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Introduction Double Chooz Measurement
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Motivation for the Double Chooz 613 measurement

Double Chooz wants to perform a precise measurement of the neutrino mixing angle 613
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Motivation for the Double Chooz 613 measurement

Double Chooz wants to perform a precise measurement
of the neutrino mixing angle 613
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Two flavour oscillation formula is valid at L ~ 1 km
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Introduction Double Chooz Measurement
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Detector Setup in Chooz
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Double Chooz
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Detector Setup in Chooz

e Two reactor cores with a
thermal output of
4.27 GW

e Near detector with a
baseline of ~ 400 m

e Far detector with a
baseline of ~ 1 km

e Near detector was
installed in 2015

S5~ \ e Far detector only dataset
'-#7""- S - is referred to as FD-1,

L past sets are called FD-2
and ND

Philipp Soldin (RWTH Aachen) Latest Double Chooz Results May 30, 2018 6 /24



Double Chooz
000@00000

Detector Setup in Chooz
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Detector Setup in Chooz
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Detector Setup in Chooz
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Detector Setup in Chooz
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Detector Setup in Chooz
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Detector Setup in Chooz
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Measurement
[ Yo)

Inverse Beta Decay Signature

e Neutrinos are detected via the
signature of the Inverse Beta

Decay (IBD)
Ue+p—et +n

e This signature consists of a
prompt positron annihilation
signal and a delayed neutron
capture signal

e The neutron can be captured by
Gadolinium (8 MeV, v-Target)
or Hydrogen
(2.2 MeV, -Catcher)
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Measurement
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Inverse Beta Decay Signature

Time difference between prompt and

e Neutrinos are detected via the delayed signal

signature of the Inverse Beta
Decay (IBD)

30 us Gd
— et n-

e This signature consists of a
prompt positron annihilation
signal and a delayed neutron
capture signal

e The neutron can be captured by
Gadolinium (8 MeV, v-Target)
or Hydrogen
(2.2 MeV, -Catcher)
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Measurement
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IBD Selection

DC-IV-IBD(Gd+H) 481(SD)+384(MD) days
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Measurement
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IBD Selection
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Measurement
°

Backgrounds

Delayed signal energy Correlated time Correlation distance
4 < Eis < 10 MeV 0.5 < AT < 150yps AR < 100cm
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Remaining background for prompt and delayed events

e Cosmogenic B-n emitter: i sa+at+et+v+n
e Fast neutron: n+p—p+n

e Stopping p: p+etvtuv

e Accidental coincidence: e.g. 7 + spallation n
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Measurement

Accidental Background Reduction

IBD-Signal e Accidental background is
ouble Chooz Preliminar
Signal MC poue <l:)cm(n-H) ! dominant
i il ) e
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e More than a factor of 10
reduction of accidental
background
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Measurement
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Measured Data
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Measured Data

Phys.Rev.Lett. 108 (2012) 131801
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e Detection error due to uncertainty of the proton number in GC,
limited sensitivity in Gd+H
e Full volume: 0.53 %(uncorrolated) / 0.76 % (total)
® Neutrino Target: 0.1 %(uncorrolated) / 0.3 % (total)

e The background (°Li) rate is not used for the rate + shape fit
(constrained in the fit)

Philipp Soldin (RWTH Aachen) Latest Double Chooz Results May 30, 2018 20 / 24



Measurement
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Fit Results
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sin? (2013)"™ = 0.119 + 0.016

with x*/ndf = 236.2/114 and marginalised over (Am? = (2.44 £ 0.09) eV?)!

