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Solar neutrinos

. Amp,2~5.5105eV?

« Spectrum deformation of CC events seen: Homestake,
Kamioka, Gallex/Sage; BOREXINO will complete the

picture
» SNO:

« shows that neutrinos are fully active for NC
« “appearance” of new flavours proved (as far as possible)
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Atmospheric neutrinos

Am,2~2.4103eV?

sin” 20,, = 1

Spectrum deformation indicated by K2K
v, v, gives best fit to atmospheric neutrinos, but...

Next generation long-baseline neutrino beams:

+ Spectrum deformation NuMI-Minos

«» NC/CC

» T appearance CNGS- OPERA and later ICARUS
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Solar neutrino oscillation

SNO Day and Night Combining All Experimental

Energy Spectra Alone and Solar Model information
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This will be confirmed and Anm? , measured precisely by e.g. KAMLAND in next 24 yrs
Alain Blondel, ICFA @cern -2002



KAMLAND !!

1.1

Savannah River
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KamLAND

*Small Mixing Angle
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Summary
— The next Long-Baseline Experiments
— The third mixing angle

» Off axis beams
* Superbeams

— CP violation:

» Neutrino facto : :
Y Very personal considerations

* Beta Beams A systematic survey:
- Looklng. further A. Blondel at ICFA Seminar,
— Conclusions CERN, Oct. 2002
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CERN NEUTRINOS TO GRAN SASSO

Underground structures at CERN Access shaft

PGCN
SPS/ECA4

155m Tj8 e

- CNGS Works / ——

Excavated July 2002 P

SPS tunnel

1 protons

TT41 Access galleries

LHC/TI8 tunnel

Target
chamber Service gallery

LEP/LHC tunnel

ions
aons/

Decay tunnel

Hadron stop
and first muon detector

& Connection gallery,
3 to TI8/LHC

”H/
Second muon detector <
e 2800 m of tunnels
45000 m?3 of excavation




CNGS schedule tocay”

2000 2001 = 2002 2003 2004 2005 2006

i Engneerno ..., NN
excavate civil engineering pit, tunnels and caverns;

concrete / shot-crete tunnels and caverns
nstall hadron stop i
iron + graphite blocks, aluminum plate + water cooling
nstall decay tube l‘u
lower decay tube sleeves, weld together, pour concrete |

Install general services -.

electrical services, ventilation, cooling water, etc.

Install equipment -I

proton beam line, target, horn+reflector, shielding

Commissioning I

First beam to Gran Sasso: May 2006
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Sensitivity to v, >V, oscillations
(5 year run with 1.8 kton average target mass)

Decav mode  Signal Signal Signal Bkond.
1.2*10-3  2.4*10-3 5.4*%10-3
T—>e long 0.8 3.1 15.4 0.15
T—U Jong 0.7 2.9 14.5 0.29
T—h lono 0.9 34 16.8 0.24
T —>¢ short 0.2 0.9 4.5 0.03
Signal events T U short 0.1 0.5 2.3 0.04
« (Am*)*  Total 2.7 10.8 53.5 0.75
p%l e e e
90 % CL upper limit obtained on average by a é _ After 5 years
large ensemble of experiments: - data taking
Am?* <1.2x10% eV® years if PS x 1.5
at full mixing _ _
sin? (20) <5.7x1073 lo _25' SK allowed LP-2001
at large Am? E T
Accounted uncertainties: on background s0% CL. :

(£33%) and on efficiencies (£15%) T



ICARUS T300 cryostat (1 out of 2)
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dinal muon track crossing cathode plane
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3-D reconstruction of the long dE/dx distribution along the track 3
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dE/dx (MeV/cm)
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3. The third mixing angle, 6,

e Needed to further our knowledge of the mixing matrix;

* Determines v _(v.) <> v, V) oscillations;

e Regulates the size of CP violation in the lepton sector;

e Limits of order 10-! obtained by CHOOZ at A m? = 2.4 103 eV?

