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& ccLrC Outline

=
e Conventional Neutrino Beams

* Neutrino Phenomenology

« Existing and planned neutrino beams

« “Off Axis” and “Super” neutrino beams
* Factories

« Summary
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— Most of the topics mentioned in this talk, and many that are not, are each worth at

least half an hour to do full justice. Apologies to those whose work is not mentioned,
or mentioned-but-not-adequately-discussed.

— I have tried to acknowledge sources of material where possible.




£, »c Conventional Neutrino Beams
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 Main components

— Proton Beam
* Energy, Intensity, frequency

— Target
— Horn (focussing)
— Decay Region

— Beam Dump Beam Target Neutrino
— Detector Power Mass Energy

Note
For any (class of) experiment

N, « P x M (xE,)
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& cc.rnc Example of a Neutrino Beam

est Area Neutrino Facility at CERN SPS

450 GeV Reflector

Proton extraction TW‘_E\
.:-_F_____- _-\--\-—\.

SPS

ide Band Beam
- 5.06 x 101° POTs (1994-1997)

- <Evu> ~ 27 GeV

- <L> ~ 0.6 km
<L>/<E> ~ 2x 102 km/GeV

— Am? > 1 eV?

- Prompt v. : negligible

~1012 neutrinos

J Panman, Neutrino 2004
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CLRC . because Neutrino Physics has changed!!!

&K\

 1950’s and early 60’s

— Nature (and existence) of the neutrino
* (Reines & Cowan, Lederman, Schwartz and Steinberger)

 Late 1960s, 1970s, 1980s

— Structure of the nucleon

« I, xF;etc New
— Structure of the weak current fu:lw
* Neutral currents, sin,0, etc i
 Now, and future done
— Nature of the neutrino better
* Neutrino Mass and Neutrino Oscillations

« Standard Model assumption of massless neutrinos is wrong!
— Note: difficult to add neutrino mass to SM a /a Higgs
— Lack of Charge - additional mass-like (Majorana) terms

» New Physics at last!!!!




,-c.rc Neutrino Mixing

Atmospheric 3G _ solar Majorana
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Parameters of neutrino oscillation antimatter

1 absolute mass scale m asymmetry

1 phase &~ (always sin@ ,e"®)
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What do we know?

\Am32\ (2 3+§j§)><10'3e\/2

\K\\

0,5 = (46°1ig.}) ( % Tl NO\
3 3

Am:, =(6.97)>)x10°eV? |

6, =(33.2"1%)° “MNS= T s B3 T2

0. <11° 1 1 1

: s B 12)

Sign (Amfz) unknown

) , O, IB unknown ( 1 ) 00:)
Maltoni et al, hep-ph/04051272 —_~
— ‘tri-bi-maximal’ Uokw = -2 1 04
Ignores LSND — wait Perkins, Harrison & Scott 007 04 1
for MiniBooNE | \VV/ —. Y,

absolute mass scale ? Less than ~ few eV (electron neutrino)




., cc.rc Measuring the Parameters
— Am?2 L
P(Vﬂ — Ve)_ 4613512(612623 )Sm ( Y )
2 2 2 . 2(Am3 L
4013512(012023 — 815813553 — 2C5C5351,5,35,5(COS )Sm ( AE )

2 Am322L) . (AmglL) . (Am%lL)
+ 81351581353 (Clzcz:s COS 0] — 5551353 )COS( ze P P~

2 2 2 2 (b \i g (1 - 257 VSV & a—-
2L) . (AmzL) . (AML)
32 31 21

ze S\ SIN\—%

2 . . Am
— 8C/4€1,C35,,85,353 SIN O sm(

2 2 2 mi L AmiL |- Am%lLX 2
— 8C;381355; cos( )sm( v )sm(T 1 —2s/,
a=2y2G.nE =7.6105pE

Where is the electron density ; p is the density (g/cm3) ; E is the neutrino energy (GeV)

C; COSGU’S sm@ (Richter: hep-ph/0008222)
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% ol What to Measure?

