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Road beyond the Standard Model



Options:
e Conventional super-beams:

— Wide-band, long baseline: e.g. LBNE, LBNO

* <E >~ 2—3 GeV; matched to LAr or magn.Fe calorimeter;

* Long-baseline allows observation of first and second
maximum

 Near detector exploited to reduce systematic errors
— Narrow-band, short baseline: e.g. T2HK, SPL

* <E>~0.5GeV; matched to H,0 Cherenkov;

e Short-baseline allows observation of first maximum

 Near detector exploited to reduce systematic errors

e Beta-beam, short baseline:
— <E, >~ 0.5 GeV, matched to H,0 Cherenkov;
— Short-baseline allows observation of first maximum

— Requires short-baseline super-beam to deliver competitive
performance



Neutrino Factory:

 Optimise discovery potential for CP and MH:

—Requirements:

* Large v, (v.) flux

— Detailed study of
sub-leading effects

 Unique:
* (Large) high-energy
v, (v,) flux

— Optimise event rate at
fixed L/E

— Optimise MH sensitivity
— Optimise CP sensitivity



Scenario of a staged programme:

Large value of 6,;, makes it likely that the next generation long-
baseline experiments will determine the neutrino mass hierarchy;

— However, sensitivity to CP violation will be limited,;

In the first instance, a combination of long-baseline (wide-band beam)
experiments (e.g. LBNE/LBNO) and short baseline experiments (e.g.
T2HK) may offer an attractive way forward:

— In such an approach:

e CP reach is limited by systematic effects;
e Hints of CP violation would require follow up by the Neutrino Factory.

The Neutrino Factory seems the facility of choice;

— Consensus (?):

 Will be required to:
— Complete the Standard Neutrino Model and to test whether it is a good description of nature

But, stored muon beams have not yet been shown to be capable of
serving a world-class neutrino programme:

— Require to push through R&D and complete IDS-NF, considering an
incremental implementation in parallel; and

— Establish a first, realistic, scientifically first-rate neutrino experiment based on
a stored muon beam



Road beyond Standard Model









Higgs Boson properties
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Take-home messages?

 Recognition that neutrino physics:
— Is a window on undiscovered phenomena

— Has become a precise science;

* And in the future will require drive to ever increasing
sensitivity and precision

* Recognition that muon storage rings offer:

— Route to exquisite sensitivity and precision at the
Neutrino Factory

— Route to multi-TeV lepton/anti-lepton collisions

 Recognition that an incremental programme
could start now (nuSTORM) with:

— Discovery potential (steriles); and
— A first-rate cross section measurement programme
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136 authors, 48 Institutes:

ds-nf.org/wiki/GLA-2012-04-08
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Huber

Comparison:

 Benefit of luminosity:
e Solid black lines show effect on precision of scaling
luminosity from baseline 10%! decays per year
e Potential for definition of staged upgrade programme



2. Increment2:
u Upgrade proton-beam power
u Installcooling
u Upgrade detector mass
i.e.large 6,; option from IDR




LOI [Bross et al];

=mibporosieooe — JUSTORM: conceptual design:

arXiv:1206.0294

* Magnetized Iron
— 1 kT fiducial volume

* Following MINOS ND ME design
* 1cm Fe plate

* 5 mdiameter

— Utilize superconducting
transmission line for excitation
* Developed 10 years ago for VLHC

— Extruded scintillator +SiPM

* Also, measure muon-neutrino cross sections
*  Full set of neutrino-scattering physics:
- QcDp
—  Structure functions &
form factors

—  Electroweak



IDS-NF next steps:

* Major revision in the light of 8,; measurement:
— 10 GeV and single baseline at 2000 km

e Discussion of
appropriate
staging scenarios
important aspect
of next IDS-NF
plenary meeting:
— 08—10 Octl12 at FNAL

* Then need to develop
appropriate scenarios
for presentation in,
or alongside, the RDR

— And at Showmass
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The coherence and quality of this
program calls for the continuation of
neutrino beams at CERN after the
CNGS, and for a high priority support
from CERN and the member states to
the experiments and R&D program.

