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Double Chooz experiment

Neutrino oscillation



      Neutrino oscillation parameter : 





   





   

SK, K2K, MINOS Solar+KamLAND



  

  

 

Unknown parametersMeasured parameters

Precise measurement of θ13 by detecting anti e neutrinos from Chooz reactor.



Double Chooz experiment

P(e e) = 1 - sin2(213) sin2(m2
31L/4E))
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Far Detetector

Stat. Errors

Chooz reactor 

Near a border of France 

and Belgium.
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Detection method and detector design





Delayed coincidence

(Inverse β decay reaction)




Delayed signal

Prompt signal

Detector designDetection method

Inner detector : Neutrino target(0.1w%Gd-LS, 10.3m3)  + Gamma catcher(LS, 22.6m3)

�Target PMT    : 390 10” PMTs (Photocathode coverage ~13%)
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Achievable sensitivity of sin22θ13

5 times better than current limit

(5 year measurement)

Systematic error Chooz
Dobule

Chooz

Reactor

Cross section
1.9% -

Number of

protons
0.8% 0.2%

Detection

efficiency
1.5% 0.5%

Reactor

power
0.7% -

Energy per

fiission
0.6% -

Total systematic 

error
2.7% <0.6%

Statistical error 2.8% <0.5%

Improvement of error

CHOOZ: 1.01 ±2.8%(stat)±2.7%(syst)

: sin22θ13 < 0.15(0.12@global)

↓

Achievable sensitivity of sin22θ13(90%CL)

※Near/Far error cancellation

※2 layer inner detector

→ improve systematic error 

※Stable Gd-LS → improve statistical error

2010 2011 2012 2013 2014
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Japan: HIT, Kobe, Niigata, TGU, TIT, TMU, 

Tohoku
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Contribution of DC-Japan
• Buffer PMT (for main target volume)

– Development of very-low-BG 10-inch PMT

– Development of PMT test system and the test.

– installation and commissioning

– Development of HV system

– Development of PMT calibration software

• Online data-acquisition

– Data quality monitoring and histogram viewer

– Run control and message logging software

• Offline software developments

– MC and reconstruction software

– Calibration interfaces to offline and database

– Japanese analysis cluster



8

Current status of Far detector construction (on going)

Material Status of installation

Steel shield Complete

Inner veto tank Complete

Inner veto PMT (8” 78PMTs) Complete

Buffer tank Complete

Buffer tank PMT(10” 390PMTs) Complete

(except for lid part)

Gamma catcher and target vessels Now on going

Japanese group is in charge of main works for Buffer tank PMT.

(development, installation, calibration and HV system) 

The PMT installation was almost finished in this July.

(Japanese group supervised the PMT installation.) 

The PMT installation is main topic in this talk (see next slides)

Hot topic
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Flow until the PMT installation

8 PMTs TEST

1 PMT TEST

Buy 400PMTs(HAMAMATSU R7081MOD-ASSY)

Evaluation test of the PMTs (at JAPAN and MPIK, 200PMTs each )

Transport 

to TIT(Japan)

Transport to MPIK(Germany)

Transport 

to MPIK

Evaluation test 

by MPIK system

Assembly + Cleaning @MPIK

Transport to Chooz

Installation

(see Next slides)

Evaluation test by Japanese system 

Gain,TTS,DC,QE,P/V
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PMT installation-team Person in charge

PMT installation is 

complete on 

schedule.

Collaborators from various 

countries  joined in the 

installation.

