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Iniziative future
SUi neUtrini da acceleratore

dopo OPERA & ICARUS

UN ESPERIMENTO : T2K ... approvato
sigla INFN 057

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

Un WW R&D PROJECT: MICE at RAL
in fase di disegno & fund raising



The matrix of neutrino transition probability

_ Solar (SuperK,SNO)
4 | LBL Reactors (Kamland)
P =1-..... P,=|-4 ReJ *sin’A, P.=-4Re J '%sin’A,
+ 8J sinA,,sinA,;sinA,; + 8J sinA,,sinA,;sinA;
Pue = Puu= = cesee P MT=
13gin2
-4 Re J  Psin*A,
/ -4 Re J, Fsin’A,,
- (& 8J.... + 8J sinA ,sinAsinA, ,
Atmo
/ K2K, NuMI, CNGS
T & CP violating term e°
universal
P.=....... P.= ... P =1-.....

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

P =I-.... P,= P, =
-4 Re J_ Psin’A;
-, - 4 Re J, Bsin’A,,
BetaBeam, NuFact” + 8J sinA ,sinA,;sinA
NuFact /| [ silver
P.= P,=1-.... P .=
_4... 13gin?
-4 Re J  Psin*A,
-4 ... -4 Re J, Psin’A;
-(8J \ / + 8J sinA ,sinA,,sinA
SuperBeam, NuFéct
P =..... P=. P_=I-.....

The Neutrino Factory does them all



A possible coherent plan of

EU initiative in neutrino Physics ?
2006 2009 2014 >2014
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kNGS Opera & ICARUS

Superbeam
Betabeam
CERN v to Frejus

uFact
CERN v to LNGS & al



Neutrino mixing

If neutrino have finite mass, weak and mass eigenstates can differ

‘Vl> =2U, Vi>

Weak Mass eigenstates

Pontecorvo-Maki-Nakagawa-Sakata Matrix ~ s,=sing;, ¢;~coso,

(U, U, U,)

U=\U, U, U, 3 mixing angles and 1 CPV phase
KUTI Ur2 Ur3/
(¢, s, OY(1 0 0Y(1 0 0Yfcy O s5)
=l—-5, ¢, O0['|0 ¢y s;/[|0 1T O 0 1 0
L0 0 10 -5y ) 0 0 e®)l=s; 0 ¢

Solar Atm v Reactor, Acc



Neutrino Oscillation

as an unique way to access neutrino (very small) mass and mixing

Oscillation Probabilities when am’, << AmZ, ~ Am/,

v, appearance Q :

v, disappearance

Same
v, appearancer@d C%‘
CPV
P —P
A=4= H7e All 3angles, 3Am? need to be non-zero
P,u—)e + Pﬁ—)é

1.27Am} L in? 1.27Am;3,L in? 1.27Am/,L
E E E

. )
OC SINO 8, * Sp3 - Sp3 - SIN (

L : flight length(km), E :neutrino energy(GeV), Am; =m’ —mjz., m; : mass eigenvalues(e\/)6



Present knowledge on neutrino

Masses

10\2

1 Amy2~1.6 —3.6 X103 eV? (atm v)
1 Am,,2~3-20X10° eV? (sol v)
* Hierarchical masses:

— my~ 0.04 -0.06 eV

— m, ~0.005-0.014 eV

10° |

10¢ |

Mixing angles
Sin?20,,~1  (0,3~45" )
sin220,,~0.8 (0,,~30° )
sin?260,,<0.12 (6,,<10° ) @Am,;2~3x10-3eV? -

103 |

Mass (e V)

107 F

® Extremely small masses ol
®Large mixing ‘

.
R
o*
.
.

®9,, >0? > important for CPV

Generation




Purposes of T2K experiment

1. Test 3 flavor neutrino mixing framework

» Discovery of v, appearance (6,;>07?)
® At the same Am* as v, disapp. 2> Firm evidence of 3gen. mix.
® Most impotant and urgent in 1st phase
® Open possibility to search for CPV

» Precision measurements of osc. params.
AMy3,023/AM, 3,043
Comparison w/ quark sector
Test exotic models (decay, extra dimensions,....)

> NC measurement
No additional light “neutrino™?

