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INFO 11 (Jul 18) INFO 15 (today)

Smooth progress - Many important results

- Most precise measurement of
sin?2013 with 621 days of data

- Two ADs in Daya Bay Near Hall
installed

Comparable precision of Am?23»
with accelerator experiments

Dry-run test completed

Muon system for Daya Bay Near
Hall completed. Water pool fill in
August

Light sterile neutrino search

Precise measurements of reactor

Hall 1 physics data taking soon antineutrino spectrum
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Baseline Optimization

* Detector locations optimized to f 1

known parameter space of [Am?| s
e Far site maximizes term dependent

—
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on sin2 2913 Doublcle Choozl . | IL [km]
0.5 1 1.5 2 2.5 3
Go strong, big and deep!
Reactor [GW,, ] Target [tons] Depth [m.w.e]
Double Chooz 8.6 16 (2 x 8) 300, 120 (far, near)
RENO 16.5 32 (2 x 16) 450, 120
Daya Bay 17.4 160 (8 x 20) 860, 250

Large Signal Low Background
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Discovery of non-zero 613
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Scientific Goals After 2012

* Precision measurement of
SiN22613

- aim to determine sin“2013 to better
than 3% by the end of 2017

* Precision measurement of
atmospheric mass splitting
|[Am?32| (to better than 3%)

« Search for new neutrino
physics such as a light
sterile neutrino

* Precision measurement of
reactor antineutrino flux and
spectrum

g CHOOZ: sin?2013 < 0.15
AN
. KamLAND
ey S P MINOS 8.2x10® PoT
= e oo eveeeeeeeeeeeen SR 4 | T2K 1.43x10® PoT
“ - DC 97 Days
—.— |Daya Bay 49 Days
i RENO 222 Days
o S — T2K 3.01x10®° PoT
& 4 X . DC 228 Days
o Daya Bay 139 Days
boostooeenes &g | DC n-H Analysis
s I 4 MINOS 13.9x10% PoT
e RENO 403 Days
. . 1 dor o dala cnly T2K 3.01x10® PoT
§ — o — 1 [DC RRM Analysis
reactor on-toff ga; —@— : T2K 6.57x10%° PoT
B Daya Bay 190 Days
e - RENO 403 Days
R 2 Daya Bay 190 Days n-H
g O DC 469 Days
. e | | ; Daya Bay 563 Days
05 0 005 01 015 02 025 03

Sin22013
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Scientific Goals After 201 2

‘- PreC|S|on measurement of Relative measurement
\ Sin?2013

- Reactor-related
- aim to determine sin?2013 to better systematics:

than 3% by the end of 2017 .
> By Far/Near relative
* Precision measurement of measurement

~ atmospheric mass splitting
|[Am?32| (to better than 3%)

- Detector-related
systematics:

« Search for new neutrino multiple functionally identical |

~ physics such as a light detectors (4 Near + 4 Far)

- sterile neutrino

* Precision measurement of Absolute measurement

| . .

- reactor antineutrino flux and . . .

| - Extensive calibration and
spectrum

Data / MC Comparlson




Reactor Antineutrinos

45 (g) geactor v, speclr:‘lb 2%
B ion o it uni
- Olvie eyt Ty Nuclear Reactor
3 @ (©) s (b) /
s L e pure V. source (Free!)
s F * 6 Ue/ fission
g T *6x10%° Ve/sec/3GWh
SO
1=
: ILL+Vogel Model
o . 235 239py 241Py neutrino spectra converted from
B-spectra measurements at ILL
o E_ ' - J)W . ~ 2.7% uncertainty (conversion from B-spectra
08 ey ek gt by 1 to antineutrino spectra)
025 f _+ —L | |
ooy |- -+f—r+T+ o Phys. Lett. B160, 325 (1985),
oss £ | [ Phys. Lett. B118, 162 (1982)
o | | Phys. Lett. B218, 365 (1989),
0.9 SR e I s o
L 2 3 A S 6

‘ 7
rosvan ey ey 250U Neutrino spectrum calculated theoretically

Comparison of Bugey 3 spectrum relative to _
ILL+Vogel model. * ~10% uncertainty (but only ~10% of the flux)

Phys. Lett. B 374, 243 (1996) y



Reactor Antineutrino Anomaly

« Reanalysis of reactor antineutrino flux in 2011 improved the theoretical
uncertainty (to ~2%), but lead to a few % increase in flux prediction that
doesn’t agree with previous reactor antineutrino flux measurements.

