


Sources of neutrinos

fusion in the Sun

cosmic rays on atmosphere

o SuperNovae
astrophysical engines (active galaxies, stars)

nuclear decays in Earth’s interior

the Big Bang

fission in nuclear reactors

SBL/LBL beams +

particle accelerators ¢ SuperBeams
v -factories

ﬁ -beams
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Sources of neutrinos
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The 5 -beam idea

A [ decaying nucleus (ion) which has:

- short half-life (¢;/2 ~ 1 sec)
- easy production mechanism

- known energy/spectrum

is accelerated at high energies and
let decay in a straight section of an accumulation ring.

An intense beam of energetic neutrinos is produced.
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The 5 -beam idea
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ISOL target

& lon source
ECR
Cyclotrons,
linac or FFAG
Rapid

cycling
synchrotron

The ( -beam setup

Decay ring
Brho = 1500 Tm
B=5T

L, =2500 m

(36% of total 6.9 km)

CERN

Mton water Cerenkov (UNO) S

M.Lindroos

Frejus




The (-beam proposal

unstable nuclel production via spallation neutrons

5He and “He 'Bo Spallatlon neutrons

N

Tra_nsier line g
to 1on source

\ Spallation target:
a) water-cooled W
b) liquid Pb

U.Koster via P.Zucchelli

ISOL target (BeO) in concentric cylinder

~ 10%° nuclei/sec, in bunches every 8 sec



The ;-beam proposal

. source: OHe SR o [

v spectrum is known
from e spectrum

parent nucleus spinless:
isotropic emission

5 10'% nuclei/sec

DATA and theory:

<Ekine>=1.578 MeV
<Ev>=1.937 MeV
RMS/<Ev>=37%

BOB.T ms
0HT=1 0

- SHe
Q, =3507.8

[100% 28 A+ T=0
By =
aLi

D stable

Rustand,Ruby (1955)
Ridley (1961)
via P.Zucchelli



The ;-beam proposal

7. source: CHel IRt ; NS

Q, =3507.8

| 100%% 29, 1% T=0
By :
aLi

Entrieé

from e spectrum

parent nucleus spinless:
isotropic emission

5 10'% nuclei/sec

typical E, after boost ~ 0.5 GeV
(v = 150)

#ofevents at L ~ 130 Km : A D B D

0.2 0.4 0.6 0.8 1

neutrino momentum at far detector (GeV/c)
~ 70 /kton/year

D stable

P.Zucchelli



The ;-beam proposal

Ve source: SNe SN

v spectrum is known
from e spectrum

parent nucleus spinless:
isotropic emission

1 10'? nuclei/sec

typical F, after boost ~ 0.9 GeV
(v =~ 250)

#ofeventsat L ~ 130 Km:
~ & /kton/year




The (-beam proposal

feasibility: - unstable nuclei production at ISOLDE ok
- acceleration technology exists

- storage technology exists
- radiation issues under control

backgrounds: -none at production

(hadronic interactions of daughter nuclei
in tunnel: negligible)

- atmospheric neutrinos at detection

use directionality
use timing of bunches



The S-beam proposal:
variations

- & low energy (-beam: C.Volpe, J.Phys.G 30:L1-16 (2004)
E, ~ few - 10 MeV

study v N interactions at energies like SN
(energy deposition for explosion, stellar nucleosynthesis...)

- & high energy (£-beam: JBursuet-Castell et al., Nucl. Phys.B695(2004)
F.Terranova et al.,Eur.Phys.d.C38(2004)

E, ~few GeV  (y~1000) L ~ O(1000) km

larger r cross-sections
(you may use the rock as a target for high energy muons)

handle on matter effects

- d INono energetio ﬁ‘beami J.Bernabeu et al., hep-ph/0505054
using electron-capture decaying nuclei (2 body)
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Conventional Beams and SuperBeams

-~ Ve V,, — Ve, r appearance
e 09% » Uy, v
D N 1% [ « V,, disappearance
)
1% i :/Z Ve
b1
E ~ some GeV

—
—

“off-axis”: . L ~ few - 100 km

O RYEEe
| Am2=3x10%V2.

V., emitted isotropically from 7

boosting to lab frame:
= E> sin 6* E% sin 6*
anov = ~
Ya B (B + cos 0*) a0
£~ Eysm0: - B

< ; 80 J maximum F,,(6)
tan 0 tan ¢

a-more monochromatic beam
b-reduce v, contamination

T.Kobayashi




Conventional Beams
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Neutrino factory

p reaccelerate

facix A p0851b1e H- linac 2.2 GeV, 4 MW ﬁ(l:chu}:lgiantgﬁ
layout Of a compressor
U neutrino factory Magnetic mJ e

horn capture

Phase rotation L Y, 3 O O O km

Recirculating
Linacs 2 2 50 GeV

Decay ring — 50 GeV
~ 2000 m circumference

er, CERN-PS

v beam to near detector

2000-05-16 * Peter Grub
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Neutrino numerology: and we’'d like to know

better AmZ, .
better |Am?,, |
better Osun

0, 408

Amis = =8
mo

Majo/Dirac
'Majos 5Majo
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Neutrino numerology: and we’'d like to know

better AmZ, .
better |Am?,, |

better 0O
Ot = 45
013
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why

check a lot of exotic,
subdominant things

check a lot of exotic,
subdominant things

check a lot of exotic,
subdominant things

related to a
symmetry?

the last missing;
if zero, forget W

leptonic CP violation,
leptogenesis...

model building;
access Ov_b

(with oscillation experiments)

how

KamLand, D/N asy
LBL
low energy solar

precision atmo

LBL, v fact

LBL, v fact

some LBL,V fact
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Physics reach

oscillations

P(vy, — vy,) = sin® 20 - sin” (

Ve oOscillatein Vy,

2
sumn’

Oy at L ~ 7000 Km
(E,, ~ 0.5 GeV)

driven by Am

we’ll look for subdominant oscillations Ve < UV r

driven by Am%, 013 at L ~200Km
(B, ~ 0.5 GeV)



Physics reach
: in powers of
e.g. full expression for t (Ve = Vu) ( a <<p1, b3 < 1 )

+ cos ¢ - sin 2613 « sin 26015 cos 013 sin 2093 cos(A)

in?(AA
+ CK2 Sin2 2912 COS2 923%/51—2) ,
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Physics reach
: in powers of
e.g. full expression for t (Ve = Vu) ( a <<p1, b3 < 1 )

+cos ¢ - sin 2613 v sin 26015 cos 013 sin 2093 cos(A)

in?(AA
+ CK2 Sin2 2912 COS2 92381n£1—2) ,

Beta Beam Disappearance (1% syst.)

SPL+Beta Beams

-150 -100 -50 [h] 50 100 150
Scp(deg.)

Bouchez,Lindroos,Mezzetto (2003)




Physics reach
in powers of )

e.g. full expression for P (Ve = VM) ( 0. <1

+cos ¢ - sin 2613 v sin 26015 cos 013 sin 2093 cos(A)

in?(AA
-+ CK2 Sin2 2912 COS2 923%/51—2)
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Physics reach

in powers of )

e.g. full expression for P (Ve = VM) ( 0. <1

+ cos ¢ - sin 2613 v sin 26015 cos 013 sin 2093 cos(A)

in?(AA
-+ CK2 Sin2 2912 COS2 923%/51—2)

Y

sign (Amfg) requires matter effect

go to higher energy/
longer baseline

J.Burguet-Castell et al.,
Nucl.Phys.B695 (2004)




e “a (3-beam is of interest also for the nuclear
physics people”
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Neutrino mixings
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