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Recent discoveries in Neutrino Physics

Non-accelerator experiments have changed our understanding of neutrinos

Atmospheric+Solar v

Reactor
(Super-K) (KamLAND)
* Neutrinos are not massless (mass is small: m_, < 0.0000059 m,)
» Evidence for neutrino flavor conversion Vs VE— V.

« Combination of experimental results show that neutrinos oscillate




Neutrino oscillations
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Constraining the neutrino sector

[Am2,, - 84,] - [am23; - 053] - SQ"(Amzsz) - 045~ 9

/
Y
solar v atmospheric v superbeam v
+ + +
KamLAND K2K
+ +
l l sin?(26,3)<0.20 (CHOOZ) = 6,5 ?
MSW -LMA (small angle)
Am2,,~O(10-4/-5) eV2 Sin®(26,3)~1 Hierarchy = sign(Amz2,,) ?
sin?(26,,)~0.8 (maximal angle)

(large angle)

But no absolute mass scale coming from oscillation experiments --> § & ppOv decays ?



0,3 & beam experiments

sin?(260,3) = 2 solutions : 0,3 & m/2-6,5

LBL v, disappearance :
|Am?,5| = 2 solutions m;>m; or m3>m, A _

Appearance probability : f oactor
P(v,— ve) ~ K sin?(6,3) sin?(26,) £
+ K, sin(260,3) sin(0,3) sugn(Am 31) cos(d) \v beam
+ K3 sin(260,3) sin(6,3) sin (3)
+ e o o
- K;,K5,K3: constants known with experimental errors - >
P(VM—> v,)

0,; & reactor experiments

* <E > ~ a few MeV = only disappearance experiments

. l-P('Ve—> 'Ve) = sin2(2613)sin2(Am231L/4E) + O(AmZZI/Am231)

- a few MeV v, + short baselines > negligible matter effects (O[104])
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Complementarity with T2K

Assumptions:

» Double Chooz starts 2009 (2 detectors)

> starting with full intensity 2011-2012
> Sin?(20,5) = 0.08, Am?,; = 2.0:103eV?
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0,3 seems In reach ...

Reference sinéyz sin” 28,z
SO10)
Goh, Mohapatra, Ng [40] 018 0.13
Ortfold SO{10)
Asala, Buchmiiller, Covi [41] 0.1 0.04
SO(10) + flavor symmetry
Babu, Pati, Wilczek [42] 5.5- 101 1.2-107%
Blazek, Raby, Tobe [43] 05 0.01
Kitano, Mimura [44] 022 0.18
Albright, Barr [45] 0.014 7.8-1071
Maekawa [46] 022 0.18
Rooss, Velasco-Sevilla [47] o7 0.0
Chen, Mahanthappa [48] w15 0.09
Raby [49] 0.1 0.04
SO(10) + texture
Buchmiiller, Wyler [50] 0.1 0.04
Bando, Obara [51] 0.01 .. 0,06 4-10~1. 001
Flavor symmetries
Grimus, Lavoura [52, 53] 0 0
Grimus, Lavoura [52] 0.3 0.3
Babu, Ma, Valle [54] 014 0.08
Kuchimanchi, Mohapatra [55] 0.08 .. 0.4 003 .. 0.5
Ohlsson, Seidl [56] 0.07 .. 014 002 . 008
King, Ross [57] 0.2 0.15
Tertures
Honda, Kaneko, Tanimoto [5] 0.08. 0.20 003 . 0.15
Lebed, Martin [39] 0.1 0.04
Bando, Kaneko, Obara, Tanimoto [60] 0.01 .. 0,05 4-1074 .. 0.01
Tharra, Ross [61] 0.2 0.15
3 X 2 saz-saw
Appelauist, Piai, Shrock [62, 63] 005 0.01
Frampton, Glashow, Yanagida [64] 0.1 0.04
Mei, Xing [65] (normal hieranchy) 0.07 0.02
(inverted hierarchy) > 0.006 > 1.6- 101
Anarchy
de Gouwvda, Murayama [66] > 0.1 > 004
Renormadization group enhancement
Mohapatra, Parida, Rajasekaran [67] 0.08 .. 0.1 003 .. 0.04

Table 1: Incomplete selection of predictions for #3z. The numbers should
considered as order of magnitude statements.

