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È ʇʨʝʜʳʩʪʦʨʠʷ

È ʈʘʟʥʦʦʙʨʘʟʥʳʝ ʧʨʦʝʢʪʳ ʧʦ ʠʟʤʝʨʝʥʠʶ q13

È ɸʪʦʤʥʘʷ ʩʪʘʥʮʠʷ Choozʚʦ ʌʨʘʥʮʠʠ

È ʅʝʡʪʨʠʥʥʘʷ ʣʘʙʦʨʘʪʦʨʠʷ ʚ Chooz

È ɼʝʪʝʢʪʦʨ 

È ʆʞʠʜʘʝʤʳʝ ʨʝʟʫʣʴʪʘʪʳ

È ʉʪʘʪʫʩ ʥʘ ʩʝʛʦʜʥʷ
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È ʊʠʧʳ ʥʝʡʪʨʠʥʦ: ne, nm, nt
È ʄʘʩʩʦʚʳʝ ʩʦʩʪʦʷʥʠʷ: n1, n2, n3

È | nk > = SUki | ni > 

È ʇʨʠ ʜʚʫʭ ʩʦʩʪʦʷʥʠʷʭ ʚʝʨʦʷʪʥʦʩʪʴ ʬʣʵʡʚʦʨʘ

ʦʩʪʘʪʴʩʷ ʩʘʤʠʤ ʩʦʙʦʡ ʥʘ ʨʘʩʩʪʦʷʥʠʠ L                   
P = 1 ðsin22qsin2 (1.267 Dm2 L/E n)

È ʅʝʡʪʨʠʥʥʳʝ ʠʩʪʦʯʥʠʢʠ: ʉʦʣʥʮʝ (ne), ʘʪʤʦʩʬʝʨʘ 

(nm,nm,ne ,ne), ʫʩʢʦʨʠʪʝʣʠ (nm,nm,ne ,ne), 
ʨʝʘʢʪʦʨʳ (ne)
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Rate + shape information if q13 not too small

@1,05 km

F
a

r/
N

e
a

r 
e

n
e

rg
y 

b
in

 r
a

tio
 

@1,05 km



È sin22q12= 0.87Ñ0.03 Dm2
12 = (7.59Ñ0.20) 10-5 eV2

ʩʦʣʥʝʯʥʳʝ ʧʘʨʘʤʝʪʨʳ

È sin22q23= 1.0 (>0.92) Dm2
23 = (2.43Ñ0.13) 10-3 eV2

ʘʪʤʦʩʬʝʨʥʳʝ ʧʘʨʘʤʝʪʨʳ

È ɺ ʨʝʘʢʪʦʨʥʳʭ ʵʢʩʧʝʨʠʤʝʥʪʘʭ ʦʩʮʠʣʣʷʮʠʡ ʥʝ ʙʳʣʦ 

ʦʙʥʘʨʫʞʝʥʦ ʧʦʢʘ ʥʝ ʨʘʩʧʦʣʦʞʠʣʠ ʜʝʪʝʢʪʦʨ ʥʘ 

ʨʘʩʩʪʦʷʥʠʠ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʤ ʜʣʠʥʝ ʦʩʮʠʣʣʷʮʠʡ 

ʩʦʣʥʝʯʥʳʭ ʧʘʨʘʤʝʪʨʦʚ (KamLAND )

sin22q13< 0.19 (90%CL) Dm2
13 ~ 2.5 10-3 eV2

È PDG, 2009
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World best constraint!

@Dm2atm = 2 10-3 eV2

sin2(2ɗ13) < 0.2

(90% C.L)

neĄne (disappearance experiment)

Pth= 8.4 GWth,  L = 1.050 km, M = 5 t
overburden: 300 mwe



È ʇʦʩʣʝ ʧʨʦʚʝʜʝʥʠʷ ʵʢʩʧʝʨʠʤʝʥʪʦʚ CHOOZ ʠ Palo 
Verde, ʢʦʪʦʨʳʝ ʥʝ ʦʙʥʘʨʫʞʠʣʠ ʦʩʮʠʣʣʷʮʠʡ ʥʘ 
ʨʘʩʩʪʦʷʥʠʷʭ ~1 ʢʤ ʦʪ ʨʝʘʢʪʦʨʘ, ʙʳʣʠ ʧʦʣʫʯʝʥʳ 
ʦʛʨʘʥʠʯʝʥʠʷ ʥʘ ʘʤʧʣʠʪʫʜʫ ʦʩʮʠʣʣʷʮʠʡ 10-20%. 

