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The�The�DayaDaya Bay�experimentBay�experiment
Far site

350m overburden

Ling Ao near site
112m overburden

17.4GW power
3100m tunnel

Ling Ao II Cores

Entrance

Daya Bay near site
98m overburden

Ling Ao Cores

98m overburden

Multi‐detectors
2‐1‐3 configuration（until 
July 28, 2012）
2‐2‐4 configuration（from 
Oct 19, 2012）

Daya Bay Cores
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Layout�of�the�detectorsLayout�of�the�detectorsyy

Far-near�relative�
measurementmeasurement

Eight�identical�antineutrino�
detectors (ADs)detectors�(ADs)

Multiple�muon tagging�
system (RPC+IWS+OWS)system�(RPC+IWS+OWS)

Calibration�unit
20t�LS
20t Gd LS20t�Gd-LS
37t�Mineral Oil
Reflector
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Antineutrino�candidates�selection(IBD)Antineutrino�candidates�selection(IBD)
Reject�PMT�flashers
Muon veto:
◦ Water pool Muon: reject 0 6ms

nepe +→+ +ν
Water�pool�Muon:�reject�0.6ms

◦ AD�Muon (>20MeV):�reject�1ms

◦ AD�shower�Muon (>2.5GeV):�reject�1s

Prompt�positron�energy:�0.7MeV<Ep<12MeVp p gy p

Delayed�neutron�energy:�6MeV<Ed<12MeV

Neutron�capture�time:����1us<Δt<200us

Multiplicity cut:Multiplicity�cut:�
◦ only�select�isolated�candidate�pairs
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Relative energy scaleRelative energy scaleRelative�energy�scaleRelative�energy�scale
6AD 6+8AD

ACU: 60Co 68Ge AmCACU:�������60Co,�68Ge,�AmC
Spallation:���nGd
Gamma:���40K,�208Tl
Alpha:������212Po,�214Po,�216Po

<�0.2%�variation�in�reconstructed�energy�between�ADs
Improved�from�0.35%�in�2013�which�was�between�6�
detectorsdetectors.
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GdGd capture fractioncapture fractionGdGd capture�fractioncapture�fraction
0.4μs�band

AmC sample IBD�sample

<0.2μs�variation�in�time�interval�for�both�IBD�and�
A C b t ADAmC between�ADs
0.2μs�variation�will�lead�to�0.1%�uncertainty�of�Gd
capture�fraction.
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Overview�of�the�energy�response�modelOverview�of�the�energy�response�modelgy pgy p

Model�maps�reconstructed�energy�Erec to�true�kinetic�energy�Etrue
◦ Minimal impact on oscillation measurement◦ Minimal�impact�on�oscillation�measurement
◦ Crucial�for�measurement�of�reactor�spectra
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Overview�of�the�energy�response�modelOverview�of�the�energy�response�modelgy pgy p

Non-linear response from Non-linear response from PMTNon-linear�response�from�
liquid�scintillators
◦ Semi-empirical�electron�response�

model�based�on�Birks�law

Non linear�response�from�PMT�
readout�electronics
◦ Use�effective�exponential�model�as�a�

function of�total�visible�energygy

◦ Two parameters:�size�and�decay�
constant
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Constraining�the�NonConstraining�the�Non--Linearity�ParametersLinearity�Parametersgg yy

Unconstrained�5-parameter�fit�to�γ+12B�datap γ
◦ Absolute�energy�scale
◦ Birks�constant,��relative�contribution�from�Cherenkov�light
◦ Size and decay constant from readout electronics◦ Size�and�decay�constant�from�readout�electronics

Gammas�are�connected�to�electron�scintillator model�
through�MC
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Validation�with�additional�calibration�dataValidation�with�additional�calibration�data

53MeV cutoff�in�michel
electron�spectrum�from�
muon decays

Benchtop scintillator response�
measurement�using�compton
electrons
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y
Continuous�beta+gamma
spectra�from�214Bi�and�208Th

Calibration of�readout�electronics�
response�using�flash�ADC



Improvement�on�nonImprovement�on�non--linearitylinearity
Old�model New�model

Old modelOld�model
◦ Combination�of�5�models�to�conservatively�estimate�

uncertainty
N d lNew�model
◦ A�new�combined�model�is�used�as�the�nominal�model,�

which�is�constrained�by�all�the�calibration�data.
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Analysis data setAnalysis data set
6-AD�data�set�:

