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The precision: with relative

measurements

e Precision measurement for B3 ]
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before" oscillation (at short — 5 O R IR
distance) with a near detector Loy / (E,) [km/MeV]

®* measure an oscillated
antineutrino spectrum near the

first oscillation maximum
(around 1.5 km)

e As a first approximation Far/Near
spectra ratio gives access to
survival probability
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Beyond 0,3

Reactor spectra measurements
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Reactor spectra comparison:
@ Reactor 15 m - 3 recent 013 experiments: Double Chooz, Daya Bay & RENO
O Detector <> - statistics between 20,000 and 300,000 anti-neutrinos
@ @00 - 1 oldest: Bugey 3 with 150,000 anti-neutrinos
@ O -«

1 recent short-baseline: NEOS, with 300,000 anti-neutrinos




Observed and predicted spectra
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Are these spectra compatible? Place your bets!

Overlay of the spectra
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Comparing these 4 measurements

Common fit to: Double Chooz, Daya Bay, RENO, NEOS
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Including Bugey 3 even yields an 8 o incompatibility
between spectral shape!

Took into account uncertainties of each

experiment:

- statistical

- energy scale
- normalization

Spectral shapes are not compatible

Even when freeing normalization:

p-value ~ 5 10 1%(~ 6.4 o significance)

Fuel content (fission fractions)

% U P9 U8 P1
B3 53.8 32.8 7.8 5.6
DC 49.6 35.1 8.7 6.6
DB 58.6 28.8 7.6 5.0
RN 56.9 30.1 7.3 5.6
NE 65.5 23.5 7.2 3.8
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Antineutrino detector design

8 functionally identical detectors
reduce systematic uncertainties

3 zone cylindrical vessels

Liquid Mass  Function
Inner Gd-doped 20 t Antineutrino
acrylic liquid scint. target
Outer Liquid 20 t Gamma
acrylic scintillator catcher
Stainless  Mineral oil 40 t Radiation
steel shielding

192 8 inch PMTs in each detector

Top and bottom reflectors increase light yield
and flatten detector response

True energy = Deposited — Visible light = Reconstructed Charge



Daya Bay Calibration System

3 'robots’ employed along 3 z-axes
Center of GdLS target volume r—1.775m
Edge of GdLS target volume
Middle of LS gamma catcher volume

3 sources in each robot (employed weekly)

%8Ge (2x511 keV v)
24 Am3C (n) +°9Co (1.17+1.33 MeV ~)
LED diffuser ball

Additional temporary sources

Gamma sources:

» 137Cs (0.662 MeV)
> >*Mn (0.835 MeV)
> 9K (1.461 MeV)

Neutron sources

> 21Am 9Be 2¥p, 3¢

r=20

r=1.35m




Energy response model

Particle }
Energy E;, e Two major sources
Energy Losses in Acrylic of non-linearity.
Acrylic vessels non-scintillating Difficult to decouple !
B [nduce shape distortion Energy Deposited l
B Correction from MC {in Scintillator Edep}
Scintillator Response
B Quenching effects
Energy Converted B Cherenkov radiation
{to Visible Light EviJ
Energy Resolution Readout Electronics
m Light production B Charge collection efficiency
B Light collection Reconstructed decreases with visible light
B PMT /electronics response { Energy E, .. } \_ v

Total effective non-linearity f

B Etr:JCe — Et\:;se X E:/e: — f;cint(Etrue) X felec(Evis)

_T Model maps reconstructed energy E,.. to true kinetic energy Eiye
Scintillator non-linearity

B Minimal impact on oscillation measurement
Electronics non-linearity

f'

B Crucial for measurement of reactor spectra



Embedded light production / propagation &
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Daya Bay’s extensive calibration scheme

Gamma Sources
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How to search for energy

distortion?



X scale distortion... how to get it?

Assume an x scale distortion produces orange histogram from blue one
How to get it?
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How to draw a random sample

from an histogram

o Basic histogram

Random sampling in [0;1]

e <@
L

QQ

Stacked & normalized

Cumulative histogram




Histograms are probability

density estimators
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X scale distortion
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Cross-check: it works!

distorted histogram
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Gamma calibration

Boron 12
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® Observed reactor antineutrino spectra are not compatible with each other within
published uncertainties

® No simple fuel evolution scenario could make them compatible
® e investigated at potential detector effect

® \We found that a 1% bias on Energy scale around 4 MeV could recover Daya
Bay's observed antineutrino spectrum from the predicted one

® No calibration available in this region

® |f antineutrino spectra distortions are due to energy scale nonlinearies, it is a
migration effect accross bins and do not modify the rate. It has therefore no link
to the reactor antineutrino anomaly in rate.



