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Reactor neutrinos and 0 s
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» No parameter correlations » No matter effects
» Pure v_beam = Cheap, as source exists
» Low energy » High flux and large x-section
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Detecting reactor neutrinos

IBD: v.+p—>e*+n

Th: 1.8 MeV. Disappearance!

» Target: scintillator + n-catcher (Gd)

Y

" . Prompt signal E spectrum
Detector: PMTs \ (1-8 MeV) v 2P
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Setting up the experiment

AmM%, = 7.2 107> eVZ; ~oHe1 = 0.8; Hmef - 023

Reactor neutrinos: - - 2810°ev? AmZ, = 3.2 102 eV?

<Ev> ~ 4 MeV
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The Double Chooz Experiment

CLOSE DETECTC)F! 400 rm
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' ;”“‘; = i Ploneered reactor experiments after CHOOZ / 300m.w.e.
» Experimental concept of using two detectors s Aprll 2011 ~

* New detector structure: 4 layers detector
* Low background (S/N ~ 20, proven by reactor OFF)
* Stable Gd loaded LS developed

4.27GWth X2 éores,._ ;
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Double Chooz Detectors

Inner Detector

Gamma Catcher

Inner
ND and FD
are 1dentical
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y Catcher i/

Double Chooz Detectors

* 23 m® acrylics vessel
e Scintillator (no Gd)
e Calorimetry

N :
WJ Inner Veto p

* 90 m’ stainless steel
¢ 78 8 PMTs
e Scintillator

Detect muons V-

=\ * 10.3 m*® acrylics vessel
t * Gd-doped Scintillator

e Detect neutrinos

N 4

ff
J Buffer -

e 110 m? stainless steel
e 300 10” PMTs

N Mineral oil

\- 1solation y
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Calibration Systems

Glove Box

Buffer Guide Tube
Fish Line

GC Guide Tube

Articulated Arm
(not used yet)

: : LED System
# 3 Calibration sources:

¢ Natural: H n-capture peak
¢ Radioactive sources
¢ Laser and LED system
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The Far Detector
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DC First Analysis

» Announced first results in November 2011

» First 8  measurement by reactor experiment (firs result from CHOOZ)

Indication of non-zero 6, at 94% C.L. and hint for a large value of 6,

» Evidence at 30 by combination with LBL experiments (MINOS & T2K)

Neutrino candidates rate (background not subtracted)
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DC Second Analysis

» Doubled statistics
©» 96.8 —» 227.9 days live time
» 4121 -» 8249 v candidates

Double Chooz (prel.) 1

(=]
o
Data taking efficiency

P

*» Improved analysis
#» Energy calibration improved
» Readout MC tuning

®» Corrections for non-linear gain,
position dependence, stability I
» Additional u veto implemented (°Li) e
» OV veto implemented 0
» Data divided into two periods: ‘2):1‘-1 ‘2'3:'-2 2('}’1"2
®» Both reactors on: 139.3 days

® One reactor off; 88.7 days
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Calibration

= Energy calibration:
# PMT and electronics gain non-

linearity calibration U:‘: |
® LED light injection system GOCO L
= Correction for position dependence at center
& stability
® Spallation neutron captures on
H and Gd

® Energy scale

» Radioactive sources deployed
into v-target and y-catcher

[ 1**ctmc
s ®’CfData

Entries/2us

- Neutron detection efficiency:

= Energy & time window, Gd fraction,
spill in/out effects

- 22Cf source deployed into v-target
and y-catcher
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trigger efficiency

Trigger Efficiency
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» Threshold at 400keV (e=50%)
» £ =100% above 700keV
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Neutrino Selection

* Muon veto

# No coincidence signal in IV

Prompt-delay time difference

[ ] antivme
® Data
Double Chooz Prellminary
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" Atu > 1 msec

= Prompt event
® 0.7 <Evis<12.2 MeV
# PMT Light noise cuts

» Delayed event |
® 6 < Evis < 12 MeV 5 3 -

prompt E (MeV) AT (ps)

® PMT Light noise cuts

= Delayed coincidence
® 2 <At<100 uysec

Double_Chooz-PreIiminary " Fu rther BG rEduction:
—+— ANV, candidates

—+— OV-coincident v, candidates # At >500 msec
M

» Multiplicity

® No extra events around signal * Eup>600MeV

* No coincidence signal in OV

Entries per 1.5 MeV

15 20 25 30
Prompt EnergylMeV] 1 6




Reactor Neutrino Simulation
~

Neutrino yield

per fission
Reactor v flux EEVISIX=NGEYNCNEN ) N

Custom made |,<U I)H<U : )B”g;;;""} E(fo (f)l- af“”)( 5, >;.-

Detector Bugey4 measurement  Fission fraction
Geant4 as anchor point in CHOOZ core

_ New v flux reference
Readout/trigger Phys.Rev. C83(2011) 054615, Phys.Rev. C84 (2011) 024617

Custom made Uncertainty on v flux using Bugey4: 2.7% — 1.8%

Reconstruction . Selection
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Neutrino Candidates

