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Measuring the oscillation
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Exploring the neutrino mixing

0νββ

Oscillation physics

Atmospheric
sector

Solar
sector

Interference
sector

Oscillation parameters : → θ12, θ13, θ23

→ Δm²21, Δm²31

→ δCP

cij = cos θij

 sij = sin θij
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Neutrino oscillations

● |Δm²atm|, θatm → Minos and Super-K

● Δm²sol, θsol → Kameland and solar data

Experimental results :

θ13 ~ 8.5° Double Chooz, Daya-Bay, Reno
+ accelerators

● Sign of m²atm (hierarchy)
● Measurement of δCP
● Design of next experiments
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The Double Chooz experiment
Aim of the Double Chooz experiment: 
→ Measurement of θ13 through the observation of νe → νe transition according to the 
oscillation probability :

● Reactors: Pure νe, low energy, high intensity (1021 νe/s), “Cheap”
● Short baseline (~ 1km) : no matter effect

Unoscillated flux & spectrum
→ Cancel flux and efficiency
     uncertainties

Oscillated flux & spectrum
→ θ13 measurement

νe
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Power plant @ Chooz (France)
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Double Chooz collaboration
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Double Chooz Milestones

First indication of non-zero θ13 
and Rate+Shape analysis

Phys. Rev. Lett. 108 (2012) 131801

First n-H capture analysis
Phys. Lett. B723 (2013) 66-70

First (and only) Reactor Rate 
Modulation (RRM) analysis 

Phys. Lett. B735 (2014) 51-56

First publication on the 
“5 MeV excess” 
JHEP 1410 (2014) 86

RRM Gd + H
Combined analysis
arXiv:1510.08937  (2015)
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Inverse β decay (IBD)

Prompt signal:
● e+ ionization and annihilation
● Energy proportional to Eν

→ Eprompt = Eν - En - 0.8 MeV

Delayed signal:
● γ rays from neutron capture

→ on Gd : 8 MeV / τ ~ 30μs
→ on H : 2.2 MeV / τ ~ 200μs

Clear twofold coincidence signature

10-40 keV
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Neutrino detection in Double Chooz

● IBD  threshold : 1.8 MeV
● Shielding :   Far → 150 mm of steel

                     Near → 1 m of water

398 PMTs

78 PMTs

Data:
● 1 Waveform:
→ 128 * sizeof(double)
● 1 event:
→ ~ 0.5 Mo
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Background
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Candidates Selection

After-μ veto 1 ms 1.25 ms

Others Light noise rejection

Eprompt window 0.5 – 20 MeV 1 – 20 MeV

Edelayed window 4 – 10 MeV 1.3 – 3 MeV

Multiplicity cut (prompt) 200 μs before → 600 μs after 800 μs before → 900 μs after

Other vetos OV, IV, FV, 9Li likelihood

Isolation (prompt-delayed)
0.5 < ΔT

p→d
 < 150 µs 0.5 < ΔT

p→d
 < 800 µs

ΔR
p→d

 < 1 m ΔR
p→d

 < 1.2 m

ANN ANN output > -0.23

● Single event selection:

● IBD selection:

n-Gd analysis                   n-H analysis

→ All analysis done @CCIN2P3 !
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Neutrino Data
● Gd analysis: 460.67 days with reactors / 7.24 days 2-reactors off

2 reactors ON (~ 60 %)

1 reactor ON (~ 40 %)

0 reactor ON

● H analysis: 455.57 days with reactors / 7.15 days 2-reactors off
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Reactor Rate Modulation (RRM)
● Gd+H combined analysis :

→ Compare observed and expected IBD rate at different reactor powers
→ Fit θ13 and total background rate

sin  2² θ13 = 0.088 ± 0.033
No correlation assumed (minimal impact)

Unique 2-reactor
off data
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Rate + Shape fit

● The rate and the shape information were used 
in the fit for θ13 measurement

● The major improvements with respect to 
previous analyses are:

- Finer binning (more statistics)
- Larger energy range (0.5 – 20 MeV)

→ more precision on the background
- Data driven background shape
- Reactor off-off data included as a separate 
term in the χ2 (low stat → rate only)

Results:
         On Gd                                        On H

arXiv:1510.08937 [hep-ex] arXiv:1406.7763 [hep-ex] 
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Excess @ 5 MeV

● On Gd : excess ~ 3σ
(computation on-going for H)

