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2 flavor mixing case ( )= (

A Quick Review of v Oscillation
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Anyway, if flavor and mass
eigenstates mix & m, # m, ,
=> v oscillates.

Since E>>m, —— P = sin”26sin’
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What We Measure by v Oscillation
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v Oscillations: 3 flavor case

Mixings

MNS Matrix :
s; =sing,, cljfcosﬁlj
v, (U, U, U,\v 1 0 0\ c¢: 0 s.°c, s, O\v,
v, |= UM1 UM2 UM3 Vo, |=10 ¢y Sy 0 1 0O |l-s, ¢, O]V,
V. U, U, U;\v; 0 =53 ¢y _513‘9_1.(3 0  ¢; 0 0 1TMv;
Oscillations
P(ve = vy) _ 4 Re(UU U U sin*®, T2 Im(U U, U U, )sin2d
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0, =i O
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6 parameters can be accessible from neutrino oscillation.
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Upper limait

CHOOZ reactor (v, -->v,) experiment

Chooz B
Nuclear Power Station
2 x 4200 MWth

Dapth
100 owe

IIPLITETERELE

Chooz Underground Neutrino Laboratory
Ardennes, France
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Our Current Knowledge

‘mg — mf‘ ~2.6x107eV?, (m22 - mlz) ~8.0x107eV’
(08 0.5 s.¢°)
U, ~|-04 0.6 0.7 | [ss<02
| 0.4 -0.6 0.7 )

Transition Amplitudes, if m,<<m,<m,

Ve O—Ye Vu O Yu Vi ~_ Yz
O O
m,,~SmeV m, ~30meV m_~30meV
Ve A Vu Ve A Vz Vi A V1
O O O
5 5
Ae‘u~(30513el +3)meV A€T~(30513€l —B)mev A‘ur~20mev

0,5 1s a last piece
=> Measurement 1s important to complete the puzzle
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Remaining Issues of v Oscillation Studies

Issue Method

. [v, = v.], ~sin6,sin"26,; 70.05 -sinf,,sind
13
[v. =V, ], =1-sin"26,

S [vu — ve]A - [\7“ — Ve]A ~sin20,,81nd

0,; degeneracy
=iz, | [v, = v, ] ~sin’6,,sin’26,; F0.05 -sinf, sind

mass hierarchy

[v — vy ]—[V — v ]
(my<mjy or my<my) . ‘ 8 ‘

~0.00017L[km]" sign(Ams3, }sin*26),,

0,; plays key roles => Measurement 1s urgent
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Reactor 6,,; measurement

Reactor Neutrino Oscillation

sin?260,,=0.1 | E=4MeV
BRE ~ {/\\ /7\
/ 5
: . o Am,L
P(V, = V,)=1-sin"20,sin’ %

T T TT7T

Tl

——Normal Hierarchy
I Y I A | |

—Inverted Hierarchy

RN |

0.1 1 10 100
L(km)

1000

Small deficit (=sin?26,,) ==> High Precision is necessary (<1%)
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Double Chooz Experiment
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1 km site 280 m site

Integration to start mid-2007

280 m
80 m.w.e
150 000 events/y

12 00057063 DBDO7 Integration end of 20095



pOC‘i‘iLi- y
Calibration Glove-Box :

Outer Veto :

Scintillator panels

Target v : 103 m3

LS; 80% C,,H,+ 20% PXE +0,1% Gd
+ PPO + Bis-MSB

y Catcher : 226 m?

LS; 80% C,,H,, + 20% PXE + PPO + Bis-MSB

Non scintillating Buffer : 114 m®

mineral oil

Buffer vessel & 390 10’ PMTs :

Stainless steel 3 mm

Inner Muon Veto : 90 m?
mineral oil + 70 8’ PMTs

Steel Shielding :

17 cm steel, All around
07.06.13
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v, Detection

Reactor ON  Chooz data

o
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d,+>30cm

d, 230cm

d.+, <100 cm
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@7 Gd doped scintillator

* Solvent: 20% PXE - 80% Dodecane

* Gd loading: being developed @MPIK
* 0.1% Gd loading of Gd-dmp (Beta Dikitonate)
* Long term Stability promising
* LY ~7000 ph/MeV: 6 g/l PPO + 50 mg/l Bis-MSB
* Attenuation length: 5-10 m meters at 420 nm
 Radiopurity 2 U: 10-'2g/g - Th: 10-2 g/g - K: 10° g/g

=

WPIK new
¥and purifica

W
= O
g

50 I ' d =0 day
[ | —3ddays |4
} ; ——0days |

B
E=]
.

