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2001

2010

2015

2020

year

At least 4 phases of Long Baseline experiments

1) 2001-2010. K2K, Opera, Icarus, Minos.

Optimized to confirm the SuperK evidence of oscillation of atmospheric
neutrinos through v/, disappearance or v appearance. They will have
limited potential in measuring oscillation parameters. Not optimized for

v, appearance (63 discovery).

2) 2009-2015. T2K (approved), Nora, Double Chooz. Optimized to
measure 013 (Chooz X 20) through v, appearance or
V. disappearance. Precision measure of the atmospheric parameters
(1 % level). Tiny discovery potential for CP phase ¢, even combining

their results.

3) 2015 - 2025. SuperBeams and/or Beta Beams. Improved sensitivity
on 613 (Chooz X 200). They will have discovery potential for leptonic
CP violation and mass hierarchy for #;3 > 1°. In any case needed to
remove any degeneracy from Nufact results (see P. Hernandez et al.,
hep-ph/0207080)

4) Ultimate facility: Neutrino Factories or high energy Beta Beams.

Ultimate sensitivity on the CP phase 0, 813, mass hierarchy.
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Sub leading v, — vV, oscillations
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12K v, appearance

Sensitivity to 013
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The knowledge of #;3is necessary to guarantee the conditions to measure 0 and to optimize the

facility.

M. Mezzetto, "Beta Beams”, Villars, September 24 2004. 5



SuperBeams - JPARC phase 2

T. Kobayashi, J.Phys.G29:1493(2003)
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Conventional neutrino beams are going to hit their ultimate limitations.

Helium bags Decay tube Hadron stop Muon detectors
7
Target Horn Reflector # s, n/K - decay ////////: ///"/ 7 ///% P
/ i 7 f
| IIIIY 7 [ 7 /
— . Muon 5 7
| — ) Muon S~ Fe 7
Proton - (Neutﬁno/ ’ /
beam ;//// ” / 7 >
7 7
W/Q %‘U// ; / %
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In a conventional neutrino beam, neutrinos are produced SECONDARY particle decays (mostly pions and kaons).
Given the short life time of the pions (2.6 - 10_83), they can only be focused (and charge selected) by means of magnetic

horns. Then they are let to decay in a decay tunnel, short enough to prevent most of the muon decays.

e Besides the main component (1, ) at least 3 other neutrino flavours are present (v, , V. , V. ), generated
by wrong sign pions, kaons and muon decays. 1, contamination is a background for 6;3and 0,

v, contamination dilutes any CP asymmetry.
e Hard to predict the details of the neutrino beam starting from the primary proton beam, the problems

being on the secondary particle production side.
e Difficult to tune the energy of the beam in case of ongoing optimizations.
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All these limitations are overcome if secondary particles become primary

Collect, focus and accelerate the neutrino parents at a given energy. This is impossible within the
pion lifetime, but can be tempted within the muon lifetime (Neutrino Factories) or within some

radioactive ion lifetime (Beta Beams):

6
e Just one flavour in the beam The full "He flux MonteCarlo code

e Energy shape defined by just two parameters: g;ggtggg;%‘gggg y

) Data Decays /2.9E18/
the endpoint energy of the beta decay and the| ,e-ne/Enap

c ...For ge(ye) see hep-ph0312068
3 ge=0.0300615

/Y Of the parent ion. 2gE0=2+gammaxEndP

¢ ... Kinematical Limits

e Flux normalization given by the number of ions| I*(E;9t- (1-ye)2gE0) THEN

dR%turn

. . . . E 1

circulating in the decay ring. & ...Here is the Flux
Flux=Decays+gamma**2/ (pixLx*x2xge) x (Ex+2x (2gE0-E) ) /
+ 2gEO0++4*Sqrt ( (1-E/2gE0) x*2-ye*+2)

Return

e Beam divergence given by .
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Beta Beam (P. Zucchelli: Phys. Lett. B532:166, 2002)