1.15 5z § 1 _ 31 3
-Y]’ : 5 T : ! T : | %TI
“’7% e 88 58 5 N3
11 > ﬁ 8% z 2 O3 -
: % 4 Em_g_ S§ § %8
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. '
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0'95\\/«'\ ! "l I . 1 |
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0.85|- H . 1 i
0.8 | 535 .
0.75 i UL D -0 | N N gooesfececgeragec]e feoh i 1

10° 10’

Distance to Reactor (m)

G.Mention et. al, PRD 83, 073006 (2011)
P. Huber, PRC 84, 024617 (2011)

- However, recent re-evaluation of the systematics in the flux calculation
suggests that the uncertainty should be > 4% due to forbidden beta decays.

A.C. Hayes et. al, PRL 112, 202501 (2014)
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Far/Near Relative Measurement

L L
P(De — De) ~ 1 — SiIl2 2(913 SiHQ(AmgeE) — COS4 (913 SiIl2 2(912 SiﬂQ(Amgl E)

- Far/Near measurement to
largely cancel reactor flux
uncertainty (a factor of ~1/20)

* “Functionally Identical
detectors” to cancel

E ETsin2
detector systematics T~ |0

- B e e e e e i o Tttt

~2 k
N N(LY m
Nfar Np,f . Ln ) g_f . Ijsurvival (E9 Lf)
Nnear \ Np,n ) \ Lf ) 8n Bsurvival (E9 Ln)
Far/Near Detector DI Detector Survival Probability
Neutrino Ratio  Target Mass el Efficiency (013) 13



Anti-neutrino Detector (AD)

8 functionally identical detectors

Automated Calibration Units

:\Tf o (Ln ) 2 ! PSUI'(E’ Lf) ]
N, e

Each detector has 3 nested cylindrical zones
separated by Acrylic Vessels:
Inner: 20 tons Gd-doped LS (target volume)
Mid: 20 tons LS (gamma catcher)
Outer: 40 tons mineral oil (buffer)

Each detector has:
192 8-inch Photomultipliers (PMTs)
Optical reflectors at top/bottom of cylinder
- effectively 12% photocoverage
~ 160 photoelectrons / MeV
~ 8%/VE (MeV) energy resolution

14



Anti-neutrino Detection Method

Inverse Beta Decay (IBD) Ve +p—e+n

|
* Ethresholda = 1.8 MeV T{—F AGd% A—I_lGd—l—’y/S

» ‘Large’ cross section g~104 cm?

» Distinctive coincidence signature in a

L oo Scintillator
large liquid scintillator detector
Ev - 0.8 MeV
Prompt Energy Signal Delayed Energy Signal
> _' T T L B T | T B > 3000: T T T ™ T T T = e"’
52000_ — 1 %’ 25001 —— Data, DYB-ADI 1 ... Gd(n,v)
= ~ Daia, DYB-AD1 | = -
N 1500( ] S 2000 \ %
S e S e 1'1
I 2 1500
10001 -

§ i § 1000 ~8 MeV b
m b 1 Bt ~30us

i 500: . >

ok 0

R S S S S TR R T S S S T
Prompt energy (MeV) Delayed energy (MeV)

Gd-LS defines the target volume.
Fiducial volume cut is not necessary.
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Muon Veto System

Multiple muon veto detectors
>2.5m thick two-sector active water shield and RPC

Water Cherenkov

- Detectors submerged in water
shielded against external neutrons
and gammas

- Optically separated with Tyvek
sheets into inner / outer region for
better muon tracking

