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“Getting the most from future 
Long BaseLine neutrino experiments”

“General” Overview
Olga Mena (La Sapienza, INFN)
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Atmospheric
L/E~500Km/GeV

Solar



(12) : SNO, KamLAND, SK (23) : SK, K2K, MINOS

(13) : CHOOZ, SK, 
K2K, MINOS

Both poorly known!
Sign undetermined!

T. Schwetz
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Sensitivity to KNOWNS at 

• Measuring θ13 and δ in Disappearance Channels

νµ(ν̄µ) Disappearance Channel (i.e. Super-Beam, Nu-Factory ...)

P±
νµνµ

≈ 1 − sin2 2θ23 sin2(
∆m2

23 L

4E
) + O(θ2

13 sin2
“
∆m2

23 L/4E
”
)

+ O(cos δCP · θ13 · ∆12 · sin(∆m2
23 L/4E)) + O(∆2

12)

– Needs very GOOD CONTROL over FLUXES, SYS and BACK;

– The ATMOSPHERIC term ALWAYS DOMINATES: P±
νµνµ ≈ 1/2;

– Needs EXTREME PRECISION on ATMOSPHERIC parameters;

Almost NO INFORMATIONS on (θ13, δ)Atmospheric parameters errors (MINOS, T2K, NOvA) 

• The GOAL of present (and planned) SOLAR and REACTOR
experiments (SK, SNO, KamLAND, Borexino, ...) on a 10 years
timescale will be to:

– Improve the precision on the SOLAR PARAMETERS

at the 10% level (or even BETTER: δ(∆m2
sol) ≤ 5%);

• The GOALS of present (and planned) ATMOSPHERIC and neutrino
ACCELERATOR experiments (SK, K2K, MINOS, T2K, ...) on a 10
years timescale will be to:

– Improve the precision on the ATMOSPHERIC PARAMETERS

depending on the central value of ∆m2
23 to δ(∆m2

23) ≈ 5% − 10%

and δ(sin2 2θ23) ≈ 1% − 3%

– Give the first indication of a nonzero θ13

or, in case of null measure, IMPROVE CHOOZ bound of one
order of magnitude, constraining sin2 2θ13 ≤ 0.01;

• The GOAL of present (and planned) SOLAR and REACTOR
experiments (SK, SNO, KamLAND, Borexino, ...) on a 10 years
timescale will be to:

– Improve the precision on the SOLAR PARAMETERS

at the 10% level (or even BETTER: δ(∆m2
sol) ≤ 5%);

• The GOALS of present (and planned) ATMOSPHERIC and neutrino
ACCELERATOR experiments (SK, K2K, MINOS, T2K, ...) on a 10
years timescale will be to:

– Improve the precision on the ATMOSPHERIC PARAMETERS

depending on the central value of ∆m2
23 to δ(∆m2

23) ≈ 5% − 10%

and δ(sin2 2θ23) ≈ 1% − 3%

– Give the first indication of a nonzero θ13

or, in case of null measure, IMPROVE CHOOZ bound of one
order of magnitude, constraining sin2 2θ13 ≤ 0.01;

Atmospheric neutrino experiments -> Maltoni’s talk!
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But the sensitivity to MAXIMAL MIXING.... 

IS NOT AS GOOD!

H.Minakata, M.Sonoyama and H.Sugiyama, PRD70 (2004)

The error remains 10%-20%, NOT MUCH BETTER than the actual error

Large around π/4!

T2K phaseI@90%CL
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Long BaseLine  neutrino experiments:

More suitable scenario to extract unknown parameters!

Subleading transitions                     at   

In matter:

If the hierarchy is NORMAL                       enhancement
If the hierarchy is INVERTED                     enhancement

Hierarchy extraction: matter effects!
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How NEAR is “NEAR”?

NOvA Oggi





@295 km @810 km



Why off-axis?

Simple tuning of BEAM ENERGY

Narrow beam: concentrates the events @ OM (counting exp)
 
“Lower” electron neutrino intrinsic background

No high energy tail: High energy neutrinos produce NC 
events, kinematical suppression of NC background



Narrow beam: concentrates the events @ OM (counting exp)
 
Absolute numbers are crucial: HIGH STATISTICS

ONLY TWO MEASUREMENTS:  
NUMBER OF NEUTRINO AND ANTINEUTRINO EVENTS.

VIRTUALLY IMPOSSIBLE TO RESOLVE THE DEGENERACIES

Why NOT off-axis?





A) AROUND SECOND PEAK, @ DIFFERENT L/E?
CP Violating and matter effects are very different

NOvA++ 25 kton, L= 810 km @ 12 km off axis (E = 2 GeV)
           Second @735 km @ 30 km off-axis (E = 0.64 GeV)
           CP Violating effects are larger by 3 and matter            
           effects are smaller by a factor of 3.

Why NOT off-axis adding a 2nd detector?
Where?