M. Lindroos et al., see http://beta-beam.web.ch/beta-beam

EHR%?_OE’ Existing at CERN /\
: : DECAY
: : RING
: SPL !
: : B=5T
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. & Ton source :
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: Linac :
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———————————

e 1ISOL target to produce He’, 100 1A, = 2.9 - 10'® ion decays/straight session/year. = 7, .
e 3SOL targets to produce Ne'®, 100 1A, = 1.2 - 10'® ion decays/straight session/year. = v, .

e The 4 targets could run in parallel, but the decay ring optics requires:

~v(Ne'®) = 1.67 - ~v(He®).
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Fluxes @ 130km < E, > | CCrate (noosc) < FE, > | Years Integrated events
v/m?/yr (GeV) events/kton/yr (GeV) (440 kton X 10 years)
SPL Super Beam
v, 4.78 - 10" 0.27 41.7 0.32 2 36698
v, 3.33 - 10" 0.25 6.6 0.30 8 23320
Beta Beam
U, (v = 60) 1.97 - 101! 0.24 4.5 0.28 10 19709
Ve (v = 100) 1.88 - 10 0.36 32.9 0.43 10 144783
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UNO/HyperK detector

Dedicated Solar nu

Detector (40% photo-cathode
coverage, a la SuperK),
6MeV vy from vK*

(10% covera

PMT Plane

180 m

Only optical

Fiducial Volume separation

—

—r

id. vol. cut
m Veto shield

60 m
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Fiducial volume: 440 kton (HyperK has 540
kton): 20 times SuperK.

60000 PMTs (20") in the inner detector,
15000 PMTs in the outer veto detector.
Energy resolution is poor for multi track
events but quite adequate for sub-GeV
neutrino interactions.

Roughly quoted at 500M$ (including

excavation). Timescale: 8 years.
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Beta Beam Backgrounds

Computed with a full simulation and reconstruction program. (Nuance + Dave Casper).

7t from NC interactions
The main source of background comes from pions
generated by resonant processes (A production) in NC
interactions.
Pions cannot be separated from muons.
However the threshold for this process is ~ 450 MeV, and
the pion must be produced above the Cerenkov threshold.

Angular cuts have not be considered yet.

M. Mezzetto, "Beta Beams”, Villars, September 24 2004.

e/ i mis-identification
The full simulation shows that they can be kept well below
1073 applying the following criteria:
e One ring event.
e Standard SuperK particle identification with likelihood
functions.

e A delayed decay electron.

Atmospheric neutrinos
Atmospheric neutrino background can be kept low only by
a very short duty cycle of the Beta Beam. A reduction
factor bigger than 103 is needed.
This is achieved by building 10 ns long lon bunches.
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Background rate rises even faster

Higher v produce more CC interactions

; -
More collimated neutrino production and higher cross sections. g [
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Distinctive features of the Beta Beam

Just one neutrino flavor in the beam.

Short baseline: no subtraction of the fake CP violating MSW

effects. ST

In the proposed scheme the 7, channel is completely background e Cross sections are small
free! = very massive

Neutrino fluxes virtually systematics free.  Excellent control SELDTIONE.

- ) ._ -
of systematic errors and a powerful measure of neutrino Yy [Vy  cross  section

cross-sections in the close detector. ratio at a minimum (1/4).

e Visible energy smeared

The 1, and 7, beams allow for the disappearance channel with a _ _
out by Fermi motion:

very good control of the systematics and a direct access to ;3. _ _
counting experiment

The comparison of these two disappearance channels allows for
CPT tests.

Furthermore when combined with the SPL-SuperBeam

e No way to measure
sign(Am?).

Comparing the v, and v/, SPL beams with the v, and /. Beta

Beams: access to CP, T, and CPT searches.
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The cross sections problem

V.V. Lyubushkin et al., internal NOMAD memo

16

Neutrino cross-sections are badly measured around 300 MeV.

