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Outline of the course

Introduction

Lecture I: Solar Neutrinos (θ12, Δm212)

Lecture II: Atmospheric Neutrinos (θ23, Δm223)

Lecture III: Bounds on θ13 and δ; sterile neutrinos

Lecture IV: Future facilities
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FUTURE FACILITIES
AND THE QUEST 

FOR δ
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Outline

• Correlations and degeneracies

• Super-Beams

• Neutrino Factory

• Beta-Beams
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Outline

• Correlations and degeneracies

• Super-Beams

• Neutrino Factory

• Beta-Beams

I am not covering reactors, although they can be important 
(see Lecture3).
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The PMNS matrix

Gonzalez-García and Maltoni ‘07

The Pontecorvo-Maki-Nakagawa-Sakata (PMNS) mixing 
matrix is the leptonic analogous of the CKM matrix

UPMNS =





1 0 0

0 c23 s23

0 −s23 c23









c13 0 s13e
−iδ

0 1 0

−s13e
iδ 0 c13









c12 s12 0

−s12 c12 0

0 0 1









1 0 0

0 eiα1 0

0 0 eiα2





θ12 = 32º–35ºθ23 = 39º–48º θ13 < 11º Majorana
phases

“Atmospheric”
oscillation

“Solar”
oscillation
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The PMNS matrix
Solar

parameters:

Atmospheric
parameters:

Gonzalez-García and Maltoni ‘08
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The PMNS matrix
Solar

parameters:

Atmospheric
parameters:
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The PMNS matrix
Solar

parameters:

Atmospheric
parameters:

Unknown parameters (maybe less, by the time of NF):

Sign of Δm213

Gonzalez-García and Maltoni ‘08
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Dirac CP-violating phase δ

The PMNS matrix
Solar

parameters:

Atmospheric
parameters:

Unknown parameters (maybe less, by the time of NF):

Sign of Δm213

Gonzalez-García and Maltoni ‘08
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Dirac CP-violating phase δ

The PMNS matrix
Solar

parameters:

Atmospheric
parameters:

Unknown parameters (maybe less, by the time of NF):

Sign of Δm213 θ23-octant

Gonzalez-García and Maltoni ‘08
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Dirac CP-violating phase δθ13 < 11.5
◦

The PMNS matrix
Solar

parameters:

Atmospheric
parameters:

Unknown parameters (maybe less, by the time of NF):

Sign of Δm213 θ23-octant

Gonzalez-García and Maltoni ‘08
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CORRELATIONS
AND

DEGENERACIES

7jueves 19 de junio de 2008



The Golden Channel

P
±
eµ = X

±
µ sin

2
2θ13 +

(

Y
±
c cosδ ∓ Y

±
s sinδ

)

sin 2θ13 + Zµ
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The Golden Channel
• Measuring (θ13, δ) in Appearance Channels (DeRujula99, Cervera00)

νe → νµ (νµ → νe) Appearance (Golden) Channel (i.e. BB, SB, NF)

P±
νeνµ

(θ13, δ) ≈ X± sin2 2 θ13 +
“
Y c
± cos δ ∓ Y s

± sin δ
”

sin 2 θ13 + Z

with X±, Y c
±, Y s

± and Z functions of the known parameters:

8
>>>>>>>>>>>>>>>>>><

>>>>>>>>>>>>>>>>>>:

X± = sin2 θ23

 
∆23

B̃∓

!2

sin2

 
B̃∓L

2

!

Y c
± = sin 2θ23 sin 2θ12

∆12

A

∆23

B̃∓
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„
A L

2

«
sin

 
B̃∓ L

2

!
cos
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∆23L
2

”

Y s
± = sin 2θ23 sin 2θ12

∆12

A

∆23

B̃∓
sin

„
A L

2

«
sin

 
B̃∓ L

2

!
sin
“

∆23L
2

”

Z = cos2 θ23 sin2 2θ12

„
∆12

A

«2

sin2
„

AL

2

«

where ∆ij = ∆m2
ij/2E, B∓ = |A∓∆23| and A is the matter parameter.