- 8-inch PMTs mounted on
frames, 288 @Near, 384 @Far

Resistive Plate Chamber (RPC)
- Independent muon tagging

- Retractable roof above pool
- 54 modules @Near, 81 @QFar

RPCs

1l ] |

AD
AD support stand

-_\1—

inner water shield

outer water shield

PMTs

el

concrete /

Tyvek
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The Timeline of Detector Installation

Aug, 2011

Dec, 2011

Au

6-AD Data Taking 8-AD Data Taking
2011/12 - 2012/07 2012/10 - now

| Nov, 2011
Aug, 2012
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Analysis Results

Using Combined 6+8AD period (621 days):

- Oscillation analysis: sin22813 and Am?2ee

- 4 times more statistics than our
previously published results (PRL
112, 061801 (2014))

Using 6-AD period (217 days):

- Independent measurement of sin26+3
using neutron capture on hydrogen

- Light sterile neutrino search

- Measurement of reactor antineutrino
flux and spectrum

6-AD period: 2011/12/24 - 2012/07/28 (217 days)
8-AD period: 2012/10/19 - 2013/11/27 (404 days)

Data taking fraction
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Antineutrino Candidate Selection

- Reject PMT flashers

« Muon veto:

- Water pool Muon: reject 0.6ms
- AD Muon (>20 MeV): reject 1 ms
- AD Shower Muon (>2.5 GeV): reject 1s

« Prompt positron Energy: 0.7 MeV < Ep < 12 MeV

« Delayed neutron Energy: 6 MeV < Ed < 12 MeV

« Neutron Capture time: 1 us < At < 200 us

- Multiplicity cut: only select isolated candidate pairs

Efficiency Uncertainty

Correlated |Uncorrelated
Target Protons 0.47% 0.03%
Flasher cut 99.98% 0.01% 0.01%
Delayed Energy cut 92.7% 0.97% 0.12%
Prompt Energy cut 99.81% 0.10% 0.01%
Capture time cut 98.70% 0.12% 0.01%
Gd capture ratio 84.2% 0.95% 0.10%
Spill-in correction 104.9% 1.50% 0.02%
Combined 80.6% 2.1% 0.2%

Prompt energy (MeV)
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=
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Calibration System

Manual Calibration
System (one-time)

3 Automated Calibration Units ~ T
(ACUs) per detector

3 sources for each z axis on a turntable — B = . MCS installed on AD#1
(position accuracy < 7 mm) ——iv G mmm—— in summer 2012

R=1.7725m R=0 « 60Co + 239Py13C
composite source

R=1.35m

* 41t deployment

- Simultaneous, fully-automated
weekly deployment for all 8 ADs

» Special calibration campaign during
summer 2012 with temporary sources

\ll - 137CS, 54Mn, 40K, 241Am98e, 239p13C
- 10 Hz %8Ge (2 x 0.511 MeV y’s)

* Also have methods to calibrate in-situ
- 100 Hz °Co gamma source (1.173 + 1.332 MeV

y’s) + 0.7 Hz 2 Am'3C neutron source (3.5 MeV n - PMT gains: dark noise
without y)

- Energy (light-yield): spallation neutron
- LED diffuser ball for PMT gain and timing 9y (ight-yield): sp 21
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Relative Energy Scale
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IBD Rate (/day/AD) IBD Rate (/day/AD)

IBD Rate (/day/AD)
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Over 1 million antineutrino interactions!

(150k at the far site)
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Detected rate strongly correlated with reactor flux




a low background experiment
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Background Near Far Uncertainty

Acéidentals 1.4% 2 39, negligible statistically calculated from
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Far v.s. Near Comparison

: : L . . L
P(Ue — 1) ~ 1 — sin® 20,3 sin®(Am?2,—) — cos® 013 sin® 2015 sin*(Am3; —)
1K 1K
(;)E 1{14:_ ' J ' ' Ve I | ! I _: 18; —— Far'sitedata | N
'E - - 16 — Weighted near site data (no oscillation)
O 1.02 — = 8 B Weighted near site data (best fit)
0 - 1 € 14
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e F 1 E 12
o 098 1 3 b
S 096 39 'k
LLI - 1 £ 8
Y ook B
9 - ’ 6—
@ 09nf Far Hall '{ E 5 -
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© by -50m and 50m for visual clarity 4 |3 m
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0 02 04 06 08 1 12 14 16 1.8 2 =
Weighted Baseline [km] 1 1 =
3 . E
The observed relative rate deficit : e PO § L W E
. . . 0.95
and relative spectrum distortion 3 i ragi: + +
are highly consistent with 5 o t
oscillation interpretation