● Given the results of RRM + the tests with 
addition artificial excess around 5 MeV:

→ no  impact seen on θ13 measurement

● The strong correlation of the excess with the 
reactor power (in both Gd and H):

→ points indeed towards an unaccounted 
component of the reactor flux
→ disfavors the possibility of an unaccounted 
background component (From Gd 2014 analysis, uses a simplified n-H selection)
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Future with Near+Far data

● The near detector commissioning ended in December 
2014 and the data taking has started

● The projected sensitivity shows an error on sin22θ13 of 
0.015 in 3 years

● Further analysis improvements will make possible a 
reduction to the level of σ  0.01∼

New results coming soon !
But also more data !
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Dynamic Data Reduction (DDR)

Near Detector = More Data !
→ Muon flux higher @ Near

(less overburden)
→ “ Light Noise” @ Far

(PMT radioactivity)

→ Bandwitch occupancy Near+Far lower than Far only !

Dynamic Data Reduction:
→ Online cuts:

- 75% of the LN events removed
- reduced data for μ and after-μ event

→ Threshod raised after a muon
- avoid ghost trigger, PMT ringing

Data transfert    Chooz → CCIN2P3

Far only                         Near+Far
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DB scheme
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DB monitor
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File tracking
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File production and access @CCIN2P3

Workers
Execute jobs

IRODS
Input buffer 

for HPSS

XROOTD
Output buffer 

for HPSS

SPS
User storage

HPSS
Permanent 

tape storage

qsub

Grid Engine (GE)
Job manager

ssh

Interactive session 
@CCIN2P3

Command
File access/copy
Only for Production

→ local scratch space

Staging

Read 

only Read 

only
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DATA Production @CCIN2P3

BIN files

ν-daq OV-daq

@CCIN2P3

IRODS

@Chooz

HPSS

XROOTD

● BIN to ROOT data → Dogsifier
● DATA Production → CT
● DATA Selection and Reduction → LT
● → Analysis by analyzers

IRODS → HPSS → XROOTD

→ DATA + MC to be produced !
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Jobs management

Effort done on job efficiency:

Jul. → Sept.
2015       
93%       

     58%
Jan. → Mar.
     2015
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Disk and CPU usage

CPU consumption:
→ ~2 000 000 HS06.h / month
→ increasing

TODAY for CT:
→ 2 months of data / day
→ ~ 20 TB / day on IRODS
→ up to 200 000 HS06.h / day
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Disk and CPU usage
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DC@CCIN2P3 - Requests for 2016

CURRENT 1st trimester 2nd trimester 3rd trimester 4th trimester

CPU (HS06.h) 9 000 000 7 000 000 7 000 000 9 000 000 9 000 000

AFS 
THRONG_DIR

60 GB  Saturated – extensive use by all dchooz developpers

SPS 88 TB +60 TB on /sps/dchooz, +20 TB on /sps/dchooz/crux

IRODS 150 TB +100 TB → ~ 5 days of DATA production

HPSS 1657 TB* +220 TB +220 TB +220 TB +220 TB

XROOTD 562 TB* +170 TB +170 TB +170 TB +170 TB

* not a limit, used space

● 2017 → Requests ~
● End of 2017 / early 2018 → End of the data taking, no additional request expected

mailto:DC@CCIN2P3
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Some other comments

● EDF reactor data → confidential, access granted to only few DC users
(power vs. time, fuel composition)

● Turn over → regular checks of logins / corresponding storage space

● Data cleaning → old / non used data files (not BIN)

● Backup for BIN files →  @TUM (Munich, Germany), dedicated Irods account

● Data file transfer to Japan → dedicated Irods account
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DC progress
● May 2008 to October 2010 → Far detector construction
● December 2010 → Far detector filling completed
● April 2011 → Far detector commissioned, start data taking !
● April 2011 → Near lab construction started
● July 2011 → Outer veto commissioned (more data)
● December 2011 → 1st results
● 2012 → First indication of non-zero θ13

● 2013 → First n-H analysis
● 2014 → RRM fit
● December 2014 → Near detector commissioned
● 2015 → new n-Gd / n-H / combined RRM analysis
● 2015 → resources @CCIN2P3 x 4 ! (effort on code stability)
● End 2015 → Data are 6 times faster to produce (vs. early 2015)
● 2016 → First Near + Far analysis !
● End of 2017/early 2018 → end of data taking
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Remerciements de la part
de Double Chooz !