P
±
eµ = X

±
µ sin

2
2θ13 +

(

Y
±
c cosδ ∓ Y

±
s sinδ

)

sin 2θ13 + Zµ
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The Golden Channel

P
±
eµ = X

±
µ sin

2
2θ13 +

(

Y
±
c cosδ ∓ Y

±
s sinδ

)

sin 2θ13 + Zµ
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The Golden Channel

P
±
eµ = X

±
µ sin

2
2θ13 +

(

Y
±
c cosδ ∓ Y

±
s sinδ

)

sin 2θ13 + Zµ

Strong sensitivity to θ13
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The Golden Channel

P
±
eµ = X

±
µ sin

2
2θ13 +

(

Y
±
c cosδ ∓ Y

±
s sinδ

)

sin 2θ13 + Zµ

Strong sensitivity to θ13
Sensitivity to δ
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The Golden Channel
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The Golden Channel

P
±
eµ = X

±
µ sin

2
2θ13 +

(

Y
±
c cosδ ∓ Y

±
s sinδ

)

sin 2θ13 + Zµ

Strong sensitivity to θ13
Sensitivity to δ

Sensitivity to the θ23-octant

Sensitivity to the sign of Δm213
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The Golden Channel

P
±
eµ = X

±
µ sin

2
2θ13 +

(

Y
±
c cosδ ∓ Y

±
s sinδ

)

sin 2θ13 + Zµ

Strong sensitivity to θ13
Sensitivity to δ

Sensitivity to the θ23-octant

Sensitivity to the sign of Δm213

The price to pay to be 
the “Golden Channel” is:

CORRELATIONS
and 

DEGENERACIES 
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The signal is:

μ μ eμνμ νμ
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μ μ eμνμ νμ

The signal is:
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" There is a curve of 
solutions: θ13-δ correlation 

J. Burguet-Castell et al. hep-ph/0103258

" Black square = input “true” 
value 

 Correlations

Texto
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" There is a curve of 
solutions: θ13-δ correlation 

J. Burguet-Castell et al. hep-ph/0103258

" Black square = input “true” 
value 

" If we add antineutrinos the 
two curves intersect in 2 
regions: 

       The true solution 
                 and 
     an intrinsic degeneracy

 Correlations

Texto
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" There is a curve of 
solutions: θ13-δ correlation 
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                 and 
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 Correlations
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" There is a curve of 
solutions: θ13-δ correlation 

J. Burguet-Castell et al. hep-ph/0103258

" Black square = input “true” 
value 

" If we add antineutrinos the 
two curves intersect in 2 
regions: 

       The true solution 
                 and 
     an intrinsic degeneracy

 Correlations

Texto

  True 
solution

  Intrinsic 
    clone
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 Two unknown discrete 
parameters:

Of other degeneracies

satm, soct

" There are 4 different sets of 
curves for different choices 
of satm, soct
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 Two unknown discrete 
parameters:

Eightfold degeneracy:
Intrinsic sign octant mixed

" 2 Intersections each

H. Minakata and H. Nunokawa hep-ph/0108085
G.L.Fogli and E. Lisi hep-ph/9604415 
V. Barger and D. Marfatia hep-ph/0112119

Of other degeneracies

satm, soct

" There are 4 different sets of 
curves for different choices 
of satm, soct
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 Two unknown discrete 
parameters:

Eightfold degeneracy:
Intrinsic sign octant mixed

" 2 Intersections each

H. Minakata and H. Nunokawa hep-ph/0108085
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" There are 4 different sets of 
curves for different choices 
of satm, soct

  True 
solution

  Sign
clones
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clones
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 Two unknown discrete 
parameters:

Eightfold degeneracy:
Intrinsic sign octant mixed

" 2 Intersections each

H. Minakata and H. Nunokawa hep-ph/0108085
G.L.Fogli and E. Lisi hep-ph/9604415 
V. Barger and D. Marfatia hep-ph/0112119

Of other degeneracies

satm, soct

" There are 4 different sets of 
curves for different choices 
of satm, soct

  True 
solution

  Sign
clones

Octant
clones

 Mixed
clones
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• The goal: measure at the same time the 
four parameters that we do not yet know: 
θ13, δ, the sign of Δm223 and the θ23-octant

• To achieve our goal, we must then solve the 
problem of degeneracies. 
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SUPERBEAMS
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Sensitivity bounds by T2K and NOνA
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The CERN-Memphys project
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The problem: the sign of Δm223 is not measured  
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NEUTRINO
FACTORY
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The Neutrino Factory

Geer ‘97
De Rujula, Gavela 
and Hernandez ‘98
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The Neutrino Factory

π
+
→ µ

+
νµ

Geer ‘97
De Rujula, Gavela 
and Hernandez ‘98
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The Neutrino Factory

π
+
→ µ

+
νµ

νµ → νe A SuperBeam

Geer ‘97
De Rujula, Gavela 
and Hernandez ‘98
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The Neutrino Factory