—_
N}

3 4 5 6 7
Prompt energy (MeV)
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L/E Oscillation in Daya Bay

\
I Daya Bay
N .
? I Both atmospheric scale and
0 0.95[ solar scale oscillations are
a [ beautifully demonstrated by
0ol reactor neutrino experiments!
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Projected Sensitivity in Oscillation Parameters

Operations through 2017 5 O 5 :

2 A sin”“ 26013 P

» Further improve world’s most precise ERN l
measurement of sin?2613 ‘% 3 3
- Enhance the CPV sensitivity for DUNE ~ *© 2 ,

- Test unitarity of PMNS matrix 4

[ = Stat. only -

0—FY14 l FY15 l FY16 l FY17 l ﬁo

* Further improve the precision

~ 15 -
measurement of atmosphere mass > 2 1 P
itting | - o | [Ams,|
splitting in the electron neutrino channel o | :
. . *10 N
- competitive with and complementary x\\“”_"“% 4
to accelerator based experiments, & _
testing 3-flavor model S o -2
. 4 Current Sys. ]
- potential hints for neutrino mass [ O j
| | | | 0

hierarChy O =12 Fvis Fvie Fvi7

Relative uncer. in %

Relative uncer. in %
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Independent sin“2613 measurement through nH

- Advantage

V.+p—oe +n
+H > D+y 2.2 MeV 200 us
+Gd > Gd > Gd +y's 8MeV 30 us

- High statistics (15% capture in the 20-
ton Gd-LS region and 100% in the 20-
ton LS region)

> 10
. . . g 2 = . a
- Different systematic uncertainties from £ ¢ all candidates @ &=
nGd analysis wo_E 200
G y =
° Challenge 2%: 100
3§ 50
- High accidental background - .
>
C . (b)
. = 9 2
> longer capture time = accidental 5000
w background 20000
> lower delayed energy 0 15000
10000
4
° Strategy 2 5000
- Raise prompt energy cut Ep > 1.5 MeV $ 383? """ ,IO' ' k IIIIII é bt _ td ) (c) |
S0 || delayed energy distributi
. . 5 500= elayed ener IStribution
- Require prompt to delayed distance £ J00E- \ y gy
AR <0.5m 5 300
- Relative measurement to reduce

systematics



nH Analysis Results

« All 217 days of 6-AD period

« Observed significant rate deficit at
far site, rate analysis measures:

sin’2013= 0.083 +- 0.018

- an independent and consistent
result with nGd analysis

- another precise measurement
of sin°2013

Spectrum distortion is consistent
with oscillation explanation

- spectral analysis in progress
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Light Sterile Neutrino Search

- Daya Bay has a unique combination of Expected Sensitivity
multiple baselines: EH1 (~350m), EH2 — 1
> - From absolute -
(~500m), EH3 (~1 600m) % 5 rate deficit .. & e =
- Sterile neutrinos will cause additional ~ E | (ATMENHLSND 9% G
L] L] -1 y VO i /150
spectrum difference between different 710 | Busey oL omism
sites -
- From relative 3
2 - spectrum ———»
P(Ve — Ue) ~1 — cos? 014 sin” 20,3 sin? AL 2 distortion
4E, 10
sin2 @ ) E Sensitivity
4F, "~ Daya Bay 95% CLs
i EH1
: e e 107 | e EH1+EH2
- High sensitivity in the largely E e EH1+EH3
unexplored region Am241 < O.‘I eV2 - w—3 EHs (5% flux uncertainty)
-.=.=.= 3 EHs (spectra only)
- A robust relative measurement 10 T BT B
. -3 -2 -1
independent of reactor related 10 10 10 $mz2e1 :

uncertainties
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(Measured) / (Expected from EH1)