ʉʯʠʪʘʣʦʩʴ, ʯʪʦ q13=0. ɿʘʪʝʤ ʚʦʟʥʠʢʣʘ ʠʜʝʷ, ʢʘʢ 
ʫʚʝʣʠʯʠʪʴ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴ ʵʢʩʧʝʨʠʤʝʥʪʘ. 

ʇʨʝʜʣʦʞʝʥʠʝ ʵʢʩʧʝʨʠʤʝʥʪʘ ʚ ʥʦʚʦʡ ʧʦʩʪʘʥʦʚʢʝ 

ʙʳʣʦ ʜʦʣʦʞʝʥʦ ʥʘ ʢʦʥʬʝʨʝʥʮʠʷʭ TAUP-99ʠ 
NANP -01
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ʇʦʩʣʝ ʵʪʦʡ ʧʫʙʣʠʢʘʮʠʠ  ʩʦʩʪʦʷʣʘʩʴ ʩʝʨʠʷ Workshop -ʦʚʧʨʠ ʢʦʦʨʜʠʥʘʮʠʠ 

ʄʘʫʨʠɻʫʜʤʘʥʘ(http://www.hep.anl.gov/ndk/hypertext/) ʠ 

ʦʧʨʝʜʝʣʠʣʦʩʴ ʥʝʩʢʦʣʴʢʦ ʵʢʩʧʝʨʠʤʝʥʪʦʚ, ʢʦʪʦʨʳʝ ʥʘʯʘʣʠ ʨʝʘʣʠʟʦʚʳʚʘʪʴʩʷ 

ʚ ʨʘʟʥʳʭ ʩʪʨʘʥʘʭ. ɺ ʪʦʤ ʯʠʩʣʝ ʩʦʟʜʘʣʘʩʴ ʢʦʣʣʘʙʦʨʘʮʠʷDouble Chooz, ʚ 
ʢʦʪʦʨʫʶ ʚʦʰʣʠ ʦʪ ʈʦʩʩʠʠ ʀʗʀ ʈɸʅ ʠ ʂʫʨʯʘʪʦʚʩʢʠʡ ʀʥʩʪʠʪʫʪ



È ɺ ʜʝʢʘʙʨʝ 2002 ʩʦʩʪʦʷʣʦʩʴ ʧʝʨʚʦʝ ʦʙʩʫʞʜʝʥʠʝ 

ʚʦʟʤʦʞʥʦʩʪʠ  ʧʨʦʚʝʜʝʥʠʷ ʵʢʩʧʝʨʠʤʝʥʪʘ ʥʘ ɸʕʉ 

Chooz ʥʘ ʤʝʩʪʝ ʵʢʩʧʝʨʠʤʝʥʪʘ ʚ 1997 ʛ.

È ɺ 2004 ʚʳʰʝʣ ʧʝʨʚʳʡ proposal ʵʢʩʧʝʨʠʤʝʥʪʘ 
hep-ex/0405032, ʟʘʪʝʤ ʦʢʦʥʯʘʪʝʣʴʥʳʡ ʚ 2006 
hep-ex/0606025

È ʈʘʥʝʝ ʙʳʣʘ ʦʧʫʙʣʠʢʦʚʘʥʘ white paper (ʚ 2004), 
ʛʜʝ ʧʨʝʜʣʘʛʘʣʠʩʴ ʵʢʩʧʝʨʠʤʝʥʪʳ ʧʦ ʠʟʤʝʨʝʥʠʶ 

q13ʚ ʨʘʟʣʠʯʥʳʭ ʩʪʨʘʥʘʭ, ʚʢʣʶʯʘʷ ʈʦʩʩʠʶ.
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È 2 ʨʝʘʢʪʦʨʘ ï2 
ʜʝʪʝʢʪʦʨʘ. ʋʩʣʦʚʠʝ: 
ʨʘʚʝʥʩʪʚʦ ʚʢʣʘʜʦʚ 
ʧʦʪʦʢʦʚ ʦʪ 
ʨʝʘʢʪʦʨʦʚ ʚ ʢʘʞʜʦʤ 
ʜʝʪʝʢʪʦʨʝ. ʊʦʛʜʘ 
ʨʝʘʢʪʦʨʳ ʤʦʛʫʪ 
ʨʘʩʩʤʘʪʨʠʚʘʪʴʩʷ ʢʘʢ 
ʦʜʠʥ.  

