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Neutrino Mixing

@ Neutrino flavor eigenstates and Mass eigenstates are mixed

Weak eigenstate —— |Va E Um |Vz /I\/lass eigenstate
e@=¥c 1 T) (i = 15258

MNS mlxmg matrix

8 Neutrinos change their flavor as they travel (neutrino oscillation)

& Natural interferometer to explore fundamental nature of neutrinos
Two neutrino case:

1.27Am?[eV3]L[km]
P(v, — vg) = |{wglv(t))|* = sin?20 sin?
(Vo = ) | (wglv(t)) | FIGeV]
- For i beam with energy £ 0 : mixing angle
Am?2 : mass squared difference
= A= /(1.274m) L [km] : the distance traveled
Té ' 4\ E (GeV) :the energy of neutrino
E disappearance of v q
P(VB)
) :[siﬂ2 26

appearance of vg

Distance from v source (L)



Mixing Parameters

cij = costl; and s;; = sinb;;
( l () () \ ( ("._'.; (’ ,\'1_‘.;( 10 \ ( (13 \l_) (j \
() C23 5923 X 0 ] () X 512 C12 ()
\ () .\'-__)_'.; ('-_3;.; / K .\‘]_'.;( 10 “ ('ljf, ) K () () l /
0,3 45° 0,5 < 10°(as of 2011) 0,, = 35°
Atmospheric v Short-Baseline Reactor v Solar v
Accelerator v Accelerator v Long-Baseline Reactor v

@ 013 was the only angle not firmly observed
CP-violating phase 0 is also not known.



How to Measure 013

@ Look for ve appearance from v, beam
@ Accelerator long-baseline experiments: T2K, MINOS, NOVA

R, —v.) = sin? 20,3 sin? 2653 sin” A o = Ams, /Ani
+ @ sin 2603 sin 6 cos B3 sin 2015 sin 20,3 sin° A A = Am2, L/AE
— «sin 2645 cos 0 cos B3 sin 2645 sin 2053 cos A sin 2A
+  a? cos® fq3 sin? 2615 sin? A
Sensitive to 813, & and mass hierarchy

@ Look for ve disappearance

® Reactor based short-baseline (~O(1) km) experiments: Daya Bay,
RENO, Double Chooz

P(ve — v.) = 1 — sin” 20,3 sin’(Am2,L/4E,)

Sensitive only to 813
Both kinds of experiments are needed to determine
CP violation and mass hierarchy
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Measurement of 013 with
reactor neutrinos

Source Detection
vV, from n-rich fission products inverse beta decay Vv, +p — e* +n
neutrinos/MeVMission
St Iofloh] bchd el Bl Il bkl o] Lda] hldes - From Bemporad, Gratta and Vogel
1 .
g‘
‘ E observed spectrum
R 3 3 <
1
10k \
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oF y %%9
CRA
;- Q.
1 !“% .................. | FPETY FETTE P I _l....'_ (%}o;
en A‘_,1,‘ ]
~ 200 MeV per fission e L
E, (MeV)

~ 6 V, per fission -
~ 2 x 1020 v /GW,, -sec mean energy of Ve: 3.6 MeV
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Measurement of 013 with
reactor neutrinos

0., revealed by a deficit of reactor antineutrinos at ~2 km.
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Measurement of 013 with
reactor neutrinos

To measure a small deficit, reducing X

systematic uncertainty is the key. ———— R
Put “identical” detectors at nearand = ﬁi ﬁi
"

far distances, and make a relative

measurements. 0o T \ P
& Uncertainties for absolute reactor \
; ] 09 Near detector(s)
flux (largest error in previous constrain flux £ yerderors)
measurements) and absolute 0.65 -
measure oscillation

detector efficiency cancel.

10 1 10
Baseline [km]

Distances from

Far/Near v, Ratio reactor Oscillation deficit
AT \VA 2 [ ' |

Ny - *"\'I).,f <&) (F_[> PSUI‘(E? Lf.)
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Indications of non-zero 615

1 4 1 L 1] T T L LS L L4 L 4 T 1 ] LJ L L L L] L
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ned

T2K

0.03(0.04)< sin® 26,3 < 0.28(0.34)
PRL 107, 041801 (2011)

MINOS
2sin®(023) sin®(2613) = 0.04175:037
PRL. 107, 181802 (2011)

Double Chooz
sin?(20,,)=0.086 +

0.041(stat) + 0.030(syst)
Y. Abe et al. PRL 108 131801 (2012)