2. Search for CPV in lepton sector (2"d phase)

Give hint on Matter/Anti-matter asymmetry in the universe

3. Proton decay search (2" phase)
Direct evidence of Baryon number violation



Overview of T2K experiment

2 beam of ~1GeV

g
o

.

5 |

— 5
Hagoya |

]

N

:
~Mt “Hyper Q;[’E—Lq

Kamlokande” : ,ES.:H

Ak

1st Phase

evL— vx disappearance
eV, — Ve appearance
o NC measurement

-
"KEK*

JAERI
~(Tokai-mura)

Loty
ﬁi i
o A AMW 50GeV PS
2nd Phase
oCPV

eproton decay




JHF project

mesmsmm—— Phase 1 50 GeV PS
Experimental Area

(333uA, 25Hz)

I

R&D for Nuclear
Transmutation

4-600 MeV Linac
(Superconducting)

3 GeV PS
Experimental Area

0 |

400 MeV Linac 50 GeV PS

(Normal Conducting) (15pA)
Nuetrinos to
Dec. 2000: approved by Japanese gov. Superkamiokande
April, 2001: Phase 1 construction started.
Phase 1 + Phase 2 = 1,890 Oku Yen. 1 oku Yen= 1M$
Phase 1 = 1,335 Oku Yen for 6 years. when 1$=100yen

Cash in fund = 30 (JFY0O0) + 47 (JFY01) Oku Yen.
Construction budget does not include salaries.

March,2007: Phase 1 compelete 0



Site View of the Project

Life & Material Science
(Neutron, Muon, RI)

Linac
“1 (400 MeV normal linac
400-600 MeV superconducting linac

=R XN ey A _‘ sl 50 GeV Synchrotron 8

L )
~we
'qz & s MDY
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12K

Giappone, USA, EU, Russia, Canada, Korea, Poland, ....

Italia |
Francia \ Bari

Spagna Napoli
Svizzera Padova (Mezzetto)
UK Roma |

Milano

Roma Il

Bologna

Cagliari



= Neutrino energy reconstruction by using
Lo o (QE) interaction.

Oscillation pattern measurement
BG due to miss-reconstruction of inelastic interaction
s Greatly Improved by using narrow: spectrum

= Narrow spectrum tuned

High sensitivity A7 eV?
Less background  °v o

s Gigantic water Cherenkov detector
High statistics
High efficiency for low energy
Good PID (e/u) capability

13



Neutrino Energy E, reconstruction
mNEﬂ—mi/Z

CC quasi elastic reaction L, =

my—E, +p,cos,

- u-
v, +n— +/ M v, thn— y'
. 5 (E,p) " 5, (E.p,)

TC

CCqe i
Inelastic (BG)
v, CC cross sections s =
S | = af o ™
® | = 3.5) inelastic o
NI / @ 3f - e
o | 7 2-o6f o l
1} / = >F ¥ i
j 1.6F &%
f / CC inelastic 1 :
A BAs CCqe
AT oL CCqe
i (@ %&\ 0O 051 1562 253 354 455
0. S — ‘ Reconstructed Ev (GeV)

2
E, (GeV) 14



Off Axis Beam (another NBB option)

(ref.: BNL-E889 Proposal) F et.
Targ?t HOrns- Decay Pipe e

v(E,) .

3 / :

:Fz.a' /hemol0 ]

ﬂ(m,‘),pﬂ) /{/ ; )4 ]
o 2| % e

\\ 155 /// o) :

plmap,) B | | A et |

- =21 0° y

2 2 osf | o [T

" 2(E;=pscosh) ” AR A =

Quasi Monochromatic Beam
x2~3 intense than NBB
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Expected spectrum

12
1E
08 |
06 F
04 |
02 F
—400 " p
= !

5 350
AN

~4500 tot mtlzz 5ktlyr

Osc. Prob.=sin?(1.27Am?L/E.)

[

| AmM?=3x10-3eV?

