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"General” Overview
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STANDARD THREE NEUTRINO MIXING
Vo) = Uai|vi)

Vy <> Vr Vi < Ve Ve =7 Yt 0 }BIB
. 1%
Atmospheric Solar Majorana

L/E~500Km/GeV phases

STANDARD THREE NEUTRINO EVOLUTION

)=




(12) : SNO, KamLAND, SK (23) : SK, K2K. MINOS

"solar" parameters impact of MINOS data
_||||||||||||||||||| 5 | [

combined i T. Schwetz
1 hep-ph/0606060

20 ranges

I
I I I

(10~ eV]

Ma
T T T

2
kR |

Am

III|III|III|III|III_
02 04 06 08 1

-
sin 812

Am?, = 7.3 -85 x 107° eV?
sin® 015 = 0.26 — 0.36

[Am2;| = 2.1 — 3.0 x 1073 eV?
sin? B3 = 0.38 — 0.64

Both poorly known!
Sign undetermined!

(13) : CHOOZ, SK,
K2K, MINOS
sin® #y3 < 0.03

0< o< 2m




(12) : SNO, KamLAND, SK (23) : SK, K2K. MINOS

_ I"?tlrlillll‘"l lllﬂll‘lﬂlllllf'-lff:l'lf-'l _ 6 impact of MINOS data
LI | LI LI | LI
combined B T. Schwetz

hep-ph/0606060
20 ranges

I
I I I I

(10~ eV]

|
2
Am,,
M

§ @
i }&\-:—; M+K2K

5L l | ATM+K2K+MINOS

:III|III|III|III|III_ ||||||||| |||||||||
0 02 04 06 08 1 G{] 0.25 0.5 0.75

-
sin 812

Am?, = 7.3 -85 x 107° eV?
sin® 015 = 0.26 — 0.36

=l

siﬂEEl'23
[Am2;| = 2.1 — 3.0 x 1073 eV?2
sin? B3 = 0.38 — 0.64

Both poorly known!
Sign undetermined!

(13) : CHOOZ, SK,
K2K, MINOS
sin® #y3 < 0.03

0< o< 2m

Neutrino Mass Squared

Fractional Flavor Content varying sin” &



(12) : SNO, KamLAND, SK (23) : SK, K2K. MINOS

_ I"?tlrlillll‘"l lllﬂll‘lﬂlllllf'-lff:l'lf-'l _ 6 impact of MINOS data
LI | LI LI | LI
combined B T. Schwetz

hep-ph/0606060
20 ranges

I
I I I I

(10~ eV]

|
2
Am,,
M

§ @
i }&\-:—; M+K2K

5L l | ATM+K2K+MINOS

:III|III|III|III|III_ ||||||||| |||||||||
0 02 04 06 08 1 G{] 0.25 0.5 0.75

-
sin 812

Am?, = 7.3 -85 x 107° eV?
sin® 015 = 0.26 — 0.36

=l

siﬂEEl'23
[Am2;| = 2.1 — 3.0 x 1073 eV?2
sin? B3 = 0.38 — 0.64

Both poorly known!
Sign undetermined!

(13) : CHOOZ, SK,
K2K, MINOS
sin® #y3 < 0.03

0< o< 2m

Neutrino Mass Squared

Fractional Flavor Content varying cos &



u T
.r sin’ 614
' e 31 —-

sin” f13
NORMAL INVERTED

Neutrino Mass Squared

Fractional Flavor Content varying sin” 05

What is the probability of finding 1, in /3, ‘U63|2?
What is the neutrino mass ordering ?