* Proposed tools:

— MINOS, OPERA, ICARUS can improve on CHOOZ by about 1 order
of magnitude;

— Off-axis observation of CNGS or NUMI neutrinos;

— Japan Hadron Facility, the only ongoing programme for a future
facility

— “Neutrino Superbeams”

— Neutrino beta-beams and Neutrino factories
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OPERA sensitivity to 0,; (preliminary)

Cuts

« E.>1GeV

* Visible energy < 20 GeV

* Missing p; of the event < 1.5 GeV

In parallel with appearance search

Background

* v, beam contamination

« n¥identified as electrons produced in
v,NC and v,CC with the u not identified

_— Limits at 90% C.L. on sin’20,; and 0,
* t—e from v —v_oscillations

(Am?,;=2.5x10-3 eV?; sin?0,,=1)

Expected signal and background Experiment | - sin"20),; i
O, signal t—=¢ | v,CC | v\NC | v.CC CHOOZ <0.14 <11°
beam MINOS <0.06 <7.1°
9° 9.3 4.5 1.0 5.2 18 ICARUS <0.04 <5.8°
7° 5.8 4.6 1.0 5.2 18 OPERA <0.06 <7.1°
3° 1.2 4.7 1.0 5.2 18 JHF <0.006 <2.5°




Sensitivity to sin?26,5 as a function of the year

2004 | 2005 2006 2007 2008 2009

CHOOZ <0.14 <0.14 <0.14 <0.14 <0.14 <0.14
MINOS -> <«0.085 <0.06
CNGS* - <0.067 «0.047 <0.039
CNG5x1.5% > <0.056 <0039 <0.033
Low energy CNGS 2= «0,040 <0028

JHF-5K -> «0.013

* Designed for v_appearance
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4. OFF-AXIS Beams: NUMI and CNGS

(tel.: BNL-ES89 Proposal) Far Det.

* Almost monochromatic neutrino beam, shows maxima and
minima of oscillation!
*US project around first maximum
esimilar ideas for Europe:
*CNGT- Golf of Taranto below the CNGS beam
eoff axis at second minimum 1400 km from CERN, 1 Mton
of sea water 1km deep./".Dydak, neutrino 2002
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NUMI beam: on and off axis
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5. SUPERBEAMS

 Low energy, High intensity, proton drivers to produce pure
7t beams hence pure v, or anti- v, beams

* no Kaons, v, background from w decay only

* Low energy v, s: for Am* =2 103 eV? optimal distance
about 100 km (CERN-Frejus??)

e CERN'’s design i1s the SPL (Superconducting Proton Linac)
— E=2.2 GeV
— W on target =4 MW

e The SPL could have many uses! (EURISOL, Beta
Beams..)
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90 kc"v’ 7T MeV 0 MeV 06 GeV 2.23 GeV

4”k 110m 4T7 330m + 360m 4{
2 MeV ~50MeV 232MeV 304MeV
: 4 “ﬁ l‘"

H- -RFQI chcrp HDTL ; SDTL B 0.52; E B 0.7; [3 0.8 F LEP-II rdump
Source Low Energy section DTL Superconducting low-f3 Superconducting B
A Achromatic bending

T and collimation
new SC cavities

at =0.52, 0.7, 08

/|1solde =

Accumulator Ring

| Beam Current, mA 11
Energy (kinetic), GeV 2.2
Invariant transverse rms emittance, Lm 0.6
Beam energy spread (\/ 56) MeV +2
Bunch length (total: V5G), ps 24
Linac length, m 800
rf frequency, MHz 352
Overall rf power, MW 31
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Layout on the CERN site

L. Maiani. 07. 03.2003
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Linac + klystron gallery
parallel to the fence of
Meyrin site (Route
Gregory)

Economic trench
excavation

Geological advantages
(tunnel on“molasse”, no
underground water)

Minimum impact on the
environment (empty field)

Simple connection to PS
& ISR via existing tunnels

Use some of the old ISR
infrastructure (electricity,
cooling)

19




Where all this will lead us

, 0006 — . .'
- - " :
Am -2 s ;
23 I x
noos — = . i A
- 1' [ ; L f
HE §o0i CHOOZ
p.o0d - % : foa - _
|- = - ] 1 5
- H . ¢ \
Y : [ AMINO
A L T 50 so CNGS\I3e
1 X1 | e Ar-en . I: 2;'1. . ,"(N{’h’
- : : y
- ", VFact 5 L JTHE-SK:
0002 — .“a,_ .: and other off axis ideas
i ", v Super A
B ‘-‘5"'.-_,’ ?_.-Beam ' : [
ﬂ.ﬂa} i 1 1 ||||||I 1 1 ?’1IIIII 1 I“.I.IIIIII 1 1 ':]IIIII 1 1 le"‘lllll 11 11111
10 1’ ™ 1 1 ! ]
comparison of reach in the oscillations; right to left: <in?6
present limit from the CHOOZ experiment, ”
expected sensitivity from the MINOS experiment,