4 ANL 73, D, Vp +n H7+p
[ ® ANL77,D, 1 1
T ENLa D Nuclear effects are very important at these energies.

[ ¥ FermiLab 83, D,
4 CERN (WA-25) 90, D,

-
[N)

No surprise that different MonteCarlo codes predict rates with a 50%

6/E (1038 cm?GeV)
~

-
T

|
osl | i Ii% ‘1 Spread.
os f AR On the other hand: Beta Beam is the ideal place where
|/ ° » Ligbr . .
o i  comnonsen to measure neutrino cross sections
0.2 & SKAT 90, CF,Br
o A e Neutrino flux and spectrum are completely defined by the parent
107" 1 10 10’
E, (GeV) ion characteristics and by the Lorentz boost .
— lar Z + . .
L S L e Just one neutrino flavor in the beam.
® 12 |2
S . 22??%‘,”&:8 | e You can scan different v values starting from below the A
1 [ 2 SKAT 89, CF;Br
ol JL LJ( il production threshold.
St 4 T J —— - - -
ol 1 [ — [ ® A close detector can then measure neutrino cross sections with
s unprecedent precision.
sl A 2% systematic error both in signal and backgrounds is used in the
ol Y following
107" 1 10 Elo(ZG v)
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Sensitivity to 013

Computed for dcp = 0, sign(Am?) = +1 and 5 years running.
e No way to disentangle 0,5 from ¢ in a high sensitivity experiment.
e The full information of experiment sensitivity is given by a bidimensional 6,3 vs ¢ plot.

e Beta Beam can measure 63 both in appearance and in disappearance mode. All the
ambiguities can be removed for 6813 > 3.4°

™
D 4 CHOOZ excluded
N 10 | A
N - .
= - CNGS bined i
[75) B  combine
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o
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2 B 3
150 |-
100 |-
50 [
Fits to 6813 and 0 '
-50 ;—WG ,,,,,,,,,,,,
i | 90% CL
-100 [ S S A SO SRR —— 99%CL
i 3o
150 [ e N . o
:\ | | | ‘ [ | | ‘ [ [ ‘ | [ | ‘ | | [ ‘ | | | | ‘ [ | | ‘ | | | |
0 1 2 3 4 5 6 7 8

om3, =7-107°eV?2, 613=1° Jcp = 7/2, sign(Am?) = +1

Beta Beam SPL-SB

SHe 18 e Vy Uy

(y=160) (y=100) (2yrs) (8yrs)

CC events (no osc, no cut) 19710 144784 36698 23320
Oscillated at the Chooz limit 681 5304 1491 1182
Oscillated 1 118 2 34
0 oscillated -12 54 -27 16
Beam background 0 0 140 101
Detector backgrounds 1 397 37 50

d-oscillated events indicates the difference between the oscillated events computed with
0 = 90° and with 6 = 0.

M. Mezzetto, "Beta Beams”, Villars, September 24 2004. 17



Beta Beam leptonic CP violation discovery potential

3 o discovery potential on 0 as function of 013

90
| D
Computed with: % 80
v(°He) = 60 4 §
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The role of systematic errors

Systematic errors can spoil the sensitivity.

90
—_ B Err. Sys. = 0.02
2 | Err. Sys. = 0.05
O 80 — Err. Sys. = 0.10
N -
SR
70 -
60 |-
50 |-
40
: /
30 |
20 |-
10 |-
07\\\\‘\\\\‘\\\\‘\\\\‘\\\\‘\\\\‘\\\\‘\\\\‘\\\\‘\\\\
o 1 2 3 4 5 6 7 8 9 10
6ydeg)
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Particularly affected is '*Ne , at v = 100, with
lots of backgrounds.

Indeed the 10% systematic error curve is
computed running 5 years with ‘Heand 5

years with 18Ne, both at v = 60.

The performances at 5% systematic errors are
very similar to a detector of half the mass and

2% systematic errors!

