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The Double Chooz site
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The Double Chooz collaboration
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• Inverse beta decay (IBD) interaction 

• Neutrino detection threshold: 1.8 MeV 

• Powerful signature: 

Coincidence of 2 triggers (prompt & delayed 
signals) 

Background rejection (time/space 
coincidence)
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Gd/
H

Prompt signal
e+ scintillation + annihilation ϒs 

Eprompt ≈ Eν - 0.8 MeV

Delayed signal
n capture on Gd → ϒ cascade  

Ed ~8 MeV; Δt ~30 μs 
OR 

n capture on H → single ϒ  
Ed ~2.2 MeV; Δt ~200 μs

νe + p → e+ + n
_

Antineutrino detection

prompt signal

delayed signal
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Main backgrounds
1. Accidental background: accidental coincidences 

• Prompt: gammas from radioactivity from materials, 
rock… 

• Delay: neutrons from cosmic muons, β decay of 
cosmogenic isotopes 

2. Correlated background: muon induced fast-
neutrons and stopping muons 

• Prompt: recoil proton from neutron scattering or 
muon track 

• Delay: neutron capture or Michel electrons 

3. Cosmogenic background: muon induced 
spallation βn emitters (

9
Li or 

8
He) 

• Prompt: electron 

• Delay: neutron capture
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The Double Chooz detectors
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Outer Veto 
Array of plastic scintillator strips 

13 m x 7 m

Inner Veto 
Undoped liquid scintillator (70 tons) 
78 10” PMTs in steel vessel (8 mm)

Steel shielding 
15 cm steel (FD) / 1m water (ND)

Buffer 
Non-scintillating mineral oil (80 tons) 

390 10” PMTs in stainless steel vessel (3 
mm)

Gamma Catcher 
Undoped liquid scintillator (18 tons) 

in acrylic vessel (12 mm)

Neutrino target 
Gd-doped liquid scintillator (8.3 tons) 

in acrylic vessel (8 mm)
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Double Chooz setups

• 2 reactor cores & 2 detectors 

• Unique DC features: almost iso-flux setup, reactor-off data (~7 days) 

• 2 phases: 
SD period: ~480 days (FD-I only ~2011) 

MD period: ~350 days (FD-II+ND ~2015) 

• Bugey4 anchor: Bugey4 experimental result is used as virtual ND
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Single-detector analysis
• Period: April 2011- Jan 2013 

(data analyzed) 

• 467.90 live days 

• IBD candidates: 17351 

• Reactor-off: 7.24 days, 7 
candidates
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Two neutrino detection channels
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DC-III Gd analysis H analysis
Muon veto Δt > 1 ms Δt > 1.25 ms

Light noise rejection Qmax/Qtot & RMS(Tstart) conditions
Eprompt 0.5 - 20.0 MeV 1.0 - 20.0 MeV
Edelayed 4.0 - 10.0 MeV 1.3 - 3.0 MeV
ΔT 0.5 - 150 μs 0.5 - 800 μs 
ΔR < 1 m < 1.2 m

ANN —— ≥ -0.23
Multiplicity No additional triggers around signal

Vetos OV veto, FV veto, Li veto, IV veto

Gd analysis / H analysis 
• Standard analysis / Factor 2 more statistics (includes GC volume) 

• High cross section for capture of thermal neutrons / Different systematics 

• Complementary analyses 
JHEP 1410 (2014) 086 / JHEP 1601 (2016) 163

Gd

H

S/B ~ 23 S/B ~ 10
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Single-detector results
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sin2(2θ13) =  0.090 +0.032 -0.029   (stat + sys)

χ2/dof = 52.2/40
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Double Chooz Preliminary
DC-III (n-H), Livetime = 462.72 days

Data
No-oscillation signal
Accidentals

µFast n + stopping 
He8Li + 9

Gd

H



Inés Gil Botella - Double Chooz

Spectral distortion at >4 MeV

• Spectral distortion above 4 MeV observed (3σ 
significance wrt flux prediction) 

• Several cross-checks have shown: 

θ13 is not affected 

No correlation with any background-sensitive variable 

Strong correlation with reactor power 

• Observed by other reactor experiments
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Livetime: 467.90 days

JHEP 1410 (2014) 086

Daya Bay

May 2014

June 2014

July 2014
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Achievements with one detector
• First indication of the disappearance of reactor neutrinos (non-zero 
θ13), 101 days, Phys. Rev. Lett. 108 (2012) 131801 

• First measurement of θ13 using neutron capture on H, 240.1 days, 
Phys. Lett. B723 (2013) 66-70 

• Direct measurement of backgrounds using reactor-off data, Phys. Rev. 
D87 (2013) 0111012R 

• Novel background techniques & Observation of spectral distortion 
at 4-6 MeV, JHEP 1601 (2016) 163 

• Precise measurement of θ13 with the far detector 
Phys. Rev. D 86, 052008 (2012), JHEP 1410 (2014) 086, Phys.Lett. B735 (2014) 51-56 

High purity IBD selection 

Well controlled systematics at per mil level (energy, detection, backgrounds) 

Bugey-4 used as anchor of reactor flux normalization
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First multi-detector data

• ND running since 
Dec. 2014 

• Live-time: (FD-I + 
FD-II) + ND: 673.14 
+ 150.76 days  

• Presented for the 
first time at the 
Moriond conference 
(March 2016)
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Idea: increase the neutrino target
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IBD(Gd) ! IBD(Gd+H)!