Light Sterile Neutrino Search Results

« All 217 days of 6-AD period

N%: B = :;;—'
- Consistent with standard 3-flavor =10 =
neutrino oscillation model E ¢
= - Bugey
- Able to set stringent limits in the i
previously unexplored region _2
103 eV2 < Am?41 < 0.1 eV? 10 = Daya Bay
1.2—gya ——Data 3 v best fit + E
- . | —— DayaBay 95% C.L.
10
E — DayaBay 95% CLs
: Bugey 90% C.L. (40m/15m)
-4
10 3 | IIIIII|-2 | IIIIII|-1 | I I I |
10 10 10 sin220 1
14
w Search for light sterile neutrinos,

PRL 113, 141802 (2014)

Prompt energy (MeV)
dashed curves assumes sin?2614= 0.1
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Reactor Antineutrino Flux and Spectrum

* Integrated Flux: absolute detection efficiency

- Data /MC comparison

Efficiency Uncertainty

Correlated  [Uncorrelated
Target Protons 0.47% 0.03%
Flasher cut 99.98% 0.01% 0.01%
Delayed Energy cut 92.7% 0.97% 0.12%
Prompt Energy cut 99.81% 0.10% 0.01%
Capture time cut 98.70% 0.12% 0.01%
Gd capture ratio 84.2% 0.95% 0.10%
Spill-in correction 104.9% 1.50% 0.02%
Combined 80.6% 2.1% 0.2%

- Antineutrino Energy Spectrum: absolute energy scale

- Extensive calibration

- Energy model building




Daya Bay Monte Carlo

* Full-detector Geant4 simulation
implemented in an offline
Gaudi-based framework known
as NuWa

» Tuning and validation with data

- Time component of LS

> Fast (1 ns) 70%, Medium
(26 ns) 25.5%, Slow (200
ns) 4.5%

- Improved thermal neutron
scattering simulation

> free gas model v.s. bound
atoms
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Gd-Capture Ratio

Efficiency Uncertainty

Correlated [ncorrelated
Target Protons 0.47% 0.03%
Flasher cut 99.98% 0.01% 0.01%
Delayed Energy cut 92.7% 0.97% 0.12%
Prompt Energy cut 99.81% 0.10% 0.01%
Capture time cut 98.70% 0.12% 0.01%
Gd capture ratio 84.2% 0.95% 0.10%
Spill-in correction 104.9% 1.50% 0.02%
Combined 80.6% 2.1% 0.2%

 IBD neutron can capture on other
target such as Hydrogen

- IBD neutron can leave the GdLS region and
capture somewhere else (spill-out)

A
o
[
@
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1 2 3 4 5 6_7 8 9 10 S AR PPN BTN SV CPETIE. D oo 0,
Delayed Energy (MeV) : 200 400 600 800 1000 1200 1400
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measured with center neutron source measured with MCS neutron sourc&



Spill-in

Efficiency Uncertainty

Correlated [ncorrelated
Target Protons 0.47% 0.03%
Flasher cut 99.98% 0.01% 0.01%
Delayed Energy cut 92.7% 0.97% 0.12%
Prompt Energy cut 99.81% 0.10% 0.01%
Capture time cut 98.70% 0.12% 0.01%
Gd capture ratio 84.2% 0.95% 0.10%
Spill-in correction 104.9% 1.50% 0.02%
Combined 80.6% 2.1% 0.2%

- IBDs can happen outside of GdALS, but the neutron leaks in and capture on Gd

(spill-in) e
10*
1o’E

10° =

e d e o e g ey

Spill-in

Overall
IBD

ETETETE SR SRR PR |
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Spill-in

Spill-in

MC

Overall
IBD

T S A AR s

R% [m?]