N L=295km |

N300 |
=250 |}

oSsc.max
-
>
S

0

1 2 5
(Ge)

~3000 CC int/22.5kt/yr

v, contamination

Very small v /v,

@ v, peak

0 05 1 15 2 25 3 35 4 45 5

E, (GeV)
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Narrow Band Beam for v int study @ near

Dipole
Magnet .
5w
________________
Target 100 cm :180 [
— >160 |
=140 |
Lo i
~ 120 *
§1oo :
®FKasy to tune £, £ %)
®[ ess HE tail (than OAB) § ig
== ——— ‘ |

0 0

— 2 3 4E :
~2 int./100t/spill’
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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 E  spectrum as for SK
— Absolute neutrino spectrum
— Precise estimation of background

Far detector @ 295km
— Super-Kamiokande (50kt)

x 10 3

1800

1600

1400

1200

1000

800

600

200 |

200

0 L

Neutrino spectra at diff. dist

1.5km

295km ;

ol b b T i i i e e = f=r
0 05 1 15 2 25 3 35 4 45 5
Ev (GeV)

dominant syst. in K2K 18




Far detector in second phase

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

Height 70m_

Phase-11: Hyper-K

_ Plat form __
_ Liner N\

- FEREE AT
Opaque Sheet \
Outer Detector

\ \\
Inner Detector .

e
1
o 55

Candidate site in Kamioka

1,000 kt

i

SECTION

Plat form
“— Access Drift
B - Liner
Outer Detector
| [nner Detector

Width S0m
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v, appearance

Off Axis (2°) byear

jg %: —|— Expected Signal+BG Syr, 22 .5kt
- (sin®29,,=0.05,Am?=0.003)
35 E_ w[ Total BG
30 E_ }[ —— BGfromv 3 -
25 £ : Chooz limit
20 E
A3
10 £
s Bl .
0
0 1 2 3 4 5
Reconstructed Ev(GeV)
v,C.C. V,N.C. Beam ve Osc'd ve
Generated 10713.6 4080.3 292.1 301.6
Selected
Py 1.8 9.3 11.1 123.2
red.eff. 0.02% 0.2% 3.8% 40.8%

~90% of v, BG from 7° production
~60% of v, BG comes from HE tail (£ ™>1.2GeV)



Sensitivity on v,>v, appearance

- 90% C.L. sensitivity
~10
=
<
-2
10
S
2
-3
10
—  WIDE 5yr
—  LE2n 2horn 5yr
2degree 5yr
i CHOOZ excluded
10
10 ° 10 2 10 !

Dashed lines: MINOS Ph2le, Ph2me, Ph2he from right
(A.Para, hep-ph/0005012)

. 2. 1
sin 29ue

.,_.._.;.-:.-:;;zzzzzz;;z;z;zz;z;;z;;z;;;; <+—MINOS



v, disappearance

Ratio after BG subtraction

25 : (linear) Am2=3 X 103 E::n EE
150+ Oscillation with o : sin220=1.0 ““E'__ 1=,
el - T i
100 - +++ §in220=1.0 T T =l |
M .I] :_| L 3 1 v 1 3 1 4 I‘IT | _|_! |“: :_—I—‘ITT
T v s R < T v sy E
<  (log) oy | 2
a8 No oscillation L ‘|‘|-|— _I_‘I' BE 1158
800 |- 1T 11 H
800 F ‘ T T
400 - UE 39
200 - E L |AI/ |N| |0 L+ 1 b 1 T I I | I
0 | | 1 ] S 103D 100 3030 JACE S50 ARG KK 4BO0 mI00

]
] 14d00 200 3000 4000 2000 E

E,
Reconstructed Ev (MeV)

Fit with 1-sin?20 -« sin?(1.27 Am?L/E)
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v, 2V, disappearance

5 years precision

tE OAB-2degree

: 5(sin220)
|ﬂ_1 /

0. I:IDE o, I}EIE

True Am?* (eV?)

C. ".:II:IE

10 ¢

10 E

O(Am?)

ra

0.002 0.004 0,006

True Am? (eV?)

o(sin?20)~0.01 in 5 years
6(Am?) ~<1X10*in 5 years

1
C.00E




Probability (%)

v, 2V, oscillation probability(2)

295km 730km
1.2 = |2
=
p=2.8q/cm? L=295km Vet p=2.8g/cm’ L=730km
Amiy=3x10"  B=ni/4 = Mrig=3x10"  dyu=n/4
1 (\ e‘.’im’u=5x1D" ‘ﬂu=ﬂ'/3 ﬁ M\zu-ﬁxiﬂ-‘ ﬂu-ﬂ/a
s=n/4 9,5=0.05 o s=n/4 $,5=0.05
08 (sin29,,=0.01) %58 (si?28,5=0.01)
V2 Ve
0.6 0.6
0.4 0.4
0.2 | 0.2
0 ¥ | 0 &
0 0.2 04 06 0.8 1 1.2 1.4 0 0.5 1 1.5 2 2.5 3 3.9
E, (GeV) E, (GeV)

Solid line: w/ matter
Dashed line: w/o matter

Small Matter Effect at 295km.
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v/ v # of CC Int.