Neutrino rate
100

Double Chooz preliminary Expected v rate
Measured v rate
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* Background not subtracted
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Backgrounds

Tagged by OV and IV

« Uncorrelated:
¢ Radioactivity + fast neutrons
¢ Correlated:

« Fast neutrons: p recoil + n captur
« Stopping-u: W + Michel electron

+ cosmogenic isotopes ("Li): n-f3 de
Background measurements on site
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Backgrounds: Accidentals

 Accidental coincidence:

- E.g. Environmental y + Fast-n

Singles scaled
e Accidental prompt

Rate per day

Entries / 200 keV
<L

2

Double Chooz Preliminary

3
:
5
3

BG estimated from coincidence in off-time window
R = 0.261+0.002 event/day
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Backgrounds: Fast-n + Stop-u

Double Chooz Preliminary

Fast-n: proton recoil+ capture on Gd

Stop-u: u + Michel e (mostly tagged by OV)
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Estimated from IV and OV
coincident events:
R = 0.67 £ 0.20 event/day

Energy (MeV)
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Backgrounds: °Li

e Spallation product from p.:
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At [ms] R = 1.20 +0.59/-0.48 event/day

I i = Z. +0. -0.
Rate estimated from spatial and =2 95 0 22( 0.52 évent/day
time coincidence with muons without °“Li reduction

P. Novella, DC New Results, ICHEP12 22



Total Background: Reactor Off-Off

 live-time with both reactors off: 0.84 day
- Total background rate = 2.2 event/day (two events)
« Consistent with estimation:
- 2.2 £0.6 event/day

» Best fit to expected rate:

o
=]

Data
No oscillation

Best fit

2
&
s
&
E“
-
E»
o
=
o

90% CL interval

- 2.9+ 1.1 event/day
« 7.53 more days with off-off data:

— Analysis ongoing...

30 40 50
Expected rate (da}-"'}
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Total Background (No Li9 reduction, no OV)

Double Chooz Preliminary I:I DC2ndPub Background - P TI———

I:I DC2ndPub Background

[ Reactor Off-Off data o Reactor Off-Off data

Expected events: 25.3+4.5

Observed events: 21
Expected evants: 12.8402.2

Observed events: 8

10 12 10 12
prompt Energy (MeV) prompt Energy (MeV)

» Background rate: 1.0 + 0.4 events/day = Background rate: 2.7 + 0.6 events/day
® Expected: 1.7 + 0.3 events/day = Expected: 3.4 + 0.6 events/day
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Rate Systematic Uncertainties

Source Uncertainty w.r.t. signal
(previous analysis)

Statistics 1.1% (1.6%)

[

Energy response 0.3% (1.7%)

Egelay CONtainment 0.7%

Gd fraction 0.39%

Detector 0.5%
0%
1
03%
o1

Background 1= neutron + stop | 0.5% (0.9%)
)

Li 1.4% (2.8%,
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Oscillation Results
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——#—— Double Chooz 2012 Data
cranseeennes Mo Dscillation. Bast-fit Backgrounds
———— BestFlt:sin®(20_ )= 0.108
at amZ, = 0.00232 eV’ [y3id.0f. = 41.1/35)
Summed Backgrounds {see insels)

Il;';;.fll;"::d Stopping p ¢ Rate Only:

sin%(20,,) = 0.170 £0.035(stat) £0.040(syst)

Events/{0.5 MeV)
= ]
s s

nitei{d.5 Mav)
°

a4
=
w

« Rate+Shape:
. sin®(26 5)= 0.109 +0.030(stat) +0.025(syst)

e y2/dof = 41/35

. sin*(20, ) = 0 excluded at 99.9% (3.10)
(frequentist study)
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Oscillation Results (ll)

—%— Double Chooz 2012 Data
No Oscillation, Best-fit Backgrounds

Preliminary  i: Preliminary Bt P ) 0100 et 41108
] Summed Backgrounds (see insets)

Lithiunn-9

Two reactors on — 1 Fastnand stopping

Accidentals
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ND and Future Projects

* Near detector:

 ND laboratory excavation completed

« Start data taking by end of 2013

Lorentz
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Summary

Double Chooz new results on 613

Doubled statistics: 4121 — 8249 v candidates

Improved analysis:

- Background reduction
- Systematics reduction

sin“(26 ) =0.109 £ 0.030 (stat) + 0.025 (syst)
Null oscillation excluded at 99.9% (3.10)
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Neutrino Vertex

Prompt vertex XY position Prompt vertex Zp? position

10
1000 1800 2000 2800 G000 IB00 4000

p* {mm’)
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Stop-u vs Fast-n

Preliminary
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Time (u g)
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Pull terms

Source Input Output

Fast neutron 0.6710.20 cpd 0.6410.13 cpd
Background | + stnp U

1.20+0.52 cpd 0.9610.27 cpd
Energ},r scale -1.4%0.79%
(2.3240.12)x10-%V2 | (2.3240.12)x10-3\2
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