2011
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& Many hints of non-zero value of 813 in 2011
® No 613=0 exclusion with > 2.50 significance before Daya Bay (and RENO)



The Daya Bay Experiment



Daya Bay Collaboration
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Daya Bay Reactor Complex

® Ranked among the top 5 most powerful complexes in the world,
producing 17.4 GWi

@ Adjacent to mountains
@ Easy to construct tunnels to reach underground labs with sufficient
overburden to suppress cosmic rays

Ling Ao II NPP
2x2.95 GW,,

gt =7
L0 T )
Ling Ao NPP e

——

2x2.95GW, Snd

m Y
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]

Overburden: ~860 mwe
Weighted baseline: ~1650 m §

N

6 Antineutrino Detectors (ADs)
in 3 underground halls
4

_ Overburden: ~265 mwe
e o ' &Y Welghted baseline: ~500 m

Surface
Assembly *

Building S ® Ling Ao I1
(SAB} ; | " reactors

» Overburden: ~250 mwe

Daya Bay - Weighted baseline: ~360 m

& ‘ (7 reactors




Detection Method

Antineutrinos are detected via

~ZE +
Vet p—e +n inverse beta decay reaction

'
n+'Gd—->""'Gd+y

Y
Y

Gd

Y

~ 30 ysec
w/ 0.1% Gd

Edelayed ~ 8 MeV

® FE..-~ E, - 0.8 MeV

N

Prompt + Delayed coincidence

@ Prompt positron: carries antineutrino energy

@ Delayed neutron capture: efficiently tag

antineutrino signal.
15
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Antineutrino Detector

Calibration

Stainless

System Steel
/ Vessel (SSV)

& Three zone cylindrical modules:

Zone \WESS Liquid Purpose

Innel'r . Goll.-do'zed Anti-neutrino

acrylic Hadl target 192 8-inch R

vessel scintillator PMTs N oy

Outer . Gamma ]
Liquid r

acrylic 20t catcher (from

scintillator

vessel target zone) Mineral oil _|
Stainless . - o
Radiation Liquid Scint.
steel 40t  Mineral Oil

shielding

20-t Gd-LS

vessel

om

B Reflectors at top/bottom of cylinder
are used to increase light yield.

B Energy resolution: (7.5/VE + 0.9)%

Il

A
\ 2
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Calibration System

Three Automated Calibration Units
(ACUs) per detector.

@ Deploy sources along the z-axis

8 Three sources + LED in each ACU,
on a turn table.

& 68Ge (1.02 MeV) }

R=1.7725m  p=g

Energy

(2506 MaY) calibration

B 21Am-13C (8MeV)
8 LED -- Timing and gain calibration

17



Muon Tagging System

8 2.5 meter thick two-section

water shield - inner water shl.eld
o . outer water shield

B Cherenkov detector to - OMTe
tag cosmic ray muons. e

® Shield for neutrons and ®

provide further muon
tagging.

& Detectors are in
commissioning.

& Not used for “muon
veto” in the first
analysis, but used for AD support stand
background studies.

T
gammas from = i
surrounding materials. . [i’l’
B RPC | : IS
B Covers water pool to 'M g!

Yo U\ O\ . W\ .

ligm

|

Y

)

i
-

TN D AR

!
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Antineutrino Detector Assembly

Antineutrino Detectors are assembled at
the Surface Assembly Building

Stainless Steel Vessel
(SSV) in assembly pit

\ 7807 | & .«_~“
. e 27 saieut AN

Install lower reflector

4 Install calibration units -



Liquid Scintillators

@ The (Gd-)LS is produced in the
underground LS hall at Daya Bay.

B Gd (0.1%) + PPO (3 g/L) +
bis-MSB(15mg/L) + LAB
® Produced 185-ton Gd-LS + 196-ton LS
& Completed early 2011

® Amount needed for all 8-detectors
are produced at the same time to

ensure identical detectors i
™ <= 00019
O 4
d-L’__,‘ " § 0.0018

,-@2 0.001/ T T
£ 0.0016+0.0001 %
; 0.0016 o * <I @
E 0.0015 .-i-----—---l----: ---------------- :--------t----.-”
c
g 0.0014 - . . . ]
¢ |A1l-mapparatus yielded attenuation length
< " of ~15 m @ 430 nm (Gd-LS)

0.0012 . .
Jan-11 Feb-11 Mar-11 Apr-11 May-11 Jun-11 Jul-11 Aug-11 Sep-11 Oct-11 Now-11

Monitoring Date (since production)
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Detector F||||ng

B The detectors are filled with
liquid in the underground liquid
scintillator hall.