F 0a2deg
300 | —
250 | v, beam |
200
=150
b |
=100 |
o 50
Q OJ e e = = SVCSUE NN SIS S S
% 0 25 5 75 10 125 15 175 20
=
o F
29 S an
\é «— right sign
Z 40}
38 WIOng sion
10 Htes a —
00 25 5 7.5 10 125 15 17.5 20

E, (GeV)

1021pot/yr
(1st phase)

80m pipe

# of int. for 17ﬂ 1s factor ~3 smaller than v, due to cross section.

Wrong sign contamination 1s much higher for anti-v.
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. 2
Sin 2813

Sensitivity(3c) to CPV(2"9 phase)

014

012 |
01 |
0.08 |
006 |
0.04 |
002 |

0_|

JHF-HK CPV Sensitivity

— E AMW, 1Mt
O hanTy oaverhido oyr f
—Chooz excluded o fors
1 @Am,,~3x10-3eV?2 : =
N
i T §>~14deg
5 . -
.| 1 3o discovery
m .
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= i
cl—%
of i
Q4 5>~27d
(L] 5 < // eg
O 1‘.\\ //
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L
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N . T T N T O A T S 12=TC/8
0 01 02 03 04 05 06 07 0_85?361 Am32=Am31=3x10'3eV2

0,,=1/4 26



Neutrne

FaCIlIty




Neutrino beam line

pt(target)> n > v, +pu

Components

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

Target/Horn system

Decay pipe (130m)

Beam dump

»Single turn fast extraction
»8 bunches/~5us
»3.3x10"proton/pulse
»3.94 (3.64) sec cycle
»1y r =10%"proton on target(POT)

v,
(3300hr~140days) w

N

e j Target
Statlon — % 3INBT

i , decay pipe

X

Ry,

?

Near detector

28



Specification

Beam kinetic energy
Protons/pulse

Beam current

Beam power

Extraction

Micro structure

Bunch spacing

Spill width

Cycle

Rep rate

Proton beam emittance
Physical acceptance

50GeV

3.3x10™

15,A

750kW

Single turn fast extraction
8bunches/9 RF buckets
598ns

~5,S

3.64~3.94sec
0.254~0.275Hz
6.1xmm.mrad
60rmm.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

29
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Future Prospect
2003 : JHFnNn budget rgquest&approval

2005 : K2K final results
2008
[TZK }

sin®26,,>0.018
Hint?
201x 3o digcovery

" T2H N ([ T2H
CPV Search 6,5 <103

precision meas. 0,4 Proton decay
\_ Proton decay )

20X Fyture SuperBeam, VLBL, v-fact for very small 6,5, CPV, sign of Am? _



3.4 m

280 m

EU initiative

2m

v+ catcher

v+ catcher

The two conceptual designs

2m
«— >

SciBar
Type

Side View

US initiative

32



3.4m

magnet (engineering, coils, power supply)

optimal segmentation (Federigo, Lucio)
tracking device (Emilio)

scintillators in iron

e.m. calorimeter

external hadron absorber

4.1 m

Magnet - coils, power supply, transport ~ 1 MEuro

Tracking
Electronics 1-2 MEuro Tele Meeting T2K-|
oggi 14:30 !
SCIBAR - Japan+US ? Lab PAMELA 33



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
y Univ & INFN Napoli
l INFN/CSN2, LNGS, 22/3/04
an UPDATE SINCE CARE kick-off meeting