A Theoretician joke?

number of predictions

1 B Prediction
5 27 models predications
- + 17 above 0.03
* 4 between 0.01 and 0.03
4
3
2
1
0

0 002 004 006 008 '3.1 012 014 016 018 0.2
sin“2e.,



Neutrino oscillation from a reactor:
as it was detected
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e Huge progress:
— from 10 meters of the reactor core till 170 km (4
orders of magnitude; 8 orders on signal)
— Signal/Background ~20 — 100 in recent experiment

— Backgrounds are well understood

o Slower progress
— Loaded scintillator: stability issue

— Reconstruction

 From PMTs signal, computes event position (timing, charge
balance)

e neutrino direction (neutron brings some direction memory:
e+ and neutron position build a direction vector



Best current constraint: CHOOZ

Analysis A

% | v, >V, (disappearance experiment)
° P,=846W,, L=1.050km, M=5
- overburden: 300 mwe
10
velo J,;LI‘;
2 N
10 F neutrino .“"r","ﬁ‘\',’n‘"’
: turget “0“‘[}
)
SETEEEEEEET
10 “u 01 02 nl,l 0%4 41%5 u%o 0.7 ois 09, | o ! 2 3 4 5 ém

sin“(28)

M. Apollonio et. al., Eur.Phys.J. C27 (2003) 331-374



Letter of Intent for Double-CHOOZ:

a search for the mixing angle 0,3

-White book

APC, Paris - RAS, Moscow - DAPNIA, Saclay - EKU-Tiibingen =
INFN, Assergi & Milano - INR, Moscow -MPI, Heidelberg -RRC, Kurchatov -

TUM-Miinchen - University of I'Aquila -Universitit mu..h-m-_M ai n p hyS i CiSt Stream S

Version 5.0

April 28, 2004

EU Letter of Intent
hep-ex/0406032

Proposal for U.S. participation in
Double-CHOOZ:
A New 013 Experiment at the Chooz Reactor

S. Berridge?, W. Bugg?, J. Busenitz?, S. Dazeley”,
G. Drake?, Y.Efremenko?, M. Goodman™, J. Grudzinski®,
V. Guarino®, G. Horton-Smith?, Y. Kamyshkov#, T. Kutter”
C. Lane”, J. LoSecoo, R. McNeil?, W. Metcalf”,
D. Reyna’, . Stancu?, R. Svwoboda™, R. Talaga®

October 14, 2004

= Univensity of Alabama, ® Argonne National Laboratory, © Drexel University,
@ Kansas State Univensity, © Louisiana State University,
4 Univenrsity of Notre Dame, ¢ University of Tennessee
* US Contacts: phsvob@lsu, edu. zaury.goodsandanl.gov

US Letter of Intent
hep-ex/0410081

2004-2006: Publications

Double Chooz: A Search for the
Neutrino Mixing Angle ¢

Proposal
hep-ex/0606025
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Letter of Intent for KASKA

High Accuracy Neutrino Oscillation Measurements
with Z.s from
Kashiwazaki- Kariwa Nuclear Power Station.

M. Aoki® K. Akiyamat~ Y. Fukuda* A. Fukui®*
Y. Funaki® H. Furuta® T. Hara® T. Haruna'®?

N. Ishihara? T. Iwabuchi®* T. Kawasaki®
M. Katsumata® M. Kuze® J. Maeda® K. Matsubara®

T. Matsumoto!® H. Minakata!® H. Miyata®

Y. Nagasaka' T. Nakagawa'? N. Nakajima®

H. Nakano® K. Nitta® M. Nomachi® K.Sakai®

Y. Sakamoto® K. Sakuma'®-~ M. aki® F. Suekane”
H. Sugiyama? T. Sumiyoshit® Y. Tabata” N. Tamura®

M. Tanimoto® Y. Tsuchiya” R. Watanabe®

and O. Yasuda'?



The events

proton-rich liquid scintillator
IS both a target and detector

09 %% Add Gd to reduce neutron
capture time, increase

; capture energy
~30us
< >
/k time
Ev = Ee+ +1.8 Mev delayed
n capture:

~ 8MeV



90% C.L. sensitivity if sin?(20,5)=0
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Reactor; (0.5 km, 2.3 km):  ~13 tons,ye X 10 GW x 3 years = sin?(260,;)<~0.02, 90% C.L
Reactor, (0.5 km, 2.3 km): ~270 tons,y x 10 GW x 3 years = sin?(20,;)<~0.01, 90% C.L