Neutrinos
v, disappearance
Ve 2 V, appearance
V. = V. appearance

... and the
corresponding

v, disappearance antineutrino
v, = V., appearance interactions

v, 2 V. appearance

Note: the beam requirements for these experiments are:
high intensity known flux

known spectrum known composition
(preferably no background)




& ccLra v, disappearance
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. Non-accel |
 Reactor experiments on-accelerator

— (almost) pure anti-electron neutrinos

— Flux and spectrum determined by the
power curve

— Existing experiments (Chooz, Palo Verde,
KAMLAND) use a single detector

— Experiments currently planned use 2
detectors
« ~200m to measure the spectrum and flux, and

~1000m to measure the spectral distortion due
to oscillations

 Given good measurements of Am,,? and 6,,,
measures or constrains 0,;.




g The need for long baselines
: - 5 Y Amiz-L
P, .. =(Sines & Cosines)sin ( — )
Ny 27t
a — utri
Y Am beams >1000
7 times more
intense!
0.8E " . .
= "Am_ ineV~; L in km]
Am’ ’ ’
;
L& ~11 m Well matched to
47 the dimensions of
km the earth!



P Running Experiments

K2K MiniBooNE

from the target

Long Baseline

Neutrino

confirm
Accelerator or
Experiment refute

LSND

If confirmed

2. K2K experiment gEsentais i :
~10M v,/2.2sec ~100v,/2.25ec major prObIem (')
12GeV pmt(ms (/10mx10m) Vp, (/40“1"40“1) for the

ugg q ~ 2 . Standard Model.

3
>

Tar uLHHmV =7y 2
200m ~/  100m ‘ 5
decay plp/ 250km

7 monitor

Near v (htutm s « Mainv,

[ monitor « Intrinsic N
(monitor the beam center) — P €TV, 2
- Kt nlet v, &
- K0 —m e v,

Slgnal Of v OSCIllatlon at K2K * Understand fluxes with multiple
¢ Reduction of v, events monitoring systems T
» Distortion of vy, energy spectrum ki 505 ine 18 S e

T Nakaya, Neutrlno 2004 S Brice, Neutrlno 2004




S/ ccLRC Experiments under construction

NuMI / MINOS CNGS

120 GeV protons
from the MAIN
INJECTOR ina
single turn (8.7us)
1.9 s cycle time

Piemonte
Alessandria
Emilia-Romagna
Toscana

3
£
w
&
£
2

i.e.V beam “on’ for
8.7us every1.9s

Firenze
aboratory of Gran Sasso

2.5x10"3
.Sllfm
I e p—
73 2 l I ‘ Skm.
20
2.5x10 —t
protons/year 5
& FERMILAE #98-765D
[(a) PH2he High Energy | 180 ' '
- Y V. dppearance
E A T E
| | 5 140 — - _ _
& & 04 . Rgc” 0p o (arbitrary un|t52)
b= 7 2= -3
|_!|: ) PH2me Med. Energy | R 3 Am?=3 10~eV
& i 035
E Z m §|00
L z Z 03
H Sam - 5 80 g Y
> 3
&3] : 0.25
=] E O 60 H
l \GJ P ) I ] S o2
P Y
E X > 40 0.15
|_i Targot Hall | ?.::1 o0 o v“ﬂuenﬁ»
0 i 0.05
E, (GeV) O H i e
0 5 10 15 20 25 30 35 40 45 50

E (GeV) . ,
M Thomson Neutrmo 2004 D Autiero, Neutrino 2004




Efecine The “Off Axis” trick

o

o

0.4

o
W

®, v,/0.04Gev/10*POT/cm? ot 205km
o o
N (4)




Proposals

\\N

~CCLRC

 T2K (Tokai [J-PARC] to SuperKamiokande)
— Under construction

 NOVA (Fermilab to “somewhere near MINOS”)
— Under consideration

« C2GT (CERN [CNGS] to Gulf of Taranto)

— Being worked upon

 BNL

— Proposal in preparation




=/ CCLRC

4 90% C.L. sensitivities -
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. NuMI Off Axis

Medium energy beam, 10kton*year exposure — e

,——/"_-_ — —

E 00 E 10km T T—_MN
900 B FN!”%,/ ------------------------- ~
800 700 £ T g —TN L T,
700 £ on—axis 600 5km Somewhere anada!
600 500 near MINOS

E = = PQWEST™S =
500 F 400 =N :W;rnﬁipElg‘l S——5okm
400 — 200 F Jeenara Dryden
300 B L—

B 200
200 = E [E Thunder Eay
100 100 1 9
0 E ‘ L1 1 ‘ L1 ‘ L1 ‘ L1 O E 1 ‘ L1 ‘ L1 ‘ L1 1 ‘ L1 1 IL_I

