeting
21 October 2003

CERN
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)

Joint Research Activities
(5 subprojects)

JRA1: SRFCAV
(SRF Cavity)

(D. Proch/DESY)

JRA3: PHIN
(Photo-Injector) 
(A. Ghigo/INFN)

N2: ELAN 
(Electron  linear 
accelerators & colliders)

(F. Richard/Orsay) 

N3: BENE 
(Beams for European 
NeutrinoExperiments)

(V. Palladino/INFN)

JRA2: SRFTECH
(SRF Technology) 
(T. Garvey/ORSAY

)

JRA5: NED
(Next European Dipole)

(A. Devred/Saclay) …

Networking Activities
(3 subprojects)

JRA4: HIPPI 
(High Intensity 
Proton Pulsed 

Injector) 
(R. Garoby/CERN)

NB: this is the R&D 
towards a MW  Injector 

for the p driver !!!
(first 200 MeV)

CNGS !!!!, LHC

600KE

500KE / 220 scientists

2600KE 2600KE 3600KE

3600KE

!

Coordinated Accelerator R&D in Europe 15 M€
R. Aleksan, S. Guiducci at al

N4: HEHIHB
High Energy and High 
Intensity Hadron Beams
(H. Haseroth/CERN)

NB EC co-funding
scheme !

400KE 1000KE… …
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all the major 
players

DESY& Univ ?
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accelerator and particle physics … 
from theory to detectors

world wide context … road maps
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35 scientists
in Infn team 
in BENE

INFN
G. Catanesi
E. Radicioni
P. Fabbricatore           
R. Musenich
S. Farinon 

Gran Sasso O. Palamara
U. Gastaldi     
A. Pisent
A. Facco
M. Bonesini
S. Ragazzi
M. Paganoni
A. Demin
T.Tabarelli
V. Palladino
G. De Lellis
P. Migliozzi 
M. Mezzetto 
M. Laveder 
F. Bobisut
A. Guglielmi
S. Dusini

Pisa A. Strumia
L. Tortora
A. Tonazzo
F. Pastore
D. Orestano

Torino C. Giunti
G.R. Giannini
P. Chimenti
M. Apollonio
M. Castellano
M. Migliorati
C. Vaccarezza
F. Terranova 

Bari

Genova

Legnaro

Milano

LNF

Napoli

Padova

Roma 3

Trieste

Membership
completely
OPEN !!!!

tutti 
possiamo/dobbiamo

contribuire

Particle 
& 

Accelerator
Physicists  

INFN/Milano in HIPPI … more in DS
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Conventional beam π decay channel … νµ (0.1-1% νe)
SuperBeam, if MW power …….  

need Very Large Detector (water C, Li-Ar)
the same as p-decay

Neutrino Factory µ storage ring ….. νµ & νe 

manipulate & (& µ accelerator complex! )
accelerate needs Large Magnetic Detector   
ν parents ! (SuperMINOS, Li-Ar in B )

BetaBeam β storage ring … pure  νe 

(& EU accelerator complex)
detectors same as SuperBeams

The options we have explored
NB:  beam + detector configurations  

ΝΒ : π   µ    β possible, in all cases, for CP, T & CPT studies

50-500 Ktons
ie new lab

30-100 Ktons
LNGS ! 
new lab ?

n
o
v
e
l

b
e
a
m
s
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SPL basics

Any option relies on a new powerful EU p-driver !!!!!!!!!!!!!!!!!!! 

H- RFQ RFQ1 chop. RFQ2DTL    CCDTL RFQ1 chop. RFQ2β 0.52  β 0.7                β 0.8 dump

Source  Low Energy section    DTL Superconducting section

95 keV    3 MeV            7 MeV             120 MeV                                                     2.2 GeV

40MeV   237MeV
6 m 64 m 584m

PS / Isolde

Stretching and
collimation line

Accumulator Ring

 383MeV

chopping

4 m

660 m

CERN 2000-012

NB Rapid Cycling Synchrotrons
(RCS) also an option: HARP !

Study group since 1999   
design of a Superconducting Proton Linac (H-, 2.2 GeV).

higher brightness beams into the PS for LHC 
intense beams (4 MW) for neutrino and 

radioactive ion physics
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SuperbeamConventional SuperBeam: the CERN scheme 

Few 100 MeV

µ νe νµ νe   appearance
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A. De Bellephon et al                                                              A. De Bellefon, J. Bouchez, L.Mosca  et al.

Astroparticle Observatory
N decay 
S-Novae
atmo ν

UNO, Hyper-K
Liquid Argon  

Few 100 MeV

France+Italy 
… Europe 

Unique opportunity, 2008 or so
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May

June 11 &12, Paris 
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Neutrino Factory:  CERN Scheme

µ           e νµ νe      

µ           e νµ νe

MultiGeV

Disappearance  
νe     e deficit
νµ µ deficit

Appearance  
νµ νe         e excess 

ντ        τ excess 

Appearance … Wrong Charge Signature
νe      νµ µ  excess Golden 

ντ       τ excess Silver !
LargeMagnetic Detector + SuperOpera?
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E
U
Radio
I
Sotopes
On
Line

Moriond Mar 03

!!!