0.75 MW JHF to super Kamiokande with an off-axis narrow-band beam,
Superbeam: 4 MW CERN-SPL to a 400 kton water Cerenkov in Fréjus

from a Neutrino Factory with 40 kton large magnetic detector. INCLUDING SYSTEMATICS
L. Maiani. 07. 03.2003
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6. Neutrino factory: CERN design

A possible H linac 2 GeV, 4 MW Accumulator
rin LI
la}’ﬂut Df a efmpmsanr a
neutrino factor Ml
¥ e Mmeti
Target el
o .3
]n-n;:n‘tg.nn 1 0] ﬁpfs E _

Rercirculating
Linacs 2 =2 50 GaV
Phase rotation

Linse > 2Gev 1.2 10 w/s =1.2 102 w/yr

'

=5
& Decay ring - 50 GaV Hr—e'v, v, 3
E = 2000 m circumferenes 4
i
20 =
E 310 V‘i‘f'vl:’ oscillates V_ <> VH inferacts
E 31020 V . . . il
s un_f yr interacts giving L giving [+
: 41 et dutachie WRONG SIGN MUON
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Perspective locations of Long Baseline
neutrino detectors in CERN Member States

Homestake

4

Carlsbad /

A

SuAdbury

L]

Optimal locations:

Gran Canaria (Espana);
*Spitzbergen (Norway);
ePihasalmi(Finlandia)
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Nufact cost studies

USA, Europe, Japan have each their scheme. Only one has been costed, US study 11:

System Sum  Others® ‘Total Reconciliation®
($7) ($3) ($M) (FY00 $M)
Proton Driver 167.65 16.2 1644 179.9
Target Svstems 01.65 0.2 L(}).3 08.3
Decay Channel 4.6 (1.5 2.1 5.0
Induction Linacs 319.1 319 o l.0} 342.4
Bunching (.5 £.1 75.5 736
Cooling Channel 317.0) 31.7 3487 340.2
Pre-accel. linac 182.9 15.9 207.8 202.7
RLA 305.0 30.D 010 3215
Storage Ring 107.4 10.7 11%.1 115.2
Site Utilities 126.9 12.7 150.6 136.2
Totals 1,747.2 174.8 1,922.0 1,875.0

Neutrino Factory CAN be done.....but it is too expensive as is.
Aim: ascertain challenges can be met + cut cost in half.
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7. Beta-Beams

PHYSICS LETTERS B

Physics Letters B 532 (2002) 166-172

www.elsevier.com/locate/npe

A novel concept for a v, /v, neutrino factory:
the beta-beam

Unstable 10ns

S N accelerated to y = 100

CERN, Geneva, Switzerland

Received 3 July 2001: received inrevised fonm 8 Febmary 2002 and Stored tO pI'OdUCC
Editor: L. Rolandi .
neutrino beams by beta
decay

The evalution of neutrine physics demands new schemes to produce intense, collimated and pure neutrino beams. The current
neutrine factory concept implies the production, collection, and storage of muons to produce beams of muon and electron
neutrinos at equal intensities at the same time. Research and development addressing its feasibility are ongoing. In the current
Letter, a new neutrine factory concept is proposed that could possibly achieve beams of high mtensity, known energy spectrum
and a single neutrine flavour {electron-antineutrine or electron—neutrine). The scheme relies on existing technology, © 2002
Elzevier Science BV, All rights reserved.

