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Neutrino Oscillation

Neutrinos change flavor (e,u,t) with time

Principle:
Mass eigenstates # Interaction (flavor) eigenstates
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Physical Parameters: (chosen by nature)
0: First Evidence of Oscillation:
3 angles between mass/flavor Davis detects 1/3 expected
eigenstates set oscillation amplitude  solar neutrinos (1968)
Am?2:
Differences in 3 neutrino masses
determine oscillation frequency (distance)

We want to know 6 and Am?
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: A Decade of Progress
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Clear experimental evidence of neutrino oscillation in recent years
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Daya Bay,

13
2011 has given many hints:

Recent Hints of 6,

Solar + KamLAND: G.L.Fogli et al., Phys. Rev. D 84, 053007 (2011)

MINOS: P. Adamson et al., Phys. Rev. Lett. 107, 181802 (2011)
T2K: K. Abe et al., Phys. Rev. Lett. 107 041801 (2011)

Double CHOOZ: Y. Abe et al., arXiv:1112.6353

Appearance of v, in v accelerator beam /
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Double Chooz reported improved
single detector measurement.

suggest 6,5 > 0.

Tension between solar,
reactor v, oscillations

L

No result >2.56 from 6,; =0

Il I | | I 1 |.

Il | | I | I L A | | | I I

L

0

0.05 01 0.15 0.2 0.25

0.3
sin’2f,,



Previously
unknown

Measured
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Daya Bay: An Ideal Location

17.4 GW (thermal) reactor power adjacent to mountains.

Daya Bay

Daya Bay NPP LingAo NPP  LingAo Il NPP 2.9G\Wx2

Mountains shield detectors ~ 2-9GWx2 2.9GWx2
from cosmic ray backgrounds

Reactors produce ~2x10%° antineutrinos /s / GW.
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e L4
AD3 Ling Ao-11 NPP
EH2 o Li
® 1.2
Ling Ao NPP

6 Antineutrino Detectors (ADs) N
in 3 underground halls.

6 Reactor Cores

Overburden R, E, DI,D2 L1L2 L3]L4 AD1 AD2
EHl 280 127 57 364 857 1307
EH2 300 095 58 1348 480 528
EH3 880  0.056 137 1912 1540 1548

e DI
* D2
TABLE L. Overburden (m.w.e), muon rate R,, (Hz/m?), and average Daya Bay NPP

muon energy E, (GeV) of the three EHs, and the distances (m) to
the reactor pairs.




eﬂaﬂar .
o Experiment Survey

Negligible reactor flux uncertainty (<0.02%) from precise survey.

Detailed Survey: N
- GPS above ground
- Total Station underground 5 ByTotal

- Final precision: 28mm \ Stawl

sain

szt &

Syerot

Validation:

- Three independent calculations

- Cross-check survey

- Consistent with reactor plant
and design plans
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: Antineutrino Detectors
13

6 ‘functionally identical’ detectors:
Reduce systematic uncertainties

Ni [ Nyg (L)2 (g) [R,ur(E:Lf)]
*‘Mn B *‘Mp,n Lf €n ]Dsur(E 3 Ln)
3 nested cylinders:

Inner: 20 tons Gd-doped LS (d=3.1m)

Mid: 20 tons LS (d=4m) —
Outer: 40 tons mineral oil buffer (d=5m)

Each detector:
192 8-inch Photomultipliers /
Reflectors at top/bottom of cylinder .
Provides (7.5 / VE + 0.9)% energy resolution
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Detection Method
13

Inverse B-decay (IBD): Scintillator

+
V,Tp—e T+hn

!
n+"Gd—"Gd+vy

Prompt positron: Gdiny)
Carries antineutrino energy. - v - e cccceecon.- n,y

E.,~E,—0.8 MeV v 1.7“
~8 MeV

Delayed neutron capture: ~30ys
Efficiently tags antineutrino signal * "

Prompt + Delayed coincidence provides distinctive signature



: Detector Filling

Detector target filled from
GdLS in ISO tank.