@ Target mass is measured with:

(1) 4 load cells supporting 20-ton ISO tank ‘ -
(2) Coriolis mass flow meters

Uncertainty ~ 3kg in 20t (0.015%)

LS/MO tank GdLS tank

8 Monitored with in-situ sensors

21



ear Hall (EH1) Installation

Ins'rall fllled ADm pool »FI" pool with pur'lfled water |

IS = s :-; = - '*4‘J£LJ=‘I l I l I """-’
Cane A TR B B sUWORE L ) ”’n
Da‘ra ‘raklng s‘rar"red on 15 Aug 2011

o N - ‘
.\ Place cover over pool ’
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(EH3)
Installation

Far Hall




My work at Daya Bay

® In the past year (from April 25, 2011 to April 25, 2012)
@ Stayed in China for ~150 days

Assembling and testing of the PMT systems of Antineutrino
Detectors

8 Monitoring Liquid Scintillator optical properties.

Commissioning of the antineutrino detectors in the
experimental halls.

Analyses
@ Developing neutrino interaction vertex reconstruction

@ Studying energy scale calibration non-uniformity and
systematic uncertainty

Independent oscillation analysis within LBNL group

24



Data Set for
Oscillation Analysis



Data Taking Period

® Two Detector Side-by-Side Comparison .
@ Sep. 23, 2011 - Dec. 23, 2011 j1 ’["]'n%’o['ﬂ?;:{ ;ﬂw T

@ Side-by-side comparison of 2 z i (
detectors in EH1

8 Demonstrated detector systematics o2f

better than requirements.
Daya Bay Collab.

-

e
»

—

Data taking fraction
o
[

e
-
I'

- -]
T

arXiv:1202:6181 (2012) § ok

& Current Oscillation Analysis 3ok
B Dec. 24, 2011 - Feb. 17, 2012

@ All 3 halls (6 ADs) operating 1

& DAQ uptime > 97%

B Antineutrino data: ~89% g “F

Daya Bay Collab.
Phys. Rev. Lett. 108, 171803 (2012)

e
N

o ' 1 Al
0 50 100 150
Days since Sep 23 ™ 2011
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Data Analysis Approach

& Multiple independent analyses are performed to cross-check the results
& Difference between analyses
Energy calibration & reconstruction
@ Calibration source (°Co, 2.5 MeV)
@ Spallation neutron (8-MeV Gd-capture peak)
8 Antineutrino selection
@ Different muon veto
@ Different multiplicity cut
Background studies
@ Oscillation fit method
@ Blind analysis
@ Target mass, baselines and reactor flux information were blinded.
@ Cross-checked between analyses before unblinding.
@ All analysis gave a consistent results

Only results from one analysis are presented here

27



Energy Calibration

> >
PMT charge vs. time Energy Calibration Energy vs. position
(by low intensity LED) g'w- 1.06-
. g 1601 60Co at center [ | Aoacua | | ®amacue ||« A Acuc
' o S ’ 2'“0._ 1.04 - ADZ ACUA AL G0 ' AD2ACU-C
A Z - I
1" Do "] Sk g reaf- ,
11.-":—-:::1::: ) 80;- % 1_..;.: o.'.‘::.
5 wat- *MT 60 5 1 : .
E ; 40F 0.98
182 o i .
PN U | P 1 :
8- 0;‘ il Laasaliaaal 0-“'_—
- A 1 1 1 0 0.5 1 1.5 2 2.5 3 3.5 4 Lo s oo b oo s o o oo b oo b oo s ol oo aal
20110027 2011027 2011/11/26 2011112126 201201725 Energy (MeV) 1% 100 50 0 80 100 150
170 v H
Energy scale .vs. Time_. . - Energy resolution
165 = —e—— ~12 73
e - —— o eADI (—'50.9)'.'/{)
§ 160" o | £10 AD2 VE(MeV)
& oass— . . f %
S e - Detector z
150 . ADS : e n H-capture
- o tests (spallation)
s SOE- .
§ 0.01] . j 4
§ Ottt et e o 2 n Gd-capture
§ oo j (AmC, IBD, spallation)
€ .0.02" . 0
2011/09/28 2011/1V28 2010/91/27 20111227 201201/26 1 2 3 4 5 6 7 R
Date E.. (MeV)
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PMT Light Emission (Flashing)

® Instrumental background from ~5% of PMTs.
@ ‘Shines’ light to opposite side of the detector
@ Easily discriminated from normal signals f 1 —ADI