π
+
→ µ

+
νµ

νµ → νe A SuperBeam

e
+
ν̄µνe

Geer ‘97
De Rujula, Gavela 
and Hernandez ‘98
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The Neutrino Factory

π
+
→ µ

+
νµ

νµ → νe A SuperBeam

e
+
ν̄µνe

νe → νµ

 The Golden Channel

Geer ‘97
De Rujula, Gavela 
and Hernandez ‘98
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The Neutrino Factory

π
+
→ µ

+
νµ

νµ → νe A SuperBeam

e
+
ν̄µνe

νe → ντ

 The Silver Channel

νe → νµ

 The Golden Channel

Geer ‘97
De Rujula, Gavela 
and Hernandez ‘98
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The Neutrino Factory

π
+
→ µ

+
νµ

νµ → νe A SuperBeam

e
+
ν̄µνe

ν̄µ → ν̄µ

 νμ disappearance

νe → ντ

 The Silver Channel

νe → νµ

 The Golden Channel

Geer ‘97
De Rujula, Gavela 
and Hernandez ‘98
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The Neutrino Factory

π
+
→ µ

+
νµ

νµ → νe A SuperBeam

e
+
ν̄µνe

ν̄µ → ν̄µ

 νμ disappearance

ν̄µ → ν̄e

 The Platinum Channel

νe → ντ

 The Silver Channel

νe → νµ

 The Golden Channel

Geer ‘97
De Rujula, Gavela 
and Hernandez ‘98
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The Neutrino Factory

Proton Driver
primary beam on production target

Target, Capture, Decay
Bunching 
Phase Rotation reduce E of bunch

Cooling
reduce transverse emittance

Acceleration (LINAC/FFAG)
130 MeV  20–40 GeV

Decay Ring
store for ~500 turns; long straight section

Zisman, IDS’07, CERN
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The Neutrino Factory

Proton Driver
primary beam on production target

Target, Capture, Decay
Bunching 
Phase Rotation reduce E of bunch

Cooling
reduce transverse emittance

Acceleration (LINAC/FFAG)
130 MeV  20–40 GeV

Decay Ring
store for ~500 turns; long straight section

Zisman, IDS’07, CERN

A νμ beam

A νeνμ beam–
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νe→νμ→μ-

The Golden Channel

μ+ {
e+

νμ→νμ→μ+––

A. Cervera et al, hep-ph/0002108
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The Signalνe→νμ→μ-

The Golden Channel

μ+ {
e+

νμ→νμ→μ+––

A. Cervera et al, hep-ph/0002108
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The Signalνe→νμ→μ-

The Golden Channel

μ+ {
e+

The dominant background

νμ→νμ→μ+––

A. Cervera et al, hep-ph/0002108

34jueves 19 de junio de 2008



The Signalνe→νμ→μ-

The Golden Channel

μ+ {
e+

The dominant background

νμ→νμ→μ+––

To look for the signal, at the Neutrino 
Factory we need μ charge identification

A. Cervera et al, hep-ph/0002108
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The Signalνe→νμ→μ-

The Golden Channel

μ+ {
e+

The dominant background

νμ→νμ→μ+––

To look for the signal, at the Neutrino 
Factory we need μ charge identification

Magnetized detector

A. Cervera et al, hep-ph/0002108
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The Signalνe→νμ→μ-

The Golden Channel

μ+ {
e+

The dominant background

νμ→νμ→μ+––

To look for the signal, at the Neutrino 
Factory we need μ charge identification

Magnetized detector MIND

A. Cervera et al, hep-ph/0002108
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scientillator

iron

10 m

20 m

Neutrino
beam

6 cm

Magnetized Iron Detector

Good Muon Charge
 Identification

40-50 Kton Mass
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scientillator

iron

10 m

20 m

Neutrino
beam

6 cm

Magnetized Iron Detector

Good Muon Charge
 Identification

40-50 Kton Mass

Muon identification
efficiency
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Solving degeneracies

Betabeams}
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Solving degeneracies

• Combining channels: Silver and Platinum

• Combining baselines: the Magic baseline

• Combining energies: improving the detector
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The Silver Channel

X
±
τ =

c2
23

s2
23

X
±
µ Zτ =

s2
23

c2
23

Zµ

P
±
eτ

= X
±
τ

sin
2
2θ13−

(

Y
±
c

cosδ ∓ Y
±
s

sinδ
)

sin 2θ13 + Zτ

Donini, Meloni and Migliozzi ‘02
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The Silver Channel