China/US collaboration

Four reactor cores 3 " Daya Bay
v P=4x29 =16 GW,,

v + two new cores for 6 GW,, in 2011

Civil construction

v Near: 1 km tunnel + laboratory

v Far: 2 km tunnel + laboratory

~10 tons detector modules
v Near: 25 tons - 300 m - 200 mwe
v Far: 50 tons - 1.5-1.8 km - 700 mwe

v Movable detector concept Sl
Sensitivity
v 0.4% systematic error
v sin?(26,3) <~ 0.01 (90% C.L.)? Tunnel
Prospects (not yet approved) ™~
4 2004-05: R&D, 2006-07: Construction
v 1 Near detector running in 2008 Near detector 2
Near detector 1 =
—
@© Li?g go Ling Dong

Daya Bay









collaboration

Tohoku Univ.

Tokyo Metropolitan Univ.
Niigata Univ.

Tokyo Institute of Technology
Kobe Univ.

Tohoku Gakuin Univ.

Miyagi University of Education
Hiroshima Inst. of Technology

Livermore nat lab
Argonne
Columbia Univ
Chicago Univ
Kansas U

Notre Dame U
Tennesse U
Alabama U
Drexel U

lllinois Inst tech

Saclay
APC (college de France)
Subatech Nantes

Max planck Heidelberg
Munich U

Hamburg U

Tubingen U

Aachen U

CIEMAT Madrid

Oxford
Sussex Univ

Kurchatov inst
Sc. Acad.



At Chooz, June 06

France, Germany,Spain funded. England, US and Japan expected before Summer 07
Already started building...



Potential limit if sin2(26,5)=0
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+ Uncorrelated fluctuations included
Relative Error : 0.6%

Spectral shape uncertainty 2%

- Am2 known at 20%

- Power flucutation of each core: 3%

Spent fuel effect under study kopeikin and al.

si“2(2913)||mi1

Near detector location

D.R £

0.03

0.029
0.028
0.027 +
0.026 |
0.025
0.024 &
0.023

0.022

0.021

Y

0.1

0.15

0.2 0.25 0.3 0.35 0.4 0.45 0.5
Near detector distance to reactor (in km)

3 years data taking
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Near Detector: ~ 3 10° events/3y

-Reactor efficiency: 80%
-Detector efficiency:  80%
-Dead time: 50%

Observable: e* spectrum

=2.0103eV2
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| Positron spectrum CHOOZ-Far (1050m) 11.5t PXE 3y eft=64% |

$in2(26,3)=0.2

Far Detector: ~ 60 000 events/3y

-Reactor efficiency: 80%
-Detector efficiency:  80%



Expected signal

Rate + shape information if 8,3 not too small
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Chooz PWR power station Near detector Far detector

v anti-v, flux (uranium 235, 238 & plutonium 239, 241)

v Reaction: , <E>~ 4 MeV, B, eqnoia=1.8 MeV
v Disappearance experiment: search for a departure from the 1/D? _ Far Detector Spectrum
behavior and shape distortion 4 I I O
4410° |
4 4010° |
. ey . = 35 10°
improve Chooz sensitivity = 0.03 g aetf
= 2610° |
§ 2210° |
= 1.810%
i 1310% |
8.8 10° ’-d
4410° |
0.0 10°
0 1 2 3 4 5 6 7 8 9 1C



- Prompt e+, Ep=1-8 MeV,

- Delayed n captured on 6d nucleu:
¢ibtetoher80 8030 dibrtewne

4 A )

v- L sy b
l U v | v

.y e’rec'ror')'

| s = 2004-2005: Detector design

Time correlation: T ~ 30usec

Space correlation: < 1m

(] Yo



New detector design

v target: 80% dodecane + 20% PXE + 0.1% Gd
(acrylic,r=12m, h=2,8m, 12,7 m3)

y-catcher: 80% dodecane + 20% PXE
(acrylic, r+0,6m — V = 28,1 m3)

Non-scintillating buffer: same liquid (+ quencher?)
(r+0.95m, , V =100 m3)

scintillating oil
(r+0.6 m -V =110 m3)

Shielding: 0,15 m steel
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Improving CHOOZ

- Statistical error -
@CHOOZ: R = 1.01 = 2.8%(stat)+2.7%(syst)

v' Luminosity increase L = At x P(GW) x V

target

Target volume

Target composition

Data taking period

Event rate

Statistical error




Improving CHOOZ

- Systematical error -

@CHOOZ : 0,,=2.7%

v' Decreasing systematical error

3. Backgrounds - improve S/B>100 = error<1%

Chooz Double-Chooz

Reactor cross section 1.9 % —

Number of protons 0.8 % 0.2 %
Detector efficiency 1.5 % 0.5 %
Reactor power 0.7 % —

