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Reactor: disappearance: clean in physics
~1-sin® 26, sin® (Am3 L/ 4E)

—cos* g, sin” 26, sin* (AmZ L/ 4E)
Accelerator: appearance, related to CPV, etc.
=sin’ 20,,sin° O, sin (AmZ L / 4E)

+ (CPV term) + (matter term)
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Last unknown mixing angle 8 , before 2011: sin?(2 6 ;) <0.15(90 C.L.)

The Daya Bay Experiment is a well designed short baseline reactor neutrino
experiment to precisely determine 6 ..
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Daya Bay,

_13 Daya Bay Experiment Layout

« Kaeys to precise

Overburden: ~860 mwe . 4

measurement: = Weighted baseline: ~1650 m
— (stat.) Powerful reactors - AMEL
g17.623W) + Large target P(V, —>V,) =1-sin® 20, sin® = =
mass (80t). : \ B
— (syst.) Reactor related: - T
near/far measurement at - Weighted baseline: ~500 m

optimized baselines.

— (syst.) Detector related:
eight functional “identical”
detectors for near/far
measurement

— (syst.) Background
related: large overburden
to reduce muon +
active/passive shielding
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Anti-Neutrino Detector

Calibration units deploy %Ge, ©Co,
241AmM-13C and LED
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Muon Veto Detector

 Water pool

— Two layers separated by Tyvek.
— Fill with purified water

— Hundreds PMTs to collect

Cherenkov lights from cosmic
muon

« RPC
— Four layers

Multi detectors for efficiency
crosscheck.

. inner water shield
| outer water shield

Water Cerenkov:
Eff.>97% - /
RPC Muon tracker: AD support stand ¢
Eff. > 88%
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Daya Bay Near Hall (EH1)

F|II WP W|th pur|f|ed Water

InstaII f|IIed AD to water pool

#"r l;-_n.ﬁ :

Cover the water pool
‘_97‘:/ iR Y T e .‘

Roll RPC over WP




Daya Bay,

_13 Ling Ao Near Hall & Far Hall

Ling Ao Near Hall with 1 AD
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& Data taking begin since Nov.5, 2011
R~ \ o \ -,
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Far Hall with 3 ADs

Data taking begin since Dec.24, 2011 =




Daya Bay,

13 Data Period

A Two Detector Comparison: H " ”
Sep. 23, 2011 - Dec. 23, 2011 3 |
7I\I8u8I7. Inst. and Meth. A 685 (2012), pp.
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« B: First Oscillation Result: Hf"‘”-l . el .1
i a !

Data taking fraction

Dec. 24, 2011 - Feb. 17, 2012 e e
Phys. Rev. Lett. 108, 171803 (2012) 5 osl
 C: Updated oscillation analysis: % 04:
Dec. 24, 2011 — May 11, 2012 g0
Chinese Phys. C 37, (2013) 011001 .FHall 2
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— Data volume: 40TB 5 0_3; .
_ DAQeff. ~96% E b |
— Eff. for physics: ~ 94% E 5
s 0.4 — -
g ™F I
o2 ik
a3

2011



Daya Bay,

_13 Calibration & reconstructiqn

——

e Low intensity LED for PMT gain. N
o ©®0Co at detector center for energy scale. i
o ©®0Co at different positions to correct e
- - . 42000
Spa‘_:lal dependence (non-l_Jnlformlty). Non-uniformity correction function
« Calibrate energy scale using neutron o’y
capture peak. osb
: e Po2l5alpha o n- - o AD2 ACU-A O AD2 ACU-B 4 AD2 ACU-C
g 0000 o poo12 alpha Coto % 1BD n-Gd 1.04 -
E gopsf- 4 Po2l4alpha » AmCn-Gd * Spa n-Gd -
= - S 1.02|- . o
2 0002k ; iﬂ%é S S N 3o
g - 3 ¥ O SR I 2 "3
TN PO I S S T
Z oomf (}H. 3l g : -
-0.004 :—. ! | . , , 0.98 [ 2
1 2 3 4 5 6 i -
AD numher |
5 0.006 The same non-linearity for all detectors Few percents residual non-uniformity
u|;0.0'04:— ol TS TN AT T T O N S A T A A
3 I - w8 g, 6w
i g?}i— 0.5% relative energy scale uncertainty:
A o 2 4 6 g 10 0.12% efficiency uncertainty among detectors
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« Anti-neutrino event selection € 1of
~ 0.7 MeV < E, < 12.0 MeV Sl : 510"
~ 6.0 MeV < E4<12.0 MeV é;“—;' . 3
- 1us<At,4<200 s 2 HEl . 10
— Muon Veto: 0.6 ms after a Pool muon A
(reject fast neutron), 1 ms after an AD . 10°

muon (reject double neutron), 1 s after an
AD shower muon (reject °Li/8He)