X
±
τ =

c2
23

s2
23

X
±
µ Zτ =

s2
23

c2
23

Zµ

Same sensitivities as the Golden Channel

P
±
eτ

= X
±
τ

sin
2
2θ13−

(

Y
±
c

cosδ ∓ Y
±
s

sinδ
)

sin 2θ13 + Zτ

Donini, Meloni and Migliozzi ‘02
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The Silver Channel

X
±
τ =

c2
23

s2
23

X
±
µ Zτ =

s2
23

c2
23

Zµ

Same sensitivities as the Golden Channel

Different θ13-δ correlation

P
±
eτ

= X
±
τ

sin
2
2θ13−

(

Y
±
c

cosδ ∓ Y
±
s

sinδ
)

sin 2θ13 + Zτ

Donini, Meloni and Migliozzi ‘02
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How the silver channel solve the intrinsic degeneracy
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νe→ντ→τ-→μ-

The Silver Channel

μ+ {
e+

νμ→νμ→μ+––
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The Signalνe→ντ→τ-→μ-

The Silver Channel

μ+ {
e+

νμ→νμ→μ+––
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The Signalνe→ντ→τ-→μ-

The Silver Channel

μ+ {
e+

The dominant background

νμ→νμ→μ+––
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The Signalνe→ντ→τ-→μ-

The Silver Channel

μ+ {
e+

The dominant background

νμ→νμ→μ+––

To look for the signal, we need μ charge 
identification and τ decay vertex identification
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The Signalνe→ντ→τ-→μ-

The Silver Channel

μ+ {
e+

The dominant background

νμ→νμ→μ+––

To look for the signal, we need μ charge 
identification and τ decay vertex identification

Emulsions + 
Spectrometers
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The Signalνe→ντ→τ-→μ-

The Silver Channel

μ+ {
e+

The dominant background

νμ→νμ→μ+––

To look for the signal, we need μ charge 
identification and τ decay vertex identification

Emulsions + 
Spectrometers “OPERA”
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Emulsion Cloud Chamber
Evolution: Magnetized ECC
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Emulsion Cloud Chamber

An OPERA-like 5 Kton ECC

Evolution: Magnetized ECC
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The Platinum Channel

Same sensitivities as the Golden Channel

P
±
µe = X

∓
µ sin

2
2θ13 +

(

Y
∓
c cosδ±Y

∓
s sinδ

)

sin 2θ13 + Zµ

X
±
µ → X

∓
µ Y

±
s,c → Y

∓
s,c

Bueno, Campanelli and Rubbia ‘00
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The Platinum Channel

Same sensitivities as the Golden Channel

Different θ13-δ correlation

P
±
µe = X

∓
µ sin

2
2θ13 +

(

Y
∓
c cosδ±Y

∓
s sinδ

)

sin 2θ13 + Zµ

X
±
µ → X

∓
µ Y

±
s,c → Y

∓
s,c

Bueno, Campanelli and Rubbia ‘00
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νe→νe→e-

The Platinum Channel

μ+ {
e+

νμ→νe→e+––
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The Signal
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The Platinum Channel
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The dominant background

The Signal

νe→νe→e-
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νμ→νe→e+––
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The dominant background

The Signal

νe→νe→e-

The Platinum Channel

μ+ {
e+

νμ→νe→e+––

To look for the signal, we need e charge 
identification
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The dominant background

The Signal

νe→νe→e-

The Platinum Channel

μ+ {
e+

νμ→νe→e+––

To look for the signal, we need e charge 
identification

Liquid Argon
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The dominant background

The Signal

νe→νe→e-

The Platinum Channel

μ+ {
e+

νμ→νe→e+––

To look for the signal, we need e charge 
identification

Liquid Argon LAr TPC
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Liquid Argon TPC
158 MeV

752 MeV

140 MeV

Minv =140 MeV
θ = 25o

π0 reconstruction

 T600 test @ Pavia:
Run 201 - Evt 12

10-100 Kton Mass

Feasibility proved at T600
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Channels Combination
The main limitation of silver and platinum channels 

is statistics
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Huber, Lindner, Rolinec and Winter ‘06
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The Magic Baseline

Huber and Winter ‘03
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The Magic Baseline
At this baseline, no 
dependence on δ

Huber and Winter ‘03
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The Magic Baseline
At this baseline, no 
dependence on δ

Also, no sensitivity at all....

