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Beams for European
Neutrino Experiments 

(BENE)
subtitle:

A Network aiming at a consensual road map for accelerator based neutrino programs in Europe

A complex
multi-parameter
problem

International Scoping Study 
of a future Neutrino Factory and Superbeam facility

(ISS)
FP7 Design Study 

of next European Accelerator Neutrino Facility 

“Euroν” DS
in world wide collaboration

WorldDS
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Pee=1- ….. Peμ=

Pμμ=1- …..

Pττ=1- …..

P μτ=

Pτe = …….

Pμe =

Peτ=

Pτμ= …..

The matrix of neutrino transition probability
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Pee=1- ….. Peμ= - 4 Re Jeμ
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Pμμ=1- …..

Pττ=1- …..

P μτ= - 4 Re Jμ τ
12sin2Δ12

- 4 Re Jμ τ
13sin2Δ13

 - 4 Re Jμ τ
23sin2Δ23

 ± 8J sinΔ12sinΔ23sinΔ13

Pτe = …….

Pμe = - 4 …
- 4 …

 - 4 …
 - (± 8J….

Peτ= - 4 Re Jeτ
12sin2Δ12

- 4 Re Jeτ
13sin2Δ13

 - 4 Re Jeτ
23sin2Δ23

 ± 8J sinΔ12sinΔ23sinΔ13

Pτμ= …..

T & CP violating term e-iδ

universal

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

Atmo
K2K, NuMI, CNGS

….. experiments ahead of us, for decades ……..

νe↔ νμ crucial
atmo
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Two years of BENE in a nutshell

• 2004 BENE established on the EU scene
• MMW workshop May 2004: the MMW frontier

Villars SPSC meeting Sep 04, where we cashed
renewed attention to a Eu ν program (R&D)
emergence of a ν “construction window” !!!!!!!!!!!

Betabeam DS approved !
• 2005 BENE consolidated on the EU & international scene 

– NNN05 in April and NuFact05 in June
physics case further established in the two workshops

R&D advancing :HARP+MUSCAT data out, MERIT+MICE approved, 

making the ν case 
in the strategic discussion ahead

CARE-Report-04-034-BENE.doc
CARE-Report-05-021-BENE.doc

ISS launched, aiming resolutely to DS Proposal
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proud to have gotten this far 
Matching our two crucial 2005 milestones

• Physics case developped as far as possible today
in the most international context possible
becoming a polished BENE Interim Report

• Design Study road traced by ISS 

in spite of outstanding difficulties
smaller size of our community & its core of active people

CERN contribution being resurrected only now (very slowly) 

richness of options that makes consensus more laborious

NB legitimate different scientific interests do exist
collapse of FP6 calls and more
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After a few nice forward jumps
1 step back and  ½ step forward

approval of BENE
NA within I3 (CARE)

MMW Workshop

Villars & beyond

FP6 Design Study? I3ν? Mar 05 Niet!
1 year

ISS

FP7&WDS 
Design Study

2
0
0
3
-
2
0
0
4 Nov 04 Niet!

Jun 05-Aug 06

Mar 07?

Mar 05
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Two main physics strategies
use of  the high neutrino rate (>1020/year) and energy (10-50 GeV) of    

Neutrino Factory + LMD (“Hyper-MINOS”)
detector of large but not huge mass (50-100 Kt), 

necessarily magnetic
(a dense magnetized Iron detector, 

or, possibly, Li-Argon),
a few 1000 Km away. 

use of the lower neutrino rate (1018-19/year) and energy (sub-GeV) of
Betabeam + Megaton   (“Hyper-Kamioka”)

low density detector of very large mass (0.5-1 Mt)        
and volume       (0.5-1 Mm3)

non magnetic 
(a Water Cerenkov detector, 

or possibly, again Li-Argon),
a few 100 Km away. 

μ ⇒ νe + νμ

β ⇒ νe
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BetaRingMuon Complex

G.Sasso
LMD

0.1 Mton

Frejus 1 Mton
Water C

Garoby
Haseroth
Lindroos

EU Neutrino Complex

Proton complex
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Superbeam (high power conventional beams)

is less performing, per se

but does have technical synergy with the NuFact
largely coincides with the front end of a Factory
solving the technical challenges of a several MegaWatt
proton driver and target & collection system, 
on the way to build a factory, 
yields a superbeam facility essentially for free 

(not its detector, however!) 

and does have scientific synergy with the Betabeam
can use the same detector 
combination has some truely unique features: 
1) oscillation signal is νe→νμ in the first, 

νμ→νe. in the second, 
one calibrates the signal (and background) of the other !

2) T-reversal and CPT asymmetries can be measured

likely to be integrated in both strategies

π ⇒ νμ
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Esample of comparison of physics reach: θ13 and CP violating phase

Figure 7 : 99%CL δ sensitivity of the beta-beam, of 
the SPL-SuperBeam, and of their combination, see 
text.  Dotted line is the combined Superbeam+beta-
beam sensitivity computed for sign(Δm2)=-1. 
Sensitivities are compared with a 50 GeV Neutrino 
Factory producing 2×1020μ decays/straight 
section/year, and two 40 kton detectors at 3000 and 
7000 km

Comparable merits : 
NuFact somewhat better and more versatile for ν oscillations
Megaton offers sinergy with N decay and more

NB conclusions highly  preliminary             
based on still not well agreed yardsticks 

must now be re-scrutinized much more in depth (ISS)

!!!
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Betabeam + Megaton NuFact + LMD

are complementary !!!!!!!!!!!
each has merits unaccesible to the other

(matter effects, CP, T , CPT violation, p decay, astroph. & cosmology .. ) 

by means of truely international collaboration
we could and should aim at having both facilities

A general remark
and

we must push both very actively
catch opportunities wherever they emerge 

seriously aim at building one in Europe in the “construction window”

!!
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Further caveat
Intermediate solutions also emerging ! 