Load cells measure

Sy i 20ton target mass

7 aa DR 7 to 3 kg (0.015%)
ey Ny Lo\? [\ [ Pa(E, Lg)
AL ., sl . T o

3 fluids filled simultaneously, with heights matched to
minimize stress on acrylic vessels

e Gadolinium-doped Liquid Scintillator (GdLS)

e Liquid Scintillator (LS)

e Mineral Qil (MO)




Automated Calibration System

3 Automatic calibration ‘robots’ (ACUs) on each detector

R=1.7725m R=0

R=1.35m

Top view

3 sources for each z axis on a turntable
(position accuracy <5 mm):
* 10 Hz ®8Ge (0 KE e* = 2x0.511 MeV y’s)
¢ 0.5 Hz 21Am-13C neutron source (3.5 MeV n
without y) + 100 Hz ®°Co gamma source

Three axes: center, edge of target, (1'173-":!"332 MeVy) _
middle of gamma catcher  LED diffuser ball (500 Hz) for T, and gain




uon Tagging Sy

Dual tagging systems: 2.5 meter thick two-section water shield and RPCs

inner water shield
outer water shield

layer of water veto (on
and bottom) is 1m thick,
layer >1.5m. Water

ds 2.5m above ADs

8 8” PMTs in each near hall
4 8” PMTs in Far Hall

PC modules above pool

dules in each near hall
les in Far Hall




£z JINR contribution to Daya Bay

13

® Liquid Scintillator measurements and optimization:

® Light Yield

* Transparency

* Energy Resolution

* Neutron capture for Gd loaded LS

Scintillator | Total detection efficiency of < 0,4 eV
layer heiqht, | thermal neutrons, %

cm Gd-LS LS

1 12+2 -

2 19+3 -

3,5 294 -

4,5 3515 17 £3

® Technology of PPO production was restored in the JINR Member State
Ukraine and 1.5t of PPO were produced and delivered to Daya Bay

e Data analysis:

* Background simulation
* Oscillation Analysis
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, Interior of Antineutrino Detector




EH1: Pool Filled
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W, Hall 1: Completed

13

RPC moved into place

over pool

b

| Data taking began

Aug. 15, 2011



a
i Hall 2 and Hall 3

@ Hall 2: Began 1 AD operation
= on Nov. 5, 2011

Hall 3: Began 3 AD operation
on Dec. 24, 2011

W B

I |
— F -

2 more ADs still in assembly;
installation planned for
Summer 2012




eﬂaﬂar .
Data Period T

T - 5 ux:— W *I !

wo Detector Comparison: : s

- Sep. 23, 2011 — Dec. 23, 2011 I i

- Side-by-side comparison of 2 detectors $ 0:2:_

- Demonstrated detector systematics .
better than requirements. i3 o

- Details presented in: jf . d WWWW[W
EP. Anetal., arXiv:1202.6181 (2012)  §.F i

Current Oscillation Analysis: ﬂ e F ——— ———

- Dec. 24, 2011 - Feb. 17, 2012 T T

- All 3 halls (6 ADs) operating P WMWW

- DAQ uptime: >97% .

- Antineutrino data: ~89% 02l

Days since Sep 23 ™ 2011



Digital Trigger (Nhit)

[ A E—

PMTs (digital trigger)

r Water Veto: > 6 PMTs
ter Water Veto: >7 PMTs

0.4 MeV (analog trigger) [ ﬁ
]
!
i

PC: % layers in module

iciency: : £+ Eqn - 02
eable inefficiency >0.7 MeV 0 : TR TS R D

Emnerav [Mel
energy expected for prompt
o signal is ~0.9 MeV.

Analog Trigger (Esum)
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PMT Light Emission (Flashing)

Neutrinos Flashers
. — | —)
Flashing PMTs: :E i
- Instrumental background from ~5% of PMTS il —AD3 : !
- ‘Shines’ light to opposite side of detector o2 —ADS ! (/
- Easily discriminated from normal signals I : !
10° J ,
TAD1RECEIJ 10
gv Relative PMT charge — mﬁmi‘ 10

- -2 -1.5 -1 0.5 0 0.5 1 1.5 2
) (e FID of delayed candidates

432 0.7 081 &3

O.6E 0.07 054 0.38

FID = .1(;.3}'1“((ﬂfu..;;(}]zf([1.’15)2 + (Quad)?)