È ɼʝʪʝʢʪʦʨʳ ʜʦʣʞʥʳ 
ʙʳʪʴ ʠʜʝʥʪʠʯʥʳʤʠ, 
ʩ ʚʦʟʤʦʞʥʦ 
ʙʦʣʴʰʝʡ 
ʪʦʯʥʦʩʪʴʶ.
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È Krasnoyarsk (Russia) 1 reactor

È Wolf Creek (USA) 1 reactor

È Diablo Canyon (USA) 2 reactors

È Breidwood (USA) 2 reactors

È Kashiwa-Kariwasaki (Japan) 7 reactors

È Angra (Brazil) 1 reactor

È Daya Bay (China) 2 + 4 reactors

È RENO (Korea) 6 reactors

È Double Chooz (France) 2 reactors
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45 ʩʤ gamma-catcher

target  160 ʩʤʨʘʜʠʫʩ, 
320 ʩʤ ʚʳʩʦʪʘ

45ʩʤ buffer

150 ʩʤ ʪʦʣʱʠʥʘ ʚʦʜʳ
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60 ʩʤ gamma-catcher

target  140 ʩʤʨʘʜʠʫʩ, 
320 ʩʤ ʚʳʩʦʪʘ

70 ʩʤ buffer

150 ʩʤ muon veto
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2 x 4.2 GWth
Chooz PWR power station Near detector Far detector

ne ne,m,t

Vanti-ne flux (uranium 235, 238 & plutonium 239, 241)  
VReaction:  ne + p Č e+ + n,  <E>~ 4 MeV,  Ethreshold =1.8 MeV
VDisappearance experiment: search  for a departure from the 
1/D 2 behavior and shape distortion

D1 = 280 m D2 = 1,050 m 

Č Improve the detector concept
Č and backgrounds rejection

improve Chooz sensitivity 0.20 Č 0.03
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Spain
CIEMAT Madrid

~100 physiciens & ing®nieurs

?

http://www.flags.net/FRAN.htm
http://www.flags.net/UNST.htm
http://www.flags.net/SPAN.htm
http://www.flags.net/GERM.htm
http://www.flags.net/RUSS.htm
http://www.flags.net/ITAL.htm
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ɺʭʦʜ ʚ 

ʥʝʡʪʨʠʥʥʫʶ 

ʣʘʙʦʨʘʪʦʨʠʶ



È ɸʪʦʤʥʘʷ ʩʪʘʥʮʠʷ Choozɺ ʩʦʩʪʦʠʪ ʠʟ ʜʚʫʭ 
ʙʣʦʢʦʚ ʷʜʝʨʥʳʭ ʨʝʘʢʪʦʨʦʚ 4200 ʄɺʪ 

ʥʦʤʠʥʘʣʴʥʦʡ ʪʝʧʣʦʚʦʡ ʤʦʱʥʦʩʪʠ. ʇʦ ʪʠʧʫ 

ʨʝʘʢʪʦʨʳ ʦʪʥʦʩʷʪʩʷ ʢ PWR. ʉʪʝʧʝʥʴ 
ʦʙʦʛʘʱʝʥʠʷ ʪʦʧʣʠʚʘ ʧʦ 235U ʩʦʩʪʘʚʣʷʝʪ 2-5%.

È ʇʦʩʪʨʦʝʥʘ ʨʷʜʦʤ ʩʦ ʩʪʘʨʦʡ ɸʕʉ Chooz ɸ, 
ʥʘʭʦʜʷʱʝʡʩʷ ʚ ʛʦʨʝ.
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ɺʭʦʜ ʚ ʣʘʙʦʨʘʪʦʨʠʶ
ɺʠʜ ʪʦʥʥʝʣʷ ʧʝʨʝʜ ʚʭʦʜʦʤ ʢ 

ʜʝʪʝʢʪʦʨʫ
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Veto muon : huile scintillante + 70 tubes  
photomultiplicateurs 51 ʩʤ

Cible n:   115ʩʤʨʘʜʠʫʩ, 245 ʩʤ 

ʚʳʩʦʪʘ

Collecteur g: 80% dod®cane
+ 20% PXE
+ PPO + Bis-MSB      54ʩʤ

2.8% @ CHOOZ        (2% r®acteur + 1.5% d®tecteur)
0.6% @ Double Chooz  (0% r®acteur + 0.6% d®tecteur)

Erreurs syst®matiques              
7

 m

7 m

Structure de support des 534 tubes  
photomultiplicateurs

Blindage: 17 cm acier

Zone tampon non scintillante :    
huile min®rale + 534 PMTs  100 ʩʤ
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@CHOOZ: R = 1.01 °2.8%(stat)°2.7%(syst)

CHOOZ -far : 40 000/3 y

CHOOZ -near: >1 106/3 y
2700Event rate

3-5 yearsFew monthsData taking period

0,5%2,8%Statistical error

6,526 1028 H/m 36,77 1028 H/m 3Target composition

10,32 m35,55m3Target volume

Double-ChoozCHOOZ

ðSystematic error ð

ðStatistical error ð

Improve the detector concept
Two identical detectors Č towards Ȓrelative~0,6%
Careful backgrounds control Č error<1%

Luminosity incerases L = Dt x P(GW) x Np
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Gd-BDK at MPIK : tris-(2,6-tetramethyl -3,5-heptanedione) Gd(III)
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The Gd Scintillators

Chemical (Molecular) stability

Solubility (common org.)