What is the value of the CP Violating Phase, O ?
Is the atmospheric mixing angle (923 maximal? Is it > or <

(8
7



Sensitivity to KNOWNS at Ev o (A2,

L

Amgg L

T . 2 . 2
I i 1 — sin” 2623 sin”(

) + O(62, sin” (Amgg L /4E))

= O(COS 5Cp . (913 . Alg . Sin(Am%S L/4E)) - O(A%Q)

Reactor
Variable Ve — Uy Comments
Measured

|[Am3, | Y Nn n magnitude but not sign

. 9, .
sin® 26093 Y n n Bo3 — T — @55 ambiguous
i}

Atmospheric parameters errors (MINOS, T2K, NOvA)
5(sin? 2023) ~ 1% — 3% 0(Am3s) ~ 5% — 10%

Atmospheric neutrino experiments -> Maltoni's talk!
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The error remains 10%-20%, NOT MUCH BETTER than the actual error
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The error remains 10%-20%, NOT MUCH BETTER than the actual error

5(Sin2 O23) 1
6(sin“ 2023)  4c0s26093

Large around /4!




Reactor
Variable Ve — Uy Comments
Measured

sin? B3 direct measurement

. 9 . - -
sin? B3 sin® 613 combination of A3 and 63
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cos o3 sindcp CP violation

cos fos cos O p | extremely difficult




Long Baseline neutrino experiments:

More suitable scenario to extract unknown parameters!

Subleading transitions v, (7,) — ve(7.) at Z= ~|Am2,
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In vacuum:
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More suitable scenario to extract unknown parameters!
Subleading transitions v,(7,) — v.(7.) at <% ~ |[Ami,
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More suitable scenario to extract unknown parameters!

Ly 2

Subleading transitions v, (7,) — v.(7.) at =% ~ |Am3,
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Long Baseline neutrino experiments:

More suitable scenario to extract unknown parameters!
Subleading transitions v,(7,) — v.(7.) at £ ~ |Am2,|

In matter:

F al)
F alL)

If the hierarchy is NORMAL A3 >0 Puu.  enhancemen
If the hierarchy is INVERTEDA13 <0  I,5.  enhancement

Hierarchy extraction: matter effects!




"NEAR-TERM” OR “"NEXT-TO NEAR TERM"
LBL Neutrino Experiments: Super Beams

(more intense conventional neutrino beams)

POSSIBLE EXPERIMENTAL SETUPS?

Off Axis? (Counting experiments)
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(more intense conventional neutrino beams)
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Project Phase Critical Decision

Initiation— There is a need that cannot be met CD-0, Approve Mission Need
through other than material means.

Definition—The selected alternative and approach CD-1, Approve Alternative Selection and
is the optimum solution. Cost Range

Execution— Definitive cost, scope, and schedule CD-2, Approve PEJ—NI ce B aeh@ .
baselines have been developed. @VA g g '

Execution—Project is ready for implementation. CD-3, Approve Start of Construction

Transition/Closeout— Project 1s ready for turnover CD-4, Approve Start of Operations
or transition to operations.

Table 1-1. Project Phases and Corresponding Critical Decisions




Schedule

® Apr 2006: CD-1 review. Unanimous
recommendation to approve CD-1.

® Oct 2006: CD-2 review.
® Jan 2007: CD-3a

® Oct 2007: CD-3b, begin Far Detector
enclosure

® Oct 2008: First module factory ready
® Jun 2009: Occupancy of the FD enclosure

® Nov 2010: 5 KT completed, start taking
data

® Nov 2011: Far Detector completed

Gary Feldman P5 at Fermilab 18 April
51
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Study using fully
simulated and
reconstructed data

By using a conventional, albeit more intense, neutrino beam:

T — [.L_l_l/u < 1%,

In an Off-Axis detector location

I S LI Medium Enerigy Beam
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Why off-axis?

Simple tuning of BEAM ENERGY
Narrow beam: concentrates the events @ OM (counting exp)

"Lower” electron neutrino intrinsic background
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Why NOT off-axis?

Narrow beam: concentrates the events @ OM (counting exp)

Absolute numbers are crucial: HIGH STATISTICS
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Why NOT off-axis adding a 2nd detector?
Where?

