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MOTIVATIONS & GOALS

e In the SM neutrinos (V’s ) are massless: no mixing nor CP Violation

in the leptonic sector.

e However SK + SNO + KamLAND indicate that 2’s change
~1x1073ev?, Am?  ~1x10"%ev?,

sol

flavor: Am?

atm

both with large mixing angles.

e  metamorphosis — New Physics Beyond the SM
(NP) + New energy scale A

e Leptonic CP Violation — Matter-Antimatter

Asymmetry of the Universe

4

Precise measurement of  mixing parameters +

Leptonic CP Violation

Neutrino Physics is entering in a precision era

Y
Key to these goals: Neutrino Factory!

~
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Outline

® /- Factories:

1. The golden channel: v, — v,

— Simultaneous determination of 0-CP and 63?

— Not unambiguously!: Degenerate solutions

Y
CLONES : The problem...

2. The silver channel: v, — v

— First motivation: Intrinsic clones

— Second motivation: 53 Octant clones

|

The solution!

e Status of ¥ mixing and Pending Questions

~
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Status of the  mixing puzzle (@90% C.L’s)

M. Ishitsuka, NOON 04
atmospheric Salt—phase

.2
sin26,>0.9 (SK) SNO (solar)
1.9x10eV< AmA<3x 106V’ ., .
terrestrial 6.6 x10eV< Amg87x10 e
H—  (K2K)

0.3 <tan 6, <0.5

Maximal mixing
kamLAN D/ LMA | rejected at5.40
reactor
reactor
CHOOZ

NuMI off axis
Future reactors

5 7 . CURRENTLY UNOBSERVABLE!
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However, despite of the expected progress, in several

years from now, may remain unknown:

1. The value of #;3:
e First priority: Reactor & Superbeams!

e Reactors can set the scale of (3.

(http://www.hep.anl.gov/minos/reactor13/white.html; H. Minakata et al., Phys. Rew.
D 68, 033017 (2003); P. Huber et al., Nucl. Phys. B 665, 487 (2003);
M. H. Shaevitz and J. M. Link, hep-ex/0306031. )

e Future telescopes, in a decaying astro-~ scenario.
J. F. Beacom et al., hep-ph/0309267.

2. The ordering of the mass spectrum: matter effects!

Vel Vi Ve
-g S.r]2923 §n2912
= 31 ] 2 I
g sin2013 Amgml
@ AMZp, i B
=
8 Sinzf')lz Amz
k= A2 2 I am
8 Mol sin2023
z | 31 ]
2
sin“o
NORMAL 3 INVERTED

Fractiona Flavor Content

3. The existence of leptonic CP Violation!

~
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Neutrino Factory
S. Geer, Phys. Rev. D 57, (1998) 6989

e v beams of precise composition ~ (O(0.1%) from muon
decays: u*t — et + v (V) + 7, (v,.)
A. Broncano and O. M, Eur. Phys. J. C 29 (2003) 197.

e The v flux is ~ 10% times the conventional flux.

e V. and /. beams in addition to v, and v, beams.

Proton driver

Induction linac No.1 Ta_rg_et .
100 m Mini—-cooling

Drift 20 m 3.5mof LH, 10 m drift
Induction linac No.2

80 m .
Drift 30 m Buncl.ﬁlng 56 m
Induction linac No.3 Cooling 108 m

80 m Linac 2.5 GeV

Recirculating Linac

Storage rin
2.5-20 GeV g g

20 GeV

R. Raja, hep-ex/0402022.

Our setup

A. Cervera et al., Nucl. Phys. B579, (2000) 17; Erratum-ibid. B593, (2001) 731.

e 3 baselines: 732 Km, 2810 Km, 7332 km.

e 10! ;™ AND 11~ of 50 GeV (FIVE 10 GeV bins).

e Realistic efficiencies and backgrounds have been included for a

40 Kton iron magnetized calorimeter detector (MID).

)
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Ve M
e
50% RN
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H _
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50% _
\V = [V T T }

wrong sign muon event!

S. Geer, Phys. Rev. D57, (1998).

The main goal of neutrino factory is to measure simultaneously
0-CP and 913
through
P(ve — v,)and P(v, — 1,
by searching for wrong sign muons for both polarities.