Absorbance Length

Light Yield

Compatibility (reactivity)

Radiopurity

labile rigid

high (50 g/l) medium (5 g/l)

good (>25 m, 440nm) good (>25m, 440nm)

high (80%BC505) medium(60%BC505)

medium (pH 4) good (pH neutral)

avg: liquid chemistry good: gas chemistry

CBX: pH controlled 
single carboxylate
Gd-TMHA

BDK: beta-diketone
Gd-DPM

Gd-BDK C. Buck, F. X. Hartmann, D. Motta, S.Schoenert, U. Schwan, ò Metal Beta-diketone 
Scintillatorsó, Presentation at the Workshop on Future Low Energy Neutrino Experimentsó,
Technical University Munich, Munich 9 -11 October 2003.

Gd-TMHA F. X. Hartmann, Low Level Scintillators and Gadoliniumó, ibid (Munich) and òScintillator
Development for a      Reactor Experiment in Europe (Double Chooz), Third Workshop
on Future Low Energy Neutrno Experiments, Niigata, March (2004) 20 -22.

13q
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È ɿʘʢʦʥʯʝʥ ʤʦʥʪʘʞ ʜʘʣʴʥʝʛʦ ʜʝʪʝʢʪʦʨʘ

È ʇʦʜʛʦʪʦʚʣʝʥʳ ʚʩʝ ʞʠʜʢʦʩʪʠ ʜʣʷ ʟʘʣʠʚʢʠ ʚ 

ʜʝʪʝʢʪʦʨ ʠ ʜʦʩʪʘʚʣʝʥʳ ʥʘ ɸʕʉ

È ʋʩʪʘʥʦʚʣʝʥʘ ʠ ʧʨʦʚʝʨʝʥʘ ʚʩʷ ʩʠʩʪʝʤʘ ʩʙʦʨʘ 

ʠʥʬʦʨʤʘʮʠʠ

È ɺ ʦʢʪʷʙʨʝ ʥʘʯʘʣʦʩʴ ʟʘʧʦʣʥʝʥʠʝ ʜʝʪʝʢʪʦʨʘ

È ɺ ʜʝʢʘʙʨʝ-ʷʥʚʘʨʝ ʦʞʠʜʘʝʪʩʷ ʬʠʟʠʯʝʩʢʠʡ ʧʫʩʢ

È ʇʘʨʘʣʣʝʣʴʥʦ ʚʝʜʫʪʩʷ ʨʘʙʦʪʳ ʧʦ ʩʪʨʦʠʪʝʣʴʩʪʚʫ 

ʣʘʙʦʨʘʪʦʨʠʠ ʙʣʠʞʥʝʛʦ ʜʝʪʝʢʪʦʨʘ
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ʇʦʤʝʱʝʥʠʝ ʜʣʷ ʭʨʘʥʝʥʠʷ 

ʩʮʠʥʪʠʣʣʷʪʦʨʘ ʫ ʚʭʦʜʘ ʚ 

ʣʘʙʦʨʘʪʦʨʠʶ

ʝʤʢʦʩʪʠ ʜʣʷ ʭʨʘʥʝʥʠʷ ʩʮʠʥʪʠʣʣʷʪʦʨʘ 

33ʤ3ʢʘʞʜʘʷ.
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ʊʦʥʥʝʣʴ ʩʦ ʩʪʦʨʦʥʳ ʚʭʦʜʘ ʚ 

ʣʘʙʦʨʘʪʦʨʠʶ
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Hideki Watanabe ï
ʢʦʦʨʜʠʥʘʪʦʨ ʨʘʙʦʪ 

ʥʘ ʨʘʙʦʯʝʤ ʤʝʩʪʝ ʫ 

ʩʝʨʚʝʨʘ, 

ʢʦʥʪʨʦʣʠʨʫʶʱʝʛʦ 

ʧʘʨʘʤʝʪʨʳ 

ʜʝʪʝʢʪʦʨʘ (tÁC, P 
ʛʘʟʘ ʠ ʫʨʦʚʥʠ 

ʞʠʜʢʦʩʪʠ. 
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