Betabeam & Eurisol

Factor 2*3 !

Few 100 MeV!

Same detector as Superbeam. At the same time!

Radio Isotopes
β emitters
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… from BENE proposal : 
coordinate and integrate the activities of 
the accelerator and particle physics communities working together, 

in a worldwide context, 
towards achieving superior

neutrino (ν) beam facilities for Europe. 

1) to establish a road map for upgrade of our present facility and 
the design and construction of new ones

2) to assemble a community capable of sustaining 
the technical realisation and scientific exploitation 

of these facilities
3) to foster a sequence of carefully prioritized&coordinated
initiatives

capable to establish, propose and execute
the R&D efforts necessary to achieve these goals.

220 signatures
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 1

 
Steering Committee 

N3: BENE
Coordinator : V. Palladino 

Deputy: P. Gruber (tbc) 

Comparisons of 
existing front-end 
schemes: with and  
without ionization 
cooling

New front-end ideas 

Assessing   
experimental studies 
of cooling (MICE 
results etc..) 

Overall optimisation

Task/Topic
Level 

Work Package
Level 

Comparison RLA, 
FFAG, VFCS 

Muon Storage 
Ring schemes

WP1: PHYSICS 
Leader:  
M. Mezzetto 

WP2: DRIVER
Leader:  
A. Mosnier 

WP3: TARGET
Leader:  
R. Bennett 

WP4: COLLECTOR
Leader: 
J. E. Campagne 

WP5: NOVEL NEUTRINO BEAMS
                 collection & dissemination of knowledge 
                  promoting further initiatives 

Effective  
Pion & Muon 
Collection 

Integration with 
TARGET  

Thermal stress & 
heat removal 

Material research: 
shock & radiation   
resistance  

Production of  
β emitting isotopes 

NeutrinoFactories  
Conventional 
Superbeam Betabeams 
Optimal  parameters 

Beams, fluxes, energy & 
detector location masses, 
baselines & detector 
technique  

Systematic limitations, 
beam monitoring, plans 
for ancillary 
measurements 

Road map of physics 
reach, time and cost 

Superconducting 
proton linac

Rapid cycling 
synchrotrons  

Intense H- ion 
sources, high 
power injectors 

Solid rotating 
toroidal 

Shock studies 
in solids 

Safety aspects

Mercury jet 
target 

Granular 
targets 

Beam dump

Overall design & remote handling 

Charge breeding & 
bunching 

Ion acceleration 

Ion Decay Ring 

Low energy beta-
beam 

Asses HIPPI 
results on  Fast 
beam choppers 
and Normal & 
Super Conducting 
Accelerating 
Structures 

Full mapping of  
neutrino mass splitting 
& leptonic mixing 
matrix, including CPV 
phase. 

Influence of  rep-
rate & of choices 
for MUFRONT

Theory: beam 
dynamics 

High rep. rate of 
electrical discharge 

MUEND
F. Meot  

MUFRONT
R. Edgecock 

BETABEAM
M. Lindroos 

E. Gschwendtner
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2006    2009                 2014 >2014 

R&D targets, horns
beta ions

R&D µ cooling, reacceleration, storage

CNGS

EU T2K ………….    T2H?

Superbeam 
Betabeam 

CERN ν to Frejus 

NuFact
CERN ν to LNGS  & al

A possible coherent plan of 
EU initiative in neutrino Physics ?
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BetaRing

G.Sasso
LMD
0.1 Mton

Frejus 1 Mton
Water C

EU Neutrino Accelerator Research Complex… E-νARC? 

Proton complex

Garoby 
Haseroth
Lindroos

Muon Complex
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Long Term Goal of BENE 

late 2008 or early 2009

Conceptual Design Report
for a new 

EU Neutrino Complex

tools: Network 

Design Study Teams (Feasibility &Technical R&D)
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Carefully plan 
priority & milestones
for technical  R&D
in tune with US & Japan 

Driver( later)

Target

Horns… 
BetaBeam 

Superbeam 
Slow Muons

NuFact Front end 

NuFact Back end 
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Ionization Cooling : the 
principle

The ideal muon accelerator is a LinAc filled with matter ……….

H2 rf

Liquid H2: dE/dx

RF restores only P//: E constant

IN

sol

Beam
sol

OUT
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µ

Incoming muon beam

Diffusers 1&2

Beam PID
TOF 0

Cherenkov
TOF 1

Trackers 1 & 2
measurement of emittance in and out 

Liquid Hydrogen absorbers 1,2,3

Downstream
particle ID:

TOF 2 
Cherenkov
Calorimeter

RF cavities 1 RF cavities 2

Spectrometer 
solenoid 1

Matching 
coils 1&2 Focus coils 1 Spectrometer 

solenoid 2

Coupling Coils 1&2

Focus coils 2 Focus coils 3 Matching 
coils 1&2

10% cooling of 200 MeV/c muons requires ~ 20 MV of RF
single particle measurements =>
measurement precision can be as good as ∆ ( ε out/ε in ) = 10-3

never done before either…. 

Recommended for
approval on May 3

Cooling channel prototype
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