' Quadrant = Q3/(Q2+Q4)
MaxQ = maxQ/sumQ

83 {4 0.B4 0EE 1 0481

1 4. O.FE 092 3F a5

14 24 3 084 088 036

034 0.65 0.48 038

- MR W B 1 ;v =~ @ O

o
&
=
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-
o

Inefficiency to antineutrinos signal:

=

5 . 10 15 20 T 25

I | | cobumn 0.024% + 0.006%(stat)
Quadrant4 Quadrant3 Quadrant2  Quadrant1 Contamination: < 0.01%

(contains ‘hottest’ PMT)



libration: PMT G

Variation of PMT charge with time

T

19.2
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—+ EH1-AD2
—- EH2-AD1

18.6
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18.4

—+ EH3-AD2 pnd ’
—— EH3-AD3 I [
e

LED at center

Average SPE peak per detector

e E 18.2
£ 400F -
* 350 3 18—
300 :_ B | 1 1 | 1 1 | 1 1 | 1 1 | 1
§ 2011/09/27  2011/110/27 201111/26 2011/12/26 2012/01/25
250 E_ Date
200 . . . a a
2 ‘ Calibration driven by uncertainty in
150 a oo
I ADC charge from relative detector efficiency
505_ single photons
Dé. TS, SN B L T R ‘ Nf _ Np,f Ln
-20 0 20 40 60 80 100 F — N. T
n I o _ n p,n
11 May 2012 Ha6nione ARCKAYRA AL shek _

kKcnepumeHTe faa ban", A.l.Onbwesckuin, OUAN
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: oration: Energy
13

Spallation nGd

Weekly deployments of °Co at detector center: > _ 7 177" :
b 'ty : ty loct lected Y 2 5000 Spallation nGd capture
onitor pnotoelectrons collectead per lvie r
™ rdt oo = aoof throughout_ detector
Prob 0.07107 - L i
350 o« 1.473 + 0.068 ) - .
n 2,477 + 0.541 T 300F ]
300 1 2.506 = 0.002 o r .
250 o e oorn i ;
200 Nz 2557 +1.47 L ]
X2 1.673 = 0.047 C .
150 [ 0.2411+ 0.0180 - B
100F ]
100 i ]
50 D:— -
%.5 1 1.5 2 25 3 e 4 4.5 5 ﬁ_ E— }l’ E— BI E— é = I1![:]I =
3 B Energy (MeV) ]
2 e Sine i 175{— .
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> 160— —] 2 .
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w 155 — 1 o 165__ +:g; -
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150 —aps tests —] 1601— i?gg tests =
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5 \f.dizl ' } S | ; é J.EEE } } I — | | . :
PP AT . SR TIPRRPY PR DL S T
. o———+++— Deatector charge sum stable over time R
£ 0015 - o E
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Calibration: Detector Uniformity

Multiple sources placed along three axes measure uniformity

E(R,Z)/ E(D,0)

Example: 6°Co

1.25
1.2
1.15
1.1

1.05

0.95

0.02
0.mM
0.01
0.02
0.01

0.01

0.02
0.01

i: o AD2 ACU-A o AD2 ACU-B s AD2 ACU-C Energy response Va ries
5_;;;“',;;_;:;i_!/acrossdetector...
=L AL SN, ...but still consistent
- between detectors
g i g3t Fgog-3-8 2 B B !/
;E_i ERIE A I A I A S Frodoboge -06 - * AD1ACU-A = AD1ACU-B 4 AD1 ACU-C
b g b b P I I b b [ aeacun | [0 meaws | |0 aoeacuc
Flem - 1'02f' : .
) g1_' ::i:!"";-:
After first-order = | :
correction, energy =7 :
is more uniform. /— ~% level residual non-uniformities
T B T wa I
Z (cm)
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r‘

Triggered signals dominated by low-energy radioactivity

: 1W3°A\.\V e
\ ates: ?E,: “:'ﬂg-,i T . = AD2
each detector g F o |
108 - K * n Gd-capture
V) B 2887 ""-_ |
B .,.-‘;.'
1040 '*q..'
teel: U/Th chains " N“*mw
U/Th chains -,,E*‘=,“ 0.41 T ’* ]
Radon/U/Th chains € 02f __ } *H :
2 o "wamﬂwﬂﬁ{w i ﬂﬂﬁ”ﬁ
02E J b=
af | :
1 10 Emar{;n,r[I|IE'E|"P2
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Antineutrino (IBD) Selection
13

Use IBD Prompt + Delayed correlated signal to select antineutrinos

Selection:
- Reject Flashers
- Prompt Positron: 0.7 MeV <E <12 MeV
- Delayed Neutron: 6.0 MeV < E ;<12 MeV
- Capture time: 1 ps < At < 200 ps

- Muon Veto:

Pool Muon: Reject 0.6ms
AD Muon (>20 MeV): Reject 1ms lative detect
AD Shower Muon (>2.5GeV): Reject 1s AAELNAS efaui=sdels

- Multiplicity: etficiency

No other signal > 0.7 MeV
Ny [ Nys (Ln ) ] Pour (£, Lg) ]
N, - A-"Tp:n Lf P, sur(E ) LH)

Selection driven
by uncertainty in

in -200 ps to 200 ps of I1BD.