21 October 2003
CERN 34



CARE | 15 M€

Coordinated Accelerator R&D in Europe

Networking Activities Joint Research Activities
(3 subprojects) (5 subprojects)
) ) )
600KE 2600KE 2600KE 3600KE
N3: BENE JRA4: HIPPI NB: this is the R&D '
(Beams for European (High Intensity <«—— towards a MW Injector o
NeutrinoExperiments) Pr(l)t(?n Julsed for the p driver !!!
njector)
(V. Palladino/INFN) (R. Garoby/CERN) (first 200 MeV)
. CNGS !!!!, LHC
S00KE /220 scientists 3600KE
NB EC co-funding
scheme !
400KE 1000KE

35



all the major
players

Table B30 Lisl ol oonires g, parilcl pont

DESY& Univ? <«

Particpant| o . - I — : SOVEL N EUTHIND
A gt | PHYSICS | DRIVER | TARGET COLLECTOR HE oSS
1 LEA g g g g g
2 oo X X
E T % % %
NS D 1 r 1
N 1 N,
LPIOVE :
BT A
EVBG
NS Ly 1 v
NS L 1
4 lasl %
7 % %
8 frim % %
T T % % % % %
DV din 1 1
DV 1
J.-i-.ul ..._. a5 .ll
IVEN-IAT 1 1 1
DV N 1 1
DVENe 1 1
VEN- P 1 1
DVEN TT 1 1
VN R A 1
VEN-To 1
16 jCsIC %
da 1
L 1
AN 1
17 JCERN % % % % %
18 JusicE % % % %
12 |psi %
FTI S ET % % % % %
FT T % % %
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world wide context ... road maps

Iable B N2 2h: List of associded nsiioe

Fanicpantl o piipani | Pwesios | prver]tars e [ooieeerog| ™Y Iil‘y/l TRING [amedated
manEl=r BICASL & is

11 ncl A B B " B B CERM
13 PLII

15 [NRG

I [INI-Bern X

Fk TN-Menchniel b

e ILIE b

27 HAT X

= HRU o

) Al b

| JLTH B!

2 DN X

37 JaLA "

3 iLI1 B

=5 IL1 B

R WA %

40 BEHEF X

41 EOToN X

41 = LSS B

Al A x| % 1o x | % ] x| CERN

42 Ll b b CERN
T X X . X X CERN

accelerator and particle physics ...

=

from theory to detectors
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35 scientists
in Infn team
in BENE

Particle
&
Accelerator

Physicists

INFN

Bari

Genova
Gran Sasso

Legnaro

Milano

Napoli

Padova

Pisa

Roma 3

Torino

Trieste

LNF

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

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

A. Strumia

L. Tortora

A. Tonazzo
F. Pastore

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

Membership

completely
OPEN !!!!

tutti
possiamo/dobbiamo
contribuire

INFN/Milano in HIPPI ... more in DS
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The options we have explored
NB: beam + detector configurations

Conventional beam 7T decay Chﬂﬂﬂ@l cee V, (0111% V)

SuperBeam, if MW power .......
need Very Large Detector (water C, Li-Ar) £y <00 Ktons

the same as p-decay ie new lab
n .
0 . <
. | Neutrino Factory H StOl‘age l‘lng e V, &V,
e [ manipulate & (& u accelerator complex! )
I |accelerate needs Large Magnetic Detector

—>

b parents ! (SuperMINOS, Li-Ar in B) 30-100 Ktons
. . LNGS !
. | BetaBeam ﬁ StOI‘age ring ... pure v, new lab >
m (& EU accelerator complex)
- detectors same as SuperBeams

NB:m p [3 possible, in all cases, for CP, T & CPT studies
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Any option relies on a new powerful EU p-driver !

EKIN = 2.2 GeV 23
Power = 4 MW T 10 protons/year

Protons/s = 1016

SPL basics

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

95keV 3 MeV 7 MeV 120 MeV 220Gy e

6mase—4m—we—  64m 584m
flOMeV 237va 383lz/IeV
H 1RFQ pping DTL: CCDTL B 0.52: 3 0.7 0.8 <dump
Source Low Energy section DTL Superconducting section
) 660 m S;”etching and

collimation line

NB Rapid Cycling Synchrotrons PS / Isolde < |
(RCS) also an option: HARP ! ” e/ 40

Accumulator Ring




Conventional SuperBeam: the CERN scheme

¥ Flux E(GeV) (%]