0 2 4 6 8 10 0 2 4 6 8 10 ;

E,. GeV E, GeV : L

= 60 = IJ
450 — C ‘]
400 [ 50 b
350 10 km B 20 km

E a0 [
300 = r
250 ; 30 [ C?:ioux Falls
200 B — ] ®

= 20 — s —
150 F B El; ROCKrord ,

= B 5 \ Chicago
100 = 10 i Des Moines r.r’ (=) =
® % : 0 ® = south Bend
0 E | ‘ I — O =] L ‘ L1 L1 ‘ L1 1 ‘ L1 1

0 2 4 6 8 10 0 2 4 6 8 10

E,. GeV E,. GeV

~ 2 GeV energy :

* Below 7 threshold

* Relatively high rates per proton, especially for antineutrinos
*Matter effects to differentiate mass hierarchies
*Baselines 700 — 1000 km

E N A (]




@ ceine C2GT (CNGS to Gulf of Taranto)

F.Dydak et.al.

ADRIAT | GO

L
00 05 10 15 20 25 350 3

- " K. (GeV)

« OA-CNGS S s
« Movable underwater heren cov det. (r=150m , 2Mt fid vol,
L=1,200~1,600km

« ~5,000 vu CClyear

 Disappearance & Appearance

* sin?%20,,~0.008 @90%

« Technology to be established (underwater, light collection, LE PID,...)




“SuperBeams”

“conventional beams
with better proton
drivers’

Notes:

1. Original motivation: How much can be done
with just the front end of a neutrino factory?

2. Many other uses for high power proton drivers




S ccLRC CERN - Frejus
[ } =
. W lirac2 Gel, 4 MW Acoummulator s
( Jmuglamﬂfﬁ@ __,.r-‘“‘:_?ﬁ
1023 x 2.2 GeV protons per year 4MW " Target
“Super-K”
~50 kT
or
(1 U N O”
~500 kT
water
Possible Low Energy Super Beam Layout

THLT
—+—

Mezzetto, NuFACTO03

Novel ideas tor High intensi




Novel ideas for Hig

intensi

Neutrino Beams

CERN - Frejus

A Water Cherenkov Detector
optimized for:

« Light attenuation length limit
+ PMT pressure limit

+ Cost (built-in staging)

60X60x60mx3
Total Vol: 650 kton
; ,i, .. Fid. Vol: 440 kton (20xSuperK)
 Only optical © # of 20" PMTs: 56,000
separation l # of 8" PMTs: 14,900




2, ~ ~ SPL
2/ CCLRC
MW-Linac: SPL (Superconducting Proton Linac)
45 keV 7 MeV 120 MeV 1.08 GeV 22 GeV
13m e 78m e 334m 345m ——»
3 MeV 18I\ileV 237MeV 389MeV
H 1RFQ1 chop. RFQ2 ‘|DTL CCDTLHB 0.52/ B 0.7|B 0.8 m — dum
Source Low Energy section DTL Superconducting section
Stretching and
. collimation line
R]-;; cavities — PS / Isolde <
Accumulator Ring
EKIN = 2.2 GeV 23
Protons/s = 1016
M. Mezzetto, “Physics Potential of SPL part I: Super Beam”, NUFACTO02, London, 1-6 July 2002 4

Mezzetto, NuFACTO03

Novel ideas for High intensity Neutrino Beams




&/ ccLRrRC Fluxes for SPL beam

|
Flux intensites at 50 km from the target

Flavour | AbsoluteFlux ~ Rel. Flux E
(M0Ppot/md) %) (GeV)

v/GeV/em*/10% PoT at 50 km

v 3210 100 027
v, 2210 16 028
Ve 52 10° 067 032
v, 12108 0004  0.29

 Low energy wide band beam
« Less NC n° BG for v, search

Mezzetto, NuFACTO03

Novel ideas for High intensity Neutrino Beams




BNL to ???

