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 Recent results from Daya Bay
— Oscillation measurement
— Reactor antineutrino flux and spectrum measurement
— Evolution of the reactor antineutrino flux and spectrum

« Summary



Neutrino Mixing
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Daya Bay and Reactor Neutrino Oscillation

*DayaBay Reactor antineutrino experiment The Daya Bay Experiment
*In Shenzhen, southern China; ~55km to HK. & ‘ %
* Discovery of disappearance by Inverse-§3
reaction to determine 013.
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« 0,5 revealed by deficit of reactor antineutrinos at ~2 km. Mixing angle 6,5 governs
overall size of v, deficit.

« Short-baseline reactor experiments insensitive to mass hierarchy can not
discriminate 2 frequencies contributing to oscillation: Amgl, Am§2

*  One effective oscillation frequency AmZ, is measured:
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Detector design

Daya Bay Antineutrino Detectors (AD)
v'8 functionally identical detectors to reduce the detector relative

errors

v Three zones modular structure
v'Reflector at top and bottom:

v' Reflectors improve light collection and uniformity
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Inverse beta decay(IBD) in Gd-doped liquid scintillator

Prompt signal
— e +e —>2y
V,+p—e’ +£1

Delayed signal, Capture on Gd (8 MeV), ~30us



Muon Tagging System

Dual tagging systems: 2.5 meter thick two-section water shield and RPCs

~, inner water shield
T T e . Outer layer of water veto (on sides
T T e Tyweks and bottom) is 1m thick, inner layer
et s i T ' >1.5m. Water extends 2.5m above
HiH B ADs
o A | . 288 8” PMTs in each near hall
LEE | 38 + 384 8" PMTs in Far Hall
B e I « 4-layer RPC modules above pool
" 54 modules in each near hall
AD st o « 81 modules in Far Hall
« Goal efficiency: > 99.5% with
Two-zone ultrapure water cherenkov uncertainty <0.25%
detector



Oscillation measurement(nGd)

+ 1230 days dataset
_ 217 days x 6AD + 1013 days x 8AD Phys. Rev D. 95, 072006 (2017)

«  Strong confirmation of observed anti-neutrino deficit.
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Reactor antineutrino flux measurement

* 621 days data

Chinese Physics C, 2017, 41(1): 13002-013002
e 217 days x 6AD + 404 days x 8AD

IBD yield e Reactor antineutrino flux:
o e Data/Prediction (Huber+Mueller) :0.946 + 0.020
Y =(1.55£0.03)x10""cm” /GW / day  Reactor antineutrino anomaly

o, = (5.93+0.12) x10*cm? / fission  Data/Prediction (ILL+Vogel): 0.992 + 0.021
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Reactor antineutrino spectrum measurement

Entries / 250 keV

(Huber + Mueller)

(%)

%% contribution  Ratio to Prediction

Chinese Physics C, 2017, 41(1): 13002-013002
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621 days data with more than 1.2 million
IBD candidates

— high-statistic reactor antineutrino
spectrum measurement

A 2.9 o deviation compared to
Huber+Mueller model prediction;

Event excess in 4~6 MeV region(4.4 o)

— EXxcess events characteristics are
same as IBD events, correlated with
reactor power but time independent

Ruled out detector effects

 There are no event excess for the
spallation 1°B beta spectra at same
energy range
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Reactor antineutrino flux evolution

Analysis of dependence of IBD yield/fission oi for each fission isotope (i = %3°U, 238U,
239py, 241pu ) on effective fission fraction.
Effective fission fraction (Fi): Weighted by power (W), survival, probability (p),

baseline (L) over 6 reactor cores Phys. Rev. Lett. 118.251801
Fiss
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1230 days, near detectors 5.1% difference in predicted and measured in o .
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Evolution of reactor antineutrino flux

 Fits to Individual Isotopes %3°U & 23°Pu
« Assume loose (10%) uncertainties on sub-dominant 238U & 24'Pu (central
values taken from Huber-Mueller model)

e o o
Ax?
4 Daya Bay 6.17X0.17 4.27%0.26
5 1 4 9
. A Daya Bay
'S 5| — Huber model w/ 68% C.L. Huber-Mueller 6.69+0.15 4.36*0.11
& Model
~ 4,5
E 4 235( | viald i 0
5. ' * Measurement of %>°U yield is 7.8% lower
R el than predicted.
i I [ o « Significantly larger than the 2.7%
3.0l Goit00) <10 BT measurement uncertainty

5.2 5.6 6.0 6.4 6.8 7.2

o335 [107% cm? / fission] * Overestimated contribution from 23°U ?

* It may be the primary contributor to the
reactor antineutrino anomaly.
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Evolution of the reactor antineutrino Spectrum

Observed IBD spectra per fission, S, o; = Zj S; the sum of IBD yields in all prompt

energy bins.

J

S, : F239-averaged IBD vyield per fission value.