— 130 days | |
‘J ! T — 174 days [
1’ Heidelberg Gd-L3 &4 balch #3 214 days |
1- Gd-DPM 1g/L ——2didays

20 % PXE &0 % Dosecansg — 350 days | |
10 i Closed cell control test @ 20 °C a8t days |
a .

G72days |

- Heidelberg MPIK - Transition to industrial production of 100 kg of Gd
- On-site storage building available at Chooz

07.06.13 DBDO0O7 18
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D(”‘bbx A DoubleChooz d Buffer

Vessel

% Integration
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Detector design
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PMT & B Shield and Support

PMT geometory
390/detector

Magnetic Shield
Support Structure
Spain

DBDO0O7

high performance
low background

10" PMT
Japan
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Improving CHOOZ.:

@CHOOZ: R = 1.01 = 2.8%(stat)+2.7%(syst) —»

— Statistical error —
CHOOZ Double-Chooz
Target volume 5.6 m3 10.3 m?
Target composition 6.8x10%® H/m?3 6.8x10%8 H/m?
Data taking period Few months 3-5 years
# of Events 2700 CHOOQOZ-far : 40 000/3 y
CHOOZ-near: >1x10%3 y
Statistical error 2.7% 3.5%

07.06.13

Luminosity incerase L = At x P(GW) x Np

DBDO0O7
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Backgrounds

Reactor ON Reactor OFF
30 - ~ 30
3 2
= . =
ON [i OFF
i*f i .
“ A : B “ A B ’
L v candidate region 2 i v candidate region
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CHOOQOZ reactor
off data

D
g 5 10 1 20 i} 0
e"Jike Enegy (MeV)
Detector Background
Accidental Correlated
. { .
Materials PMTs Fast n  p-Capture Li

CHOOZ
(24 v/d)

Rate (d=1)
Rate (d~1)
bkg /v
Systematics

Far

0.42 £ 0.05
1.6%
0.2%

0.6 0.4
1(ss)

1.01 £ 0.04(stat) £ 0.
A%
0.4%

Double Chooz
(69 v/d)

Rate (d=')
bkg/v
Systematics

Far

0.5 +£0.3
0.7%
<0.1%

1.5 +0.8
2.29%
<0.1%

0.240.2
0.2%
0.2%

< 0.1 1.44+£05
<0.1% 1.4%
<0.1%

Double Chooz
(1012 v/d)

Rate (d=1)
bkg/v
Systematics

Near

5+3
0.5%
<0.1%

17+ 9
1.7%
<0.1%

1.34+1.3
0.13%
0.2%

0.4
<0.1%
<0.1%

hep-ex/0606025
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QuEBL:
D(f =57

Systematics

Chooz Double-Chooz

Reactor-
induced

Volume 0.3 % 0.2 % Same weight sensor for both det.
Detector
- induced |

Live time few % 0.25 % Measured with several methods
Analysis | From 7 to 3 cuts 15 % 02-03% (see next slide)

Total| 2.7% |(<0.6%
07.06.13 DBDO07 24



QU . L .
(¢ tc2  Relative Normalization: Analysis

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

- 2 to 3 analysis cuts
v"  Selection cuts

- neutron energy
(- distance e+ - n) [level of accidentals]

- At (e+ - n)

(Nb cvents) {Nb events) L2 F
o -

(£ caplurcon G4 “ae

+ - :

- e " N

- 3
. 190 -

caplu v il
o P 1
o

w0

-
xn

e
- '

{(leV) . F {Mev)
i M i T A A " " N
. . L) " “ . ® " L) - h 050 e e e N e o

e i Newtren # ‘m' ’ . N i ' - IN:uu-:n defuy (pa) ;

* Efficiency is insensitive to the energy scale error
* No fiducial cuts
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O5E = cee -
e Sensitivity

Double-Chooz Far Detector starts in 2008
Double-Chooz Near detector follows 16 months later

90% C.L. contour if sin2(26)=0
Am? . = 2.8x10-3 eV2is supposed to be known at 207% by MINOS