Energy per fission 0.6 % —




Relative Normalization: Analysis

v @Chooz: syst. err. -
- 7 analysis cuts -
- Efficiency ~70% -

v Goal Double-Chooz: syst. err. -

- 2 Yo 3 analysis cuts

(MeV)
0 :

Selection cuts
- heutron energy

- 6 []
Visible energy

(- distance e+ - n') [level of accidenta e
- At (e+ - n) ;
captare on I}
CHOOZ Double-CHOOZ “I

selection cut rel. error (%) rel. error (%) Comment -l
positron energy”* 0.8 0 not used |
positron-geode distance 0.1 0 not used L et Eou
neutron capture 1.0 0.2 Cf calibration T e
capture energy containment 0.4 0.2  Energy calibration
neutron-geode distance 0.1 0 not used
neutron delay 0.4 0.1
positron-neutron distance 0.3 0—0.2 0 if not used
neutron multiplicity™ 0.5 0 not used
combined” 1.5 0.2-0.3
Taverage values




( c<7 Systematics Pull X2 analysis

Relative normalization “hear .

Relative energy scale . hear

Non-linearity in gnergy écale (Far)

Backgrounds rejectioh uncerétaintieé
Near detector :

Global normalization

T T T

== far

} Spec@rum sHape

far
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0

UBL® i
) L o) wP .
Far site

‘ 3,5m (under the crane)

Near site

Distance Reactor-
detector

100
150

Required overburden
(m.w.e)

45-53
55-65
67,5-80

DAPNIA

Muon
Veto Buffer

Gamma Catcher Target

s /e

2 //[f-. v
\.‘I WA



BACKGROUNDS



GEecz Y

heutrino identification ( )
Ev=E, +1.8

prompt signal (e* + 2 * 511 keV
+ n capture on 6d (H,,Li,B, )

Distance e*-n ~ 6¢cm with some memory
Of the neutrino direction

Backgrounds

accidental (uncorrelated)

correlated

+f3-n cascades



webKkg reduction: Veto systems
crucial for bkg rejection {—\H .Tag “near miss”
elag u and secondaries w.. ... .Redundancy for higher rejection power
eVery high € (~ 99%) Iiﬂ
e = Outer Veto | |
= Voo i Gloyg Box T’;
HF f e
d m i
detector
7m —»
’ Baseline:

MINOS like
scintilator planes

Baseline:

. 50 cm, scintillating mineral oil
.60 — 100 PMTs

. Reflective walls (paint + Tyvek)




Neutron Induced Background

v'Cosmic muons create fast neutrons through

j Spallation ;, 1o rock surrounding the detector
muon capture ;, ipe detector materials

v'Fast neutron slows down by scattering into the
scintillator; it could deposit between 1-8 MeV and be
later captured on Gd |

v Old Chooz simulation: 300 m.w.e. 31hours - MC is
reliable |

v'Double-Chooz simulation:
+ 338 10% u tracked - 580 103 neutrons tracked
* 1 neutron created a muon event




o

[UBLE

== B-neutron

W crossing the detector
Likely to be seen by the Veto

cascades (cosmogenics)

From Kamland

11.3 MeV

R <108 MeV
5%
48.5 %
" <11.1 MeV
17 %

A~ <13.6 MeV

26% 2.8 MeV

= _@_ = gBe stable

@ :0.09 MeV

RECONSTRUCT THE uw TRACK
(outer veto+inner veto+central detector)



Far detector spectrum with
PMTs background

Far Detector Spectrum

'H e : Spe'ct+Bklg —
JJF— HLH Spect 1 | |
s - Bkg —
1.010° | . 1
L -
it
| Il [
1.0 10% e E & H
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1.0 10° 11 HLH}

1.0 10°
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PMTs background shape rejection:
How far ?