To RHIC

To Target Stati
High Intensity Source o Targetftation

plus RFQ
200 MeV Drift Tube Linac
BOOSTER

AGS
1.2 GeV - 28 GeV
0.4 s cycle time (2.5 Hz)

200 MeV

400 MeV

Superconducting Linacs
800 MeV

28 GeV protons, 1 MW P,
beam power —
500 kT Water Cherenkov
detector

5 107 sec of running,

Conventional Horn based
beam BROOKHEVEN

NATIONAL LABORATORY
(Ref: Diwan et al., PRD68, 012002, 2003)

U-LINE

POWER SUPPLY
BUILDING

TARGET BUILDING

Plon DECAY PIPE

NEAR DETECTOR




QQCCLRC

8 GeV synchrotron option

« Original concept (May 2002,
Fermilab-TM-2169)

« Large aperture (100x150mm)
magnets

« LINAC 400MeV - 600MeV
Ml cycle time 1.87s - 1.53s
> Net results MI power of 1.9MW

Fermilab Proton Driver (PD)

8 GeV superconducting linac
Recent study
Direct injection

— 2MW @ 8GeV &

40~120GeV(MI)
Future flexibility

cease MI power by x5~6 (2MW)
Improve MINOS & NOvVA sensitivities

B.Foster and D.Michael, BNL-APS SB WS Mar.04




S ccLre Potential Flexibility of LINAC

P f/ N o
/ £

? Main

( / Injector

@2 MW/

1. ‘

|
1l
?\,

\

B.Foster and D.Michael, BNL-APS SB WS Mar.04
Novel ideas for High intensity Neutrino Beams Ken Peac




£,cc.nc New kinds of Neutrino Beam

Neutrinos NOT from & decay!

Proton Bear> E @

Innovate here

* Generate the neutrino beams from
unstable particles in storage rings with
long straight sections




CP-violation

' I
=2 E“ = 20 GeV =
- Solar LMA
o B Z
3, [ ain? 28 6m* < 0
- o
¥
™ 1
:: -
e’ : Vv,
= - _
-~ Ik a
=, - =
x §uZ > 0
I~ I v,
010
I~ | v,
S i Vs
pad A CP viulatinnT _
0.010 BEtat. error|for
i 10%% decays S

3000 4000 B000 8000
Baseline (km)

FNAL Feasibality Study 1




The Neutrino Factory

. 2
CPV: > 10 muon decays | = 2800 km, sin220, .=0.04
Conventional v beams ' 13
1 & K decay 10° I I I
Some flavour selectivity
Contamination
Reactor v beams
Pure v,
Huge Fluxes
Very low energy (MeV)
Super Conventional v beams
7, (& some ) decay
Flavour selectivity (v,)
Low Contamination at E<200MeV
The Neutrino Factory
B beams

107

Muon Decays per Year

Compromised by rmuon
detection threshold = 4 GeV

0 10 20 30 40 50
Muon Energy (GeV)

FNAL Feasibality Study 1
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et e I\ e

cLrc P-beam (v, > v, appearance)

Possible * emitters (v,)

° Need EVe > 100 Mev Isotope | Z Ti2 [y (g3r90| O et B .| Ev .| <E_LAB> (MeV)

s MeV [MeV|MeV|MeV | (@450 GeV/p)

. . 8B 16| 077 | 17.0 |13.9|6.55 4145
—_ Convent|ona| (h|gh 17| 193 | 26 | 1.9 [0.81]1.08 585
. 18| 706 | 41 | 1.8 |0.78[1.05 538

t 1.9 1.7 | 1.7 |0.74] 1.00 479

energy) neu rlno 18| 167 | 3.4 | 3.4 [1.50|1.86 930
19|17.34| 2.2 | 2.2 |0.96(1.25 594

beams 19|22.49| 25 | 25 [1.10(1.41 662
1.8|0.173| 10.6 | 8.2 |3.97| 4.19 2058

Come from K decays 190845 50 | 5.0 |2.292.67 1270

19|1.775| 4.9 4.9 |2.27| 2.65 1227

° sma" fraction of beam 19(1226] 51 | 51 [2.35[2.72 1259

22| 34 4.7 4.5 (2.04| 2.48 1031

* New idea (Zucchelli) Possible - emitters (V)
B beams Isotope | Z | A |AIZ| Tip |Qygoge)| Yo |Epar | B o | <ELAB> (MeV)

s MeV | MeV [MeV |MeV | (@ 450 GeV/p)

. 6He 2 30/0.807| 35 | 35 |157|1.94 582
Pure electron (anti) she | 2]8]|40[0119] 107 | 91 |435| 480 | 1078