Higher energy and higher rate betabeams
heading to detectors at intermediate distances

thou technically more difficult
( beta acceleration in new higher energy SPS 

or LHC !) 

do deserve very careful attention
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100 
participants

HyperK
UNO
Memphys
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All aspects
of Megaton physics
revised and updated

state of the art       
material  for full 
elaboration of 
BENE physics case
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Strong reinforcement of international cooperation achieved

…………………………………………………………
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200  participants All aspects of future ν physics revised and updated

state of the art material  for full elaboration of BENE physics case
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NuFact Scientific Program 

• To be inserted
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Sunday June 26
9:00-13:00

1) Physics Studies : Status & priorities

1) Accelerator R&D : Status & priorities

2) Neutrino Detectors:  Status & priorities

WW R&D
Session

PANEL & OPEN DISCUSSION
Launch International Scoping Study … to report at NuFact06
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A Summer School accompanied the workshop: 22 students, 12 lecturers
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The 
International Scoping Study

(ISS)
on Neutrino Factories and Superbeams

A joint venture, jointly set up by the coordinators of  
the US Neutrino Factory Collaboration
the Japanese NuFact-J Work Group
the Eu BENE Network 
and the host (RAL) UKNF Collaboration

to lay the foundation of a full blown International Design Study

that must advance to same level of progress as Betabeams

S. Geer

Y. Kuno

V. Palladino 

K. Peach
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started in March-April by RAL  

All aspects included, except accelerator Betabeam studies
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International Scoping Study : 
agenda for one year

22-24 Sep CERN a success !!! 
Late January KEK
Mid April RAL 
Late August NuFact06 in Irvine

hopefully, NuFact06 will
launch International Design Study

and FP7 Eu Design Study

Matching funds

+ topical intermediate workshops
Physics, London, 14-21 Nov.
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Detectors (NEW!)

Water Cherenkov (1000kton)
Magnetized Iron Calorimeter (50kton)
Low Z scintillator (100 kton)
Liquid Argon TPC (100 kton)
Hybrid Emulsion (4 kton)

Near detectors (and instrumentation)

Physics

compare performance of various options 
on equal footing of
parameters and conventions
and agreed standards of
resolutions, simulation etc.

identify tools needed to do so
(e.g. Globes upgraded?)

propose « best values » of
baselines, beam energies etc..

Accelerator:

-- proton driver (energy, time structure and consequences)
-- target and capture (chose target and capture system) 
-- phase rotation and cooling
-- acceleration and storage

evaluate economic interplays and risks
include a measure of costing and safety assessment

(A.Blondel)

(Y. Nagashima)

(M. Zisman)

P. Dornan

NB BetaBeam included

The three sectors of SS (andDS)
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2005      06     07      08      09     10      11              19 

Int. Scoping Study(*)

Design Study

BENE : the longer term plan 

CDR … at the time of 
end of LHC payment
first LHC results
ILC decision

be ready to catch
any construction window

Physics

feasibility

Feasibility & TPW

HIPPI, HARP

MERIT

MICE

PRISM, EMMA

NB Betabeam CDR End 2009 !

Construction window 
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The HARP experiment

TPC

Forward 
Spectrometer

Total Acceptance Scan
CERN PS 
energy range
… RCS is an option
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(US, Japan, CERN&RAL) 
holds the key to any superbeam !!!

tests the single shot behavior at MMW driver
of target and collection (solenoid, horn?)

should make that more known
better supported and manned

should evolve that into a MMW target and collector Test Area? 
The most crucial experiment for the 

future of the ν

can we master the MMW?

The MERIT ( nTof 11) experiment
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Liquid jet target in 15T mag. field
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MICE …. crucial demonstration esperiment
for the feasibility of a Neutrino Factory 

muon ionisation cooling
Phase I completely funded by now- Datataking starts April 1 2007
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Emma
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One crucial task of BENE in the ISS year

assemble a real EDS (Eu DesignStudy) collaboration !!!!!
that will sign 
and provide the manpower & largest part of the funds, 

matching funds, for
a FP7 bid able to have 
the blessing of ECFA and
good odds of approval in Brussels. 

find the synthesis of so far not obviously converging interests
CERN, INFN, CCLRC, IN2P3, CEA, PPARC, CSIC, Germany?,

Belgium, NIKHEF, everybody   

CERN positive attitude towards the ISS and BENE’s initiative
willingness to assemble a small ISS task force 

will no doubt greatly help
a few fractions of FTE can make an impact 
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Plans for the year ahead
Interim BENE Scientific Report, based on NNN05,NuFact05, ISS

Draft http://people.na.infn.it/~palladin/BENEScientificInterimReport

input to the strategic discussion in progress     
FPA, POFPA 
Akesson/Peach Strategy group (Orsay Jan 30)

Conclude Scoping Study (NuFact06)

define the content of WDS  and FP7 DS 

Assemble FP7 Collaboration

prepare FP7 proposal

bridge over Aug 06 to FP7 funding (1Jan2008?)
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Milestones & Deliverables BENE III period Jan 06 - Jun07

BENESG
1/ month

Jan

Feb

Mar

Apr

May

Jun

Jul

Aug

Sep

Nov

Dec

Jan

Feb

Mar

Apr

May

Jun
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THE END 