— Multiplicity cut: No other >0.7 MeV
trigger in (t,-200 p s, t;+200 K s)
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Delayed energy (MeV)

> ] |
2u0f Prompt energy Delayed energy
s _F ok - - Data, EHI-ADI
“,;1200 [ 1500F 36000
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13 Side by side comparison

e Multi detectors in one site
— Compare detector response, signals, backgrounds
— Systematics well under control

» Expected neutrino ratio: R(AD1/AD2) = 0.982
— Not one due to a little different baselines, target masses.
 Measured ratio: R(AD1/AD2) = 0.987 + 0.004(stat) £+ 0.003(syst)
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Uncorrelated background

Accidentals: two uncorrelated events
pass selection and mimic neutrino

Backgrounds

Extract fast neutron

L L | L L | L L | L L | L
23/10/11  2211/11 22/12/11 21/01/12

L | L L | L L | L
20/02/12  21/03/12  20/04/12

Date

.4 5 6
time since last muon (s)

event. % T
3 10 background from data
Correlated background P
— Muon spallation £
e 9Li/He
« Fast neutrons 10
— From 21Am-13C calibration source e LTy
0 20 40 60 80 100 120 140 160 180 200
- 13C(a ’n)lﬁo Prompt energy (MeV)
°LiHe Fit o -
—— Accidentals vs. time —] £, Extract °Li background
A e [ bttt sty bt el from data
A ¢ i A, ' 150
o R g Dt
= e E 100
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Daya Bay,

13 Backgrounds

Near Halls Far Hall

B/S Ogs  BIS O as AB/B

% % % %
Accidentals 1.5 0.02 4.0 0.05 ~1%
Fast neutrons 0.12 0.05 0.07 0.03 ~40%
ILi/8He 0.4 0.2 0.3 0.2 ~50%
241 Am-13C 0.03 0.03 0.3 0.3 ~100%
13C(a, n)iO 0.01 0.006 0.05 0.03 ~50%
Sum 2.1 0.21 4.7 0.37 ~10%

« Total backgrounds are 5% (2%o) at far (near) halls.

« Background uncertainties are 0.4% (0.2%) at far
(near) halls.
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Systematics

Correlated uncertainty
fully canceled in near/far
measurement

13
Detector
Efficiency | Correlated Uncorrelated

Target Protons 0.47% 0.03%
Flasher cut 00.98%  0.01% 0.01%
Delayed energy cut 90.9% 0.6% 0.12%
Prompt energy cut 99.88%  0.10% 0.01%
Multiplicity cut 0.02% <0.01%
Capture time cut  98.6% 0.12% 0.01%
Gd capture ratio  83.8% 0.8% <0.1%
Spill-in 105.0%  1.5% 0.02%
Livetime 100.0%  0.002% <0.01%
Combined 78.8% 1.9% 0.2%

Reactor

Correlated Uncorrelated

Energy/fission 0.2% Power 0.5%

7 </ f1s510N 3% Fission fraction 0.6%
Spent fuel 0.3%
Combined 3% Combined 0.8%
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Daya Bay,

_13 Efficiencies & uncertainties

Correlated uncertainty
fully canceled in near/far
measurement

Detector uncorrelated
uncertainty:

Designed value:
Baseline: 0.38%

Detector
Efficiency Correlated Uncorrelated

Target Protons 0.47% 0.03%
Flasher cut 00.98%  0.01% 0.01%
Delayed energy cut 90.9% 0.6% 0.12%
Prompt energy cut 99.88%  0.10% 0.01%
Multiplicity cut 0.02% <0.01%
Capture time cut  98.6% 0.12% 0.01%
Gd capture ratio  83.8% 0.8% <0.1%
Spill-in 105.0%  1.5% 0.02%
Livetime 100.0%  0.002% <0.01%
Combined 78.8% 1.9% 0.2%

