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Daya Bay: the hunt of 645

* Daya Bay reactor complex
e Shenzhen, southern China

* Features

* Large reactor power (6* 2.9GWth)
* Large target mass (8* 20ton)

* Multiple detector configuration: near/far
relative measurement

* 790% reduction of reactor uncertainty for 03
hunt

* Reduction of detector systematics
* Ample cosmic shielding from mountains
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Unprecedented reactor v, dataset

* 3.9 million inverse-f decay (IBD) interactions (0.5M at far site)
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Unprecedented reactor v, dataset

* 3.9 million inverse-f decay (IBD) interactions (0.5M at far site)
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Unprecedented reactor v, dataset

* 3.9 million inverse-f decay (IB

D) interactions (0.5M at far site)
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Unprecedented reactor v, dataset

* 3.9 million inverse-f decay (IB

D) interactions (0.5M at far site)
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Unprecedented reactor v, dataset

* 3.9 million inverse-f decay (IB

D) interactions (0.5M at far site)
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Why reactor v, flux & spectrum?

* Reactor antineutrino anomaly (RAA) T P. Huber, Phys. Rev. (84:024617
_ 9 Th. A. Mueller et al., Phys. Rev.
* G. Mention et al., Phys.Rev. D83 (2011) 073006

(C83:054615
* Light sterile neutrino?

* Underestimated uncertainties in model prediction?

9 A.C. Hayes et al., Phys. Rev. Lett. 112, 202501 777 043 015
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Antineutrino detector at Daya Bay
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Integrated flux measurement: IBD yield

* IBD spectrum ar 116 o~
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Chinese Physics C, 2017, 41(1): 13002-013002

Previous results from Daya Bay

621-day dataset

1230 days
1.1 m||||on IBD 0.36
_ t:“ A
80000 —(A) - —Data 0.32 f *% /&
B = == i 2 »
- = = .FuII uncertainty o 0.28 f{ A
D | =
= B = a= Reactor uncertainty 0.24 o
2 B o ‘ o EH1 N EHZ‘
s v i
» 40000\— - 0.20 — . A Daya Bay
8 - . 2012 2013 ==52014 2015 c —e— Huber model w/ 68% C.L.
2 oot E g
20000 — = Integrated - E
B - ’ 0.63 0 0.54 0.51 Y= '
- — = 505p = -
L ' : — S 6.00F S A
- = ' l
i 77 | 8 595 iy ‘
53 11 B 2 5.90 | 1 gt
';E_ = 1y +00000N-.-000A ! NE 585 2 C.L.
e e or = 68%
25 09 5 >80 Best fit Model (Rescaled) | ~ = & 95%
EE = 5.75-_ est fi ==+ Model (Rescale ~ 0-238:(10.1i1.0)x10_43 o
x = 08| . . Wy e ol Average _ § DayaBay 241 = (6. 04 £ 0. 60) x 10749 99.7%
2 prompt4Energy(Mev} 6 8 "0.24 026 028 0.30 0.34 0.36 52 5.6 6.0 6.8
F239 0'235 [10 43 sz / ﬂSSIOn]

5 { or = (5.91 £ 0.12) x 10*3 cm? / fission * Fuel evolution => decomposed IBD yield of 23°U and 23°Pu
rev.

R(Huber-Mueller) = 0.946 + 0.020 (exp.) * Indicates overprediction of 23U IBD vyield

* Underestimated systematic uncertainty in model prediction?

DPF 2019, Wengiang Gu 12



arXiv:1808.10836 [hep-ex]

Improved IBD detection efficiency
13
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Updated absolute v, flux & spectru

arXiv:1808.10836 [hep-ex]
arXiv:1904.078
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Prompt Energy / MeV

Spectral shape (normalized) NOT consistent
with model prediction

Global discrepancy: 5.3 o

local deviation in 4-6 MeV: 6.3 o
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Spectral evolution & decomposition

Daya Bay,

13

* Spectral evolution observed in early result
 Can decompose 23U /?*Pu antineutrino flux
* In a very coarse energy binning

* Given 3.5M IBDs at near sites, Daya Bay
extracts 23°U & 23°Pu antineutrino spectra

* In 26 energy bins
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arXiv:1904.07812 [hep-ex]

Extract 23°U & 23°Pu antineutrino spectra

13

 First measurement of antineutrino energy
spectrum of 23°Pu

e First measurement of 23°U in a commercial
reactor

* Similar deviation in 4-6MeV for 2*>U and
239Pu when normalized

* IBD yield comparison

235 data/prediction = 0.92 +0.023(exp.)
239Pu: data/prediction = 0.99 +0.057(exp.) T T oy
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(e
Summary

* Daya Bay has accumulated unprecedented (3.9 million) reactor
antineutrino interactions

* Improved reactor antineutrino flux measurement

* Neutron-related detection efficiency improved by a factor of 2
 Data/prediction (Huber-Mueller) = 0.952 + 0.014 (exp.)
* Consistent with world average

* Measurement of antineutrino energy spectra from 23°U and 23°Pu
e 235|J: First time in a commercial reactor
e 239Py: First time in the world

* Daya Bay expect to continue taking data until end of 2020

DPF 2019, Wengiang Gu 17
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- Physics analysis published date Detector status

2011

2012

2013

2014

2015

2016

2017

2018

AD 1/2 comparison

March, First 50 6,3, rate only, 55d

Improved 6,5 (90), rate only, 139d

Spectral analysis (6,3 and Am?), 217d
nH rate analysis, 217d
Sterile neutrino, 217d

Full 8AD oscillation analysis, 621d

Reactor flux & spectrum, 217d
Improved nH, 621d

Improved sterile nu, 621d
Combined sterile with MINOS, 621d

Long reactor paper, 621d
Long osc. paper, 1230d
Fuel evolution, 1230d

Muon flux variation

Cosmogenic neutron production

Long osc. Paper, 1958d

New reactor flux, 1230d

Time-varying antineutrino signal
Individual antineutrino spectra, 1958d

2 EH1 ADs start data taking in Aug.
2+1+3 ADs start data taking in Dec.

Calibration campaign in Jun.

2+2+4 ADs start data taking in Oct.

AD1 Flash-ADC upgrade in Dec.

Calibration campaign in Jan.
AD1 taken out for LS study in Jan.
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Absolute spectrum for 23°U
13

* Compare with the model prediction without normalization

* 8% deficit in the entire range
* 11% deficit below 4MeV
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The Daya Bay collaboration
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