Analysis�data�setAnalysis�data�set

◦ Dec/24/2011�– July/28/2012�(217�days)

8-AD�data�set�:
O /19/2012 N /27/2013 (404 d )◦ Oct/19/2012�– Nov/27/2013�(404�days)

L l iLatest�analysis�:
◦ 6+8�AD�combined�nGd θ13 spectrum�

analysisanalysis
◦ 6AD�nH θ13 rate�analysis
◦ 6AD�absolute�reactor�flux�

measurement
◦ 6AD�light�sterile�neutrino�search
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Detected IBDDetected IBD rate vs.rate vs. timetimeDetected�IBD�Detected�IBD�rate�vs.�rate�vs.�timetime

Detected rate strongly correlated with reactor fluxDetected�rate�strongly�correlated�with�reactor�flux
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Background�budgetBackground�budget
Background  Near Far Uncertainty Method Comment 

Accidentals 1.4% 2.3% Negligible Statistically calculated�from�
uncorrelated�singles

Same�as�before

9Li/8He 0.4% 0.4% ~50% Measured�with�after-muon
events

Same as�before

Fast�neutron 0.1% 0.1% ~30% Measured from�RPC+OWS�
t d t

Model�independent�
ttagged�muon events measurement

AmC source 0.03% 0.2% ~50% MC�benchmarked�with�single�
gamma�and strong�AmC
source

Two�sources�are�taken
out�in�Far�site�ADs

Alpha-n 0.01% 0.1% ~50% Calculated�from�measured�
radioactivity

Same�as�before

RPC Array

Telesco
pe RPC

RPC-only�tagged
OWS�tagged

Fast�neutron�background�
with�uncertainty

AD

IWS

RPC�Arraype�RPC
OWS
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Data�summaryData�summaryyy
6-AD�period

8 AD period8-AD�period

Consistent�rate�for�side-by-side�detectors
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Consistent�spectrum�for�sideConsistent�spectrum�for�side--byby--side�detectorsside�detectors
Positron spectrum Neutron capture spectrum

EH1

Positron�spectrum Neutron�capture�spectrum

EH1
AD1/AD2��(6+8AD�data)
Expected:�0.982
Measured:�0.981±0.004

EH2AD3/AD8��(8AD�data)
Expected: 1 012Expected:�1.012
Measured:�1.019±0.004
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Rate�and�Spectrum�distortionRate�and�Spectrum�distortionpp

AD�5+6�data�points�are�displaced�
by�-50m�and�50m�for�visual�clarity
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Latest�oscillation�resultsLatest�oscillation�results

Most�precise�measurement�of�sin22θ13�(6%)
Most�precise�measurement�of�Δm2

ee�in�the�
electron�neutrino�disappearance�channel�(4%)

C i i h h i di◦ Consistent�with�the�muon neutrino�disappearance�
experiments
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Independent�Independent�θθ13�13�oscillation�analysis�through�oscillation�analysis�through�nHnH

Key�feature�y
◦ High�statistics�(additional�20�ton�LS�

target)
◦ Different systematic uncertaintiesDifferent�systematic�uncertainties�

from�nGd analysis

Challenges
Hi h id t l b k d◦ High�accidental�background

Longer�capture�time
Lower�delayed�energy

StrategStrategy�
◦ Raise�prompt�energy�cut�(>1.5MeV)
◦ Require�prompt�to�delay�distance�

cut�(<0.5m)
◦ Longer�coincidence�time�(1~400μs)
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nHnH analysis�resultanalysis�result

217�days�of�6AD�period

Rate�analysis�measures�:�

An�independent�and�p
consistent�result�with�nGd
analysis
Another preciseAnother�precise�
measurement�of��sin22θ13

di i iSpectrum�distortion�is�
consistent�with�oscillation�
explanation.p
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Summary�and�conclusionSummary�and�conclusion

Daya Bay�has�measuredy y
◦ with�621�days�of�data.�

The�precision�is�expected�to�be�further�improved�p p p
by�the�end�of�2017�to�3%.

Consistent�result�from�6AD�nH rate�analysis.
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Backup�Backup�pp
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Neutrino oscillationNeutrino oscillationNeutrino�oscillationNeutrino�oscillation
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NuFact�2014 23