Contours of sensitivity loss

100 TR T | T ' T T ¥ I T T | FROET ¥ 5

I sin“(2043)jim |
0.029 —
0.030 -

|
|
I .
: 0,033 —— T
. 0.035 — -
! 0.038
N 0.041
I
\

80 \

0.044 —— |

Gbkg in %

2
_ Background rate in % of neutrino signal



Detector definition



Mechanics: Acrylics and Buffer

Dimension

Distorsion

Stress

Transport & Integration

Inputs :
Target : 8 mm
y catcher : 12 m

Loads = dead
load

distortion : <1 mm

VM stress: 1 MPa

T Mizes

Inputs :
Buffer: 3 m

Loads =
2 kg /pmts +
dead load

distortion : 4.1 mm

VM stress: 23 MPa

Truck freq. <7 Hz BUT Eigen freq. ~ 8 Hz
Impose a precise integration scenario
(last gluing on site)




Mechanics: y ray shiedling

;Y

, - yv's from rock radioactivity dominate the
f 4 O\ e 3pieces single rate in the Target+GC (no shield)

'l  the shielding

/ll1 “usedto close
|
|
|

Optimum shielding with 17 cm of low

Q radioactive steel (63 & G4)
- Cracks > a few % effect

- 250 tons of steel to be assembled in

bars.
‘A 1 cm steel vessel guarantees the veto

tightness

Will be demagntized in lab




Far De'recfor' Integration
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Gd doped scintillator development

v6oal: 0.1% 6Gd loaded scintillator (follow up of LENS

" Light yield ~8000 y/MeV + attenuation length > 5m
= STABLE & Compatible with acrylic

v' Ongoing: 1/ Long term stability
2/ scintillator-acrylic compatibility
= 400 days Ageing test @30-50° [x2-4 each 10°]
= Material compatibility test + acrylic design

105 + :
100,,”,,”,,”,j”,,Nvgf????ff’ ,,,,, R
| z??{ | | |
o5 | /A SRR | Gd(2MVA)3in
- | | PC(35%)+Dod(65%)
) | | [2MVA]=005M [6d]-2g/I
B 90 - e R | — after I'month
g ¥ : 3
i / ””””” B | ofter T-test (6 days @ 40°0)
: : | — after T-test (6 days °
/ : : a
o | I S | 3Gd
: | after T-test (14 days@40°C)
75 Lo R REETE b 1
20 after T-test (20 days @50°C) .

300 350 400 450 500 550 600
Alnm] Carboxylate



Scintillator status

(russia-LNGS-heidelberg)

» Gd-loading: 19/l

» solvent: PXE/dodecane (20:80 by vol.)

» Scintillator development and tests started 2003

Carboxylate scintillator:

mk

gth [m

€3

>+

0

400 410 420 430 440 450 460 470 480 490 500
wavelength [nm]

attenugtion._len

(€]

Light yield: 89 % of unloaded

Transmission (%)

Beta-Diketonate scintillator:

100

| HDa1

TV

/ —0O0days

40 / ——33days_n

—60days_n
20 | ]

0
300 400 500 600 700 800
Lambda (nm)
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Transmission (%)

Survey Scintillator Stability

+ 1st generation < 2004 : 6d-CBX > some failures at 20 °C
- 2" generation > 2004 6d-CBX & Gd-Beta-Dikotonates (6d-dpm)
- Improved stability and optics (suitable for Double Chooz)
- R&D finalization phase > Validation on ~100 | scale with a Double Chooz mockup

Heidelberg Gd-LS #4 batch #7

20% PXE 80% Dodecane & Fluors
Gd-DPM 1g/1

Gd-carbox. sample 3

20% PXE 80% Dodecane Closed cell control Test @ ~20°C
Closed cell control Test @ =20°C 100
100 ]l aGsar
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- Transition to industrial production (100kg is needed): MPIK Heidelberg is constructing a
new building for storage and purification of all scintillators for both detectors.
- On-site storage tanks for scintillators in Chooz



Mockups

Mechanical on in france

Phylsical one in Japan (instrumented)




Testing & prototyping
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= 8"/ 10" Ultra low background tubes
= 534/ 330PMTs

= ~13 % coverage (200 p.e. Mev)

= Energy resolution goal: 7 % at 1 MeV

= Current work:

*  PMT selection (size, radiopurity)
e ETL 9354KB, Hamamatsu, Photonis

* Angular sensitivity, Concentrators?

