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?13 , dCP, mass hierarchy
but degeneracies & correlations!
?13 , dCP, mass hierarchy
but degeneracies & correlations!

Reactor experimentsReactor experiments

clean measurement of ?13clean measurement of ?13

from Huber, Lindner, Rolinec, Schwetz, Winter hep-ph/0403068
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νeà νe (disappearance experiment)

Best Limit on ?13: CHOOZBest Limit on ?13: CHOOZ

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

∆m2
atm = 2ﾗ10-3 eV2

sin22?13 < 0.2 

(90% C.L)

∆m2
atm = 2ﾗ10-3 eV2

sin22?13 < 0.2 

(90% C.L)

Pth= 8.5 GWth,  L = 1,1 km, M = 5t
overburden: 300 mwe

Pth= 8.5 GWth,  L = 1,1 km, M = 5t
overburden: 300 mwe

Target: 5t Gd loaded (0.09%) ScintillatorTarget: 5t Gd loaded (0.09%) Scintillator



Caren Hagner BENE workshop Hamburg 3.11.04

nepe +→+ +ν

prompt signal
Ev – 0.77MeV

delayed signal:
n-capture on Gd
8MeV photons

Reactor Anti-v Spectrum and Detection
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CHOOZ 

Systematic error  (major sources):

• reactor uncertainties (2%)

• detector efficiency (1.5%)

• number of protons in liquid (0.8%)
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How to improve the sensitivity?

The problem: Reactor exp.  =  Disappearance exp.

• compare total flux (and spectrum) with the 

no- oscillation  hypothesis

• one depends on systematic uncertainties, like:

absolute source strength, 

cross section, 

detection efficiency, 

fuel development over time... 
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The basic idea:

Use 2 identical detectors

• oscillation frequency basically known 

L/2 ~ 1.0 km - 2.0 km

• choose the right distance for the signal with the far detector

• monitor the reactor with the close detector (100m)
(cancels also uncertainties like cross section, efficiencies etc.)

∆m2 = ( 2.0 - 2.5 ) 10-3 eV2

osc.length L
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What you need:

• Statistics N(far) ~ 5 104

• energy uncertainty   s(E)  < 1%

• normalization uncertainty srel < 1%

number of target protons

efficiencies (positron, neutron)  
srel

excellent calibrations required...
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• shape (~ 2%)

• cross section (~ 1.9%)

should cancel !

• fuel composition (235U, 238U, 239Pu, 241Pu)

should cancel !

Bugey; comparison with spectrum 
deconvoluted from exp. determined 
beta spetra

Feilitzsch, Schreckenbach; 
used for analysis of the G�sgen experiment

Additional Uncertainties
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Towards a Reactor experiment
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Sites under discussion
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Proposed Sites

600/600

140/600

100/700

200/1000

50/300

250/250

60/600

Overburden
Near/Far (MWE)

46/46

8.5/8.5

25/50

25/50

10/10

25/50

25/25

Detector
Near/Far(t)

Krasnoyarsk (Russia)

Kashiwazaki (Japan)

Diablo Canyon (US)

Daya Bay (China)

Chooz-II (France)

Braidwood (US)

Angra dos Reis 
(Brazil)

Site
(proposal)

3.2

24.3

6.4

11.6

8.4

6.5

4.1

Power
(GW)

115/1000

300/1300

400/1800

300/1500

150/1050

200/1500

300/1300

Baseline
Near/Far (m)
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Scales of Experiments and Sensitivities

small:  sin22θ13~0.03
– Goal: fast experiment to explore region x3-4 below the Chooz limit.
– Sensitivity through rate mainly
– Example: “Double-Chooz” experiment  (300 GW-ton-yrs)

medium:  sin22θ13~0.01
– Make a discovery of θ13 in region of interest for the next 10-20 year 

program
– Sensitivity enough to augment the physics of offaxis measurements
– Sensitivity both to rate and energy shape
– Example: Braidwood, Daya Bay  (3000 GW-ton-yrs)

large: sin22θ13~0.002-0.004??
– Measurement capability comparable to second generation offaxis 

experiments
– Sensitivity mainly through energy shape distortions
– MiniBooNE/Kamland sized detector  (20,000 GW-ton-yrs)
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A personal point of view (M. Goodman, CH agrees)

§ θ13 is in reach
§ A generally accepted observation of 

non-zero θ13 will take :
• 2 experiments or
• 2 techniques (rate & shape)

§ Double-CHOOZ is a great 
opportunity 

§ We need one & probably more than 
one experiment beyond Double-
CHOOZ
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Double CHOOZ 
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US proposal to participate in Double-CHOOZ

to DOE
(particle physics)
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Near detector
5-30 t

> 50 mwe

Far detector
5-30 t

> 200 mwe

D1 = 100-200mD1 = 100-200m D2 = 1050mD2 = 1050m

νe
νe,µ,τ

2 IDENTICAL detectors (CHOOZ, KamLAND, BOREXINO/CTF type)
�Minimalize uncertainties of reactorflux & spectrum  

(2 % in CHOOZ)
�Cancelation of uncertainty in cross section (1.9 %)  
�Challenge: relative normalisiation between detectors < 1% ! 

2 IDENTICAL detectors (CHOOZ, KamLAND, BOREXINO/CTF type)
�Minimalize uncertainties of reactorflux & spectrum  

(2 % in CHOOZ)
�Cancelation of uncertainty in cross section (1.9 %)  
�Challenge: relative normalisiation between detectors < 1% ! 

