Evolution of the Antineutrino Flux and Spectrum,
and Search for Light Sterile Neutrinos at Daya Bay
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Antineutrino Detection
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* Antineutrinos are detected via the Inverse Beta Decay (IBD) reaction:

---- Emitted spectrum

----- Cross-section

Detected spectrum

(arbitrary units)

— Coincidence between positron and neutron signals allows for
powerful background rejection

— Energy of positron preserves information about energy of incoming ve



Antineutrino Detection
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* Antineutrinos are detected via the Inverse Beta Decay (IBD) reaction:
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— Coincidence between positron and neutron signals allows for
powerful background rejection

— Energy of positron preserves information about energy of incoming ve



Entries / 250 keV

Ratio to Prediction

There Is tension between
the flux and spectrum predictions

and experimental measurements

Reactor Antlneutrlno Anomaly

Daya Bay spect.
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* The antineutrino detectors (ADs) are “three-zone” cylindrical modules
Immersed in water pools:

inner water shield
outer water shield
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Energy resolution: Double purpose: shield the ADs
O¢/E = 8.5%/VE[MeV] and veto cosmic ray muons

NIM A 811, 133 (2016) NIM A 773, 8 (2015)
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* A model is needed to convert reconstructed positron energy to

antineutrino energy

* Energy response is non-linear
mainly due to two reasons:

bothin - Normal quenching + Cerenkov

the : C i o
order of light in liquid scintillator
10%! - _ Response of the electronics

* Carried out two key measurements:

- End of 2015: installation of a full
FADC readout system in EH1-
AD1, taking data simultaneously
with standard electronics >

- Early 2017: deployment of 80Co
calibration sources with different
encapsulating materials, to
constrain optical shadowing effects
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a direct measurement of the
electronics non-linearity!
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+ Gamma data
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— Best fit model
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Full nonlinearity

Improved Energy Respo
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Absolute Antineutrino Flux

Previous measurement of the absolute reactor ve flux compared to the
Huber+Mueller expectation:

systematics-dominated from
absolute detection efficiency

Rdata/pred = 0.946 + 0.020 (exp.) —

New strategy: take new neutron calibration data and use it to constrain the

“neutron detection efficiency” en
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Absolute Antineutrino Flux

Chinese Physics C, 2017, 41(1)

Reactor antineutrino yield: f = (5.91+/-0.09)x10-43 cm?/fission
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A minimal extension of the 3-v model that includes one sterile neutrino
will create a higher frequency oscillation pattern, as shown below.
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Search for a ngttrlle Neutrino

In collaboratlon with MINOS (Bugey-3)
Phys. Rev. Lett, 117 151801 (2016)
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fission fraction (%)

0 5000 10000 15000 20000
burn-up (MWD/TU)

+ Calculate effective fission fraction
observed by each detector

+ Compare IBDs from periods of
differing effective fission fractions

+ Doing this by combining periods of
common fission fraction Fass

0.36

0.32
%0.28
X
0.24
0.20 ‘ ’
2012 2013 2014 2015
1.0 Year
-@® Fo; -® - Fiy
0.8 | =@+ Fosg -® - Fy
0.6 e e 2
9 STt -ee-0.,
0.4 P
o .-~ --®- 0 -0 -0-0"
0.2
0.0 I I 5F AF L EE EX
0.24 0.26 0.28 0.30 0.32 0.34 0.36

F: 239



Unamblguous Observatlon o Fuel Evolutlon
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- total flux prediction is
5.4% higher

- predicted magnitude of
feul-dependent variation is
/.8% higher too




Unambiuos er I Evolution

Possible explanations to the reactor
antineutrino anomaly:

1. solely incorrect prediction on %3°U
- favored by Daya Bay data with
(2-side) p-value 0.68

2. solely incorrect prediction on 23°Pu
- disfavored at 3.20 C.L.

3. equal deficit on all isotopes
+ disfavored at 2.80 C.L.

Daya Bay results suggest an
overestimation of
antineutrino flux from 23°U in
reactor models.
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