A. De Rijula, M. B. Gavela and P. Hernandez, Nucl. Phys. B547, (1999).
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WE EXPAND AT SECOND ORDER IN Am12 and #13, IN VACUUM APPROX.:
A. Cervera, A. Donini, M. B. Gavela, J. J. Gomez Cadenas, P Hernandez O. M and S. Rigolin, Nucl. Phys. B 579 (2000)
17.
_ o2 2 2 Am13L

Vevu(Deiry) = S23 SN 2013 SIn” — 72—+« Atmos

+ L —
E Solar
N j 15 Am%gL Am%QL ™ Am%gL )
COS | = 17 iz W TE T T
J = cos 1 sin 2015 sin 2653 sin 2015 ~ 2sin 013,
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By measuring and

determine unambiguously at fixed £, L

0-CP and (913?

Solar sector within the LMA-MSW, 023 = 45°, |Am35| = 3 x 1073 eV
Matter effects included, 68.5%, 90% and 99% C.L
At O(3000km), and central values: § = 54°, 013 = 2°:

)
<

Nufact (2810 km)

, ~ TRUE
50 /7

150 |- Intrinsic

Covov o b b e b b e \4;% L1
6] 0.5 1 1.5 2 2.5 3 3.5 4

73W3<0>

NO!

J. Burguet-Castell, M. B. Gavela, J. J. Gobmez-Cadenas, P. Hernandez and O. M, Nucl.
Phys. B608, (2001) 301.

o /
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(05,0 ) are fake solutions of:

/

PI/eVM (9137 5/) — PVeI/H (‘9137 5)

/

/ at fixed E, and L.
PDGDM (9137 0 ) — PDeDH (9137 5)

A lot of work devoted to resolve them through £, L...

First motivation
To look for an independent appearance channel:

“Silver channel”, v, — V..
(A. Donini et al., Nucl. Phys. B 646, 321 (2002)).

50% S

50% ) _
e (]

Silver muon event!
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A. Cervera, A. Donini, M. B. Gavela, J. J. Gomez Cadenas, P. Hernandez, O. M and S. Rigolin, Nucl. Phys. B 579 (2000).

2
2 2 .2 AmisL
Py (.5,) = S35 SIN” 2013 sIn” —

~

2
AmlgL

o~ Am2, L\ Am2.L .
— — J cos (::5 L3 ) 127 o

1k 1k 1k

Interference term changes sign!

for and silver channels.

12
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Equiprobabilities for L=732 km and 0 = 60°, 613 = 5°.

200

100 -

-100 |

-200

200

100 -

=100 |

_200 I . I . I . I . ~ I

7 — (1 show a different (013, J)-correlation than
D. Autiero et al., hep-ph/0305185.

13
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Silver muons signal
A. Donini, D. Meloni and P. Migliozzi, Nucl. Phys. B 646, (2002) 321.
D. Autiero et al., hep-ph/0305185.

e In the MID it is dumped because of the kinematical cuts.
e A detector that could detect the 7 decay vertex is needed.

e OPERA PROPOSAL for an Emulsion Cloud Chamber ECC with

spectrometers. It is possible to think ~4-5 Kton ECC detector.

4

Experience with emulsions and/or v searches: E531, CHORUS,
NOMAD and DONUT.

e Separation of and silver muons.
e FOUR ECC bins by maximize the sensitivity of the experiment.
e The overall efficiency (including BR) is ~ 5%.

e Three dominant sources of backgrounds:
1. Wrong sign p’s from charged-charmed meson decays.
2. Punch-through mesons mimic wrong sign (’s.

3. Right sign p’s whose charge is wrongly identified (the
charge MISID is ~ 0.1 — 0.3%.)




Golden and Silver channels, OM.

APS v Study, Neutrino Factory & [3Beams Working Group, 3-4 March.

