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Abstract. We summarize the objectives and results of the “internati@eoping study of a future neutrino factory and
superbeam facility” (ISS) physics working group. Furthers we discuss how the ISS study should develop into a meutri
factory design study (IDS-NF) from the point of view of phgsiand performance evaluation.
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INTRODUCTION identified the big questions which are essential for the
physics case, such as questions related to the origin of
It is the main objective of any future neutrino factory, neutrino mass, the role of neutrinos in the early universe,
beta beam, or superbeam neutrino oscillation facility toinformation from neutrinos about unification of forces
provide information on sifi263, the neutrino mass hier- and matteretc. The phenomenology subgroup discussed
archy, and leptonic CP violation. These and other observsearches for clues of new physics in neutrino facilities
ables, such as deviations from maximal atmospheric neualone, and in combination with other experiments. The
trino mixing, turn out to be indications in favor of theo- experimental subgroup performed a detailed comparison
ries of lepton masses and mixings (seg, Refs. [1, 2]).  of the performance of the various facilities. The muon
In addition, a detection of leptonic CP violation might physics subgroup reviewed muon physics that can be
be a good motivation to suspect the origin of the baryorstudied with the high intensity muon beam available at
asymmetry of the universe in the lepton sector. Any in-a neutrino factory.
formation from any such future neutrino oscillation fa-  The key objective of the ISS report [3] is to present the
cility can furthermore provide hints for new physics. first detailed comparison of the performance of various
facilities. The following represents the executive sum-
mary results with respect to the neutrino factory. Us-
ISSSUMMARY ing realistic specifications, the likely performance is es-
timated, optimum combinations of facilities, baselines,
The physics case for a future accelerator-based neutringnd neutrino energies, are tried to be found, and some
oscillation facility was therefore made in Ref. [3] within staging scenarios are attempted to be identified. Al-
the framework of the “International scoping study of a though the neutrino factory can achieve very large data
future neutrino factory and superbeam facility” (ISS) (for samples with small backgrounds, it operates at ener-
earlier studies, see Refs. [4, 5]). The physics workinggies considerably higher than the first oscillation peak
group of this year-long study focused on “establishing (Emax=GeV = L=564 km). Because of this, at interme-
the physics case for the various facilities and in findingdiate values 0Bz (10 2 . sir?26;3 . 10 ?) the neu-
the optimum parameters of the accelerator facility andtrino factory with only one golden-channei(! v, and
detector systems from the physics point of view”. It ve ! v,) detector (at, say, 4000 km) can not resolve all
consisted of four major subgroups. The theory subgrougparameter degeneracies and the precision of the measure-
ment of a particular parameter is reduced by correlations
among the parameters. These problems can be resolved
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2. Adding a detector sensitive to the silver channelisons are made using three performance indicators only

(ve! vp);or (sir? 26,3, the sign of mass hierarchy and the CP violat-
3. Using an improved detector with lower neutrino- ing phased). If other physics topics, such as the search
energy threshold and better energy resolution. for e;u ;T flavor anomalies, were to be emphasized, the

. ) . ) relative performance may be different. From the physics
Possible configurations for each alternative, alone and,oint of view, many of the different physics performance
in combination, were investigated to find an optimum raqions still overlap because of yet unclear systematics,
performance of the neutrino factory. It was shown thatjminosities etc, which make a relative comparison of
a considerable reduction of parent muon-energy downjitterent approaches very challenging. Therefore, from

to 25 GeV is feasible without a significant loss of 4.y fyture design study, reliable predictions for these pa-
oscillation-physics output, provided a detector perfor-rameters as well as cost estimates will be required.
mance improved with respect to the one assumed in ear-

lier studies can be achieved.

As one of the results, we show in Figure 1 the CP IDS-NF PERSPECTIVES
violation and mass hierarchy discovery reaches of var-
ious proposed facilities. The figure shows the fractionag tor a neutrino factory, an international design study
of all possible values 0b for which CP violation (or  (ps_NF) will continue the activities of the ISS. This
the mass hierarchy) can be discovered asa function llow-up study aims to present a design report, sched-
the simulated sit26s. Three representative superbeam e cost estimate, risk assessment for a neutrino factory.
configurations were considered: the SPL, a superbearg part of this study will be the “physics and performance
directed from CERN to the Modane laboratory; T2HK, eyajuation group” (PPEG). At least in the first phase, the

an upgrade of the J-PARC neutrino beam illuminating a5 will be on the performance of the various neutrino
detector close to Kamioka, and the WBB, a wide-bandgijities. At a later stage, the focus will be shifted to-

on-axis beam from BNL or FNAL to a deep underground,yarqs the physics case for a neutrino factory, and re-