Daya Bay,

- PJ
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Prompt energy (MeV)
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13

Prompt/Delayed Energy

Clear separation of antineutrino events from most other signals

l 3000 ]
2 N |
[ L0t = 2500 —— Data, DYB-ADI -
T e - ]
S ] S 2000F — MC -
S Jit S i 1
T . E <4 1500 —> =
5.2 . = - -
Bk . 2 1000 -
g =10° L) : ]
s SOOM -
J 10 o= L S e ]
D S 0 2 4 6 8 10 12
WL L

1 11 | 111 I 1 11 1 || || | ﬁ- I‘-I I-.l 111 I | IlIlI | I.I 1 De] yed energy (MeV)

2 4 6 8 10 12 14 16 18 20

Delayed energy (MeV)

Uncertainty in relative E; efficiency (0.12%)
between detectors is largest systematic.



Daya Bay,

13

Delayed Energy

= »
D N
. 8 10'E
Largest uncertainty between detectors 3
5 f
as escape scintillator region, e
of nGd energy peak. X
10° E
e variations in energy peaks to -
onstrain relative efficiency. 10

1
~ 1 -+ EH1 AD1
:'\;J : > |- EH1 AD2
3 : ffﬂ\\\ ~+ EH2 AD1
. S 1 a0 EH3 AD1
o A A
B ;\ : : 7 kN -}-EH3 AD2
i i.‘ I % | EnsaD3
.; e | )
1
}*}’ ;‘7 i 'b? N 1
W 1
|l|, fi | iy
i '.

\m\ h

e Po215 alpha o IBD n-Gd
® Po212 alpha
4 Po214 alpha o Span-Gd

Asym = (Eapy — Eapn)/<E>

‘Intrinsic’ energy peak variation: ~0.3%

4 5 6

MBGE o cLmnnaumii snexTpoHHbIX aHTUHETTE

~n

L I 'l L L 'l I L 1 'l L ]. 1 'l L 1 I 'l L

eHTe [ana ban", A.I.OnbLesc
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12

Energy (MeV)

Efficiency variations
estimated at 0.12%

Motivation for
3-zone design



5d Captur

Capture time in each detector constrains H/Gd capture ratio

§ foe
a
2
E ‘I[laE—
: Measurement of A
i neutron capture time
E L, =2870£015us distributions constra
Tape = 28.60 £ 0.15 us uncertainty in relati

10
g capture efficiency tc

between detector

gttty TR IR
B l[

a 20 100 130 200
Neutron capture time (us)

=
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dPTUrE

Consistent IBD capture time measured in all detectors

— Data, DYB-ADI

[—
<
o

2,

Relative detector e
estimated within 0.C
by considering possi
variations in Gd co

— MC

Events/2 s
Ll

—|—III| IIIIIIII | IIIIIII

0 50 100 150 200 250 300 350 400
Time interval (ULs)

1S no background
0 us)
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£1 = €

Ensure exactly one prompt-delayed coincidence

T, z200ps £5, = 1 — 12+ 200ps - (1 — 100us/AT,)
— 20015

' T[T{Eﬂﬂj.lﬂ-:'m—l—R Tf?

200ps L 200ps

Tps< Ae™-n<200pus

L.,
1]
1]

e e

- -.lli-r
b
-

sp=1 — BT

sround and IBD signals result in ambiguous pror

2 triggers above 0.7 MeV in -200us tc
iciency, with negligible




eﬂaﬂar X .
Background: Accidentals

Two single signals can accidentally mimic an antineutrino (IBD) signal

-
N

—
o
—III|III|III|III|IIL_H\EFII|II—

Rate and spectrum can be
accurately predicted from
singles data.