Y axis is the ratio of S;/S;.
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« Energy-dependent evolution is observed
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X axis: fractional variation in IBD yield.
The trend is generally consistent with
prediction

« Change in spectral shape as fuel composition evolves.
«  First unambiguous measurements of this Behavior
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Summary

 Reactor antineutrino oscillation results:
— nGd, 1230 days’ data sin? 26,, =0.0841+0.0027(stat.) +0.0019(syst.)

|AmZ,| =[2.50 +0.06(stat.) £ 0.06(syst.)] x 10 °eV/?

— nH, rate analysis sin® 20,, =0.071+0.011 (Phys. Rev. D 93, 0720 (2016))

Reactor antineutrino flux and spectrum

* Flux is consistent with previous short baseline experiments

e Spectrum different from prediction with significance 4.4c0 in 4-6 MeV energy region

Evolution of reactor antineutrino flux and spectrum
* |BD yield per fission from individual isotopes (23°U, 23°Pu, 238U, 241Pu) are measured
* IBD yield of 23°U is 7.8% lower than prediction
Search for light sterile neutrino (Phys. Rev. Lett. 117 ,151802(2016); Phys. Rev. Lett. 117, 151801 (2016))
* No hint of light sterile neutrino observed. Most stringent limit for |AmZ,| <0.2 eV?
* Excluded parameter space allowed by MiniBooNE& LSND for Amil<0.8 eV?

The experiment is expected to continue running until 2020.
— Expect to get uncertainty in oscillation parameters to below 3%

14
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Energy Calibration

T
3 Automatic calibration units (ACUs) on each detector
Use different sources to calibrate the neutrino detector.
Energy scale, time variation, non-uniformity, non-linearity.
R:177 5 m R=O R:135m (a) © Neutron :ron‘Hlm)ﬂh[lri\\dtmn 4 Alpha lm‘m rmtumlr(tx1\<>i1L;:\\J\ty En ergy non -I i n earity Cal i b rati 0 n
P ¢ Neutron 'rc:;fmp ~:~,ourcc(:> 70 Gamma from l:i;:’al rtw’/qmacuw:v i
¥oea 1 oot o 5104
s §' ¥ i d g 102
. 2: 1 1 1 ;I»; 1 1 1 1 1 l.(k 1 1 1 é 1005_
é ‘1’:? gy Gt TR R S 5y 93:_
= e S g 096
i 21:mj. X s F = - —— Energy Model + 68.3% C. L.
Y A R 4_AE+‘° ............... b E o094 ¢
Yok Foba + 5 - —--— (Cross-validation
2f , Eo N 3 092
?‘: ADb A e .A.D : 0.90: PRI S NN T S S N SO ST N N TR S N SRI!
,‘1’:’&44 - """"‘f"‘" g’%o ¢ 0 2 IBD4P05itron Engrgy 8 !
of L 0
BRI A I R R Nominal energy model: fit to mono-
: : energetic gamma lines and "B beta-decay
Check with various sources from spectrum
0.8MeV to 8MeV; Cross-validation model: fit to 2°8Th, 212Bj,
Relative energy scale uncertainty 214Bj beta-decay spectrum, Michel electron
for nGd analysis: 0.2% Use two methods and get the consistent
results.
<1% uncertainty in most energy ranges
(>2MeV)
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Uncertainty Summary

Efficiency Correlated Uncorrelated
Target protons - 0.92% 0.03%
Flasher cut 99.98% 0.01% 0.01%
Delayed energy cut 92.7% 0.97% 0.08%
Prompt energy cut 99.8% 0.10% 0.01%
Multiplicity cut 0.02% 0.01%
Capture time cut 98.7% 0.12% 0.01%
Gd capture fraction 84.2% 0.95% 0.10%
Spill-in 104.9% 1.00% 0.02%
Livetime - 0.002% 0.01%
Combined 80.6% 1.93% 0.13%
Reactor
Correlated Uncorrelated
Energy/fission 0.2% Power 0.5%
-/fission 3% Fission fraction 0.6%
Spent fuel 0.3% 1
Combined 3% Combined 08% <

For near/far oscillation, only
uncorrelated uncertainties
are used.

Influence of uncorrelated
reactor systematics
reduced by far vs. near
measurement.
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Oscillation measurement(nH)

Phys. Rev. D 93, 0720 (2016)
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* Independent measurement of thetal3
 Challenge of the analysis

* High accidental background and more energy
leakage at the edge of detector

* Increase energy threshold, consider the correlation
in space , details study the backgrounds

* Rate only results

sin? 20, =0.071+0.011

72/ NDF =6.3/6
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Search for light sterile neutrino

« Sterile neutrino(3+1)
Phys. Rev. Lett. 117 ,151802(2016)
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Obtain world’s best limits in region spanning
more than three orders of magnitude:

2x10*eV?< <|Am? | <0.3eV?

No hint of light sterile neutrino observed.
*Most stringent limit for |Am; | <0.2eV*

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