10 —, 1B 037
l I—I g v 21EE+12 037 DEER
G 2GE (MU Asimmilids 1" —
Fre i c1EE+12 028 1508
B 1|:|11
e i, 1.2E+10 0,39 0004

1|:|1|
. 1’
»
1!
"8 Few 100 MeV
[~ S P I IS TS P I Ll
01 0z 03 04 05 0B A7 O0E 08 1
E,iGev)
>

Flux intensities at 50 km from the target

Flavour Absolute Flux Rel. Flux (B,
(/10%pat/m? (%) (GeV)

- Vu 3.2- 1012 100 027
T, 2.2 101" 16 028

Ve 52.10° 0.67 0.32

7. 1.2-10% 0.004 029

Pwazible Low Energy Super Bea ayvout

vy, —>V, appearance 41



Astroparticle Observatory

FREJUS EOI SUNMMARY
France+ltaly
A. De Bellefon, J. Bouchez, L.Mosca et al.

N decay

XX Europe Junee 30 20003

M ey

S-Novae
atmo v

A Dilepatomn Phy=sies praject i the FréEjus andereronnad =site. foscalised] on Protorn Teecan. Denirmoes Froon
Supeerrovass . AtmosEpsherie Mentrinos andcd Neuntrinoe from s long-basslime . = presemnitec] andd ocomparec] weich
corn ettt or pao ject= in Japean ancd UTEA smites. The advantagess of the Eanopeaeasn pnoject are cdisoeassed dmee oo

Chee proem=ilility of a rneuwtrino long-baselims Froom COOERMN at a maeice estanoe.

UNO, Hyper-K

LY

Future Safety

Present Laboratory

Tunnel .-—"-._ ; -,ggﬁifilh\?‘h\

Future Laboratory
Unitﬂue opportunity, 2008 or so

Liquid-Argon
Few 100 MeV

i

i

Figure 2: Proposal for e mew excavateon s the FPréjus twaeel | 42



— 1 -~

1) AGREEMENT BETWEEN DSM/ACEA, INZPA/CINRS AND INFEFN
TO PROPOSE A NEW FREJUS LARGE UNDERGROUND
LABORATORY
IN VIEW OF A JOINT FREJUS-GR AN SASSO
EUROPEAN UNDERGROUND FACILITY

Considering

- the successful experience of DSM, IN2P3, and INFMN over the last
decades in the ficld of particle, astroparticle and nuclear physics based on the
respective laboratories of Fréjus and gran Sasso

- the long-standing tradition in scientific cooperation between CHNES. [DSh
and INFIN which have led o oultstanding achievements such as the European
Gravitational Observatory (CNRS/AMNFRN) and the solar neulrino experiment
GALLEX (DSMYINFINY in Gran Sasso

- the need o extend the prescent decp underground multidisciplinary
infrastructurcs

The DSM, INZP3 and the INFN agree to preparc the design of a very larze
undersround laboratory im the new Fréejus tunnel; with complementary features

with respeci to the Gran Sasso laboratory, to be submiitted as a joint proposal 1o
the French and lizlian govermmments.

The Instituticrns aim at associaltinge the Fréjus and Gran Sasso laborataornocs
in asingle entity, a Earopean Joint Laboratory, open to the world scientific
community to carry out advanced experiments in particle, astroparticle and
nuclear physics in the coming decades. on tapics such as matiter stability.
neutring mixing and mass, stellar collapses and nuclear astrophysics

The unique location and the silent environment in term of particle amnd
scismic noisce of the undergrowmnd infrastrmctures are switable to carry out
activities of interest in other fields smcech as nano-science and technologwy,
cnvironment, biology. and geo-physics,

The Institates have set up a joind study group o start the design activity.

CEA/MSMM INZP3MCINRES INFIN
Prof. F. Gounand Prof. M. Spito Prof. E. Ilarocci
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2) This <Joint study group », 0 start the design activity for the
New Taboratory, has been formed at Janmnuary 14" _with the
following mmembers =

Stavros KATSANEWVAS, Deputy Scientific Direcior INZEP3/CINES
Gabricle PUGLIERIN, Meaember od the Directory Counncil of the TINETN
Fugenio COCCIA, Director of the Gran Sasso Laboratory

Luigi WMiOSOC A, i charge of the Fréejus Projects

Gilles GERBIER, Director of the present Fréjus (LL.SIVID) Llaboratory
Christian CAVATA, CEA-Saclay

MMauro MEZAET IO, INFN-Padova

3) A <« white paper » omn this project is in preparation under the
responsibility of this Joint study growup.

