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DYB Aims at Detecting Reactor Antineutrino to...
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Determine 013 & mass splitting by measuring disappearance of antineutrinos at ~2km
Measure reactor antineutrino flux and spectrum

Search for Physics Beyond Standard Model
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Eight Detectors in Three Underground Halls

Far Hall
1615 m from Ling Ao |
1985 m from Daya Bay
350 m overburden

3 Underground :
Experimental Halls

Ling Ao Near Hall

s 481 m from Ling Ao |
i 526 m from Ling Ao I

112 m overburden

M. Grassi

Ling Ao Il Cores

Ling Ao | Cores

m 17.4 GW,, power
m 8 operating detectors
m 160 t total target mass
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Eight Identical Antineutrino Detectors (ADs)
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Antineutrino Detector composed of 3 nested vessels

B filled with 0.1% Gd-doped liquid scintillator (LS)
= filled with undoped scintillator
| filled with mineral oil

ADs are immersed in a water Cherenkov detector (bkg moderator & muon veto)

How identical are the ADs?
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Eight Identical Antineutrino Detectors (ADs)
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Selection of Antineutrino Candidates (Signal)

Inverse Beta Decay (IBD) Reaction
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Experimental signature: prompt+delayed coincidence
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Delayed energy (MeV)
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Far hall IBD spectrum

Backgrounds

Daya Bay near hall fast n spectrum

2 . s [
E B +++"'+ § 10°E -+ IBD candidates
g 1000 - - : E [ Tagged by OWS
~ - . o L — Tagged by RPC
2 8000 * . S o'k
Eol . . i
6000 {— T E
L . 12 103§_
4000 — - [0 Accidentals E
- - I OLi/8He - .
- - I 241Am-13C 102k .
2000 — - B 2C(a,n)160 =
e +++ [ Fast neutrons E !
Oﬁ_j‘_'ﬁ' ' L e ST S R A I D B I I B T B
2 4 6 8 10 12 10 20 30 40 50 60 70 80 90 100
Prompt energy [MeV] Prompt energy [MeV]
Background Near Far Uncertainty Method
Accidentals  1.4%  2.3% ~1% Computed statistically
from uncorrelated singles
9i/8He 0.4% 0.4% ~50% Measured with after-muon events
241 Am-13C o o _ENO MC tuned to single gamma and
0.1% 0.1% 0% strong Am-C source
Fast Neutrons 0.03% 0.2% ~50% Measured with tagged muon events
13C(Cl,ﬂ)160 001 % 0. 1 o/o N5O% Calpulatgq from measured
radioactivity
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Antineutrino Oscillation Spectrum
PRL 115, 111802 (2015)

Total Exposure: 6.9-10° GWin-ton-days » more than 150k IBD candidates at far site

' < Reco positron spectrum at far site

16

14

Compared w/ expectation based
on near-site measurements
assuming no oscillation

12

12

Events / Day (Bkg. Subtracted)
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Antineutrino Oscillation Spectrum
PRL 115, 111802 (2015)
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Independent 03 Measurement via n Capture on H
PRD 90, 071101(R) (2014)

5+p 7200 us D_|_f-y
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nH IBD Candidates: pros and cons

12

Large sample, stat. independent fromnGd ¢
Different systematics wrt nGd analysis g F
High accidental background from longer 5
capture time and lower delayed energy 5 °F

S
Rate-only Result (217 days of data) TE R
sin2(2613) = 0.083 = 0.018 S B/ a—
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Search for Sterile Neutrinos
PRL 113, 141802 (2014)

Sterile: not participating in V-A interactions
Appealing non-baryonic DM candidate

Experimental signature:
Modification of active-neutrino oscillation
New mixing params: 614 Am1a

(Measured) / (Expected from EH1)

Prompt energy (MeV)

i
f

DYB’s unique configuration allows to scan Amias

. 10"
Few hundred meter baseline
Relative measurement between near halls

%

-y
o
)

~2 thousand meter baseline
Comparison between near and far halls

2
41

IAm | (eV

— — DayaBay 95% C.L.
-3
« 10

DayaBay 95% CLs

World’s best limit on 614 in IAm1412 < 0.1 region

Bugey 90% C.L. (40m/15m)
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Reactor Antineutrino Flux
1508.04233 (PRL Accep.)