. 8Li 3 2.7]0.838| 16.0 |13.0]6.24 2268

neutrino beams R e el

11Be | 4 2.8[13.81| 115 | 9.8 [4.65 5.1 1671

from 15C 6 2.5(2.449| 98 | 6.4 |287|3.55 1279

16C 6 27]0.747| 80 | 45 [2.05|2.46 830

accelerated 16N 7 237413 . 9 459/ 1.33 525

. . . 17N 7 2.4|4173] 87 | 38 [1.71] 210 779

radioactive ions 18N 7 [18] 2.6 [0.624| 13. 0 |5.33] 2.67 933

23Ne 2.3 44 | 42 [1.90] 2.31 904

25Ne 25(0602] 7.3 | 6.9 [3.18]3.73 1344

25Na 23[591| 38 | 3.4 [151]1.90 750

Bouchez, NuFACTO3 26Na 24[1.072] 93 2 [3.34] 3.81 1450

Novel ideas for H intensity Neutrino Beams
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[50L target
& Ton source

il

Lire=s
]

Cyolotrons &ﬁ'_i\
Storage ring 2
and fast .
cycling
synichrotron

B-beam

A, .
7Neon — Helium % qneon ~ 167
7Helium Neon qulium
SHe
v <150
> E,~500 MeV Decay
Eing

P

Difficult to get above the 1 production threshold




S/ CcCLRC Intensities
Ve 6He Ve 1 8Ne
« From ECR source « From ECR source:
— 2.0x10"3ions per second — 0.8x10" ions per second

 PS after acceleration

— 5.2 x10" ions per batch
 SPS after acceleration

— 4.9 x10" ions per batch

« PS after acceleration:
— 1.0 x10"3 ions per batch

« SPS after acceleration:

— 0.9x1013 ions per batch  Decay ring:
* Decay ring: — 9.1x10"2 jons
— 2.0x10"'* ions « 50 % losses:
«  50% losses — 5x10"? jons in four 10 ns

— 10"% ions in four 10ns

FOR 3 ISOL targets
— 1.3 x103ions

BOUCheZ Electron Cyclotron Resonance
Hio N =
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& cciLra A Neutrino Factory is ...

... an accelerator complex designed to produce >102° muon
decays per year directed at a detector thousands of km away

Principal Components

High Power H® source

Muon

Storage



&,ccLrnc Neutrino Factory Challenges

« Parameters

— Need to know that 0,5 is not zero
* Other parameters well known to fix (EL)

. Technology
Proton driver
* RCS or LINAC?
— Proton energy?
« HARP, E910, MIPP
— Target

« MW beam power
— Mercury, solid, liquid-cooled, pellet, ...

— Pion/muon collection and/or cooling
+ Magnetic Horns or Solenoids?
» Phase Rotators, FFAG’s, cooling?
— RF and acceleration
* RLA’s or FFAG’s?
— Muon Storage Ring
+ Racetrack, triangular or bow-tie
« Conventional or FFAG?

* Other uses of high power protons & muons?




M-2 p II_3=|Gc\-".-"uQ
p=1GeV/c~3GeV/c
Factory(step’] ) p=3GeV/c~10GeV/c

Neutrino Factory(step2) p=10GeV/c-20(50)GeVie

High Power Proton Driver

— Muon g-2

Muon Factory (PRISM)

— Muon LFV

Muon Factory-Ill (PRISM-II)

— Muon EDM

Neutrino Factory

— Based on 1 MW proton beam
Neutrino Factory-ll

— Based on 4.4 MW proton beam

| / =5 3-10GeV/c
0.3-1GeV/
-3GeV/
3 Is | ]'{
: U
: - .
i
10-20GeV/c /
Storage Ring

Powar sUj

N
Elactricity room = 2
L e [ A
. L= : 4 G-
o= R
o i

EDM Ring

——

] o —

7 .’;;/’1 _ll—'[:-i
7 =
A SHATII 70\ %&%fk@ffi&%ﬁ%T_j

7
7 Z

5
%
£
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P AT, 7
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&, cc.rc Another Neutrino Factory

t / A possible H" linse 2.5 Ce¥, 4 MW Accumulator 2, |
ﬁ‘i‘ layout of a " mpreanoe |, ,,f'] _
neutrino factory M b

.-"-FFF.-

,,--* Target

[uni.'.s-uﬁ'un d-#n if
_ / Phasa rotation
-H“-.-, r’f T Linac < 2 GeV
! ll"w-

! i =

|| irculating

M Linaca 2 2 60 GaV

MERT

Il
I'-M
— Diecay ring — 5l Gro'V =

E T— -24}6[: m circumforancs 1
o
=
§ —— v beam b far detector
g a _
v -
=
E - w benm to near detectar "

Novel ideas for High intensity Neutrino Beams Ken Peac



N

e CLRC Key Challenges

=
Targets Muon Cooling
* ~ same power as * Certainly needed for
SNS targets a muon collider
— Open « Almost certainly
— Small needed for a
* See previous talk neutrino factory
— (combined

FFAG/cooling or
ring-coolers?)