A) AROUND SECOND PEAK, @ DIFFERENT L/E?
CP Violating and matter effects are very different

NOvVA++ 25 kton, L= 810 km @ 12 km off axis (E = 2 GeV
Second @735 km @ 30 km off-axis (E = 0.64 GeV)
CP Violating effects are larger by 3 and matter
effects are smaller by a factor of 3.
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3 ¢ Sensitivity to sinzizﬂul =0

50.3x10%? pot
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— ﬂ.mitw 0
— AmZ®< 0

L =810 km, 25 kT
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sin‘(26,,) = 1
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Gary Feldman

10

sin’(20,,)

28

P5 at Fermilab

. 10
sin“(20,,)

18 April



95% CL Resolution of the
Mass Ordering

95% CL Resolution of the Mass Hierarchy

— 2 PR
E ~ L=810km, 25 kT T e T
2 g 8in’(20,,) = 1 -

JEPENDENCE .. o

IN CP-PHASE!

Foreach v and v,
30.2x10%" pot

lAm,,2l = 2.5 107 oV?
— .-"'I.ITlE T D ’

— AM < 0 -

lAm 21 =3.0 10 oV,

2
------ Am® > 0
Erf

10'12
sin™(20;)

Gary Feldman P5 at Fermilab 18 April

L=




Neutrino - Antineutrino

0.10 | (:I]‘I]-I | T T 1

>
QL
&
«)
AV,
I
=

810 km

v,

0.02 0.04 0.06 0.08 0.10
v, B10 kim E= 2.3 GeV




>
QL
&
«)
AV,
I
=

810 km

v,

0.10

= N

- - e

Neutrino - Antineutrino

0.1

0.02 0.04
v, 810 km

0.06 0.08 0.10

E= 2.3 GeV

In vacuum@810 km




= N

Neutrino - Antineutrino
0.1

>
QL
&
«)
AV,
I
=

810 km

oV

e Y .
>

v,

QN
0.02

/’

G.DDtTIII|IIII|IIII|IIII|IIII
0.00 002 004 0.06 008 0.10

v, B10 kim E= 2.3 GeV

In vacuum@810 km




- e

Neutrino - Antineutrino

0.10 | (:I]‘I]-I | T T 1

>
QL
&
«)
AV,
I
=

~ sin Agzg s1n 0

5=
5

)
VA
>
G.DD Ii?ll | | | | | | | | | | | | | | | | | | | | | |
0.00 0.02 0.04 0.06 0.08 0.10

v, B10 kim E= 2.3 GeV

In vacuum@810 km

810 km

v,

0.02




= N - e

-

Neutrino - Antineutrino

0.10 | (:I]‘I]-I | T T 1

~ sin Ago sin 0
0=

>
QL
&
«)
AV,
I
=

3an/2

810 km

cos A3ocosd

0’
%’\/‘/
bW

OQ Vs
’
’
V2
’

v,

0.02

’

co\

/’

G.DDtTIII|IIII|IIII|IIII|IIII
0.00 002 004 0.06 008 0.10

v, B10 kim E= 2.3 GeV

In vacuum@810 km




- e

Neutrino - Antineutrino
a;ﬁzem:'o 1

|II'1"'"'IIIIIIIII

Sy

3
a
n

/

-

>
€L
&
«)
AV,
I
=

810 km

v,

dms, > 0

0.02 0.04 0.06 0.08 0.10
v, 810 kmm E= 2.3 GeV

n matter! @810 km




95% CL Resolution of the
Mass Ordering

95% CL Resolution of the Mass Hierarchy

L =810 km, 25 kT
8in(26,,) = 1

NOvA

Foreach vand v,
30.2x10% pot
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95% CL Resolution of the
Mass Orderingc

2 o Resolution of the Mass Hierarchy

_ +Proton Driver
L= 710 ke, 30k of
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3 ¢ Determination of CP Violation

L=810 km, 12 km off
L=710km, 20 km off
- Amy2=2510 "oVt

Eachvand v
— TEx 10" _pat. Am® = 0
— 120%10" pot, Am” < 0

Fraction of &
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Why NOT off-axis adding a 2nd detector?

Where?
A) AROUND SECOND PEAK, @ DIFFERENT L/E?