Predicted by MC, benchmarked by IBD time / vertex
distribution, and off-center neutron source in LS




Delayed Energy Cut

Efficiency Uncertainty

Correlated [ncorrelated
Target Protons 0.47% 0.03%
Flasher cut 99.98% 0.01% 0.01%
Delayed Energy cut 92.7% 0.97% 0.12%
Prompt Energy cut 99.81% 0.10% 0.01%
Capture time cut 98.70% 0.12% 0.01%
Gd capture ratio 84.2% 0.95% 0.10%
Spill-in correction 104.9% 1.50% 0.02%
Combined 80.6% 2.1% 0.2%

- The Cascading gammas from
nGd Capture can leak out of
the scintillator region and
cause a long low energy tail

- measure the tail
distribution and validate
with different input nGd
gamma spectrum models
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Integrated Reactor Antineutrino Flux
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Far Hall*

*AD 4+6 data points are displaced
by -50m and 50m for visual clarity -
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Flux Measurement Uncertainty

Uncertainty
statistics 0.2%
013 0.2%
reactor 0.9%
detector efficiency 2.1%
Total 2.3%

Daya Bay’s reactor flux
measurement is consistent
with previous short baseline
experiments
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About Flux Measurement Result

* Interpretation one: Daya Bay saw 5.3% deficit with respect to the
Huber+Muller model, so there must be a sterile neutrino.

- Wrong! The reactor flux models could have large uncertainties.
The theoretical flux could be over-estimated.

» Interpretation two: The Daya Bay result is consistent with all
previous short-baseline measurements, so there is no “anomaly”
from experimental point of view.

- Correct! Our “modern” experiment has validated the results
from experiments in 80-90s.

 Question: So is the “reactor antineutrino anomaly” real or not?

- We don’t know yet. To definitively answer that question, one
has to observe the spectral “oscillation” feature in the data (like
the Daya Bay L/E plot). We need the future ~5m baseline
reactor/source experiments to tell us.
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One Note About Global Average

1.2 T LI L

- We obtained R=0.943 s [ |
+- 0.008 (exp.) R At I e
» Many literatures report % T N ~povsan
this numberto be 0.928 & | | | . overmee b
(1.5% lower). ol o OB o -

. . . ® o Dis1t0a3nce (m)
- A .trlcky statistical X2 (RP*Y) = (RE*' — R;) - V71 (RE™' — Ry),
mistake. They used

V = VeXp i Vtheory
the measured values

. . theory __ pobs pobs/ _theory)?2
to build the theoretical Vig 7 = By (o)
covariance matrix. which
should be
Otherwise could lead to an interesting puzzle that v v
the average is smaller than any of measurements Rtheory Rtheory

a well known statistics problem V. Blobel, “So”rne Comments on $\chi"2$ Minimisation
originally described in Applications,”SLAC-R-0703, pp.101-105.

G. D’Agostini, NIMA 346 (1994) 306~ S€e 8IS0 g Rog arXiv:1506.09077 0




Energy Nonlinearity Calibration

. Gamma calibration data
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- Two major sources of non-linearity

 scintillator response: modeled with Birks formula
and Cherenkov contribution

- electronics: modeled with MC and single channel
FADC measurement

- Nominal Model: Combined fit with mono-energetic
gamma peaks and ?°B beta-decay spectrum

- Cross-validation Model: 212Bi, 214Bi, 298T| beta-decay
spectrum, Michel electron spectrum and standalone
bench-top Compton scattering measurement.
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Entries / 250 keV

Data/Prediction

Weekly IBD positron spectrum comparison

Prompt Positron Spectrum
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- The [4, 6] MeV “bump”
- « Feature is time independent
« Rate correlated with reactor
« vertex/time distribution consistent
T P P P P LA T A P A O AT | .
5 70 with IBD

Prompt Positron Energy (MeV)

Not seen in other sample such as
combining the spectrum from the 12B pbeta-decay sample

three near-site detectors and
compare with theoretical predictions Also seen by RENO and DC
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Significance of Local Deviation

Data/Prediction

Energy window scan
seoe 1 MeV window

In the [4, 6] 2 MeV window:
P-value = 4.66x10°, 4.10
5 ‘ 10
Prompt Positron Energy (MeV)

local p-value

(A) Spectral comparison of data and
prediction (Huber +Mueller)
(P-value=0.015, 2.40)

(B) x2contribution of each bin,
evaluated by:

_ Niobs . NPFCd
X Nobs _ NP!'Cd ‘VZXU

where ;= (N = NI™)¥ ™), (N7 = N"™)

(C) P-value of Ax?/ndf in a certain
energy window (e.g. 1 MeV)

Introduce N (# of bins) nuisance
parameters with no pull terms to
oscillation fitter.