N

& ccLre lonization Cooling

Muon Momentum
After ionisation

energy loss
ds B’E . ds

After Acceleration

P




10% cooling of 200 MeV/c muons requires ~20 MV of RF

single particle measurements =>

measurement precision can be as good as A (¢ /€ ;) = 1073

never done before either....

Spectrometer
solenoid 1

Coupling Coils 1&2

Matching
coils 1&2

Focus coils 1

Focus coils 2

Focus coils 3

Matching
coils 1&2

Spectrometer
solenoid 2

AP =
%\ s e kg@g

A
| 4
Beam PID /
TOF 0 RF cavities 1 RF cavities 2
Cherenkov Downstream
TOF 1 particle ID:
TOF 2
: Cherenkov
Diffusers 1&2 Calorimeter

Liquid Hydrogen absorbers 1,2,3

Incoming muon beam Trackers 1 & 2

measurement of emittance in and out

Blondel
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., cCLRC ... after engineering

&

reality (simplified)

CRYO CONNECTIONS

HYDROGEN ABSURBER TURRET ['SHIELDING J*PLASHCH]SDSD;FEW VENT
FOCUSING MAGNE TS \ f TO H2 TANK (SOXLH2V)>
MODUL B

_~VACUUM JACKET TO TANK

| RF FEED
= “He RETURN

; E _—INERT GAS
e L™ THERMO SHIELD

“LIQUID HYDROGEN
212 @ 20K
Hiy ™ — 1. Iy E— ; “TpHe/H2 HEAT EXCHANGER
\ \ _He SUPPLY
COIL ALY COUPLING) \\“ ROUGH VACUUM FROM
COIL "B’ VACUUM CHAMBER
“HIGH VACUUM FROM  \ o b yass SUPPORT

RF/COUPLING SACH R CELL
MAGNE T MODULE

...maybe...

Blondel




@CC . Proposal

ISIS@ Ml,l(m Ionization Cooling Experiment a@(

\\//

Comtrel Foom & Muon Collaboralic

-{.
|
]

Electronics
TR Services
. Iu.m':' ‘G-a; 'suppl],' o Extract
. HVI0EV E1ECtors Chimmey Hydrogen
| / ; . S
— [ I .
- A ! A xmactVent
I:[ H F-" [ ] System
e u |'l H
: T ] Helium
T System
= —I el
- ) ] "
= it r.-n.-l:lq.- = /= /= =
o — I Ealee
H— *TP: Electronics

*5CIFL Electromics & Cryostat

Extarnal I:[ Sreal

Plan:

Sita Propoced for
MICE Plazt

Propored new' linac P:\e:.\.-o?-d:mn fr - I
coolmgplant seem =
| E y = Jdlnma iR poum

e tezk

Lig M tank

smmmmsis s 39 Ly taimks

Neutrino



€/ CCLRC

 High Power proton
drivers
— MW power, ns pulses
* RF
— 30% of the cost?
« Cooling

— How much? (20% of
the cost?)

* RLA or FFAG?
— Which is cheaper?

Sub-system

Neutrino Factory R&D

Civil

ES&H ]

Utilities

Cryo [

Diagn.

Components

PS
Vacuum

RF Cav

RF Source

Magnets

Storage Ring

RLA2

RLA1

Capture Linac

Cooling Channel

o
-
=
=
3
U

Induction Linac

Decay Channel D

Target Systems

Proton Driver

0.0%
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@ CCLRC CP sensitivity
domain of 99% CL effect for maximal CP violation

N
% i r Nufact
{-\ i SPL SuperBeam
o Beta Beam
= s
> SB+BB, 440 kton
- 1
Nevw SB+BB, 1 Mton
E |
i ‘Best LMA, hep-ph/0212127
0.5 [~
0.3 0.5° 2° HF By 5°
| I I I | l| | | L1 111 | | | | L1 1 1 | |
0 -4 -3
10 10 10
Degeneracies — need complementary measurements sin 913

(baselines, energies, flavours, channels)

Bouchez






