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CERN/SPC/912/Rev.
CERN/2815/Rev.
9 December 2008

Specific Request from Council to the Scientific Policy
Committee

Relations between CERN and the ongoing development work
regarding future neutrino facilities

. The UK delegation to the CERN Council notes that there is no
European-wide strategy to engage in the precise determination of
neutrino oscillation parameters for the period beyond ~2015, after the
T2K and Nova experiments. Within the context of "Questions from
Council to the SPC", it requests that the SPC gives its views on several

issues pertaining to the physics of neutrinos”




Question 1

- What is the view of the SPC on the importance of
precise measurements of the neutrino oscillation
parameters, in particular the CP violating phase and

mass hierarchy? Question 2

One of the most promising techniques for such
measurements is the neutrino factory and there is
currently an International Design Study (IDS) to
produce a conceptual design report for a neutrino
factory by 2012. This is not site specific. What is
the view of the SPC on the overall value of the IDS
for the future of the subject? Should CERN take a
more active role in enabling the study to reach its

Question 3 gpais, irrespective of where such a facility would be
sited?

What other high intensity neutrino facilities are

technically possible and how would they address the

measurements above? What should be the involvement

of CERN in studies of these facilities, in particular .

with reqard to the planned LHC upgrades? Question 4

What is the view of the SPC on the merit of a
European strategy in this phase of neufrino
experimentation and whether it should have a
place on the future CERN road map?



This Neutrino Workshop

o Not a Neutrino Conference

o Brief Review of what can be expected over the next 5 years
Oscillation and non-oscillation neutrino physics

Review theoretical ideas of the importance of lepton physics

To position the European Particle Physics Community to be
major players in the period 2015 — 2030

The emphasis will be on accelerator-based neutrino oscillation
experiments - this requires substantial design, R&D and
planning. Here CERN has much expertise.

Non-accelerator experiments and neutrino astrophysics will be
reviewed only briefly. CERN has not traditionally been involved
- but this could change.

Oct1 2009




Question 1

- What is the view of the SPC on the importance of
precise measurements of the neutrino oscillation
parameters, in particular the CP violating phase and
mass hierarchy?

What We Know We Don’t Know (1): Missing Oscillation Parameters

[Driving Force of Next-Generation Oscillation Program (see next three talks)]

e What is the v. component of 37

E— () (m,)* . (61 2 07)
. (Am7)_,
(m,)” e [s CP-invariance violated in neutrino
oscillations? (§ £ 0,77)
(Am?) Ye e Is vs mostly v, or v-7 (faz > 7/4,
S Baz < /4, or O3 = w/47)
v ) 23 < T, 23 _.
g (Am°),
v, e What is the neutrino mass hierarchy?
(Ami, > 07)
*, ()’ = All of the above can “only” be
(Am7) ) .
E—— ()" (o) m—— addressed with new neutrino
normal hierarchy inverted hierarchy oscillation experiments

Ultimate Goal: Not Measure Parameters but Test the Formalism (Over-Constrain Parameter Space)
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Discovery: CP violation + hierarchy

Would a superbeam e-g. T2HK, T2KK be enough ?
Do we need better beams ? Can we afford them ?

Less powerfull accelerators, one baseline,
better detectors: Low-energy Nufact (T. Li)
Low-g bbdifferent ions (A. Donini)

Completely new ways ?  \1osshauer neutrinos (S. Parke)
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0, lumit expectations up to 2016

- Chooz Excluded never forget

that these
10 T'M gt projects could

N also observe the
World limit . .
1—3 oscillation

= in this case
precision
measurements
NOVA with next
projects
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Keep an eye on new alternatives

Neutrino mass with radioactive ions ? B. McElrath

Neutrino mass hierarchy with reactors ? S. Petcov
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v_masses beyond the SM

The Weinberg operator

Dimension 5 operator: H-~ " ¥ Il
A/M (L L HH)~ AV/M (vv) /\
d=5
O I Lg

It’s unique — very special role of v masses:
lowest-order effect of higher energy physics

This mass term violates lepton number (B-L)
— Majorana neutrinos




A non-unitary mixing matrix arises when
leptons mix with heavy fermions

i.e. for heavy singlet neutrinos
40-107% 1.2.107* 3.2-1073

™ gl 1zant 18107 21 199
3.2:10° 21:10~° 53:10~°
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VeV, @ LL—eee, n—»ey (~10-°MEG), u—e conversion
' (PRISM/PRIME)
VoV,

- - - <
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Equivalently, there are several completely different ways of addressing
neutrino masses. The key issue is to understand what else the »SM
candidates can do. [are they falsifiable?, are they “simple”?, do they

address other outstanding problems in physics?, etc]
Options include:
e modify SM Higgs sector (e.g. Higgs triplet) and/or
e modify SM particle content (e.g. SU(2); Triplet or Singlet) and/or
e modify SM gauge structure and/or
e supersymmetrize the SM and add R-parity violation and/or
e augment the nimber of space-time dimensions and/or

e efe

Important: different options — different phenomenological consequences

[talks by Altarelli, Strumia, Gavela]
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The future of the LAr
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Bunching and Phase Rotation
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Fine-Resolution Totally Active Segmented Detector

Totally Active Scintillating Detector (TASD) using Nona and Minerna
concepts with Geant4

N | Y o , L$
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Alan Bross IDS Plenary Meeting — Mumbai  Octobei1#2 2009




Proton Decay

Alan Bross IDS Plenary Meeting — Mumbai October 12-14, 2009
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A Low Energy Muon beam in H8 line

Beam design principle
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