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Questions for the future in neutrino physics

• What is the nature of neutrinos ? Lepton number violation ?

Whether they Majorana (ν = ν̄) or Dirac (ν 6= ν̄).

ββ0ν decay

• Absolute value of neutrino masses ?

1. type of hierarchy; 2. the mass scale of the lightest neutrino:

ββ0ν decay, long LBL oscillations (NF), 3H β decay

• Leptonic CP-violation ?

δ 6= 0, π and/or αij 6= 0, π.

LBL oscillations (NF), (ββ0ν decay)

• Precision measurements in order to test the standard scenar io?

1. θ23 = π/4 or θ23 6= π/4; 2. NSI, sterile neutrinos

LBL oscillations (NF)
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δ and the sign of ∆m2
31 can be measured in long baseline appearance

ν-oscillation experiments

These accelerator neutrino experiments search for νµ (e) → νe (µ)

appearance and if possible other oscillation channels (νµ (e) → ντ ).

The oscillation probability for νµ → νe, in 3-neutrino mixing case, is given by:
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with J̃ ≡ c13 sin 2θ13 sin 2θ23 sin 2θ12 and ∆13 ≡ ∆m2

31/(2E). A ≡
√

2GF n̄e.

Degeneracies play an important role.
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Flux and Baseline

• The number of events plays an important role in determining the physics

reach: NF has very high fluxes

• Backgrounds depend on the type of beam: NF beams could be very well

controlled with very suppressed beam backgrounds.

• The longer the baseline the stronger matter effects in the oscillation and

an increased sensitivity to the type of neutrino mass spectrum: NF uses high

energy muons with corresponding baseline from few 1000 km (LENF) to

7000 (magic baseline for HENF).

• High energy implies higher cross section but also impacts on the type of

detector used. NF typically uses MIND detector. LENF can use magnetised

TASD or LiAr detector and even a MIND if the muon energy is not too low.
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Detector

• The sensitivity of these experiments depends very much on the properties

of the detector (backgrounds, energy resolution, size). It is critical to perform

detailed simulations of these detectors. Input from EUROnu WP5.

• NF needs magnetisation.

• The energy resolution and the threshold determine the ability to exploit the

rich oscillatory pattern and therefore resolve degeneracies. Revised studies

of the MIND low energy efficiency play an important role.

• Systematics errors might be the future limiting factors. Importance of cross

section measurements and of near detector. See also Soler’s talk.

NF (long baseline, large fluxes, large detector, small backg rounds,

systematic errors) is ideally suited to perform precision m easurements

and answer several of the fundamental questions in neutrino physics.
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• The IDS-NF baseline configuration has been evolving, mostly due to a

more accurate understanding of detector capabilities.

• The most recent simulation results for the MIND indicate a significantly

improved perfomance at lower neutrino energies. See Cervera Villanueva

and Soler’s talks.

• MIND peformance is now consistently implemented by using migration

matrixes from A. Laing et al.



3 – The baseline NF in IDR

Current baseline, IDS-NF 2010/2.0

• one 100 kt MIND at 4000 km

• one 50 kt MIND at 7500 km

• 25 GeV stored muon energy

• 1021 useful muon decays per year integrated over both polarities and

baselines

• 10 years of running time

• 1% systematics on signals, 20% systematics on backgrounds, 2% matter

density uncertainty
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Baseline performance
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• 3σ results

• thin line – no detector & beam systematics

• optimized for maximum reach in θ13
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4 – Muons from ντ CC events

Due to the high beam energy, muons of both signs can effectively be

produced via

νµ
θ23=⇒ ντ

CC
=⇒ τ + hadrons

decay
=⇒ µ− + hadrons

ν̄e
θ13=⇒ ν̄τ

CC
=⇒ τ̄ + hadrons

decay
=⇒ µ+ + hadrons

It turns out that for both signs, these muons are kinematically

indistinguishable from muons from νµ/ν̄µ CC events.



4 – Muons from ντ CC events

• The wrong sign muons from τ decays have been studied in A. Donini, et al.

arXiv:1005.2275 and A. Agarwalla, et al. arXiv:1012.1872 were found, once

properly accounted for, to have neglible effects on sensitivities.