- AD2
10-1 ~—AD3

If we don’t apply the flasher

rejection, This is the dominant 102 -
event near “8-MeV” s
Relative PMT charge %
210 10
« 9 | B rel A
. e Vi P N T T R MRS T RN B ¥ e
FID of delayed candidates
7
2
6 MaxQ
log10 uadrant? —_ <0
of g (Q +( 0.45 ) )
4
3 Quadrant = Q3/(Q2+Q4)
2 MaxQ = maxQ/sumQ
1 10"
% 5 P . [ 20, 25 Inefficiency to antineutrinos signal:
x o * ; CprEe 0.024% + 0.006%(stat)
Quadrant4 Quadrant3 Quadrant 2 Quadrant 1, Contamination: < 0.01%

the hottest PMT is located



Energy Spectrum of All Events

Singles spectrum after muon

® Measured rate: veto and flasher cut
® ~65 Hz in each detector e 2012)
(>0.7 MeV) 2wl
g - \.—. - ADI
® Dominated by low-energy &g el = AD2
radioaCtiVity - 10;:_ “K ‘ n Gd-capture
& U/Th chains: Stainless - TR
steel, PMT, scintillator e
B °K: PMT el N—
[l [l m
® Radon: Scintillator G e ]
@ Around “8-MeV”: E off w\ e
n C _-'- e S o oo yngle ! d1dl ]
@ IBD neutron . “"*5"“*‘*‘**”}"“ W*rﬂlﬁﬂ
0.2 -
& Muon spallation products o
8 Am-C neutron in ACU 1 10 Energy Melf
& positron from IBD D1 — AD3

asymmetry A=2x 5o

Task: Select IBD from these
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Antineutrino Selection

Prompt + Delayed coincidence
& Prompt: 0.7 MeV < Ep < 12 MeV

B Delayed: 6.0 MeV < Eq < 12 MeV. Vet p—e +f
B Capture time: 1 ys <At < 200 ps n+'Gd—-"'Gd+vy

® Reject flashers

® Muon veto
® Pool muon: Reject 0.6 ms
@ AD Muon (>20 MeV): Reject 1 ms
& AD Shower Muon (>2.5 GeV):

.-".

2 . . Signal region 10*

- - N
o) o
|

Lol _

Prompt energy (MeV)

Reject 1s o
B Multiplicity : 1. :
® No other signal > 0.7 MeV Z i | °
in -200 ps to 200 us of IBD J: ! "

Clear separation of antineutrino/ <N

events from backgrounds 00III2III4III6III8III10III12IIl14lll16lll18lll20 1
Delayed energy (MeV)
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Prompt and Dela

& Uncertainty of prompt energy
cut efficiency: negligible

& Uncertainty of delayed energy
cut efficiency: 0.12%

@ Largest detector related
uncertainty.

2000 |—>

—— Data, DYB-ADI1

[a—
W
S
S

I I I

— MC

Events/0.25 MeV
8

500}

o 2 4 6 8§ 10 12
Prompt energy (MeV)
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0.008
0.006
0.004
0.002
0o
-0.002
-0.004
-0.006
-0.008
-0.01

Asymmtry w.r.t. AD1

Events/0.05 MeV

yed Energy

e Po0215 alpha
m Po212 alpha
A Po214 alpha

O IBD n-Gd

O Spa n-Gd

‘Intrinsic’ energy peak variation: ~0.3%

AR L KRR LAY RARN LAY RARI LM RN AL
g

—t

2

3 4 5 6
3000 ADnumber
2500;— —— Data, DYB-ADI —
2000 — MC
1500 —>
1000
SOOEJ =

oL .~

S
Delayed energy (MeV)



Spacial Distribution of
IBD candidates

_ 3m-lAV (GALS)  g4m.oav (Ls)lERT AD'
Prompt signal

- 2800 Prompt vertex PrXptvam;: )
: - »
1500 N 25
w25 m
o 7 .
a000f- ¥ 10
|soo ’ I
& IBD candidates are 2000} ,
1 ; ’ _% i ot Sassals siciss Saaas
uniformly distributed R
] Delayed signal
in Gd-LS volume Delayed vertex
-E 2500 24 3
£ 2000 2 £ 2poss 25
1500} 20 . .
1000 * r-ﬁ.E 20
g e
S00¢ -
of h? ) 15
s .“.
“S00L 3 > .»45 10
~1000} ﬁ: E
1500} e ah X T 5
.m -".’. wd .\-:':: oo
“250856200015001000-500 0 soo:ooo:soom;s;oo" “1000 2000 3000 4000 ‘soko:;‘éoé? ,
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Neutron Capture Time