Abstract
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Beta-Beams, cont’d

* Absolutely pure v, emitted in a cone of aperture = 1/y
e Flux at distance L, ¢poc( N/L?)y?
o Flux at critical distance, such that A m?L/E = 1 is:

A oA22
b o N(m) N(;:nz)

(E, 1s the decay energy in the rest frame)

e and the effective flux (ﬂux*energy) 1s:

¢-E o (Am?)? yz _ (Am’ ) merit factor

e Possible v,, and anti-v, v,

L. Maiani. 07. 03.2003 Parliamo di Neutrini 25



Beta Beams

Decay ring
Brho = 1500 Tm

L, =2500m

ISOL target
& lon source COSt?
Feasibility?
Cyclotrons
Storage ring
and fast
cycling
synchrotron
Figure 1: The CERN baseline scenario
lsotope  AZ T2 Qp Esav  Eyav lons/bunch  Decay — rate/ K,
[s} gstogs eff ['Melr} ﬂi,-'[e\nr] rate (s'l}

best - (MeV) — (MeV) (s
€S "He 3.0 080 3.5 35 157 194 5107 4100 200"

DISSGEN "Ne 18 167 33 30 150 152 1-10" 410" 3107




CP sensitivity

Region in A m? -0, plane where it is possible to distinguish = 90° from &= 0°

e Nufact, 10%" yclecays, L=2810+7332
e SUpErBeam Only , L=130, 2+10 years
Beta Beam Only, 347 yrs, =75

e S0 (248 yrs) + BB (347 yrs)

| SEATCH, SE{»'H} 10 yrs + BB(Ne18), 10yrs

Am,,2(x10%) eV?
I

........ Best LMA, Bahcall after SNO

0.5 —
lcarus, 732 km, 10 kton, 907, CL

I

Lowest LMA

u IIIIIIIII|IIII|IIIIIIIII|IIII|IIII|IIII

0 1 2 3 4 5 6 7 8

A idanraal

M. Mezzetto, “Physics reach of Super + Beta Beams”, NNNO2, CERN, 16-18 January 2002
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The limiting factor for the Beta Beam is the ¥ N e production rate.

Let's see the SuperBeam + Beta Beam performances if a lucky R&D program could rise the ¥ N'e production rate by a
factor 2.

E ] e Nufact, 107 pdecays, L=2810+7332
‘?!:- I — SuperBeam Only . L=130, 2+10 years
:*-::: : i e Beta Beam COnly, 5+5 yrs, v=75
__51 1 L | SB (2+8 yrs) + BB (5+5 yrs)
i — T search, ‘SB[‘*]L:' 10 yrs + BB(Ne18), 10yrs
| Best LMA, Bahcall after SNO
0.5 |

¢

Lowest LMA

ﬂ IIII|IIIIIIIII|IIIIIIIIIlIIIIIIIIIlIIII

0 1 2 3 4 5 6 7 8
f,,(degree)

M. Mezzetto, “Physics reach of Super + Beta Beams”, NNNO2, CERN, 16-18 January 2002
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8. Looking further...

e Textures:

— The see-saw mechanism relates neutrino massess to
GUT energy scales or so (all are matrices!):

2
. (mquark )
v
M GUT

— Maybe the reason of so different mixing angles lies in
Mgur! Can we guess Mgyr?

e Flavour violation in charged lepton processes, induced by
neutrino mixing?

m

— much too small in Standard Theory, effects are close to
present limits in e.g SUSY theories!!

— Looking for: u —e¢y
u + Nucleus — e + Nucleus
becomes interesting (neutrino factories again...)

L. Maiani. 07. 03.2003 Parliamo di Neutrini
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Conclusions

e Neutrino mass and oscillations established with
“natural neutrinos” (solar, atmospheric): a great
success of Underground Laboratories;

e we need to know more: time seems to have come for
more controlled (accelerator) sources;

e experiments with first generation long-base neutrino
beams are operating (K2K) or well underway (NUMI
and CNGS), with very definite goals: spectrum shape,
T appearance.

L. Maiani. 07. 03.2003 Parliamo di Neutrini
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Conclusions, cont’d

e There is a long way towards full neutrino factories with muon
accumulation rings (cooling, cost...)

e But alot of interesting ideas and several intermediate steps: off-angle
beams, superbeams, 3-beams;

e The third mixing angle, 0,5 , and the the CP violating phase, J, are
good objectives for progress;

e Texture: finding M,r from neutrino mass and mixing may prove
difficult but not impossible, particularly if coupled to other related
observations

e Search for other flavour violations is thus mandatory (u[] e transitions,
BP-0v decays)

e Natural neutrinos at very high energies: the new frontier for “natural
neutrinos” (Amanda, Nestor, Antares...).

Neutrino physics 1s again an exciting, complementary route
to the High Energy Frontier (LEP, LHC, Linear Collider?)

WE CANNOT DO WITHOUT IT !
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