A. Agarwalla, et al. arXiv:1012.1872



4 – Muons from ντ CC events

• The right sign muons from

τ decays have been studied

in D. Indumathi, Nita Sinha,

PRD80:113012,2009. They

affect the ability to measure θ23

precisely, the error bars nearly

double.

P. Coloma, et al., in prep.

• For the current evaluation of the relative merits of various setups with

respect to θ13, CPV and mass hierarchy it is safe to neglect the τ decays.

For the future, we plan to have a consistent treatment and work is under way.
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The optimal L & E are

a strong function of the

true value of θ13.

• large sin2 2θ13:

2000 km, 10 GeV

• small sin2 2θ13:

4500 km, 20 GeV
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Baseline LENF in S. Geer, O. Mena and S. Pascoli, Phys. Rev. D75, 093001

(2007), [hep-ph/0701258]; A. Bross, S. Geer, O. Mena and S. Pascoli, Phys.

Rev. D77, 093012 (2008), [0709.3889]; E. Fernandez-Martnez, T. Li, O.

Mena and S. Pascoli, Phys. Rev. D81, 073010 (2010), [0911.3776].

• Eµ ∼ 4.5 GeV

• L = 1300 km (FNAL to DUSEL)

• TASD detector with fiducial mass of 20 kton

• Another detector option: 20 kton LiAr
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Optimisation of the LENF

P. Ballett, et al. in preparation

20 kt TASD yields

a qualitatively very similar result

to MIND.

At large θ13 it allows even lower

energies and shorter baselines.



6 – Optimization – TASD and LiAr

P. Ballett, et al. in preparation

50 kt magnetised LiAr has

improved performance

thanks to higher number of events.

Excellent sensitivity

especially for large θ13.
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Magic baseline is required

to resolve problematic degen-

eracies,

for all sin2 2θ13 < 0.01.

From Daya Bay we will know whether sin2 2θ13 is above or below 0.01. If it is

found to be above, a single baseline configuration at low energy 5-10 GeV

and short baseline 1500-2000 km is preferred. This statement is valid for

MIND, TASD or LiAr.
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8 – NSI and sterile neutrinos

It will be critical to test the standard three-neutrino scenario.

Kopp, Ota, Winter, 2008
P. Coloma, A. Donini, J. Lopez-Pavon, H. Minakata

The neutrino factory can search for NSI in production and detection (with

near detector) and in propagation. High energies are preferred.



8 – NSI and sterile neutrinos

E. Fernandez-Martinez, T. Li, SP, in preparation

In the LENF, the addition of the platinum channel helps in disentangling

degeneracies among parameters.



8 – NSI and sterile neutrinos

D. Meloni, J. Tang, W. Winter, 2010

The use of near detectors is critical in order to have sensitivity to high mass

squared differences.
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High-γ BB not considered, since no costing expected during EuroNu

SPL & BB100 include atmospheric data for mass hierarchy determination.
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10 – Program for the future: to do

• Further progress in MIND simulation (critical the low energy efficiency and

backgrounds): update the sensitivity based on new results.

• Include the impact of ντ contamination in detail.

• Update LENF sensitivities, based on revised TASD and LiAr performance.

• Study reach to additional effects beyond the standard 3-neutrino mixing

scenario.

• Most of all, continue the study of the optimisation of the setups for large

and small θ13, in order to be ready for upcoming DoubleCHOOZ, Daya Bay,

RENO and T2K results.
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11 – Conclusions

• A neutrino factory has excellent sensitivity to the neutrino parameters

(CPV, θ13, mass hierarchy) and can make precision measurements (mixing

angles, NSI, sterile neutrinos), in order to answer some of the fundamental

questions in neutrino physics.

• Revised performance parameters for MIND allows to use this detector also

for a not too low LENF.

• Optimisations of the setups (with MIND, TASD and LiAr) show that:

• large sin2 2θ13: 2000 km, 10 GeV

• small sin2 2θ13: 4500 km, 20 GeV
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Further details are available in the IDR document soon available online.