-

\_

target section

H spectrometer

D. Autiero et al., hep-ph/0305185.

Induction linac No.1
100 m
Drift 20 m
Induction linac No.2
80 m
Drift 30 m
Induction linac No.3
80 m

Recirculating Linac
2.5-20GeV

Proton driver
Target

Mini—cooling
3.5mof LH, 10 m drift

Bunching 56 m

- Cooling 108 m
Linac 2.5 GeV

L —3000km

L=732km
VvV beam

| Storage ring

IRON DETECTOR

scientillator

iron

A. Cervera, F. Dydak and J. Gomez Cadenas, Nucl. Instrum. Meth. A 451 (2000).

15



Golden and Silver channels, OM. APS v Study, Neutrino Factory & [3Beams Working Group, 3-4 March.

-

50.35
0.3
0.25
0.2
0.15
0.1

0.05

-0.35
=
[S]
0.3
0.25
0.2
0.15
0.1

0.05

o

Silver channel

732 km

Signal & backgrounds

(D. Autiero et al., hep-ph/0305185.)
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1. “In the past, systematic errors both on the signal and on the

background were not taken into account, regarding the

channels.”

. “The small expected uncertainties on the remaining oscillation

parameters have been also included and we did not find

dramatic effects.”
(J. Burguet-Castell, M. B. Gavela, J. J. Gomez-Cadenas, P. Hernandez and O. M,
Nucl. Phys. B 608, (2001) 301.)

. “Arealistic estimate of the systematic error both in the signal

and on the background is mandatory in order to have a reliable
evaluation of the and silver channels synergy.”

Silver channel
Signal Emulsion scanning efficiency and 2= — O(15%).
o

Background — O(10% — 50% ), depending on the source.

Signal — O(10%).
Background — O(50%), consistent with the silver treatment.

(D. Autiero et al., hep-ph/0305185.)

~

17
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s at 3000 km, MID.
0 = 0°,90°, 613 = 1°,5°.

MID at 3000 km only

y

3 (degrees)
g

N

NN
~
NN

50

—
L=

-50

qo0 b b b b B B L
0 1 2 3 4 5 6

6, (degrees)

68.5%, 90% and 99% C. L.

+ silver channel at 732 km, OPERA-like detector.

OPERA-like at 732 km, MID at 3000 km

3 (degrees)
g

50

™
A

-50

o0 bl v b e b b e L
3 4 5 6
6, (degrees)

No intrinsic clones for 613 > 1°I
(D. Autiero et al., hep-ph/0305185.)

~

18
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But...more clones appear!

0 = 54°, 013 = 2° looks like:

D \jl\u// &7
P4
190 - Nufact (2810 km)
100
50 e23 /7 ?}5) TRUE
Y
O —
»
—100 — HH
| Intrinsic
623 N
Ca Ll L ‘ Ll L L ‘ Ll Ll ‘ Lo L ‘ L Ll L ‘ \‘(m\ L ‘ Ll L \//r\\h Ll L
0 0.5 1 1.5 2 2.5 3 3.5

Qgh’)(o)

Two additional sources of clones:

f23- Octant — P((9/137 /,% — 923) = P(@lg, 5)

(2002).)

-

Our first example at O(3000km), and central values:

(G.L. Fogli and E. Lisi, Phys. Rev. D54 (1996); V. Barger et al, Phys. Rev. D65 (2002).)

Sign-Am3, — P(9/137 5/, —Am%?)) = P((913, 5)

(H. Minakata and H. Nunokawa, JHEP 0110 (2001); V. Barger et al, Phys. Rev. D65

~

19
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® There exists two types of fake solutions for each ambiguity:

1. Solution I: Closer to nature’s values (central values) , E/L independent, difficult to

overcome.
2. Solution II: E/L dependent.
e A dedicated theoretical study of the location of the clones for future neutrino

experiments can be found in A. Donini, D. Meloni and S. Rigolin, “Clone flow analysis

for a theory inspired neutrino experiment planning,” hep-ph/0312072.

e Fake solution | for the 653- Octant ambiguity is very dangerous and can lie far apart

from the true values.

4

Second motivation to look for the “silver channel”, v, — V.

orgeous scillation ines is ntangling eutrino
&
Solution |ntrinsic|_ones Valuable Elimination Remnants
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A. Cervera, A. Donini, M. B. Gavela, J. J. Gomez Cadenas, P. Hernandez, O. M and S. Rigolin, Nucl. Phys. B 579 (2000).

