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Future synergies
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P. Huber – p. 7

Patrick Huber

The experiments

Setup tν [yr] tν̄ [yr] PTh or PTarget L [km] Detector mDet

Double Chooz - 3 8.6 GW 1.05 L. scint. 8.3 t

Daya Bay - 3 17.4 GW 1.7 L. scint. 80 t

RENO - 3 16.4 GW 1.4 L. scint. 15.4 t

T2K 5 - 0.75 MW 295 Water 22.5 kt

NOνA 3 3 0.7 MW 810 TASD 15 kt

P. Huber – p. 3

Summary

• If current hints for θ13 are true, we should expect
exciting results in 1-2 years

• Very difficult to get CP or mass hierarchy without
upgrades, even in the best case!

• With upgrades, good chances at 90% CL

(sin2
2θ13 > 0.01)

• With upgrades, 20-30% chance at 3σ
(sin2

2θ13 > 0.02), no 5σ
• Final sensitivities governed by Daya Bay, T2K
and NOνA

• Coodination between beams crucial for early
physics!

P. Huber – p. 15

Very nice overview
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Low energy atmospheric neutrinos
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Introduction

Atmospheric Neutrinos in general
Oscillations for very low energy
Invisible muons in water detectors
Present status of sub-sub GeV atmospheric ν
Summary

Atmospheric neutrinos

Most of atmospheric neutrinos event sample are from pion/kaon
decay in flight

p + p(p + n)→ X+π+/K +

−−→ µ+νµ

−−→ e+νeν̄µ

But also we have contribution from π and µ decays at rest. For
very low energies, below 0.1 GeV we can have neutrinos from
both processes (decays in flight and at rest) . In this work we
study to look for oscillation effects for these very low
atmospheric neutrinos: sub-subGeV sample.

Orlando L. G. Peres Oscillation of very low energy atmospheric neutrinos

Introduction

Atmospheric Neutrinos in general
Oscillations for very low energy
Invisible muons in water detectors
Present status of sub-sub GeV atmospheric ν
Summary

General view of neutrinos fluxes

First discussed as background for searches of

diffuse neutrino relic supernova detection and future SN bursts by Fogli,Lisi, Mirizzi and Montanino.

Orlando L. G. Peres Oscillation of very low energy atmospheric neutrinos

Orlando Peres

Introduction

Atmospheric Neutrinos in general
Oscillations for very low energy
Invisible muons in water detectors
Present status of sub-sub GeV atmospheric ν
Summary

Summary

There are several new features which appear at low energies in
production, oscillations and detection of the atmospheric ν.
For the e−like events at s13 = 0 the effects due to the oscillations driven

by the 1-2 mixing can be 10− 15% . The 1-3 mixing can reach ±4% (±6%)
at low (high) energies;

To study oscillation effects discussed in this paper one needs
much larger statistics which can be achieved with the
Megaton-scale detector. The sub-sub GeV sample can be used
to measure deviation of 2-3 mixing from maximal, the 1-3 mixing
and the phase δ. We urge to have a full understanding of fluxes
of these neutrinos that can have implication for detection of
diffuse neutrinos from relic supernova.

Orlando L. G. Peres Oscillation of very low energy atmospheric neutrinos

At low energy, the muons 
can be below Cherenkov 
threshold. In this “invisible 
muon” case, we will see only 
the Michel electrons.

New to me!
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Low energy neutrinos factory
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Results seems to be slightly 
worse than high energy 
neutrino factory but it is 
interesting to study every 
options possible.

Mass hierarchy (3 sigma)

CP violation 3 sigma

Tracey Li
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Effect of near detectors for NF studies
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Simulations
Simulation results

Measurements of CP violation
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With ND

No ND, ΣFlux$0.1%

No ND, ΣFlux$2.5%

remarks:
An improved flux knowledge
only helps for large θ13 in the
absence of the near
detectors.
A better matter density
knowledge of 0.5%
(compared to 2%) slightly
improves the measurement in
all cases for large θ13.
No improvement from better
known fluxes.
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IDS!NF baseline 1.0

With ND

No ND, ΣFlux$2.5%

remarks:
Our systematics treatment
(including near detectors)
leads to a better sensitivity
than the IDS-NF systematics.
A two-baseline neutrino
factory hardly benefits from
the near detectors.

