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Motivation...




oscillations = leptonic mixing
(Vo ViV = U (V,V,v3)T where U must be unitary & 3x3...

atmospheric-v: 023 0,3 & dirac-0cp solar-v: 0>

P(ani-v,—V, ) & P(vu—>ve)

PMNS: 3 angles & | complex phase => leptonic CP violation
For Reactors...

1 — P, ~ sin®260;5 sin? A + o A? cos® 013 sin® 26;5.

See Belen’s Talk (this morning)

Clean measure of 0,3: 2x2 V-oscillation & negligible contributions...

Ocp, PMNS ambiguous solutions, other lepton contributions, NC
contamination, matter-effect, ND-FD propagation, cross-section, etc...
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Reactor Strategy...




reactor oscillation physics...
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advantages of reactor-Vs

disappearance V-oscillation precision: high resolution E/L CC events:

characterise dip
copious, free and sometimes switchable (on/off)
finite size and well localised [ ]

spectrum shape & normalisation (= 77)

inverse-[3:

® cross-section (+0.2%)

® a few MeV plenty of calibration sources [ ]
flux: multi-detector extrapolation (1/L?)

background: cosmogenic dominated => overburden



inverse-P reaction
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{ay v, fnieractions in detector | Iiiday MeV )|

(b} ¥_ flux at detector [I{JH."[:E Me ::mEZI]
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® > [-tails from fission debris
® O(E) => Ethreshold=1.8MeV

® threshold: see only /4 vs

® slow decays contribute little

oy =et] ] + n-capture on H/Gd | ]:
® E(V)=E(et) + A
® E(nw-Gd capture) ~ 8MeV => energy tag (away from BG)

® n-Gd capture T~30us (CHOOZ)



make flux uncertainty negligible: multi-detector
e S/BG>100: huge statistical power => many reactors
® |arge (or many) detectors: S/B ~ f( radius )
® a few reactors may be nice too:“reactor off”
® reduce & understand backgrounds
® overburden, radio-purity & detector design
® reduce & understand experimental systematics
® inter-detector normalisation: <0.6%

® inter-detector energy calibration: <|-2%



o detector design
Calibr
GloveBox

Outer Veto

Scintillator panels

Geared to...
+ Low background
+ Inter-detector comparison

80% C,,H,s+ 20% PXE + PPO + Bis-MSB
+

80% C.,H,¢ + 20% PXE + PPO + Bis-MSB

Mineral oil

Stainless steel 3 mm

Mineral oil + 70 8” PMTs

15 cm steel, All around




7 cuts at CHOOZ
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Collaboration
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Designed and R&D completed
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DC R&D & Construction...
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Liquid Scintillator: 80% Dodecane + PXE 20% + 0.19%Gd

Gd-DPM @ 20 °C (no fluors - no cell correction)
| 1 1 T |

IOOkg (Skg alreay prodced)
Optical purity (MPIK) & Radiopurity (LNGS) ¥
LY: 7000y/MeV => ~200pe/MeV Yl o
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readout
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2" knowledge versus time...

Phases:

90% C.L. contour if sin?(20,,)=0 & Am*  =2.5x107 eV?

DC-I: FD onlg: 18 months delayed scenario
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2 If observed...
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systematics break down

04, (01074

Double-Chooz

v flux and o 1.9% <0.1 % _ _
Two “identical” detectors
Reactor- &
induced Reactor power 0.7% <0.1 %
Low background
Energy per fission 0.6% <0.1 %
. distance measured @ 10 cm & monitor core
(0) (0)
Solid angle 0.3% <0.1 % barycenter
Volume 0.3% 0.2% mass measurements to 0.2%
Density 0.3% <0.1 % T control: ND & FD
Detector -
induced . o
H/C ratio & 129, <01 % mass measurements + same scintillator batch
Gd concentration ' ' + stability R&D
Spatial effects 1.0% <0.1 % calibration
Deadtime negligible 0.25% dedicated measurements & calibration
Analysis From 7 to 3 cuts 1.5% 0.2-0.3% (see later)
Total 2.7% <0.6 %

0} abs

norm

C).relative
norm

O-analysis

norm



Time evolution of the isotopic Construction of total v spectrum
composition of the cores: MURE from nuclear databases.

239Pu

238 241Pqy
2351, 1.5 days in
thermal n flux
antineutrinos
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Full propagation of errors and correlations

Potential improved shape analysis for the extraction of oscillation parameters =>

critical for DC-phase I

Tool for feasibility of applied v physics: power measurement and non-proliferation



What to remember...




2007

|st generation: sin2(20,5)~0.02-0.03

2nd generation: sin2(20,5) a 0.01




“ beams + reactors = deeper insight

Competitive & overlapping coverage by both techniques!
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® A reactor (independent) measurement of 0,3 is critical for global
neutrino oscillation physics reach

® Beams sensitivity is compromised by several unknown observables
(013,0cp,£Am?%ym) leading to similar signature

® Double Chooz is being built.

® FD running by early 2009

® ND running by mid-2010, laboratory will be available by 2009
® Double Chooz can “observe” [to 30 if sin?(20,3)>0.05] or limit O 3:

® Phase |:sin?(20:3) >0.06 by 2010
® Phase Il:sin%(20,3) > 0.025 by 2013

® Double Chooz is leader experiment in the field: defining much of the
strategy to measure 0,3 with reactors.



THE END