*  Magnetic shielding (ye
—~design study

L . tilted pe/Me
» Tilting tube options no 191,
ves 196.2

* Cabling & Tightness (done)

Phototubes baseline
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Electronics & DAQ

Hv Hardware digitization

8 channels : Waveform module
125 modules

WFD 7 VME crates

I 18 modules/crate

Splitter

AA
vy

> Trigger = DAQ

ﬁ@

Front-End

V1721 developped DC/CAEN

First level trigger (hardware) on single light : coincidences
performed by software

Trigger:
Detect coincidences
‘Detect neutrinolike events (2 singles with E < 50MeV)
Keep more data for neutrinolike than for other events

Monitoring
*Artificial triggers:
*Pulser
‘Laser
*Fission chamber (neutron source)




Calibration

» Target region:
Articulated arm Simulated detector response

(2-3 cm accuracy) for various sources:
» y-catcher and buffer:
Wire driven sources

DC normalized x scan |

o015
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By products:
Non proliferation effort



INon proliTerarion eTTorT
reactor monitoring

v IAEA: International Agency for Atomic Energy

v' Missions: Safety & Security, Science & Technology,

Control of the nuclear fuel in the whole fuel cycle *
Fuel assemblies, rods, containers * (*Anti-neutrinos could play a rolel!)
Distant & unexpected controls of the nuclear installations *

v' Why IAEA is interested to antineutrino ?

v' IAEA wants a feasibility study on antineutrinos




Byproducts:
geoneutrinos

-> Recent kamland result
Double Chooz is too small to see them,
But can help study the measurement

. neutron keeps track of the direction
Recontruct e+ and n position
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Everts per 0,17 MeV

H 4 L
Artnoutnine encegy, £, (MoV)

Cvents per 0,17 MeV

" Al ek s a2 L s a a L s a2 L 4 4 3
13 20 22 24 26 28 30 32 34
Antineutring energy, E, (MeV)

First evidence: kamland

Need neutrino direction
measurement

counts/day/0.1MeV

Positron energy (MeV)

5
Borexino: 365 days, 300 tons, 80% efficiency
—— Geo-neutrinos (~8/y)
—reactors (~19/y)
1 4
0 [ T T T T T T 1 T 1
0 1 2 3 4 5 6 8 9



To find the direction of incoming neutrinos, compare the GLOBAL
angular ditribution with MC

=R D 1000 160 - D 1000
: Entries 5268 I Entries 2462
Mean . S978E-01 - Mean 0.5585E-01

.5645 140 =

120

100

80 -

150 — MC E DATA

6():—
100 |-
I 40
AL 20
0 g ot v 1 (0 Do e e A 0_..,1“(1,‘.l..,l,,l|.,.|,,.|...|.‘,|H
0708 05 04 02 0 02 04 06 08 1 -1 08 -06 -04 -02 0 02 04 06 08 I
| B | ey 0 Uncertainty
Data | 0.055 | —70° | 103° 18°
Chooz first experiment MC | 0.052 | —56° | 100° 19°

Ex/9906011 :

Double Chooz: large numbers of neutrinos with known direction, which will allow to improve algorythr



conclusions



Reconstructed sin2(2913)

Discovery potential

Double-Chooz 3c error bars (3 years, Am® = 24107 eV2) 1 d .0. f .
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« Efficiencies included

* 19% ‘bin to bin’
uncorrelated error on

background subtraction.

» Systématiques:
- Opps=2.0%
-0,y = 0.6%
-0y = 0.5%
- Ogpp = 2.0%
- 0= 20%

2008-2013: Data taking

90% C.L. limit if sin?(26)=0
Am?,, =2.5103 eV2(20% uncertainty)

[
Far detector IBoth detectors
(1km) alone 11 km & 280 m
|



Sensitivity 2007-2012

Double-Chooz Far Detector starts in 2007
Double-Chooz Far detector follows 16 months later

90% C.L. contour if sin?(20)=0
Am2,, = 2.8 10-3 eV2is supposed to be known at 20% by MINOS

Double-Chooz 90% C.L. Limit versus year
0.22 .
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Nearonly - - -- A
Near and Far simultaneously ------

.2
SIN“(2013) mit

0.02 I Far detector | Faf & Near Getectors —========r==r==m- 1
only, X [together | ; ;

0 1 2 3 4 5 6
Exposure time in years

08/2008 2009



sin? 2043 discovery reach (30)

30 discovery potential

sin22913 discovery (normal hierarchy)

B ViNOS

Double Chooz (early)
Double Chooz (late)
Triple Chooz
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sin22613 sensitivity (30)
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Experimental context

30 sensitivity (no signal)
sin22913 sensitivity (no signal)
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QURE _ .
e Conclusions & outlook

sin?(20,3) < 0.06 in 1,5 year
World best sensitivity foreseen from 2008?

sin?(20,;) < 0.025 in 3 years
Complementarity with Superbeam experiments: T2K, Nova