Consistent IBD capture time measured in all detectors

Capture time cut:
ch1a02 1us to 200us

EH2-AD1
~ EH3-AD1
EH3-AD2

2
10 EH3-AD3

108

§ -

_— AL __L F—_— b LLLlll
0 20 40 60 80 100 1 140 160 180 200
At [us]

Relative H/Gd capture efficiencies between ADs differ by less than 0.1%
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Backgrounds

& Uncorrelated background

Accidentals: two uncorrelated events accidentally happened with
short time separation and mimic IBD event.

& Correlated (from largest to smallest)
® Muon spallation products
B-n decay isotopes (°Li/®He)
@ Fast neutrons
@ Correlated signal from 24'Am-13C calibration source
& 3C(a,n)O reaction
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Backgrounds: Accidental

The largest background
@ Rate and spectrum can be accurately measured from data

;g‘ 12: . data-t;éking
% 10 i, TR ’0. * .o”.. -e ot
S o . onam
§ o T ,.
g 2 v EH3-AD2
< «— EH3-AD3
2800111 23110111 221111 22112111 21/01/12
Date
EH1-AD1 [EH1-AD2 [EH2-AD1 |[EH3-AD1 [EH3-AD2 |[EH3-AD3
Accidental [9.82+0.06 |9.88+0.06 |7.67+0.05 [3.29+0.03 |3.33+0.03 [3.12+0.03
rate(/day)
B/S 1.37% 1.38% 1.44%% 4.58% 4.77% 4.43%
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Background: -n decay

B-n decay: Generated by cosmic rays
- Prompt: B-decay Long lived

- Delayed: neutron capture :
Mimics antineutrino signal

No #No = 294 +/- 26
N, = 10249 +-103

5 ad "Be* >(n)
oL V‘a iher e
"~ \B | & '

Events/(0.1s8)

Li:1,=178 ms, Q=13. 6 MeV
8He: 1,=119 ms, Q= 10.6 MeV

E.> 4 GeV (visible)

Analysis muon veto cuts control B/S

~ i T2 & 8 8 10
to ~0.2% (0.4%) of far (near) signal SRR PP

Nl I IPEPEPE PP PP
12 14 16 18 20

x (8)
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Background: Fast Neutron

@ Energetic neutrons produced by
cosmic-rays

® Mimic an IBD signal:

& Prompt: Neutron recoils/stops
in target

® Delayed: Neutron capture on Gd

[

untagged p
u tagged by muon system

After muon veto cuts, B/S is
~0.06% (0.1%) of far (near) signal.

EH1 Prompt energy, AD#1 | eh1_ad1_hist
Entries 38256

> T T Mean 3.587
g RMS 2.47

10° %2/ nat 17.66/17
- p0 8.685 + 0.695
&
@

10" |

Constrain fast-n rate using
10° IBD-like signals in 10-50 MeV
10E
1

0 5 10 15 2 25 30 35
Prompt energy (MeV)

prompt energy of fast neutron candidate

40 45 50

1 1

10

s |

prompt_fn_hist
Entries 6191
Mean 25.96
RMS 14.06
% I nat 60.24 / 34
p0 128.7+19

Validate with fast-n events
tagged by muon veto.

0 5 10 15 20 25

38

0 35 40 45 50
prompt energy (MeV)




Background: 2*'Am-1°C neutrons

Weak (0.5 Hz) neutron source in ACU can also mimic IBD via inelastic
scattering and capture on iron.

AN Three ACU Capture Position 2 vs! (recE > 6 MeV) hCap 13 C
Entries 5357 (v 57 Fe
4%00 Mean x 2 cn—l f ;
Ml.'olll Y ‘\ . ‘ N L
AMS x d . n -— @
4000 RMSy T394
® 2 |
12 " -1 et ! ."
=10 ; -
3000 ~3 6Fe a
2500 e —— = e o
2000
} n |
Prompt v Delayed
NeutronInelastic neutron Capture

Estimation Procedure:

- Measure uncorrelated gamma rays from ACU in data
- Estimate ratio of correlated/uncorrelated rate using simulation
- Assume 100% uncertainty from simulation

s

5
]

8"
5
i
I
)
i

Constrain far site B/S to 0.3+0.3%
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Background