Daya Bay Measurements

Measure v flux from reactors > 17 1 s
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Antineutrino Prompt Energy Spectrum
1508.04233 (PRL Accep.)
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onclusions

Huge reactor antineutrino sample (1.2M IBDs) allowed Daya Bay Experiment to:
Deliver the world’s best measurement of sin2(2613)
Determine AmZee With precision competitive to neutrino-beam experiments
Set best limit on sterile neutrino in the case of mass splitting smaller than 0.1 eV?
Confirm the existence of a spectral distortion in the reactor antineutrino spectrum

New data release (2x more statistics) expected in Summer 2016!
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Independent 03 Measurement via n Capture on H
PRD 90, 071101(R) (2014)
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Energy Response Model
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Non-linear (NL) energy response originated from:
+ particle-dependent NL light yield of LS
* charge-dependent NL in the PMT readout electronics

Model parameters computed with unconstrained x2 fit to calibration datasets:
+ 12 gamma lines from both deployed and naturally occurring sources
* 3 decay spectrum of 2B produced by muon spallation inside the Gd-LS volume
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Positron Response Model

Uncertainty band obtained using other
response functions consistent with fitted
calibration data within 68% C.L.
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Response Model Validation

Michel electron spectrum Compton scattering data
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Summary of Signal and Backgrounds

EH1 EH2 EH3
AD1 AD2 AD3 ADS AD4 ADS AD6 AD7
IBD candidates 304459 309354 287098 190046 40956 41203 40677 27419
DAQ live time(days) 565.436 565.436 568.03 378.407 562.451 562.451 562.451 372.685
Ep 0.8248 0.8218 0.8575 0.8577 0.9811 0.9811 0.9808 0.9811
Em 0.9744 0.9748 0.9758 0.9756 0.9756 0.9754 0.9751 0.9758
Accidentals(per day) 8.92+0.09 8944+0.09 | 6.76+0.07 6.86+0.07 |1.70+0.02 1.59+0.02 1.57+0.02 1.26 £0.01
Fast neutron(per AD per day) 0.78 £0.12 0.54 £0.19 0.05 £+ 0.01
Li/*He(per AD per day) 2.8+ 1.5 1.74+0.9 0.27 + 0.14
Am-C correlated 6-AD(per day)| 0.27 £0.12 0.25+0.11 | 0.27 +0.12 0.22£0.10 0.214+0.10 0.21 4+ 0.09
Am-C correlated 8-AD(per day)| 0.20+£0.09 0.21+0.10 | 0.18 £0.08 0.224+0.10 | 0.06 +=0.03 0.04+0.02 0.04 +£0.02 0.07 +0.03
13C(a, n)*°O(per day) 0.084+0.04 0.074+0.04 | 0.05+0.03 0.07+£0.04 |0.05+0.03 0.05=+0.03 0.05=+0.03 0.05=+0.03

IBD rate(per day)

657.18 +1.94 670.14 = 1.95

594.78 +1.46 590.81 = 1.66

73.90 £0.41 74.49 £ 0.41 73.58 £0.40 75.15 £ 0.49

13C(a,n) 160

a from natural radioactivity may interact with a nucleus and emit a neutron.
a come from 238U, 232Th, and 219Po decay chains (in the case of Gd-LS also from 227Ac)
The nucleus 83C is a natural component of carbon, commonly found in LS.
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History of sin%(203)

‘ ' KamLAND [1009.4771]
Best Fit + /
68% C.L. AL 111 MINOS 8.2x10%° PoT  [1108.0015]
=i
Accelerator
Experiments* DC (1 det) 97 Days [1112.6353]
g Normal Daya Bay 49 Days [1203.1669]
Hierarchy
RENO 222 Days [1204.0626]
g Inverted N
Hierarchy = L d DC (1 det) 228 Days [1207.6632]
*All results assuming: N
B Daya Bay 139 Days [1210.6327]
Ocp = 0,
Oy = 45° T2K 3.01x10%° PoT  [1301.4581]
DC (1 det) 240 days nH [1301.2948]
Reactor
Experiments** MINOS 13.9%x102° PoT [1304.0841]
® Rate only ™ DC (1 det) RRM Analysis [1401.5981]
O Rate+Spectral P .
N % RENO 403 Days [unpublished]
= n-Gd /
 n-H % T T2K 6.57x10%2° PoT  [1311.4750]
**Number of days refers % Daya Bay 190 Days [1310.6732]
to far site live time ‘///
g Daya Bay 190 Days n-H [1406.6468]
7
Global Fit < 7 DC (1 det) 468 Days [1406.7763]
77/, NuFit v2.0 ('o\l % RENO 795 Days [unpublished]
[arXiv:1409.5439] .2 /
Sin 2913 Daya Bay 563 Days [1505.03456]
Z
0 0.05 0.1 0.15 0.2 0.25
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Reactor Models

Two fissile antineutrino spectrum models

1) ILL + Vogel
ILL model of 235U, 239Py, 241Py

nys. Lett. B 118, 162 (1982)
nys. Lett. B 160, 325 (1985)
nys. Lett. B 218, 365 (1989)

(1981)

nys. Rev. C 24, 1543 (1981

U U U T

Vogel’s theoretical model of 238U

"rhodel of 235U, 239Py and 24'Pu  Phys. Rev. C 84, 024617 (2011)
'. Muller’s model of 238U Phys. Rev. C 83, 054615 (2011)

([
o .
> Chosen as reference because of improved treatment of
beta-to-antineutrino conversions
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Muon Veto

Muon veto to suppress cosmogenic bkg

Muon crossing Water Pool only: veto 0.6ms

Muon 20 MeV<E<2.5 GeV: veto 1Tms
crossing AD ( Es>2.5 GeV: veto 1s
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