CP Violating and matter effects are very different

T2KK 4 MW

270 kton,L= 295 km, 2.5 deg off axis (E=0.65GeV)
270 kton,L= 1050 km, 2.5 deg off axis (E=0.65 GeV)
CP Violating effects are larger by a factor of 3

while matter effects remain the same.

However, by making use of the energy information
at the second peak, they can resolve the hierarchy
and the intrinsic degeneracy.

5 energy bins for appearance, 20 for disappearance



Off Axis:

Some recent progress detector in Korea
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4 MW 270 kton + 270 kton, 4 years neutrino and 4 years antineutrino

Sensitivity to mass hierarchy Sensitivity to CP violation

L L 'J"""'I L '

=
oo
=
oo

=
~l
=
~

~
jux)
=
o

L8
e

IIIIII-,:I_IIIIII-.I-lltlllIIIIIIIIIII

Kamioka 0.27Mton + Korea 0.27Mton detectors
v Ayr + v dyr, AMW beams

— normal mass hierarchy

===+ inverted mass hierarchy

~
e

Fraction of &
5 &

o
L
=
L

. o .
L]
IIIIIIIIIIIIIIIIIII

Kamioka 0. 54Mton detector

v 2yr + v Byr, AMW beams
normal mass hierarchy

| - inverted mass hierarchy

1 1 1 II'I'I| .;r 1 1 IIIII 1 1 1
107° 107

Sin“26. sin®2e

-~
ha

) [
5 0 F
c -
205
"{—'J B
© -
L’ -
L -

IIIIIIIIIIIIIIIIII"ll'JIIIIIIIII‘I.I.'l'IIIIIIIIIIIIIIIII
IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIri"IIIII

i
=5

3 13

|ﬁm-ﬂ(wmng hierarchy) — 2, (true hierarchy)| = 4

M. Ishitsuka, T. Kajita, H. Minakata and H. Nunokawa, PRD'05

“Resolving neutrino mass hierarchy and CP degeneracy by two identical detectors with different baselines,"




4 MW 270 kton + 270 kton, 4 years neutrino and 4 years antineutrino

Sensitivity to mass hierarchy Sensitivity to CP violation
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4 MW 270 kton + 270 kton, 4 years neutrino and 4 years antineutrino

Sensitivity to mass hierarchy Sensitivity to CP violation
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4 MW 270 kton + 270 kton, 4 years neutrino and 4 years antineutrino

Sensitivity to mass hierarchy Sensitivity to CP violation
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4 MW 270 kton + 270 kton, 4 years neutrino and 4 years antineutrino

Sensitivity to mass hierarchy Sensitivity to CP violation
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20 CL |H|1erarchv Determmatmn
6

20" for 1 DOF
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20 (95.45%) CL for 1 DOF IS LESS THAN 85% CL FOR 2 DOF

By running a Monte Carlo technique for each parameter space
point, generating 10 random experiments, one can see that
the results do NOT FOLLOW the 1 DOF ASSUMED STATISTICS
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20 (95.45%) CL for 1 DOF IS LESS THAN 85% CL FOR 2 DOF

By running a Monte Carlo technique for each parameter space
point, generating 10°random experiments, one can see that
the results do NOT FOLLOW the 1 DOF ASSUMED STATISTICS
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By making use of the solar term and its different relative size and oscillation patterns
for Kamioka and Korea baselines (due, obviously to the longer Korea baseline):

Normal Hierarchy, sin"26 , = 0.05, sin8,, = 0.5
Kamioka _ Korea
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By making use of the solar term and its different relative size and oscillation patterns
for Kamioka and Korea baselines (due, obviously to the longer Korea baseline):
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By making use of the solar term and its different relative size and oscillation patterns
for Kamioka and Korea baselines:

_1 T T T T T T T {a)
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By making use of the solar term and its different relative size and oscillation patterns
for Kamioka and Korea baselines:

(@)
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Why NOT off-axis adding a detector?
Where?

A) AROUND SECOND PEAK, @ DIFFERENT L/E?
CP Violating and matter effects are very different

B) AT THE SAME E/L, @ DIFFERENT L?
Matter effects are very different

Needs only neutrino running

Only valid (although optimal, degeneracy free!)
for the hierarchy extraction (though!)