13C (&, n) 180
F>nN+p — N+p @
——>n + 2C — n + 2C*(4.4 MeV)
|—> Rt > )
3C (a, n) 80*(6.05 MeV)
» 160 + Y ®
13C (o, n) 80*(6.13 MeV)
» 160 + et + e @
Example alpharate | 238U | 232Th | 235 | 210Pg
in AD1
Bq 0.05 g2 1.4 10

Near Site: 0.04+0.02 per day,
Far Site: 0.03+0.02 per day,

B/S (0.006+0.004)%
B/S (0.04+0.02)%

40

Potential alpha source:
238|J, 232Th, 235, 210PQ:

Each of them are measured in-situ:
U&Th: cascading decay of
Bi(or Rn) — Po — Pb

210Po: spectrum fitting

Combining (a,n) cross-section,
correlated background rate is
determined from MC.



Data Summary

Antineutrino candidates 28935 28975 22466 3528 3436 3452

DAQ live time (day) 49.5530 49.4971 48.9473

Efficiency 0.8019 0.7989 0.8363 0.9547 0.9543 0.9538

Accidentals (/day) 0.82+0.06 9.88+0.06  7.67+£0.05 3.29+0.03 3.334+0.03 3.12+0.03

Fast neutron (/day) 0.84+0.28  0.84+0.28  0.74+0.44 0.04+0.04 0.04+0.04 0.04+0.04

8He/°Li (/day) 3.1+1.6 1.8+1.1 0.16+0.11

Am-C corr. (/day) 0.2+0.2

3C(a, n)'°O (/day) 0.04+0.02 0.04+0.02 0.035+0.02  0.03+0.02 0.03+0.02 0.03£0.02

Antineutrino rate (/day) 714.17 717.86 532.29 71.78 69.80 70.39
+4.58 +4.60 +3.82 +1.29 +1.28 +1.28

Consistent antineutrino rate for the detectors in the same hall
Uncertainty is currently dominated by statistics
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Oscillation Analysis



Flux Prediction

Reactor neutrino spectrum:
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V. Kopekin et al., Phys. Atom. Nucl. 67, 1892 (2004)
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K. Schreckenbach et al., Phys. Lett. B160, 325 (1985)
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Daily Antineutrino Rate

EH2

EH3 X
— Predicted

—— Measured

Sep28  Oct28  Nov27

Dec 27

.Janl 26.
Run time
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8 Predicted rate:

B Assumes no
oscillation

Normalization is

determined by fit to
the data.

Measured rate tracks the
reactor power variation.



Prompt (Positron) Spectra
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Systematic Uncertainties

Detector
Efficiency Correlated Uncorrelated
Target Protons 0.47% 0.03%
Flasher cut 99.98% 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%
IBD reaction/fission 3% Fission fraction 0.6%
Spent fuel 0.3% /
Combined 3% Combined 0.8%

For near/far oscillation
analysis, the correlated
uncertainties cancel.

@ Only uncorrelated
uncertainties are used.

Largest systematics are
— smaller than far site
statistics (~1%)

Influence of uncorrelated
reactor systematics
further reduced by making
near vs. far measurement.
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Far vs. Near Comparison

Compare the far/near
measured rate and spectra.
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R

M,. measured rates after background
subtraction and efficiency correction.
ai,Bi : Weights determined from
baselines and reactor fluxes.

R =0.940 * 0.011(stat) * 0.004(sys)

Clear observation of far site
deficit

Spectrum distortion
consistent with oscillation
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Rate Analysis

sin?(2013) = 0.092 * 0.016(stat) = 0.005(sys)
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& Value of 613 extracted by
using measured rates in
each detector.

Uses standard x?2
approach.

Q_i [Md_Td (1+€+erfozr—|—€d)+nd}2

My

2 6 2 2
2 : Q. § ' €4 Uz
T

* d=1

Consistent results
obtained by independent
analyses, different reactor
flux models

sin?(2013) =0
excluded at 5.20



Current Landscape
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RENO also
released their
results (~ a month
after us)

arXiv:1204.0626v2



Summary

The Daya Bay reactor neutrino experiment has observed reactor electron -
antineutrino disappearance at ~2 km:

R = 0.940 % 0.011(stat) £ 0.004(sys)

Interpretation of disappearance as neutrino oscillation yields:

sin?(2013) = 0.092 + 0.016(stat) £ 0.005(sys)
sin?(2013) = 0 excluded at 5.20

Of course, this is not an end for us....
Improved analysis including spectrum shape information is in progress

Install remaining the final pair of antineutrino detectors this summer.
Continue making precision measurement of 013 with (much) more statistics.
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