Iabqratory in the US. Each superbeam was assumed to 'Huirements for muon physics and non-standard physics
luminate a megaton-class water Cherenkov detector. Th&: be included. The tasks of the PPEG include the co-

beta beam options considered were the CERN baselinggination of the physics performance study, the mainte-
scheme, in which helium and neon ions are stored Withyance of a web site, the interface with accelerator and
a relativisticy of“100”, and an optimized beta beam, for getector working groups, possibly the organization of

which y = 350 ("BB” in Figure 1). Two neutrino fac- orkshops, and providing the necessary reports.

tory options were considered: a conservative option With - atiar the 1SS study, there are still many open ques-

a single 50 kton detector sited at a baselir®00 km - iqns to be addressed. For example, the baseline design
4000 km from a 50 GeV Neutrino Factory; and the op-pas 10 be fixed, in particular, in discussion with the de-
timized Neutrino Factory _(see the full report) with tWo tator working group. Furthermore, new ideas have to
detectors, one at a baselin€2000 km - 4000 km and g eyajuated. For example, for relatively large?$i6ys,

the second at the magic baseline 1500 km). The re- 6 yossibility to have a low-energy neutrino factory has
sult of the comparisons may be summarized as followsj,gan drawing some attention [8, 9], possibly in combi-
for the options considered, the neutrino factory has the, aiion with a superbeam [10]. Furthermore, the neutrino
best discovery reach for Si@ifi; followed by the beta factory physics potential has to be compared to the one
beam and the superbeam, while the’@ifys reach for o oy experiment classes, such as beta beams. The re-

resolving the sign of the atmospheric mass difference igyirements for non-standard physics measurements, such
mainly controlled by the length of the baseline. For largea the silver channel [11], have to be defined. Finally, the

: 2
values offs (i 2613 & 10 2), the three classes of fa- requirements for muon physics and how these interact
cility have comparable sensitivity for the discovery of CP | ith the oscillation program ought to be investigated.

violation; the best precision on individual parameters be-  The main purpose of the PPEG is to evaluate the

ing achieved at the Neutrino Factory using optimized de‘physics performance of a given experimental setup (neu-

tectors. The reduction of syst_ematic unce_rtainties is_ th&rino factory or other, existing or planned) in a transpar-
key issue at largé; 3; by reducing systematic uncertain- ent, consistent and documented fashion. Herehys-

ties, the superbeam may be favorably compared with the 5 et means clearly stating the definition of the per-

conservative neutrino factory. For intermediate values of,mance indicator. the approximations used, the chosen
3 i 2 . ’ . . )

613 (10 2. si’2615 . 10 ?), the superbeams are out- input parameters, the luminosity, the confidence level,

performed by the beta beam and the Neutrino Factony g the treatment of systematics. In additicansistent

and the best CP coverage is achieved by the beta beafheans that the assumptions should be on equal footing,

; 3 . . _ _
For small values 083 (sin’ 2613 . 10 9), the neutrino  nddocumentedneans that the relevant information will
factory outperforms the other options. Note, the compary,a archived and will be accessible, possibly on a web
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FIGURE 1. The CP violation (left) and mass hierarchy (right) discoueraches of various proposed facilities. The figure shows
the fraction of all possible values &ffor which CP violation or the mass hierarchy can be discayasea function of the simulated
sin? 26,3. The right-hand edges of the bands correspond to consexgtups while the left-hand edges correspond to optimized
setups. Figure from Ref. [3] computed using the GLOBES saféw6, 7].

site. A major ingredient for this task is the definition of SUMMARY

parameters. For the neutrino factory setups, all the pa-

rameters will be defined in strict collaboration with the In summary, the mandate of the PPEG is the continuation
detector and accelerator working groups of the IDS. Thisof the ISS activities, focusing on physics performance
requires a defined and efficient communication betweervaluation in a transparent, consistent, and documented.

the various working groups. There might be differentlt is an international, inclusive effort, where everyone is

types of setups:

1. Baseline setup: stable, agreed design

invited to contribute.
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As for the beta beam setups, we will possibly follow the 1,
same procedure as for neutrino factory, working in col-
laboration with the beta beam groups. For the superbeam
setups, the use of existing literature and input of well-2-
established and recognized experts will be mandatory.
As far as the PPEG key ingredients are concerned, the’
main purpose will be performance evaluation following 4.
the method used in the ISS report. This means the usg.
of GLOBES software [6, 7]. Performance plots should beb.
updated twice a year and presented at NuFact. In Europe,
there will be a close connection to the FPO7 proposal,
which is a funding proposal for a high-energy neutrino ;.
oscillation facility design study (in particular, between
the IDS-NF PPEG and Euvodesign study Work Pack-
age 6: “Physics reach and comparison”). The PPEG ha8.
already set up a web site [12]. It will serve to illustrate
the mandate, structure and activities of the PPEG. It will®:
host the results of the performance evaluations. It will
provide links to the documentation relative to the perfor-

mance evaluation. And it will inform about the activities 11.

with announcements and with links to the workshops, the

reports and any other relevant activity. 12.
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