1Park et al. arXiv:1601.07464
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Fit Results

—+— FD-IIND Data

Y IR No oscillation =
ND Best fit: sin %26,, = 0.123
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e Ratio of FD-2:ND data not affected by distortion at [4,6] MeV
(cancels out)

e sin?(2613) = 0.123 £ 0.023

® x*/ndf = 10.6/38

Philipp Soldin (RWTH Aachen) Latest Double Chooz Results May 30, 2018 22 / 24



Double Chooz results in comparison

reactor average

Double Chooz
JHEP 1410, 086 (2014)

Preliminary
(CERN seminar 2016)

Daya Bay
PRL 115, 111802 (2015)

RENO
PRL 116 211801(2016)

T2K

PRD 91, 072010 (2015)
Am},>0
Am}, <0

NOvA

inary (private
Am},>0

Ami, <0

O A(DYB:DC) ~2.20’s
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sin?20,

Measurement

Double Chooz and beam experiments favour higher 613 values than

Reactor 613 is key parameter to solve CP-violation and mass hierarchy
Difference to Daya Bay 2.2 ¢
Difference to RENO 1.8 ¢
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Measurement
°

Summary & Outlook

e Reactor neutrino IBD detection using n-Gd and n-H capture

e Latest results: sin” (2613) = 0.119 4 0.016

e Precise measurement of detector volume during decommissioning
® Dominant uncertainty on relative near/far signal normalisation (now 0.7 % uncorr.

near/far)
® Dominant uncertainty in 613 fit

e New Double Chooz results will be published in one week at the
Neutrino Conference

e New developments in GPUs lead to the possibility to run the gradient
descent calculations and event by event oscillations in parallel, which
would reduce a single fit runtime to about 30 seconds

e This new technology can also help with the development of an
unbinned likelihood approach
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The spectral distortion cancels out in FD/ND ratio = This also means
that it cannot be explained by sterile neutrinos
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Sensitivity

DC Sensitivity
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today’s result
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Setup

Before 2015 Since 2015
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B2

oocee

© = Bugey 4 used
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iso-flux curve "~ _ iso-flux curve

FDI 455 days lifetime ND 258 days
+ 7 days lifetime reactor off lifetime

FDIl 363 days
lifetime
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Full Likelihood Function
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°
Calibration

e Two systems for calibration source deployment
in the GC/along the Z-axis

e 252-Cf used as neutron source

e Characteristic energy deposit of n-Gd and n-H
capture during source deployment used to set
energy scale

e Two light injection systems for regular
monitoring of PMTs/scintillators
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Artificial neuronal network (ANN) using time and space difference and
visible delayed energy = signal to background ratio increase greater than

7 on H data (arXiv:1510.08937)
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ANN

Double Chooz Likelihood Function

This is the likelihood we use for the minimisation process and hand it over
to ROOT.

—21In (L (NMmeas|d)) =

The function consists in principle out of three parts. The - -

and - part.
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A pull is a gaussian prior added to the total likelihood to constrain
(i.e Am?) certain parameters to a predefined value range.

_2|n (ﬁ (ﬁmeas|§)) :Z [( 22 meas exp(é)) ?XP(§)>]

d

meas exp exp
T Z NOFOF,i ° (nOfFOfF,i (5)) Nofrofr,i (9)

Pull Correlated Pull

gi)= (=) | at)=(-0) v (F- &)
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°
Shape & OffOff

Shape and OffOff are based on the poissonian likelihood function.

—21In (L (NMmeas|d)) =

| vector of correlated par.
DI ’
g(j) J single par. (uncorrelated)

Poissonian likelihood function

n PRp—
L(Aix) = Xie = I(Aix) = le,log)\—n)\
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°
Minimisation

Y Y

FDibata FD1-Model J«——
FD2-Data FD2—ModeI]<—
DDl ND-Mode|}—
( EDM* < Threshold )— NO — '\I\//';c;ig

| C J

YES

P

*EDM = Estimated Distance to Minimum
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Model construction

Arbitrary initial

reactor flux

o
&

P, = i7,)

e
&

o
£

Linear Spline ARSI

. Linear Spline
: correction
Interpolation

Interpolation

Survival Probabiliy

o
o
&

sin®(f3) = 0. 308
sin?(f3) = 0. 0234
Amd =7.54 .10 %eV?
Ami =2.47-10 eV?

Energy [MeV]

Apply normalisation with detection unc.
proton number, selection efficiency Gd/H capture fraction,
Veto efficiency, boundary effects

Model construction
finished
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°
Fit result validation

Likelihood Scan of MC generated sin? (2613) = 0.1

40 — profile likelihood
R confidence levels

2AIn(L)

35 AmZ,, local best fit

30

25

20

IIIiIIII|IIII|II

15
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