 1/3x
   3x





HUGE
DEPENDENCE
ON CP-PHASE!
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Neutrino - Antineutrino

➔

➔

In vacuum@810 kmIn matter!
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A) AROUND SECOND PEAK, @ DIFFERENT L/E?
CP Violating and matter effects are very different

    
T2KK 4 MW
       270 kton,L= 295 km, 2.5 deg off axis (E=0.65GeV) 
        270 kton,L= 1050 km, 2.5 deg off axis (E=0.65 GeV)
        CP Violating effects are larger by a factor of 3 
       while matter effects remain the same.
        However, by making use of the energy information
        at the second peak, they can resolve the hierarchy
        and the intrinsic degeneracy.
        5 energy bins for appearance, 20 for disappearance 

Why NOT off-axis adding a 2nd detector?
Where?
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M. Ishitsuka, T. Kajita, H. Minakata and H. Nunokawa, PRD’05
   ``Resolving neutrino mass hierarchy and CP degeneracy by two identical detectors with different baselines,''

 

4 MW 270 kton + 270 kton, 4 years neutrino and 4 years antineutrino 

“2σ”
“3σ”

“2σ” “3σ”

“2σ” for 1 DOF

2σ for 2 DOF

2σ (95.45%) CL for 1 DOF IS LESS THAN 85% CL FOR 2 DOF
By running a Monte Carlo technique for each parameter space

point, generating 10 random experiments, one can see that 
the results do NOT FOLLOW the 1 DOF ASSUMED STATISTICS

6
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By making use of the solar term and its different relative size and oscillation patterns
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T. Kajita, H. Minakata, S. Nakayama and H. Nunokawa, hep-ph/0609286
   ``Resolving Eight-Fold neutrino parameter degeneracy by two identical detectors with different baselines,''

 

By making use of the solar term and its different relative size and oscillation patterns
for Kamioka and Korea baselines:

“2σ, 3σ”
for the resolution

of the 
octant degeneracy



A) AROUND SECOND PEAK, @ DIFFERENT L/E?
CP Violating and matter effects are very different

B) AT THE SAME E/L, @ DIFFERENT L?
Matter effects are very different

Needs only neutrino running 
Only valid (although optimal, degeneracy free!) 
for the hierarchy extraction (though!)

                      SuperNOvA

Why NOT off-axis adding a detector?
Where?
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Neutrino - Antineutrino

NEAR@200 km FAR@810 km

3.7 x 10^20 pot/yr/kton



Neutrino - Neutrino

FARNE
AR



Neutrino - Neutrino

NE
AR

FAR

α=slope



O.M, S. Palomares-Ruiz and S. Pascoli,
“Determining the neutrino mass hierarchy and CP violation in NOvA with a second off-axis detector”, PRD (2006)

NOvA + 
25 kton near (200 km)

Water Cherenkov
70% effs

6.5 e20 pot/yr

Exposure (yrs)
Far: 3 nu + 3 nubar
Near + Far: 6 nu+ 2 nubar

“NOvA” 
(9+5)

Antineutrinos  = irrelevant!



CP





In principle, there are 
available locations
at the Ashriver far site!



NOvA  30 kton detector 24% eff
        0.66 MW 6.5 10^20 POT/yr
        5 years of neutrino running   

T2K    22.5 kton detector 70% eff
        0.75 MW 10^21 POT/yr
        5 years of neutrino running

What does PHASE I mean?

Both experiments have been considered
as counting experiments: No binning!



PHASE I (ONLY NEUTRINOS!)

Nature’s choice: positive hierarchy
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PHASE “II” ( I x 5), ONLY NEUTRINOS
Nature’s choice: positive hierarchy

12 km

2 deg

14 km

NOvA and T2K, or T2K and NOvA 
could provide the ideal scenario for precision lepton flavor physics, due to the different 
matter effects in the two experiments: It is CRUCIAL to optimize the detector(s) location(s). 



Why on-axis, i.e wide band beam?

 Higher energy implies longer baselines, larger matter effects
  (BNL-> Homestake (2540 km), Diwan et al, PRD’03). 

  (FNAL-Homestake (1280 km), FNAL-> Henderson (1480 km)?
 Higher on-axis flux 

 Broad spectrum: many different E/L ‘s simultaneously 

 Energy information, not only rely on systematics 



Diwan et al, PRD’03
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Why NOT on-axis?

 Higher energy implies longer baselines, lower fluxes

 High energy tail: NC backgrounds  

 Broad spectrum: Only useful if good energy resolution 

 An excellent detection technique is needed:
 

 Large mass to compensate larger baselines
 GOOD ENERGY RESOLUTION AND NC REJECTION



300 kton x 1MW 
5 yr neutrino +

 5 yr antineutrino
FNAL-Homestake:

1300 km
BNL-Homestake

2500 km
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US Long Baseline Neutrino experiment FNAL/BNL joint
study: report will appear soon!

Broad band vs off-axis beam,  detection techniques, 
proton plan...large underground detector presumably 
located at the:
NSF’s planned DUSEL facility
(Deep Underground Science and Engineering Laboratory)
Soudan mine (MN), Henderson mine (CO), Homestake mine (SD) and others are being 
considered as possible sites.

Dark matter, Neutrinoless double beta decay, Solar neutrinos, Geoneutrinos,
Proton decay, LBL neutrinos, Nuclear Astrophysics...



Barger et al.  hep-ph/0610301

3σ



Barger et al.  hep-ph/0610301

3σ Fraction
of delta
=0.5

NOvA CP
performance is 

really good

For the sign 
extraction, better 

WBB option











Albright and Chen,
hep-ph/0608137 



Albright and Chen,
hep-ph/0608137 



 Thank you very much! 

J. Burguet-Castell, A. Cervera, J. Cooper, A. Donini, 
G. Feldman, B. Gavela, JJ. Gomez, P. Hernandez, H.Nunokawa, 
S. Palomares, A. Para, S. Parke, S. Pascoli, S.Rigolin



Why a near detector is better than @ second peak?
Because it needs just half exposure

(only for Hierarchy, though!)





PHASE I (ONLY NEUTRINOS!)

12 km
14 km

Normal hierarchy Inverted hierarchy
+ 4% Systematic Error









Ishitsuka, Kajita, Minakata 
and Nunokawa, PRD(2005) Aihara