Expect the x2 difference after
introducing the N nuisance parameters
follows a x2 distribution with N-1 dof.



Entries / 250 keV

Data/Prediction

What causes the “bump”?
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combining the spectrum from the
three near detectors and compare
with theoretical predictions
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PRL 114, 012502 (2015) Antineutrino Energy (MeV]

Discrepancy possibly due to
uncertainties in predicting the
neutrino spectra from the
measured beta spectra

- D. Dwyer, 1. Lanford
PRL 114, 012502 (2015)

- A. Hayes et.al,
arXiv: 1506.00583
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10" em’ / fission / MeV

Daya Bay/ Huber+Mueller
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Unfolded Reactor Antineutrino Spectrum

Daya Bay Spectrum
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-
Irlntegral of Daya Bay spectrum = g

Antineutrino Energy (MeV)

- Unfold the measured positron
spectrum into the antineutrino
spectrum by removing the
detector response and energy
resolution effects.

« Can be used directly by future
reactor experiments as a
reference spectrum

- more precise than theoretical
prediction

- need small experiment-
dependent fission fraction
corrections
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Summary

- Daya Bay updated the oscillation analysis with the full detector
configuration

- Most precise measurement of sin“26+3.6%

- Most precise measurement of |Am?s2| in the electron neutrino
disappearance channel: 4%

* Independent measurement of sin°26+3 from nH sample
« Set best limit to light sterile neutrinos in 10 eV? < Am?41 < 0.1 eV?
 Precision measurement of reactor antineutrino flux and spectrum

- Flux is consistent with previous short baseline reactor
experiments

- Spectrum has local deviation from prediction in [4, 6] MeV at 40
level

More results coming out soon! "
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Scintillator Stability

Energy Scale (p.e.per MeV)
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Days since Dec. 24 2011

- Small degradation of light yield (~1.5%/year) is seen with nGd, ®°Co and
other event types. Its origin is still unknown (suspect from degradation of
attenuation length), but do not anticipate any problems in Daya Bay'’s

lifetime.

- After calibration, achieved energy response that is stable to ~0.1% in all

detectors
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Energy Uniformity

With Spallation Neutron With MCS Source
nGd Energy Uniformity from Spallation Neutron nGd Energy at Various MCS PuC Source Location
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Data Table

EHI EH2 EH3
ADI AD2 AD3 ADS AD4 ADS AD6 AD7
IBD candidates 304459 306354 287098 150046 40956 41203 40677 27419
DAQ live ime{days) 565.436 565.436 568.03 378407 562.451 562451 562451 372.685
Ep 0.8248 0.8218 0.8575 0.8577 0.9811 0.9811 0.9808 0.9811
Em 09744 09748 0.9758 0.9756 0.9756 0.9754 0.9751 0.9758
Accidentals(per day) 8.92+0.09 8944009 | 6.76 007 686+007 | 170002 1594002 157+002 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) 28+ 1.5 1.74+09 0.27 = 0.14
Am-C correlated 6-AD(per day)| 0.27 =0.12 0.25£0.11 | 0.27 £0.12 022010 021+0.10 0.21 +0.09
Am-C correlated 8-AD(per day)| 0.20=0.09 0214£0.10 | 0.18+£0.08 022+0.10 |0.06=0.03 0.04+0.02 0.04+£0.02 0.07x0.03
“Clax, n)'°O(per day) 008004 00742004 | 0054£003 0074£004 (0052003 0054003 0054003 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

TABLE 1. Summary of signal and backgrounds. Rates are corrected for the muon veto and multiplicity selection efficiencies £, - £». The
measured ratio of the IBD rates in ADI and AD2 (AD3 and ADS in the 8-AD period) was 0.981+0.004 (1.019=0.004) while the expected

ratio was (.982 (1.012).
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