SuperNOvVA
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Neutrino - Antineutrino
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o=slope Neutrino - Neutrino
H. Minakata, H. Nunokawa and S. Parke, PRD (2003).
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It is important that the matter
effects are significantly different
for both locations.
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O.M, S. Palomares-Ruiz and S. Pascoli,
"Determining the neutrino mass hierarchy and CP violation in NOvA with a second off-axis detector”, PRD (2006)

95 % CL Hierarchy Resolution
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What about combining T2K and NOvA?
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NOrA and T2K: The race for the neutrino mass hierarchy
Olga Mena', Hiroshi Nunokawa? and Stephen Parke! hep-ph / 0609011
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What does PHASE I mean?

NOvA 30 kton detector 24% eff
0.66 MW 6.5 10720 POT/yr
5 years of neutrino running

T2K 22.5 kton detector 70% eff
0.75 MW 10”21 POT/yr
5 years of neutrino running

Both experiments have been considered
as counting experiments: No binning!



PHASE I (ONLY NEUTRINOS!)

Natures choice: positive hierarchy
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Natures choice: positive hierarchy
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Natures choice: positive hierarchy
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PHASE I (ONLY NEUTRINOS!)

Natures choice: positive hierarchy
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PHASE I (ONLY NEUTRINOS!)

Natures choice: positive hierarchy
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PHASE I (ONLY NEUTRINOS!)

Nature’s choice: negative hierarchy
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PHASE "II” ( I x 5), ONLY NEUTRINOS

Natures choice: positive hierarchy
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PHASE "II” ( I x 5), ONLY NEUTRINOS

Natures choice: positive hierarchy
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PHASE "II” ( I x 5), ONLY NEUTRINOS

Natures choice: positive hierarchy

NOvVA and T2K, or T2K and NOVA
could provide the ideal scenario for precision lepton flavor physics, due to the different
matter effects in the two experiments: It is CRUCIAL fo optimize the detector(s) location(s)
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Why on-axis, i.e wide band beam?

Higher energy implies longer baselines, larger matter effects
(BNL-> Homestake (2540 km), Diwan et al, PRD'03)

(FNAL-Homestake (1280 km), FNAL-> Henderson (1480 km)?

Higher on-axis flux
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Diwan et al, PRD'03

Why Broadband Beam?

observe multiple nodes
extraction of oscillating
signal from background.

larger energies
larger cross sections

less running time for
anti-neutrinos

Sensitive to different

Probability

-
to

parameters In different
energy regions:

sinzzeu -
sign(Am?)) 0

6@ +

solar T T

V, >V, Oscillation

ENL-HS 2340 km, matter effects
Sin" 28 4, 53 12 = (0.86, 1.0, 0.04)
JAM 5, 3,2 = (T.38-5, 2.58-3) eV’

Neutrino Running




Diwan et al, PRD'03
Why Broadbanc BNL Wide Band. Proton Energy = 28 GeV

: Distance = 1 km
observe multiple n

extraction of oscille
signal from backgr

o
én

larger energies

larger cross sect

less running time

anti-neutrinos
sSensitive to differ
parameters In diff
energy regions:
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Sﬂlﬂr +t -|Fi|g;111'£.: 1: BNL wide band spectrum with the new graphite target and horn design. This
spectrum is at 0 degrees with respect to the proton beam on target and the normalization
is at 1 km from the target.




Why NOT on-axis?

Higher energy implies longer baselines, lower fluxes
High energy tail: NC backgrounds

Broad spectrum: Only useful if good energy resolution




PROPOSAL FOR AN EXPERIMENTAL PROGRAM
IN NEUTRINO PHYSICS AND PROTON DECAY
IN THE HOMESTAKE LABORATORY

3 Aug 2006
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PROPOSAL FOR AN EXPERIMENTAL PROGRAM
IN NEUTRINO PHYSICS AND PROTON DECAY
IN THE HOMESTAKE LABORATORY

Discovery reach for Am=0 at 3o

3 Aug 2006
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PROPOSAL FOR AN EXPERIMENTAL PROGRAM
IN NEUTRINO PHYSICS AND PROTON DECAY
IN THE HOMESTAKE LABORATORY

CPV discovery reach at 30
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US Long Baseline Neutrino experiment FNAL/BNL joint
study: report will appear soon!