$
SR ﬁ%@% ety WM&W%@%

o R X SR

(=]

—s— EH1-AD1
—=— EH1-AD2
—=— EH2-AD1
~o~ EH3.AD1 Wt it pralestey i
—— EH3-AD2
—— EH3-AD3

| | | |
09/11 23/10/11 22/1111 22/12111  21/01/12

6

4

Multiple analyses/methods )
estimate consistent rates. 9

Accidental rate(Events/day)

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%



Background: B-n decay

B-n decay:
- Prompt: B-decay ,
- Delayed: neutron capture - Long-lived

- Mimic antineutrino signal
. - @

- Generated by cosmic rays

*Li/*He Fit —
@ w rr:,maHE_: 294 +/- 26
@ S OLi N, = 10249 +/-103
@ :E; 102 / uncorrelated
91t 1, = 178 ms, Q = 13. 6 MeV * " b 1
8He: Ty, = 119 mSs, Q 10.6 MeV - "'"' d l'." i '“h : :i ...':l'un ||:I I::l |||I Lt ok ||' b .:ﬂ:
_ 1] 1l II'III il i II b ﬁ \ '|l i
Analysis muon veto cuts control | Eu>4 GeV (visible)
B/S to ~0.4+0.2%. L
2 4 6 8 10 12 14 16 18 20

Time since muon (s)



Background: Fast neutrons

EH1 Prompt energy, AD#1 eh1_adi_hist
Entries 38256
> N L L L — Mean 3.587
S AMS 2.47
N 10" %2/ ndf 17.66/17
@ E po 8.685 + 0.695

. 5 1

Fast Neutrons: s

10°
Energetic neutrons produced by cosmic rays

(inside and outside of muon veto system) 167

Mimics antineutrino (IBD) signal:
- Prompt: Neutron collides/stops in target

10 s

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

L 1 L 1 L L L L L L L L L L L
0 5 10 15 20 25 30 35 40 45 50
Prompt energy (MeV)

B Delayed. Neutron ca ptu res on Gd prompt energy of fast neutron candidate prompt_fn_hist |
. Entries 6191
1 Mean 25.93
RMS 14.06
¥2 [ ndf 60.24 / 34
p0 128.7 + 1.9

Analysis muon veto cuts control B/S .
to 0.06% (0.1%) of far (near) signal.

ﬂuﬂununuﬂ__uﬂuﬂuaﬂ—.wr—i_
J-Llﬂﬂ\l-/:idate with fast-n events

tagged by muon veto.

]

0 5 10 15 20 25 30 35 40 45 50

prompt energy (MeV)



Background: 13C(a,n)e0

130 (u= n) 160

>n+p —> n+p®

> n+12C — n+ 12C*(4.4 MeV)

1.1% natural abundance 13C

|—> 126 4+ v (2)

13C (o, n) *0*(6.05 MeV)

w0y
13C (o, n) 1860*(6.13 MeV)

L, 160 + et + e~ ()
Example alpha 238y | 2%2Th | 235U | ?0pq
rate in AD1

Bq 0.05 1.2 1.4 10

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

Potential alpha source:
238U, 232Th, 235U, 210PO:
Each of them are measured in-situ:
U&Th: cascading decay of
Bi(or Rn) — Po—Pb

210pg: spectrum fitting

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

B/S (0.006+0.004)%
B/S (0.0440.02)%



(= Background: 24/Am-13C neutrons

13
Weak (0.5Hz) neutron source in ACU
. . . . . . 13{:
can mimic IBD v.|a inelastic scattering g ® L e
and capture on iron. NN [\——ﬂ o
o &
S L]
| All Three ACU Capture Position 2 vsi (recE » 6 MeV) | hCap i /
4500 Mean x -gdo g
- Simulated neutron E’d%y ﬁ" ssre () .
%" capture position i <
3500 12 —
c —10 [ —
3000% e ';;3“
2500 . Prompt v Delayed
_ I“ NeutronInelastic neutron Capture
Bes 2
<
- —_— C
! Constrain far site B/S to 0.3 + 0.3%:
- - Measure uncorrelated gamma rays from ACU in data
- - - Estimate ratio of correlated/uncorrelated rate using simulation

- Assume 100% uncertainty from simulation




Data Set Summe

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) 9.82+0.06 9.88+0.06 7.67x0.05 3.29+0.03 3.3310.03 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 18+1.1 0.16+0.11

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

13C(a, n)®0O (/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 rates for side-by-side detectors