Conclusion: Beta Beam is not immune
from systematic errors, but it offers an
ideal environment to keep them Ilow.
Systematic errors are a critical factor for
future facilities.
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The SPL-SuperBeam- Beta Beam synergy

Not in the sense that SuperBeam
helps in solving clone solutions.

Rather the experimental result can
be expressed in term of 1/, signal
with 7° backgrounds (SuperBeam)
and in term of v, signal with Tt

backgrounds (Beta Beam).
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o (deg)

90

80

70

60

50

40

30

20

10

o

O 7117

1 2 3 4 5 6 7 8 9 10
6y3(deg)

20



0 sensitivity: Nufact vs SPL SuperBeam + Beta Beam.

Minimum value of ¢ at 30 from zero as function of f;3. Am2, = 7- 1073 eV2.

Nufact curve is silver+gold, preliminary, courtesy of O. Mena. Computed with 50 GeV/c (, 2 - 10?Y useful W decays/year,

5+5 years. Its extension below 2° is under investigation.

—~ 80
(@)
o -
E n SB + BB, 440 kton
o -
60 — Nufact, gold+silver
i — JParc phaselll
40 —
20 k |
0 | I I ‘ | I I B ‘ | I I I ‘
-4 -3 -2
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The eightfold degeneracy

A. Donini et al. “Study of the eightfold degeneracy with a standard Beta-Beam and a Super-Beam facility”, hep-ph/0406132.
90% CL sensitivity plots assuming 0 = 0, 693 = 40°,

Beta Beam Super + Beta Beam
180 — 180 ,
R S N ~ - /’ d
/ ’/
‘ /
% Octant ambiguity (623=40° -
0 A 90 |
LN Intrinsic | \~\
ocp 0 ocp 0r
—90 | =90 +
Sign degeneracy
~180 Tl N ~180
10_] 1 10 107|
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Unsolicited answers to some F.A.Q.
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Is the value of Am2
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3 critical?

=60, Am’,,=2.5E—3 e\
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Is v = 60 the absolute optimum?
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Is the CERN-Frejus a magic baseline?
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. ; ~ 90
The high energy option g hep-ph/0312068 99 % CL
(B/ o 1

P. Hernandez, J.J. Gomez-Cadenas et al., hep-ph/0312068 2l No systematics included

______ Beta Beam, this talk

SPS allows max. ~(°He) = 150. In this L _
e ol T Y O Beta+Super, this talk
scenario the v(°He) = 60, baseline=130 km e\
Is the optimal configuration. Relaxing the SPS ©F
constraint and allowing for higher energies: another 40
advantageous condition can be found at y(°He) = %0 - T
350(v(1* NE) = 580) (baseline ~ 732 km). o F —______ 17350.40kion.
y=1500, 40 kton
10 |
The advantages 5 350, 400 Kion
o A ~ 10 increase in CC rates (15 increase at 00-:5;4.;&;;;10

constant accelerator power).
e Exploit energy spectrum (more powerful fits to
013, 0).

e Measure sign(Am?).

The prices

e Use a 1 TeV, O(1) MWatt accelerator or or use LHC as a

third stage accelerator (max -y at LHC: 2488).

o At I/, ~ 1.2GeV water Cerenkov detectors are

<till suitable. ° A de.cay ring I?nger by a factor 6: the length of the decay
“.. our results show that a «y in the range of O(500) ring is proportional to .

: _ e A new location for the MegaTon detector.
with a megaton detector at a distance of O(1000 g

i) i) 2 i i (b e No synergy with the SPL-SuperBeam.
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Another high energy option

P. Migliozzi, F. Terranova et al., hep-ph/0405081

Consider the maximum possible  reachable at LHC v(° He) = 2488 — ~(*®* NE) = 4147 and assume that LHC can

digest all those ions and that you can find a way to accomodate the very long decay tunnel.

Fire the beam at LNGS.

Count the v, interactions in the rock with a very basic 15 x 15 m? iron-active detectors sandwich.
Strongly off-peak, but still capable to measure ;3 .