Jian Tang 21 / 26

When there are 2 far detectors,
near detector doesn’t help as much

Better flux knowledge helps 
especially at high value of theta 13

Jian Tang

Crucial to know 
more about

Definition and spectra of Near Detectors (NDs)
Arrangements of NDs

Definitions of NDs
Parameter ND1 ND2 ND3 ND4 ND5
Diameter D 17 m 4 m 4 m 0.32 m 6.8 m
Distance d 80 m 1000 m 80 m 80 m 1000 m
Mass 450 t 25 t 25 t 0.2 t 2000 t

µ+ µ!Circumference: 1609 m
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Monte Carlo tools
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Summary

GLoBES

• is the only open source software of its kind

• has withstood the test of time (next month, 5
years!)

• is at the core of most strategy documents

• completely in C

• flexibility to deal with complex many detector
setups and non-standard physics

P. Huber – p. 21

Patrick Huber
GLoBES is now a very well 
established tool.

Very useful to reproduce 
results and avoiding “personal 
code” bugs

Monte Cubes is a new tool
especially useful for large 
parameters space.

Outline GLoBES MonteCUBES Advanced features Final comments

C-library features

MonteCUBES in a nutshell

It is a plug-in for GLoBES.

Fully customizable MCMC codes.

Uses a Matlab GUI for visualizing and
interpreting the results.

Effective also for a large number of
parameters.

Finding degenerate solutions.

Fully compatible with standard GLoBES
experimental definitions (AEDL files).

Mattias Blennow Max–Planck–Institut für Physik

MonteCUBES: A MCMC for neutrino oscillations http://wwwth.mppmu.mpg.de/members/blennow/montecubes/

Mattias Belnnow
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Three kinds of detectors for NF
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The DetectorThe Detector

Baseline Detector for 
golden channel 
measurement at the 
neutrino factory

Simulation work package to 
optimise geometry and analysis  

MIND Andrew Laing

Liquid argon: see next slide

Malcom EllisTASD 

Full Geant 3 simulation done, working on Geant 4
Analysis software 

Currently eye-scanning events, will automatize 
soon.
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LAr at Fermilab
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7 7

Proposed Strategy @ Fermilab 

R. Rameika, Project X Workshop, January 2008

0.5x0.5x1.0 m3  0.3 ton See talk by Maddalena 

Antonello 

170 tonData: ~2011-2012

Data: ~2015-20161-5 kton

100>M>5
1<N<20

Takasumi Maruyama Very strong 
LAr effort in 

the US
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Some LAr real events
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Ornella Palamara Good to see 
real LAr 
events!

Many more 
interesting 
events in her 
talk!
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Improving the old tools
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What if we could identify all CCQE outgoing particle in a water 
Cherenkov detector ? (when proton is above Cherenkov threshold)

Chris Walter Worth 
keeping an 

eye on what 
can be done 

with 
atmospheric 
neutrinos!

Would be useful for Mton water Cherenkov detector looking at 
atmospheric neutrinos.

Note:
Also useful if we 
use beta beams
and superbeams
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Beta-beam versus neutrino factory
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Pilar Coloma

A lot of info 
about Beta 
Beam and 

their 
performance 
compared to 

neutrino 
factories

Monday, September 7, 2009



And much more...
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I was there.

I saw it !!!

Perfect 

pitching is 

awesome.

18th perfect pitching game of history and only one 

with a grand slam...
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Non-standard interactions & sterile
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Sorry I did 
not attend 
this session 

at all.
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Physics with Beta-beam
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Pilar Coloma A lot of info 
about Beta 
Beam and 

their 
performance 
compared to 

neutrino 
factories
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and more
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Stefanie Smith, University of Hawaii at Manoa NuFact09 12

Outlook
! Large LS detectors are capable of detailed neutrino 

physics.

! Further detailed simulations and laboratory studies 
needed.

! This technique opens new avenues for neutrino physics 
with LS detectors.
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