http://www.usflags.com/ProductDetail.asp?ItemID=492&CategoryID=6&p=2&psize=50
http://www.usflags.com/ProductDetail.asp?ItemID=567&CategoryID=6&p=3&psize=50
http://www.usflags.com/ProductDetail.asp?ItemID=813&CategoryID=6&p=4&psize=50
http://www.usflags.com/ProductDetail.asp?ItemID=879&CategoryID=6&p=5&psize=50
http://www.usflags.com/ProductDetail.asp?ItemID=813&CategoryID=6&p=4&psize=50
http://www.usflags.com/ProductDetail.asp?ItemID=492&CategoryID=6&p=2&psize=50
http://www.usflags.com/ProductDetail.asp?ItemID=492&CategoryID=6&p=2&psize=50
http://www.usflags.com/ProductDetail.asp?ItemID=567&CategoryID=6&p=3&psize=50
http://www.usflags.com/ProductDetail.asp?ItemID=567&CategoryID=6&p=3&psize=50
http://www.usflags.com/ProductDetail.asp?ItemID=567&CategoryID=6&p=3&psize=50
http://www.usflags.com/ProductDetail.asp?ItemID=567&CategoryID=6&p=3&psize=50
http://www.usflags.com/ProductDetail.asp?ItemID=567&CategoryID=6&p=3&psize=50
http://www.usflags.com/ProductDetail.asp?ItemID=813&CategoryID=6&p=4&psize=50
http://www.usflags.com/ProductDetail.asp?ItemID=500&CategoryID=6&p=5&psize=50
http://www.usflags.com/ProductDetail.asp?ItemID=500&CategoryID=6&p=5&psize=50
http://www.usflags.com/ProductDetail.asp?ItemID=500&CategoryID=6&p=5&psize=50
http://www.usflags.com/ProductDetail.asp?ItemID=567&CategoryID=6&p=3&psize=50
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PMT installation flow

Pre-test

MPIKPMT setting
assembly

cabling

Tent for cleanness

Scaffolding

PMT had been stored on 

ground level. 

↓

Transport PMTs inside a 

laboratory through a gallery. 
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PMT installation and cabling
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Cable routing in the pit (JPN)

Flange for cables

Buffer tank

Inner veto

tank

Splitter boxes

Cable tray
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PMT installation report 
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Far detector construction (now)
An acrylic vessel for a gamma catcher was installed 

by Saclay in this September!

2009年8月末現在

Now on Installation of an acrylic vessel for target (10.2009) 
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Future plan

We start to construct the 

Near detector in 2010.

Data taking with both 

detector starts in 2011.

2009.10   lid PMT installation

12~ electronics installation

2010.2~3 LS filling

4    data taking starts!

Far detector construction

Near detector construction

MC
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Summary

Double Chooz is a reactor neutrino oscillation 

experiment to measure directly neutrino mixing 

angle θ13.

PMTs for the far detector were almost installed.

Now the construction of the far detector is in full swing, 

and we will see the first neutrino data in April, 2010.

•

•

•

•

An acrylic vessel for target layer will be 

installed in this month.
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End
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Cleanliness (All)
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Liquids
 New DC Development:

-Solvent: 20% PXE (C16H18) 

+ 80% Dodecane (C12H24)    

+ PPO/Bis-MSB.

-1 g/l Gd(dpm)3 

tris-(2,6-tetramethyl-3,5-

heptanedione) Gd(III) 

Gd-Scint. stability 

tested for 3 y  @20oC

 A SINGLE Batch LS for both detectors

- Target Solvant delivered 

- GC Solvant: 4 % PXE – 46% Dod. - 50% Oil

- 100 Kg Gd compound delivered

- Buffer Oil 

Ordered

3 iso-tanks ready for 

transportation, storage & filling
MPIK new building for LS storage, 

mixing  and purification

Attenuation length>10m
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Outer Veto: plastic scintillator strips (400 mm)

-Target: 10,3 m3 scintillator doped with 0,1g/l 

of Gd compound in an acryclic vessel (8 mm)

-Catcher: 22,3 m3 scintillator in an acrylic 

vessel (12 mm)

Buffer: 110 m3 of mineral oil in a stainless 

steel vessel (3 mm) viewed by 390  PMTs 

Inner Veto: 90m3 of scintillator in a steel 

vessel equipped with 78 PMTs 

Veto Vessel (10mm) & Steel Shielding

Detector Design

New 4-region large detector concept 

from Double Chooz Collab. (2003)

(4 liquid densities adjusted at 0,8000,005)

Detector Design
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Background

Expected S/N>50
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Background2
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Double Chooz experiment

P(e e) = 1 - sin2(213) sin2(m2
31L/4E))
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Far Detetector

Stat. Errors

Chooz reactor 

Near a border of France 

and Belgium.
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