4) At VMizfrch 10"™ an official mecting of this group, in presence of
the Heads of thhe Institutions (CEADSM-INZP3I/CNRS and ITNEFT™)
will take place at the Gran Sasso IL.aboratory, withh a press release,
ete.

S5) Anmn intermational Workshop is plannmed at Aussois (near to thir
Fréjus site), possibly in ZWiay this wyvear, to rewview this type of
projects at thhe world scale.

6) A preliminary (feasibility) study is already funded (120 k<) by :
- the 3 Insiitutions (DSMJ’IN P3/INEFN)
= the two Fréejus border Regi s (Rhéone-Alpes and Piemmonte)
-  the two Fréejus Road-"Tunnel ompanies (SFTREF /JSSTTAF)

June 11 &12, Paris




Neutrino Factory: CERN Scheme
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Detector
% LARNGE MAGNETIC DETECTOE
Scintillstor
l1an
i Ty

Iron calorimeter =

e
i — N, o —
gy —

Magnetized
Charge discrimination
B=1T

R=10m,L=20m
Fiducial mass = 40 kT

Exploded wiew
Ol sreclurg

SUparsonducting coll

Dimeralon radus 10 m, length 20 m
hass: 400 Kt irgry, S00 1 SCintilsEicr

Also: L Arg detector: magnetized ICARUS
Wrong sign muons, electrons, taus and NC evts

Events for 1 year

Baseline vV, CC ve CC signal (sin20),,=0.01)
732 Km 35%x107 59x107 1.1x105
3500 KIT’I 12 X 105 2_4 X 105 1_|:| W 1[}5 (el 40 in JHF-SK)

Alain Blondel, Wenice, March 2003



Betabeam & Eurisol

Beta Beam

Moriond Mar 03

M. Lindroos and collaborators, see http://beta-beam.web.ch/beta-heam  F'qctor 2*3 !

SPL

/l‘
:Isol target |
l& lon sourr 2

e O LVF X CH

o =
o =

Existing at CERN

e - e - e e e e e o e e e e = .

)

Decay
Ring

\_

Decay ring

B rho = 1500 Tm
B=5T
L= 2500 m

Radio Isotopes

B emitters

He (T, ) and ®Ne (v, ).

Few 100 MeV!

e 1ISOL targ:t to produce He", 100 p1A, = 2.9 - 10" jon dezays/straight session/year. = T, .

e 3 ISOL taryets to produce Ne!® 100 A, = 1.2- L5 jon decays/straight session/year. = U/, .

e The 4 tarjets could run in parallel, but the fzcay ring optics requires:

Same detector as Superbeam. At the same time!

v(Ne'®) = 1.67 - v(He").

4



BENE proposal

achieving superior
neutrino (v) beam facilities for Europe.

1) to establish a road map

2) to assemble a community

220 signatures

3)

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

Task/Topic
Level

r

(

|
|
|
|
|
|
|
|
L

N3: BENE
Coordinator : V. Palladino

Deputy: P._Gruber (thc)

Steering Committee

E. Gschwendtner

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

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

NeutrinoFactories
Conventional
Superbeam Betabeams
Optimal parameters

| | Superconducting

proton linac

| | Rapid cycling

synchrotrons

Intense H- ion

M sources, high

power injectors

baselines & detector
technique

Beams, fluxes, energy &
| |detector location masses,

Systematic limitations,

for ancillary
measurements

beam monitoring, plans

reach, time and cost

Road map of physics

_|Asses HIPPI

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

L _

.