2
_ 2 2 . 2 AmysL
Py (55, = — S3 SIN” 2013 sin” —
2
+ — 623
j 15 Am%gL Am%QL : Am%gL
- COS T ik iE Mg
Probabilities for and silver channels also differ by the

interchange (3 — 5 — 0a3.

21
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9237 7T/2 — 923 Clones (I)

In vacuum approximation:

. / .
sind = cot fy3 sind,

9/13 ~ tan (923 913
013 large < o AmiL , .
R £V ) <cos <5 — Aml?’L) — tan 043 cos ((5/ — M)) .

4F 4F

. / .
sino = tanfy3 sin o,

/
| 813 ~ cot O3 013
silver 013 large < Am?2, L

sin 2012 — 7 — Am?2.L / AmZ2.L
— AE (cos (5—% — tan fgg cos (0 — =& .

- / - -
The shifts 0/;; — 013 have different sign.
J. Burguet-Castell, M. B. Gavela, J. J. Gomez-Cadenas, P. Hernandez and O. M, Nucl. Phys. B 646, (2002) 301.

o /
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9237 7T/2 — 923 Clones (II)

/
, | 5 ~ 0
and silver 5 o Am2,L
13 ~ Sln 12 A5
4 /
0 ~ T

2 ¢ siver & ~ 0

4F 4F

1

|(tan fa3 — 1) csc

/ 2 2 2
0 ~ sin 20,y 2012k (| cot 22l ig (tan fa3 — 1) cot 22sk

tan? 0oz <
sin?2 (

No clones if < )

AmfgL
4F

silver cot? fo3 <
sin? (

4F
\

2
Am7sL

2
Am7isL
2F )

2F

The condition for the existence of solutions is also different:

J. Burguet-Castell, M. B. Gavela, J. J. Gomez-Cadenas, P. Hernandez and O. M, Nucl. Phys. B 646, 301 (2002).

).
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O3, m/2 — B3 Clones (lll): 9/13 — B3 foro = 0°

Solution |

— — golden 732
—— silver 732
—— golden 3000
— silver 3000
— SPL

Solution Il

13

24



Golden and Silver channels, OM. APS v Study, Neutrino Factory & [3Beams Working Group, 3-4 March.

-

fo3, 7/2 — B3 Clones (IV): § ford = (°
Solution | Solution I

160 30
10 | ] 30 | ,
60 | : W T —
o 0 . 00} I
120 | ,
120 ¢ ] 60 | ,
R 10 %0 0 ' 1 10

13 13
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First stage of a detailed study under preparation (A. Donini et al.):

e \We have considered the impact of the combination of

km) channels.
® 2 years running TT’s, 10 years m ’s.

e By using ONLY muons (MID, L=2810 km) and central
values: 0 = 180°, —90°, 0° and 90°, #13 = 3°.

NF (2810 km)
KamLAND LMA | Region
100 — o (1923>exp = 40°
E
0 -5
3
o - = here....
) .
Nothing

should appear

-100 |-

-150 |-

(O. Mena, hep-ph/0305146.)

The combination get rid of the 653 clones!

(40 kton MID and L=2810 km) and silver (4 Kton ECC and L=732

~

26
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Conclusions
e v oscillation data — NP & understanding of flavor puzzle.

e Measurement of Leptonic CP violation.

PUZZLING OUT LEPTONIC SECTOR!

4

PRECISION EXPERIMENTS
® ? ¥ ? — Neutrino Factory!

e Our setup: 102! ;1™ AND 11~ of 50 GeV.

i Ve — Vy (Ve — ), 40 kton MID, L ~ 3000 km.

“A good signal with high statistics and low background”.
+

“silver”: Vo, — vy (Ve — V), 4 kton ECC, L = 732 km.

“A difficult-to-signal with low statistics, but crucial to solve the clones”.

e INTRINSIC DEGENERACIES disappear down to 613 ~ 1°.

e Atsmall 013 (013 < 1° (preliminary!), the f)53-octant (40° or

50°?) remains as an ambiguity, but does not interfere with the

determination of 613 and 9.

SUPER BEAMS & NEUTRINO FACTORIES (golden+silver)
running simultaneously!
Improvements (+ SBeams, Future reactors)

....work in progress
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