The determination of the neutrino
mass hierarchy and the
determination of the CP phase are
the next steps in long baseline
neutrino experiments. These
fundamental measurements require
and justify dedicated long baseline
accelerator-based experiments.



EUROnNu i/p to European Strategy update:

In consequence, EUROnu strongly recommends the construction and operation of a 10

GeV Neutrino Factory as soon as possible, implemented using the staged approach
described below.

Staged approach to a Neutrino Factory

We envisage a staged approach to delivering a 4 MW, 10 GeV Neutrino Factory, with

important physics possibilities at each step. The stages are:

1) nSTORM [12]. This project will use an existing proton driver of around 300 kW beam
power to create pions in a target. Forward going pions with an energy of 5 GeV (£10%)
will be focussed into a transport line, before injection into a straight of a storage ring.
Muons of around 3.8 GeV from the decay will then be transported around the ring and the
neutrinos from their decay used for the following studies:

* the search for sterile neutrinos,

e the measurement of v.N scattering cross-sections,

e neutrino detector development.

In addition, this facility will be a wvaluable prototype for the Neutrino Factory
construction. An Lol for nSTORM has recently been submitted to the FNAL PAC [12].

A low power version of the Neutrino Factory, using an existing proton driver, without
muon cooling and using a lower mass MIND detector, around 20kt. This will already
have a very competitive physics potential [13].

A 4 MW Neutrino Factory using 10 GeV muons and a 100 kt MIND detector at a
baseline of around 2000 km.




UK i/p to European Strategy update:



Interest at CERN too, but,
during the Strategy update,
people feel constrained to hold
their peace;

Strategy update:

— May allow CERN participation in
projects elsewhere

nuSTORM EOI to CERN?

— Explain how CERN could:

e Contribute to nuSTORM at
FNAL

* Implement nuSTORM at CERN

— Rests on extraction at 40 GeV
from SPS to North Area

Active in developing further
links



Input to STFC Programmatic Review:



So far:

e Sterile neutrino

search [Tunnell,
Cobb, ...];

* FFAG ring
design
[Pasternalk, ...];

* Cross section
measurement
(just starting)
[Santos, ...]
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The Americas




The United States of America:

* Clearly, the leading contributions from the
USA ...



Canada:
Strong Canadian participation in T2K

Recognition of benefit of cross section
NEERE N ERIS

Interest from York [and perhaps Toronto]

Proposal in preparation (Bhadra, Long) to
Royal Society (London) for travel resources
to:

—Inform and consult Canadian community;
—Visit and discuss with TRIUMF
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Asia:
e Strong interest and contributions from Japan

e Liaison with India on the near detector in the
context of LBNE

e Are there other avenues for enhanced
collaboration?

—IHEP?
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ICFA neutrino panel:
e ICFA has mandated a neutrino panel:

To promote international cooperation in the development of the
accelerator-based neutrino-oscillation program and to promote
international collaboration in the development a neutrino factory as

a future intense source of neutrinos for particle physics
experiments.

 Cooperation:

— Large 0,; places premium on understanding and
control of systematics:

* nuSTORM is uniquely critical to this programme

e Collaboration:

— Need to see nuSTORM as part of the incremental
development of the Neutrino Factory?



International perspective:

Conclusions




Conclusions:
 The unique aspects of nuSTORM:

— Sterile neutrino search;
— Electron-neutrino cross section measurements;

— Facility for R&D for muon beams for particle physics &
novel neutrino detectors

has attracted a breadth of interest

 Range of areas in which international contributions
can strengthen and enhance the programme

. [ X N J So [ X N J

— | am optimistic that a strong international collaboration
can be attracted;
 Likely that ongoing study of long and short baseline

experiments will continue to strengthen the case for
NnuSTORM
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