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Physics motivations

= 05 IS the last unknown mixing angle
s \Neutrino oscillations are fairly confirmed.
= [wo oscillation modes with different Am?# scales:
Am, 2~ 7.6x107eV?, | Ams?|~|Am; 4| ~2.5x107=eV?
= [wo large mixing angles: 6,,~34°, 0,;~45°
x Only the limit s set to 635 0;5<12°

s EXciting topics are walting for the value of 0,5
m O IN Neutrino sector (super beam, v-Fact, f beam...)

s Mass hierarchy of neutrinos

Measurement ofi 6,5 IS essential.



Search for 0,4 using reactor neutrinos

10
Length (km) [at E~3MeV]

= Simple 2 flavor oscillation formula is valid at 1km baseline

s P(v.—v,) as a function of Am;,4(well known) and 6,5 (unknown)
s Matter effects are negligible

s [Independent to CP-violation phase
= Clean measurement of 045
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Double Chooz collaboration [Cass
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Neutrino signal and backgrounds
Neutrino signal

Prompt signal: e* (1~8MeV)
— - E,=E, . +0.8MeV

VIS

___________ > Delayed signal: n-capture by Gd (~8MeV)
® Time correlation: T~30us

69 v signal’'s/day at FD

Background

Environmental y n-capture within Eg. Fast neutron with recoil proton
time window signals = n-capture by Gd

W s
.Gd .Gd

~2 v BG's/day at FD ~1.6 v BG's/day at FD (total)



Double Chooz detector
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"].i; Outer Veto (Plastic scint.)
_ ' » Identification of cosmic-ray u

Inner Veto (90m?3 Liquid scint.&78 PMTs)

» Detection of cosmic-ray w and fast
NEeutrons

AN —
5\ ﬂl Buffer (110m? Mineral oil & 390 PMT’s)
R » Reduction of fast neutron and
' ; environmental y from outside
O
v-catcher(22.3m3 Liquid scintillator)

« Measurement of y’s from n-capture
by Gd in target volume

v-target
(10.3m3 Gd loaded (1g/1) liquid scint.)
 Target for neutrino signals

©Imag'in IRFU



Statistic and systematic errors

Reactor Production x-sec

1.9%

(neutrino flux) Reactor power

0.7%

Energy per fission

0.6%

Solid angle

Detector Detection x-sec

0.3%

Target mass

0.3%

Fiducial volume

0.2%

H/C ratio

0.8%

Dead time

0.25%

Analysis Selection efficiency

Total systematic error

1.4%
2.7%

0.4%

—— <0.5%

Statistical error

2.8%

—> <0.5%

G. Mention et al., arXiv:0704.0498 [hep-ex]
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... and the first PMT signal readout by FADC

channel = 53, trigger_id = 46
210

I

I

ADC counts
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~ Amplitude: <IPE> ~ 8ADC counts
—Charge: <|PE> ~ 60 DUQ (integrated ADCx2ns)
& |
900 950 1000 1050
Time [ns]




Schedule

= Far detector construction completed.
= Liquid scintillator filling starts soon.

s fFar detector commissioning in Septembper 2010.

s Near detector:

= Digging from November 2010
s \D |ab available in fall 2011
s Data taking in 2012



Sensitivity to 0.5

Double Chooz : sensitivity limit versus year

Current limit set by CHOOZ:
sin”26,, <0.15

phase I: 1.5 y with the far detector (1.05 km) only
phase Il : 3.5 y with both near (400 m) and far detectors

Atmospheric mass splitting =2.5e-3 ev2

(Am* =25x%x10"eV?)
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“1-o hint” of non-zero 6,5 from
Solar+KamLAND global analysis:

B. Aharmim et al (SNO collaboration)

Phys.Rev.C81:055504,2010

m Far detector commisioning in September 2010.

= Sensitivity reaches sin<20,3~0.06 (90% C.L.)/in 1.5 years
= Near detector operation in 2012.

= Sensitivity reaches sin<26,3~0.03 (90% C.L.)/in +3 years

Reasonable chance to make the measurement of non-zero 65 in a few years



Conclusion

s Double Chooz far detector is about to start data taking.
s Detector construction completed.
s First PMT signals observed by DAQ with all PMTs on.

m Liguid scintillator filling starts soon.
a Detector commissioning in September: 2010.
s [Near detector data taking expected from 2012.

= Prospects of 0;; measurement.
s September 2010: Far detector only
= Sin?20,5; ~ 0.06 (90% C.L.) in 1.5 years
s 2012: Near and far detectors
= Sin“20,; ~ 0.03 (90% C.L.) in +3 years
s (Current limit: sin?26;5 < 0.15 by CHOOZ)






Two approaches to search for 0.,

Reactor neutrino: Double Chooz, Daya-Bay, RENO...

s Sensitive to = . (=> clean measurement)

a(x) =V2G,N,(x)
Long-baseline with v,, beam: 122K, NOVA ... J, ™ C181,C1815C 255

ke 52
F 4 Sill(S\ AI;;L

; Ocp; (=> parameters degeneracy).
= Matter effects.
= Neutrino and anti-neutrino running.




(Gd-loaded liquid scintillator

Attenuation length vs. wavelength vs. time

Gd-DPM @ 20 °C (no fluors - no cell correction)

0.1

Long term test = stable over >2 years



Readout

ID & IV readout

PMT HV-Splitter Frontend
ID: 10” x 390PMTs (custom) Electronics

(custom)

(Hamamatsu R7081 MOD (low-BG for DC))

IV: 8" x 78PMTs
(Hamamatsu R1408) HV-Su pply

(CAEN SY1537LC
+A1535)

Trigger v-FADC M u-FADC

& Clock 500MHz 125MHz
(CAEN V1721) B (custom)

(custom)

Trigger pattern & clock (T=16ns)

+ OV readout (Hamamatsu M64 + Maroc2-chip)



Calibration

PMT/Electrtonics gain, timing
Liquid scintillator optics
Stability
s LED light injection (embedded)
s [sotropic laser and LED (deployed)
Energy scale
s Radioactive sources (37Cs, 22Na, %°Co, %°K, etc.)
s H-capture peak at 2.2MeV
Efficiency (n capture on Gd)
s 222Cf, Am-Be neutron sources
Position dependence by deployment systems
s Along Z-axis
s 3D spatial calibration by articulated arm
= [ube+wire in y-catchaer and buffer regions