Broad band vs off-axis beam, detection techniques,
proton plan...large underground detector presumably

located at the:
NSF's planned DUSEL facility

(Deep Underground Science and Engineering Laboratory)
Soudan mine (MN), Henderson mine (CO), Homestake mine (SD) and others are being
considered as possible sites.

Dark matter, Neutrinoless double beta decay, Solar neutrinos, Geoneutrinos,
Proton decay, LBL neutrinos, Nuclear Astrophysics...




Barger et al. hep-ph/0610301

Setup POT v/yr t, [yr] POT v/yr tp [yr] Prarges [MW] L [km] Detector technology mpes [kt] £ [Mt MW 107 s]
NOvA 3  10-10* 1 (v) 810 Liquid argon TPC 100 1.02
WBB+WC 22.5 - 5 45 - 102 f 1 () +2 (/) 1290 Water Cherenkov 300 765
WBB+LAr 22.5-10*° 5 45 - 10*” 5 1 (v)4+2(v) 1290 Liquid argon TPC 100 2.55
TZKK 52 - 102" : 52 - 102° : 4 (v) 2054+1050 Water Cherenkov 2704270 17.:

ABLE I: Setups considered, numbers of protons on target per year (POT /yr) for the neutrino and antineutrino running modes,
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Barger et al. hep-ph/0610301

: Fraction
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performance is =0.5
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“The" Thing Everybody can Agree on:

e Physics of v,, — v, together with v,, — v,

is a Fantastic Laboratory for Lepton Flavor Physics!!]

e Fraction v, in vs
v Mass Hierarchy

Leptonic CP Violation

Is v+ or v,, the dominant
component of v3?




Other Things Everybody can Agree on:

e Power of Neutrino Beam:
at least a 1 Mega-Watt proton source

Size of Neutrino Detector:
fraction of Mega-Ton detector

¥ rejection:

EXCELLENT

Physics Reach:
Be Capable of detetmining

sin® 20;3, sign(dm?2,), sind

pushing to sin” 2613 = 0.002
(Pﬂ.tm —1 sol © 1st pk)

Other Physics:

Proton Decay, Supernova, . . .




Less Agreement:

e Counting v Spectrum
e On Axis v Off Axis

e location of Detector
e Detector Technology

® etc

DIVIDED,
we will be CONQUERED !1!