Target ~8 t 
The smallest θ13 neutrino target

Target ~30 t 
The largest θ13 single neutrino target

Statistics improve by almost factor 3
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IBD selection
15
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IBD selection
15
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IBD selection

• The new analysis integrates over all captures inclusively 

• The 8 MeV signal has low background events 

• However, the 2.2 MeV n-H signal is hidden by accidental background 
New technique developed: Artificial Neural Network (ANN) 

• Systematic error is also challenging
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ANN accidental BG rejection
• Definition based in 3 variables (exploits accurate MC) 

E (delay) 

ΔT (prompt-delay) 

ΔR (prompt-delay)

16

Before ANN cut After ANN cut

H-peak

C-peak

Gd-peak

E (delay)

vetoes applied
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ANN definition
17

FD 

ND 

After ANN cutBefore ANN cut

ΔR (prompt-delay)

ΔT (prompt-delay)

Acc BG ~4 /day 
IBD: ~110 /day (FD); ~800 /day (ND)  

• Accidental BG is dramatically reduced 
• (Gd + H) stats is x2.5 IBD stat of Gd analysis

after all vetoes
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θ13 results
• Recently presented at CERN in Sept 2016 

• Data analyzed: FD-I & reactor-off data in SD and FD-II & ND data in MD 

• Statistics: ~2.5 x IBD(Gd); ~140 /day @FD, ~1000 /day @ND
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R+S results
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NDFD-IIFD-I

sin2(2θ13) =  0.119 ± 0.016  (stat + sys)        χ2/dof = 236.2/114

Background FD estimation FD fit output ND estimation ND fit output

9Li 2.59 ± 0.61 2.55 ± 0.23 11.11 ± 2.96 14.4 ± 1.2

Fast-neutrons 2.54 ± 0.07 2.51 ± 0.05 20.77 ± 0.43 20.85 ± 0.31
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Data to data fit (validation)

FD-II/ND 
sin2(2θ13) =  0.123 ± 0.023  (stat + sys) 
χ2/dof = 10.6/38 

No affected by spectral distortions at 
[4,6] MeV

20



Inés Gil Botella - Double Chooz

Comparison with other experiments

• DC θ13 (and accelerators) is higher than other θ13 reactor values (by ~2.2σ wrt DB) 

• The θ13 value is a key parameter for future CP-violation and mass hierarchy experiments 
Redundancy is fundamental 

21

NOvA
Reactors PDG
DC-IV @ 
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DC prospects
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a priori 
unknown 
improvement 
(working)

today’s result

nominal running  
(3 years ND & FD)

Phys.Rev.Lett. 108  
(2012) 131801

Phys.Rev. D86  
(2012) 052008 JHEP 1410  

(2014) 086

DC (MD)

• With the new multi-detector 
analysis the statistics is not a 
limiting factor 

• Proton number (in the full 
volume) is the largest 
uncertainty (detection 
systematics) 

• Limiting sensitivity: 0.76% 
(total) in full volume [NT: 
0.3% total]

• DC largely dominated by proton# 
uncertainty 

Most conservative inputs/assumptions 
adopted @CERN 

Possibility to improve it: analysis & 
hardware
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ND detector shape comparison
DC: 210 000 events / DB: 1.2 million events / RENO: 280 000 events

23
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Conclusions

• DC results with two detectors and new selection (Gd + H)  

Largest θ13 single-detector target now 

All neutron captures (Gd + H) are used to increase the statistics and 
reduce detection systematics 

Reactor flux uncertainty is strongly suppressed thanks to the almost 
iso-flux geometry  

Conservative systematic scenario adopted 

• DC best value: sin22θ13 = 0.119 ± 0.016  
Dominated by proton# uncertainty 

Work in progress to achieve a sensitivity < 0.01 
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Background vetoes
26

n�

μ�

9Li�

γ�

FV veto: chimney stop-μ
OV veto: fast-n, stop-μ

IV veto: fast-n, 
stop-μ, γ-
scattering

Li veto: 
cosmogenic 9Li
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Background rejection (Edelay & ΔT)
27

FD ND

NDFD
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Remaining backg measurement

All backgrounds are measured from data: 

• Accidental BG: off-time coincidence (rate + shape) 

•
9
Li BG: Li enriched sample (shape), rate unconstrained in the fit 

• Fast-n + stop-μ BG: high energy window (rate) + IV/OV tagged events (shape)

28

Background errors are suppressed in oscillation fit by spectrum shape 
information (0.5% → 0.2% after the fit) 

FD ND