Huber and Winter ‘03
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The Magic Baseline
At this baseline, no 
dependence on δ

Also, no sensitivity at all....

Good to measure θ13

and the sign of Δm213

Huber and Winter ‘03
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The Magic Baseline
At this baseline, no 
dependence on δ

Also, no sensitivity at all....

Good to measure θ13

and the sign of Δm213

Combined with
another baseline, 

acts as a degeneracy-solver
Huber and Winter ‘03
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Enlightened MINDs
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The crucial improvement is 
to lower the threshold
for muon identification

From the ISS Detector Group Final Report

Muon identification
efficiency
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For the standard NF 
setup,

the first oscillation peak 
is around 7 GeV: 

a good
efficiency below this 

value acts as a 
degeneracy-solver

Enlightened MINDs
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The Signal

νe

(...the forgotten channel...)

μ+ {
e+

νμ→ντ→τ+ →μ+––

νμ→νμ→μ+––

The dominant background
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The Signal

νe

(...the forgotten channel...)

μ+ {
e+

νμ→ντ→τ+ →μ+––

Best channel to look for new physics

Emulsions + 
Spectrometers “OPERA”

νμ→νμ→μ+––

The dominant background
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The NuFact Sensitivity
Huber, Lindner, Rolinec and Winter ‘06
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The NuFact Sensitivity
Huber, Lindner, Rolinec and Winter ‘06

Burguet-Castell, Casper, Couce, Gómez-Cadenas and Hernández ‘05
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The NuFact Sensitivity

10−5 10−4 10−3 10−2 10−1

True value of sin22θ13

0

0.2

0.4

0.6

0.8

1

Fr
ac

tio
n

of
δ C

P

SPL
T2HK
WBB
NF
BB

GLoBES 2006

Figure 87: The discovery reach of the various proposed facilities in sin2 2θ13. In the area to

the right of the bands, sin2 2θ13 = 0 can be excluded at the 3σ confidence level. The discovery

limits are shown as a function of the fraction of all possible values of the true value of the CP

phase δ (‘Fraction of δCP’) and the true value of sin2 2θ13. The right-hand edges of the bands

correspond to the conservative set-ups while the left-hand edges correspond to the optimised

set-ups, as described in the text. The discovery reach of the SPL super-beam is shown as the

orange band, that of T2HK as the yellow band, and that of the wide-band beam experiment as

the green band. The discovery reach of the beta-beam is shown as the light green band and the

Neutrino Factory discovery reach is shown as the blue band.

WBB is slightly worse. The limit of sensitivity of the super-beam experiments is ∼ 5×10−4; for

sin2 2θ13gsim10−3 the super-beam experiments can exclude sin2 2θ13 = 0 at the 3σ confidence

level for all values of δ. The conservative beta-beam set-up has good sensitivity to sin2 2θ13 for

sin2 2θ13 ∼ 10−3, but runs out of sensitivity for values of θ13 only just less than the sensitivity

limit of T2HK. The optimised (γ = 350) beta-beam has significantly better performance, with

a sensitivity limit of sin2 2θ13 ∼> 5 × 10−5. Both the conservative, and the optimised Neutrino

Factory set-ups have a significantly greater sin2 2θ13 discovery reach; the optimised set-up having

a sensitivity limit of ∼ 1.5 × 10−5.

194

Discovery reach in sin22θ13

From the ISS Physics Group Final Report

ISS final report:
25 GeV muons

Two E-MIND detectors
1. L = 3000-4000 Km

2. L = 7500 Km
(0.5/1)1021 useful muons

per year per baseline 
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BETABEAMS
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βBeam

P. Zucchelli hep-ph/0107006γ ∼ 100

1. with 6He/18Ne

<Eν> = 300 MeV
L = 130 Km
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The CERN-Memphys project
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βBeam

+

J. Burguet-Castell et al. hep-ph/0312068
J. Burguet-Castell et al. hep-ph/0503021

γ ∼ 350

2. with 6He/18Ne

<Eν> = 1.2 GeV
L = 650 Km
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βBeam

+

J. Burguet-Castell et al. hep-ph/0312068
J. Burguet-Castell et al. hep-ph/0503021

γ ∼ 350

2. with 6He/18Ne

<Eν> = 1.2 GeV
L = 650 Km

LHC luminosity upgrade
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βBeam

γ ∼ 100

Li/B
Ionization
  Cooling

C. Rubbia et al. hep-ph/0602032
C. Rubbia et al. hep-ph/0609235

3. with 8Li/8B

<Eν> = 1.3 GeV
L = 650 Km
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βBeam