Reference | Hierarchy | sin® 2653 | tan®#f,, sin® By A 80]| Normal | 0.98-1.0 |0.38-0.50| 0.002- 0.003
AB [51] Normal 0.99 0.49 0.0002
Anarchy Model: BB  [82]] Normal 0.97 0.40  |0.0016 - 0.0025
dGM  [18][  Either =0011@20  grn 83]]  Normal 1.0 0.41 0.019
L. — L, — L. Models: Mae  [84] Normal 0.048
BM 35]|  Tnverted 0.00029 P [85]] Normal 0.99 0.17 - 0.29 |0.0004 - 0.0025
BCM  [36]] Inverted 0.00063 A, Tetrahedral Models:
GMN1  [37]] Inverted = 0.52 = 0.01 ABGMP [49]] Normal | 0.997 - 1.0 [0.365 - 0.438| 0.0037 - 0.00069
GL [38]] Inverted 0 AKKL [50]] Normal 0.04 - 0.006
PR [39]| Inverted < (.58 = 0.007 Ma [51] MNormal 1.0 0.45 0
Sq and S, Models: S0(3) Models:
CFEM  [40]| Normal 0.00006 - 0.001 M [52]| Normal | 0.87-1.0 0.46 0.00005
HLM [41]| Normal 1.0 0.43 0.0044
Normal 10 0.44 0.0034 Texture Zero Models:
KMM  [42]| Inverted 1.0 ooooorz  “PFP [5]f Normal 0.081 - 0.091
MN  [43]] Normal 0.0024 Inverted = 0.007
MNY  [44]| Normal 0.000004 - 0.00003 Inverted = 0.032
MPR  [45]| Normal 001-0064 V¥ [B4f| Either 0-0006 - 0.003
RS [46]| Inverted | 5 = 45° < 0.02 Either 0.002 - 0.02
Normal | 8, < d5° 0 Either 0.02 - 0.15
o 47]) - Inverted 093 04 00025 BaMa [59]| Normal 0.88 0.33 0.015 - 0.028
T [48]] Normal 0.0016 - 0.0036 )
. Normal 0.08 0.44 0.013
D [55]] Normal 0.008 - 0.14 Inverted 0.88 0.29 0.024
EH [56]] Normal 0.98 0.32 0.014 BMSV [60]| Inverted = 0.01
Normal 0.98 0.34 0.012 BKOT [61]|] Normal 0.98 0.28  [0.0001 - 0.0006
Normal 0.99 0.45 0.0009 BO  [62]| Normal 0.08 - 1.0 |0.20 - 0.46 0.0014
Normal 0.97 0.30 0.014 BN  [63]] Normal 0.0009 - 0.016
H [57]] Normal 1.0 0.42 0.0033 BeMa [64]| Normal 0.93 0.40 0.012
K [58]] Normal 0.99 - 1.0 |0.40- 0.62| 0.0027 BRT [65]] Normal 0.99 0.35 0.0024
A b . 1. BW  [66] Normal 0{0.01)
d CM 67 Normal 1.0 0.41 0.014
l r' g h a n C h en' DR {G;} Normal 0.98 0.40 0.0025
he - h/O 60 81 3 7 DMM [69]] Normal 0.0036 - 0.012
FO [70]|] Normal 0.90 0.31 0.04




Models with Normal Hierarchy
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Thank you very much!

J. Burguet-Castell, A. Cervera, J. Cooper, A. Donini,
G. Feldman, B. Gavela, JJ. Gomez, P. Hernandez, H.Nunokawa,
S. Palomares, A. Para, S. Parke, S. Pascoli, S.Rigolin



Why a near detector is better than @ second peak?

Because it needs just half exposure
(only for Hierarchy, though!)
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T2K 2° 6 yrs
= AME S O
e AmE < 0
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Gary Feldman
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Comparison to T2K
and a Reactor Experiment
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PHASE I (ONLY NEUTRINOS!)

+ 4% Systematic Error

Normal hierarchy Inverted hierarchy
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If the systematic errors are ~ 5% the sensitivity is ~0.02




3 g Sensitivity to slnEtEB“J 2 a Resolution of the Mass Hierarchy
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Kamioka 0.2/Mton + Korea 0.27Mion detectors
v 4yr + v dyr, 4MW beams

— normal mass hierarchy Ve appeara nce
(Strong o0 dependence )

-==- Inverted mass hierarchy

Kamioka 0.54Mton detector
v 2yr + v Byr, 4MW beams
normal mass hierarchy

== Inverted mass hierarchy
sensitivity to mass hierarchy
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L Sensitivity of KATRIN
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Similarly, if Tritium decay exp. (Hyper-Katrin)
could exclude m,,_ > % eV, then Normal Hierarchy.




 Double Chooz Sensitivity
(5 year run) g
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e Pure measurement of sin” 0,
— no contamination from

T

O3 < 5 — flo3 degeneracy.
With Off-axis measurements of v, — v,:

e of sin” 653 sin” A3 can help resolve
Bog % — (23 degeneracy for sin® 2655 = 1.

e Help resolve hierarchy and sind = 0, maybe.




CONVERSION TABLE (A la spanish, CHULETA)

613 ( A la european) sin? 2615 ( A la american) Experiment

9¢ 0.1 CHOOZ (present bound)

6¢ 0.04 MINOS
3¢ 0.01 Future reactors.
0.01-0.001 JPARC, NuMI OffAxis.

0.001 Neutrino factory.
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