Reactor

Correlated Uncorrelated

Energy/fission 0.2% Power 0.5%

7 </ f1s510N 3% Fission fraction 0.6%
Spent fuel 0.3%
Combined 3% Combined 0.8%

kGoal: 0.18%

Daya Bay,

13
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Daya Bay,

_13 Efficiencies & uncertainties

Daya Bay,

13
Detector
Efficiency Correlated Uncorrelated

Target Protons 0.47% 0.03% Correlated uncertainty
Flasher cut 99.98%  0.01% 0.01% fully canceled in near/far
Delayed energy cut 90.9% 0.6% 0.12% measurement
Prompt energy cut 99.88%  0.10% 0.01%
Multiplicity cut 0.02% <0.01% Detector uncorrelated
Capture time cut ~ 98.6% 0.12% 0.01% uncertainty:
Gd capture ratio  83.8% 0.8% <0.1% . i
Spill-in 105.0%  1.5% 0.02% DeSIQ.nEd HELLE:
Livetime 100.0%  0.002% <0.01% BrEellines Deet

; ' Goal: 0.18%
Combined 78.8% 1.9% 0.2%

Reactor Reactor uncorrelated
C:nrrelarecl Unmrrelal.e:d uncertainty:
Energy/fission 0.2% Power 0.5%
7o/ fission 3% Fission fraction 0.6% Reduced by a 1/20 factor
Spent fuel 0.3% in the near/far

Combined 3% Combined 0.8% kmeasu rement Y,
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Daya Bay, Daya Bay,

13 Anti-neutrino rate vs. time 13

% w0 e  Detected neutrino rates
S E bl Rt strongly correlated
E 600 EH1 --eee-e- Predicted (sin’20 , = 0) with reactor flux
% 400 = —— Predicted (sin“26 , = 0.089) P expecta’[ions.
- Measured

g 800~ | ]
s f « Predicted rate
5 600 — Normalization is
= ool determined by fit to
S L1 on near/far data.
S 100 EH3 Ao g o 41 — Absolute
2 s0fy, it B ST ”} W i .. 4 normalization is
o 60:_+ i Iy within a few
= TpM ¥ + percent of

40 =

Dec27  Jan26  Feb25  Mar26  Apr2s expectations.

Run time
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Daya Bay, Daya Bay,

13 Anti-neutrino disappearance 13
% L
Ez{)m'ﬁ_ : —4— Far Hall L15
g i T —|— Near Halls (weighted) g i
S1500f S
EBOOE H-% 11E
1000F zé 1.05 -
500-2— E
- T
_of . —— F EM1 EW2
E . No Oscillation 0.95 "
ng 1.2:' l — Best Fit 095_ ens 1l
§ i ."...|...|...|...|...|...|...|...|...|...
Z X 0O 02 04 06 08 1 12 14 16 18 2
;% ) I Weighted Baseline [km]
0

10
Prompt Energy (MeV)

R =0.944 £ 0.007 (stat) = 0.003 (syst) sin?2 6 ,,=0.089+0.010(stat) £ 0.005(syst)

A clear observation of far site deficit with 139 days data.
Spectral distortion consistent with oscillation.
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Manual callbratlon system deployed on
ADL1.

60Co and 23%Pu+13C source for data
taken from Sep.3 to Sep.17, 2012.




= Recent progress

Last two AD installed. ?“— -

Eight AD data taking have
started since Oct, 2012

g i



/13 Summary L3

 Unambiguous observation of reactor electron anti-neutrino
disappearance at ~2km baseline:

R =0.944 + 0.007 (stat) = 0.003 (syst)

* Interpreting the disappearance as neutrino oscillation yields the
most precise measurement of 0 ,

sin’2 6 ,,=0.089+0.010(stat) £ 0.005(syst)

« Data taking with all eight detectors have began since Oct.19,
2012.

« Daya Bay will continue to provide the most precise
measurement of 0 ,; over the world.

« Shape analysis results will come soon.
« More physics expected: reactor flux and spectrum, etc.
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_713 The Daya Bay Collaboration
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North America (15) E Asia (22) ”
BNL, Caltech, Icwa State Univ., Beijing Normal Univ., Chengdu UST, CENPG,

Illineiz Inst. Tech., LBNL, Princeton, CIAE, Dongguan Univ.Tech., IHEP
RPI, Siena, UC-Berkeley, Nanjing Univ., Nankai Univ., NCEPU, NUDT,
Univ. of Cincinnati, Univ. of Housten, Shandong Univ., Shanghai Jiactong Univ.,
Univ. of Wiscensin-Madisen, Shenzhen Univ., Tsinghua Univ., USTC,
Univ. of Illincis-Urbana-Champaign, Xi'an Jiaotong Univ., Zhongshan Univ.,

Virginia Tech., William & Mary Chinese Univ. of Hong Kong, Univ. of Hong Kong,
National Taiwan Univ.,

National Chiae Tung Univ., National United Univ.
~230 Collaborators "
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