Double-Chooz 90% C.L. Limit versus year
0.22 T T

0.2 |
0.18 }
0.16 |
0.14
0.12 |
0.1

0.08
Far

0.06 [
0.04 .
*--detector

0.02 [ 2
0 | 1 1 | |

%2009 ' 2010 2 3 4 5 6

Exposure time in years
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Far + Near 1.5 year later
Nearonly - - - - A
Near and Far simultaneously ------
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One possible case of Complementarity to Accelerator-6,,

P(vy— ve) (Accelerator)

Sin22923=0.95
0.1 , ,
- 023>T/4 | 63< Q
0.08 | Am§2<0§ —_I— ............... .................................
L=300km |
006} _____________ ______ i
If ..
0.04 |t fo o oo gl
Degeneracy
0.02 ....................................... _ SOlved'
| < %0.0ZS(DC) > E T~a  ,<7l4
0 | ] 1
0 0.03 0.06 0.09 0.12 0.15 0.18
sin22043 (Reactor)
07.06.13 DBDO07
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Potential of Reactor v experiments

E(GeV)

E-L Relation of Oscillation Experiments

* Up to now * Near Future Reactor Prospect
100.000
Opera I
10.000 *
MINOS [
MiniBooNE |
1-000 H KK NOVA
= Very Precise 0, , N 6\{%‘/ Sl
= Am2 A 4
0.9/ 13 | A\ N -
ofd N b@m i o G2 S O===:
d TINO A ‘Q‘b‘ an
b EET 2182 = \S
Q > -
0.010 i) 1+ NPT
G]i)l;fgn - ML | KamLAND
0.001 - «
0.1 1 10 100 1000
L(km) | Very Precise 6,,




Conclusions & outlook

Double Chooz R&D's are in final stages
& Detector Construction starts this year.

First data taking expected to start in 2008

with far detector only
=> sin?(20,;) < 0.06 in 1,5 year

sin?(20,;) < 0.025 in 3 years

We will know or set a strong limit on the size of 6,3
within a few years & the neutrino oscillation studies
will go in a new phase.

07 Nk 12 DBDO0O7 29
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Back ups
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sin? 2043 discovery reach (30)

30 discovery potential

sin22913 discovery (normal hierarchy)

- MINOS
Double Chooz (early)
Double Chooz (late)
Triple Chooz
B Tk g
- NOvA <
P
=
.‘Z’
‘ 8
CHOOZ+Solar excluded | &
5
GLOBES 2006
2006 2008 2010 2012 2014 2016
Year
07.06.13 DBDO7

10° &

Experimental context

30 sensitivity (no signal)
sin22913 sensitivity (no signal)

e [INOS
Double Chooz (early)
Double Chooz (late)
Triple Chooz
— T2K
— NOVA
P
CHOOZ+Solar excluded |
//
GLoBES 2006
2006 2008 2010 2012 2014 2016
Year
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Sensitivity Discovery potential

(a limit is put)

18 months delayed scenario

(a measurement: is done)

Near a'nd Far simhltaneously
Far + Near 1.5 years later
Far detector only ———

SIN%(20 )it

107 10

2
G. Mention (CEA-Saclay)  Exposure time in years sin O,

0(3cC.L)

sin“(26 ). (90 % C.L.)
13%lim

sin2|'2a|,‘;;

\

1 1.5 15 2 25 3
G. Mention (CEA-Saclay) amg, in eV? G. Mention (CEA-Saclay) am? | in eVv®

I 1 A L Al Llll lllllAl




Triple Chooz

Just an idea ... |

Large cavity next to existing lab, available
from 2011 (after dismountling of the an-
cient CHOOZ-A underground reactor).

A >100t detector could add to Double
Chooz to investigate spectral distorsions

Large cavity 2011
Ancient CHOOZ-A
underground reactor

07.06.13 : Current neutrino laboratory 33




QU _ :
(=2 Near laboratory infrastructure

Removable \ Tanks storage cellar

roof /
/L . Preliminary civil engineering
|t study beginning 2006
S LA Spiral staircase Detailed STUdy 2006-2007
s Vs | with landings
) / 3 Autorisation & call for the
Apcess Shat | || bid 2007-2008
- Construction 2008-2009
et -
Cavem &L 2 ” 7 Experience level ﬂ5 m dShle'l'
,,,,,,,,,,,,, s 1y [] i - Liquic storage area
Delector Shif /wo N e : - Buildings & equipements
VA |
Z ke Integration from end of
2009
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