+

γ ∼ 350

Li/B
Ionization
  Cooling

S. K. Agarwalla et al. hep-ph/0610333
S. K. Agarwalla et al. hep-ph/0611233
S. K. Agarwalla et al. arXiv:0711.1459

4. with 8Li/8B

<Eν> = 4.5 GeV
L = 7000 Km
Magic Baseline! 
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Resonant enhancement at the MB

θ13 = 5º     δ = 0, 90, -90º

7000km
Inverted Hierarchy

7000km
Normal Hierarchy

Resonant enhancement depending on the hierarchy

Sensitivity to the mass hierarchy 
down to sin2 2θ13 = 10-3 for γ = 350 
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βBeam

+
Li/B

Ionization
  Cooling

4. with 8Li/8B

S. K. Agarwalla et al. hep-ph/0610333
S. K. Agarwalla et al. hep-ph/0611233
S. K. Agarwalla et al. arXiv:0711.1459
P. Coloma et al. arXiv:0712.0796

γ ∼ 350

Two baselines

<Eν> = 4.5 GeV
L ∼ 1500 Km
L = 7000 Km 
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Add a second baseline and look for δ

2000km
Normal Hierarchy

θ13 = 5º     δ = 0, 90, -90º

7000km
Inverted Hierarchy

7000km
Normal Hierarchy

2000km
Inverted Hierarchy
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Add a second baseline and look for δ

2000km
Normal Hierarchy

θ13 = 5º     δ = 0, 90, -90º

7000km
Inverted Hierarchy

7000km
Normal Hierarchy

2000km
Inverted Hierarchy
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βBeam

Li/B
Ionization
  Cooling

γ ∼ 100 A. Donini and E. Fernández Martínez hep-ph/0603261

5. A “cocktail” of  8Li/8B and 6He/18Ne 

<Eν> = 1.2/1.3 GeV
L = 650 Km

First and second peak at the same baseline
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βBeam

Li/B/
He/Ne

Ionization
  Cooling

6. A “cocktail” of  8Li/8B and 6He/18Ne 

γ ∼ 650 S. K. Agarwalla et al. arXiv:0804.3007

Something  
new

Two baselines

γ ∼ 100 A. Donini and E. Fernández Martínez hep-ph/0603261
<Eν> = 2/8 GeV
L = 1000 Km
L = 7000 Km
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TASD

An extrapolation of 
Minerνa

22.5 Kton Mass

Suited for low energy
muons
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TASD

An extrapolation of 
Minerνa

22.5 Kton Mass

Muon identification
efficiency for

Magnetized TASD
Suited for low energy

muons
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CONCLUSIONS
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Definition of the CP-fraction
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Sensitivity to Sin2 2θ13
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SuperBeams

Sensitivity to Sin2 2θ13
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SuperBeams

BetaBeams

Sensitivity to Sin2 2θ13
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SuperBeams

BetaBeams
Neutrino Factory

Sensitivity to Sin2 2θ13
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Sensitivity to δ
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SuperBeams

Sensitivity to δ
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SuperBeamsBetaBeams

Sensitivity to δ
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SuperBeamsBetaBeams
Neutrino Factory

Sensitivity to δ
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SuperBeamsBetaBeams
Neutrino Factory

Low energy 
Neutrino Factory Sensitivity to δ
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Sensitivity to the hierarchy
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Sensitivity to the hierarchy

SuperBeams
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Sensitivity to the hierarchy

SuperBeams

BetaBeams
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Sensitivity to the hierarchy

SuperBeams

Neutrino Factory
BetaBeams

74jueves 19 de junio de 2008



• The goal: measure at the same time the 
four parameters that we do not yet know: 
θ13, δ, the sign of Δm223 and the θ23-octant

• A plethora of possibilities (and we are still 
thinking....). It is crucial to take a decision to 
see which are the results of D-Chooz, T2K 
and NOνA.

• If θ13 is large, then it is time for precision 
phyics AND to look for new physics
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μ→eγ   in supersymmetric models with heavy 
right-handed neutrinos

E. Arganda et al. hep-ph/0607263
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• It is also crucial that accelerator studies continue to 
understand the feasability of the more extreme setups, 
such as the Neutrino Factories or the (high-γ) 
BetaBeams 

• The european neutrino community must take a 
decision by 2012, according to what we have signed in 
the FP7 of the EU
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