- - MUFRONT
Mercury jet Effective R. Edgecock
target | | Pion & Muon
Collection Comparisons of
Granular existing front-end
targets Integration with schemes: with and
— TARGET withput ionization
cooling
L1 Solid rotating
toroidal || Thermal stress & —[New front-end ideas
heat removal
Shock studies N -
. . . ] ssessing
in solids n Material rest.:arf:h. experimental studies
shock & radiation L of cooling (MICE
‘| Beam dump resistance results etc..)
— Safety aspects | High rep. rate of]

electrical dischafge

Overall design & remote handling

Qverall optimisation

MUEND BETABEAM

F. Meot M. Lindroos

Comparison RLA,| || PrOdlthFiOH‘Of
HFFAG, VFCS B emitting isotopes

Muon Storage
Rino schemes

|| Charge breeding &
bunching

Ton acceleration

Influence of rep-
||rate & of choices
for MUFRONT

1L

Ton Decay Ring

Theory: beam
L_|dynamics

|| Low energy beta-
beam
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A possible coherent plan of
EU initiative in neutrino Physics ?

2006 2009 2014 >2014
CNGS
EUT2K .............
Superbeam
Betabeam
CERN v to Frejus

uFact
CERN v to LNGS & al



Garoby

Haseroth MllOll CompleX BetaRing

Lindroos
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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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Driver( later) .Cz.lrefullv .plan
priority & milestones

for technical R&D
in tune with US & Japan

Target e\\

Horns..

BetaBeam

Superbeam

Slow Muons

NuFact Front end
NuFact Back end
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The ideal muon accelerator is a LinAc filled with matter ..........
lonization Cooling : the

nrinainla

dE/dx scattering re-acceleration

Liquid Hz: dE/dx IN

Beam

RF restores only P,: E constant ouT
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Coupling Coils 1&2

Focus coils 1

Focus coils 2

Focus coils 3

Matching
coils 1&2

Spectrometer | Matching
solenoid 1 coils 1&2
X. - x .
[T ..

R

Beam PID
TOF 0
Cherenkov
TOF 1

Diffusers 1&2

Incoming muon beam

L

- Cooling channel prototype -

Spectrometer
solenoid 2

el R

‘-—_l

RF cavities 1

RF cavities 2

Liquid Hydrogen absorbers 1,2,3

Trackers 1 & 2

measurement of emittance in and out

T[

el |
Downstream

particle ID:
TOF 2
Cherenkov
Calorimeter

Recommended for
approval on May 3




PHYSICS

WITH A

MULTI-MW PROTON SOURCE

i R S T A

The workshop explores both the short- and long-term opportunities for particle and nuclear phy=sics
offered by a multi-MYY proton sowrce such as a proton linear accelerator or a rapid-cycling synchrotron.
This source would provide Muon and Electron Meutrino boams of unprecedented intensity, superior
slow Muon and possibly Kaon facilities, as well as a world-lecading Radioactive lon Beam facility for
Nuclear, Astro- and fundamental physics.

Boisnitifie Advisory Commiiiss: Programms Committas:
J. AFvic i Jyraukyis) A. Alakssn (Gacioy)
M. Balds Caclin {Pedovn), J. Douche: [Eaclay) :' :::-l[.u-ul.u.lﬂ;l;:::.éﬁmp,

C Tacela 0G. Ewsscl. J. Dankan |Liverpaed)

T e e e T :_.l-nuﬂlzur],:-l:ug-:--mu. Elin {CERML
B Elchisr {PSE, J. Engelon [CERR) e -”'m'_'_'_'. .“"'""'"“ .

i]F_.I '-{'- "':“'u ';_'F—'-I [ﬂlll_l]_-] J Ponemon [CEEM}, ©. Prior [RELL

¥, Gulletly (Surray), D, Goutts (GARIL) A Rubbia (ETH Zurichi; F. Gohmelabech (PE)

L. Susrmeay | IKEZP3§, M. Horakash (KY] Zraningen)
M. Hasmroth (OERME W. Hamning (G5}

L larac=l {IKFH], O. Jorsen | Grieberg) “_
K. Jungman (K'Y Grenlrgoni. 0. Kaysor {Familish] M. B omadikt ML
M Lirdner {TU Flumichl A Muadler (IFH Sy L Gl el

& Hagsmiya (JFARCE M. HapalHans (Mapoll) E

Wi Moxwrewice (el Aldga); K. Peoch (ALY W

R. Parirencie (Fems Wi F. Aoogs (Frass ol §

[ S=higtter (CEAM |, H. Spira (INZF1}

L Tomitata (RIKEM}, O. Wyss (CORHG
. Zirmn-Jurwkin ] DAFH T4
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