At these y you can measure p(v, — v, ), p(ve — v, ), p(Ve — v, ) and measure the unitarity of the PMNS matrix.

_1 CHOOZ excluded

10 =

.2
Sin“20,,

CNGS combined

10

3
0 /

This option
0 =TT

-150 -100 -50 0 50 100 150
Scp(deg.)
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@ Jact
2 Low energy beta-beam
Th <l Beta beam
* e proposa
- Topexg)loi’r the beta-beam '3 “boost. '

concept to produce intense and
pure low-energy neutrino beams

(C. Volpe, Journ. Phys. 6. 30(2004)L1, J. ‘
Serreau, C.Volpe, hep-ph/0403293,C. O
Volpe, talk at this conference ) T

* Physics potential

- Neutrino-nucleus interaction
studies for particle, nuclear
physics, astrophysics
(nucleosynthesis)

- Neutrino properties, like n
magnetic moment

6He —*>SLi+e+v. 0,=4. MeV

M-MWATT




A preliminary Beta Beam optimization

e |on fluxes already saturate PS and SPS in terms of induced radioactivity in the
magnets and machine power

e What is not optimal is the comprimize of the °He and ®*Ne s (60 and 100
respectively), needed to run the two ions together.

e The flux of the ions at the source can be doubled by doubling the Isol targets.
In the baseline scenario 1 target is devoted to “He and 3 targets (is serie) are
devoted to '®Ne. One could run with 2 He targets (in parallel) and with 6
18Ne targets (2 sets of 3 targets). In this case the two ions should circulate in
separate runs.

e This allows to run each ion at its optimal 7y, here v = 75 is taken for each ion.
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Results of the optimizations (preliminary)

SPL SB optimization as computed by J.E. Campagne and A. Cazes, LAL, paper in preparation.

90

80

OS¢ (deg)

/0

60

50

40

50

20

10

M. Mezzetto, "Beta Beams”, Villars, September 24 2004.

3 o discovery potential curves

Beta Beam standard
Beta Beam Optimized
g andard
tlmlzed
BB + S

L Standard

© \
o~

10 10
sin’(®,;)

28



Another possible otpimization (J.J Gomez-Cadenas, talk at NOW2004, past week)

e Apply the methods developed for the medium energy (3B to 7(6He) = 150, the maximum value with the SPS.
e Optimal baseline: 300 km.
e Systematic errors to be included

e 99% CL discovery potential curves
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Conclusions

e Beta-Beams are a novel, innovative concept that could produce neutrino beams virtually free
from intrinsic backgrounds and systematics.

e They could profit of very deep synergies with:
— Nuclear physicists aiming at a very intense source of radioactive ions.
— A gigantic water Cerenkov detector with great physics potential in its own.

e The baseline scenario has not technological show stoppers and could offer excellent physics
in a timescale of O(10) years.

e The Super-Beta Beams combination can address dcp discovery having the distinctive
possibility of:
— Combine CP, T and CPT searches
— Use 1, disappearance to solve all the ambiguities for reasonable large values of ;3 .

e Additional ideas are growing around this concept attracting the interest of more and more

physicists.

M. Mezzetto, "Beta Beams”, Villars, September 24 2004. 30




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /PageByPage
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize false
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages true
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth 8
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /Unknown

  /Description <<
    /JPN <FEFF3053306e8a2d5b9a306f30019ad889e350cf5ea6753b50cf3092542b308000200050004400460020658766f830924f5c62103059308b3068304d306b4f7f75283057307e30593002537052376642306e753b8cea3092670059279650306b4fdd306430533068304c3067304d307e305930023053306e8a2d5b9a30674f5c62103057305f00200050004400460020658766f8306f0020004100630072006f0062006100740020304a30883073002000520065006100640065007200200035002e003000204ee5964d30678868793a3067304d307e30593002>
    /ENU <>
  >>
>> setdistillerparams
<<
  /HWResolution [300 300]
  /PageSize [640.346 820.346]
>> setpagedevice




