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Neutrino oscillation
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The collaboration

203 collaborators from 42 institutions:

North America (16)

BNL, lowa State Univ., lllinois Inst. Tech., LBNL,
Princeton, RPI, Siena, UC-Berkeley, UCLA, Univ.
of Cincinnati, Univ. of Houston, Univ. of
Wisconsin-Madison, Univ. of lllinois-Urbana-
Champaign, Virginia Tech., William & Mary, Yale
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Charles Universit

Asia (23)
Beijing Normal Univ., CGNPG, CIAE, Dongguan Univ. Teih‘;;*
IHEP, Nanjing Univ., Nankai Univ., NCEPU, Shandong
Univ., Shanghai Jiaotong Univ., Shenzhen Univ.,
Tsinghua Univ., USTC, Zhongshan Univ., Xi’an Jiaotong
Univ., NUDT, ECUST, Congqing Univ., Univ. of Hong
Kong, Chinese Univ. of Hong Kong, National Taiwan
Univ., National Chiao Tung Univ., National United Univ.

South America (1)
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Two types of measurements
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DeteCtOr Eight functionally identical detectors
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Energy reconstruction 43
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The relative energy scale uncertainty is less than 0.2%.
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Energy model
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« Energy model:
« The relationship between true energy and its reconstructed energy
 Built based on various y peaks and continuous ?B p spectrum
 Validated with

« Michel electron; p+y continuous spectra from 212214Bj and 29T
» Bench tests of Compton scattering electrons in LS 8



Prompt energy (MeV)

v, selection

Inverse Beta Deca&’/y Y Reject PMT flashers

Muon veto

Prompt and delayed energy cuts
Neutron capture time cut
Multiplicity cut

5L
(]

e Detection efficiencies

14 Efficiency Correlated Uncorrelated
v Target protons - 0.92% 0.03%
12 : Flasher cut 99.98% 0.01% 0.01%
- S Delayed energy cut 92.7% 0.97% 0.08%
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Backgrounds
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Daya Bay,

Two types of measurements 3

 Relative measurement
o Standard v oscillation, sterile v search, etc.

« Compare the rate and spectrum between near and
far detectors

 Cancellation of detector and reactor systematics




Daya Bay,

Oscillation results
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Phys. Rev. D 95, 072006 (2017)
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Entries / 0.3 MeV

Far / Near (weighted)

sin%20,, through n-H
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« Rate analysis: sin“20,, = 0.071x£0.011 #%NDF =6.3/6

« Consistent results with those of the n-Gd analysis

 Spectrum distortion consistent with the oscillation hypothesis
Phys. Rev. D 93, 072011 (2016) .



Light sterile v search

» Sterile neutrino(3+1)

Phys. Rev. Lett. 117, 151802(2016)
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* No hint for light sterile neutrino
observed

* Most stringent limit for [Am,;?| <
0.2 eV?

DayaBay + MINOS + Bugey-3
Phys. Rev. Lett. 117, 151801 (2016)
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Daya Bay,

Two types of measurements 3

 Absolute measurement

 Reactor v flux and spectrum, fuel evolution
« Compare the measurement to model predictions

« Understanding the reactor and detector systematic
uncertainties
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Absolute reactor v, flux

IBD Yield
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Chin. Phys. C 41(1) (2017) 16



Absolute v, spectrum

« Compare the prompt
energy spectrum to the
Huber+Mueller model

« 2.9 o discrepancy at the full

energy range

* 4.4 ¢ local significance at 4 to

6 MeV

* Excess events have all
characteristics of IBD
 Correlated to reactor power

« Could not be explained by
detector response

Chin. Phys. C 41(1) (2017)
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Fuel evolution analysis
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« With the nuclear fuel burning, the fission fraction of 23U is
decreasing while 3%Pu is increasing

 Clear linear evolution between the neutrino yield and the
239pPy fission fraction

« However, the slopes of data and model prediction disagree
Phys. Rev. Lett. 118, 251801
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235U and %°Pu vyield

« Combined fit to the major fission
Isotopes #°U and %3°Pu

* Assume ¥ie|ds of the minor fission
isotopes 238U and 24'Pu from model
with an enlarged uncertainty 10%

» Results suggest >*°U being the 5.5
main contributor to the Reactor

A Daya Bay
—+— Huber model w/ 68% C.L.
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» 25 s 7.8% lower than H-M model ~  ** ., ~
(2.7% meas. uncertainty) < 4.0
« 239Py js consistent with H-M model = ciL
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Spectrum evolution =

* The evolution slopes are different at different energy ranges

 Neutrino spectrum do change with 23°Pu fission fraction, in agreement
with most models’ predictions

» No strange behavior at 4 to 6 MeV region

« Larger statistics and better detection efficiency estimates would improve
the fuel evolution results
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Muon flux modulation

arXiv:1708.01265

e The underground muon flux was known to be positively

correlated with the atmospheric temperature

« Daya Bay measures the correlation coefficient which is

consistent to model prediction

* The only experiment measuring the coefficient with functionally
identical detectors at different overburdens

Rate [Hz]
o
[{=]
[f=]

o
w
®

o
0w
~

i
. AD3
! .

1
Jan 12

B § No Muon Data

Daily Effective Temperature [K]

[ | i S

N S TR

- & N
s §

. z ki

- - t &

- FH SNRN 1
T} iy

g8
2

B 1 1 1 1 1
01 Jan 12 01 Jul 12 31 Dec 12 02 Jul 13 31 Dec 1

 Muon rate

Coefficient

—
T T

o
oo

Correlation Coefficient ¢
o
D

T T T 1T T

o
ES

Temperature

(E___cosb) [GeV]




Summary
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« Daya Bay gives the most precise measurements to
sin%20,;and [Am?,| .
 Together with the updated measurement to reactor neutrino flux and
spectrum, new limit on the light sterile neutrino

A reactor fuel evolution analysis iIs performed.
 Suggesting the Reactor Antineutrino Anomaly is mainly contributed
by the overestimated 23U flux in H-M model

* Plan to run till 2020: uncertainties of sin?20,;and |Am?_|
below 3%.

A neutron calibration campaign was done at Jan. 2017, aiming to
reduce the absolute detection efficiency uncertainty

* One AD in the Daya Bay Near Hall was used for liquid scintillator
study since Feb. 2017, including light yield, radio-purity, etc.
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