Double CHOOZ ConceptDouble CHOOZ Concept

CHOOZ
8.4 GW
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Neutrino Energy Spectra
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Double-CHOOZ Signal
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Double CHOOZ Site

Near site: D~100-200 m, overburden 50-80 mwe
Far site: D~1.1 km, overburden 300 mwe

2Cores

EDFOperator

FramatomeConstructor

66, 57(%, in 2000)

1996/1997Couplage

8.4 GWthPower

PWRType 

Chooz-Far

Chooz-Near
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Two Detectors
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Detector design, Double-Chooz

ν-target
Gd-
scintillator

2.4m
3.6m

5.5m
6.7m

)

)

)

)

)

)

PMs 2.8m

γ-catcher, 
scintillator

buffer, non-
scintillating

Muon Veto, 
scintillator
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PMTs

• CHOOZ experiment 192 PMTs
42 m2

for a coverage of 14.4%

• current plan for Double-CHOOZ:   
12.9% with 512 20-cm PMTs
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Double-CHOOZ Far DetectorDouble-CHOOZ Far Detector

Non-scintillating buffer: 
scintillateur+quencher DMP 
(r+0.95m, , V=100 m3)

γ-catcher: 80% dodécane + 20% PXE 
(r+0,6m – V= 28,1 m3)

7 m

7 m

ν - target: 80% dodécane + 20% PXE + 0.1% Gd
(r=1,2m, h = 2,8m, 12,7 m3)

existing CHOOZ hallexisting CHOOZ hall
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Near Lab Outline

@DAPNIA

~10m

60 m.w.e. overburden
• 12 m compacted earth
• 3 meter high density material

5m

15m

67,5-80200

55-65150

45-53100 

Required overburden (m.w.e)Distance Reactor-detector
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How to improve CHOOZ: Statistics

Chooz-far : 60 000/3 y
Chooz-near: > 3 106/3 y

2700Number of events

3-5 yearsFew monthsData taking period

0.4%2.7%Statistical error

6.82 1028 H/m36.77 1028 H/m3Target composition

12,67 m35.55 m3Target volume

Double-ChoozChooz
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Improve Systematics:  2 identical Detectors

2.1%

0.6%

0.7%

1.9%

Chooz

O(0.1%)Σ

O(0.1%)E/Fission

O(0.1%)Thermal power

O(0.1%)Flux, cross section

Reactor

2 identical detectors
Low backgroundError typesystematics
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Main Challenges on Syst. Errors

üSolid angle
- Reactor cores to near detector distance to be measured @10 cm
- Monitoring of the ν source barycenter…

ü Target volume
- @Chooz : 0.3% [simple measurement]
- Goal ~ 0.2% [same apparatus for both detectors] –

feasible but not trivial…

üLive time to be measured accurately by several methods
KamLAND : dead-time è10%  and  s syst = 0.6%
Double-Chooz: dead-time(near) 
è25% and goal: s syst ~ 0.25%
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Background Estimates
- Chooz: N/S ~ 4%

- Double-Chooz-Far (300 mwe): 12.7 m3è Signal  x 2.4

- Uncorrelated (β,γ + n capt. on Gd):
N/S(Chooz) ~ 4% : Double-Chooz: Sx3 & N/3 à can be measured and subtracted

- Correlated events (neutrons):
Chooz : ~<1 recoil proton per day 
Double-Chooz: liquid active buffer +30 cm

è ~0.3 events per day           à N/S<1%

- Double-Chooz-near (50 mwe): Signal x 50-100 SFAR

- Key advantage: Dnear ~ 100-200 m è Signal x 50-100 ! 

- Uncorrelated: Chooz-Far backgrounds x 50 è can be measured and subtracted

- Correlated events: Chooz-Far x <30 è N/S < 1%

(but not a comprehensive list of backgrounds …)
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Neutron induced Background

üCosmic muons create fast neutrons through spallation and 
muon capture in the rock surrounding the detector

üFast neutron slows down by scattering into the scintillator; 
it could deposit between 1-8 MeV and be later captured on Gd !

üFull simulation – Geant + Fluka

üOld Chooz simulation: 300 m.w.e. 31hours – MC is reliable !
• Simulated: Nb<1.6 evts/day (90% C.L.)
• Measured in-situ: Nb=1.1 evts/day

üDouble-Chooz simulation:
• 338 106 µ tracked – 580 103 neutrons tracked
• 1 neutron created a muon event
• Far detector: Nb<0.5 evt/day (90% C.L.)
• Near detector: Nb<3.2 evts/day (90%C.L.)
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Conclusion and Outlook

• Double-Chooz sensitivity:
can set limit sin2(2θ13)<0.025-0.03, 90% C.L.     (if ∆m2 = 2.0-2.5 10-3 eV2)
& can see sin2(2θ13)>0.04-0.05, 3s C.L.                  (if ∆m2 = 2.0-2.5 10-3 eV2)
Current limit: Chooz : sin2(2θ13)<0.2 è discovery potential !

• Technology / design well known (Chooz, BOREXINO, KamLAND,…) 
è few R&D needed : Gd loading (stability) + material compatibility 

(Started, to be completed in half a year)

• Collaboration: APC Paris, Saclay, Subatech, TU Munich, MPIK Heidelberg, Tubingen
Univ. Hamburg Univ., Kurchatov, RAS Moscow, Univ. Alabama, Univ. Tennessee, Univ. 
Louisiana, Univ. Drexel, Argonne, + Italian groups discussing…
è (maxi-)letter of intent (May 2004) è final proposal end of 2004

• Approved in France.  
• Proposal to DOE in US

• Our Goal @Double-Chooz:
Construction starts in 2006
Start data taking in 2007 (far) & 2008 (near + far)
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APS multi-divisional ν study

� One of (two) high priority 
recommendations is for a 
concerted program to 
measure θ13 including:
è A reactor experiment
è An accelerator experiment 

(with NOνA in mind).