Uncertainty currently dominated by statistic

6I0AEHME OCLUUNNALUNIA SINEKTPOHHBIX AaHTUHENTP

~n

ameHTe [as ban', A.l.OnbLueBCKnY



eﬂaﬂar .
foz Reactor Flux Expectation

Antineutrino flux is estimated for each reactor core

Flux estimated using: Isotope fission rates vs. reactor burnup
. istopes 0 - . :
. Win II . . B 235
S(Ev) = Z( fi/ Fe; Z i/ F)Si(Ey) - ""4 PU239
ATEY ; = s * ——T1238
Reactor operators provide: = © R S | o
- Thermal power data: W,, . o
- Relative isotope fission fractions: f, i 5 i
Energy released per fission: ¢, S
V. Kopekin et al., Phys. Atom. Nucl. 67, 1892 (2004) = :
. . . . & —r— e —ar—k &
Antineutrino spectra per fission: S(E ) J R e ;
K. Schreckenbach et al., Phys. Lett. B160, 325 (1985) “ .~~~ .0 o -
A. A. Hahn et al., Phys. Lett. B218, 365 (1989) Burn—up (M¥D/TU)

P. Vogel et al., Phys. Rev. C24, 1543 (1981) El del h ligible i t
T. Mueller et al., Phys. Rev. C83, 054615 (2011) ux model has negiigiole impact on

P. Huber, Phys. Rev. C84, 024617 (2011) far vs. near oscillation measurement



Detected rate strongly
correlated with reactor
flux expectations.

IBD rate (/day)
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:

:

—+ Signal

B Accidentals
Lithium-9
[2#1am-"c
Fastn

E (a: ].'l)

57910 signal
candidates

&+ Signal
Accidentals
Lithium-9
[T 2am-Bc
Fastn
(. n)

22466 signal
candidates

g

Entries / 0.25MeV
g

Entries / 0.25MeV

:

PO T 1
8 10 12 8 10 12
Prompt energy (MeV) Prompt energy (MeV)

|

=

—+ Signal
Accidentals
Lithium-9
2% Am-"c
Fastn

E (o n)

Entries / 0.25MeV

10416 signal
candidates

M
10 12
Prompt energy (MeV) 44




Detector

Efficiency Correlated Uncorrelated | Eor near /far oscillation, only

Target Protons 0.47% 0.03% uncorrelated uncertainties
Flasher cut 00.98% 0.01% 0.01% are used.

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%

Largest systematics

Gd capture ratio  83.8% 0.8% <0.1% €T than far site statist
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% Influence of
1/fission 3% Fission fraction 0.6%
Spent fuel 0.3%
Combined Combined 0.8%




Near CCO

Compare the far/near measured rates and spectra

>

z I

E 800 —4— Far hall R = Farmeasured _ My + Ms + Mg

g —} Near halls (scaled) Fm‘ﬂpﬂmd Z?=4(ai(M1 + M>) + piM3)
% 600

5 I M,, are the measured rates in ez

Sl

Weights a3, are determined fra

400k
- and reactor fluxes.

200

R =0.940 + 0.011 (stat) £ 0.004 (syst)

=
T T L]

3 - . .
- - -+ No oscillation Clear observation of far sit
2 L2 — Best Fit
E -
5 [
z, [ SEEEE 0% O T TTTTTTPFRFPRS S P SR i P ) T T TP TP PP PP PP PPN
k: - Spectral distortion consiste

0.8 o

0 5 10 * Caveat: Spectral syste

Promptenergy (MeV) g yvalue from shag
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Rate Analvs

Estimate 0,; using measured rates in each detector.

EH3 J

06 08 1

12 14 16 18

2

Weighted Baseline [km]

Uses standard x? apg

Far vs. near relative me
[Absolute rate is not co

Consistent results obtaine
independent analyses, di
reactor flux models.

sin?20,; =0
excluded at 5.20

sin?20,; = 0.092 + 0.016 (stat) + 0.005 (syst)

~n
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Solar + KamLAND

............. oL E L T T re—

—e— Original Flux

--2-- Reevaluated Flux
—e— Normal Hierarchy
--e-- Inverted Hierarchy

T Y o S ——

Double Chooz

.. Daya Bay

—.— RENO

0.25

Expect more statistics and further improvements in analysis.




10 Uncertainty vs. time assuming VN statistics

[ T.T
‘I

Mar 26: End of RENO 229d data ==, ...

= DYB BADs
= RENO
== == RENO sys unc=0.010

Feb 17: End of DYB 55d data

ug 1: 90 day shutdown (?)
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eﬂaﬂar
Summary

- The Daya Bay reactor neutrino experiment has made
an unambiguous observation of reactor electron-antineutrino
disappearance at ~2 km:

R =0.940 £ 0.011 (stat) £ 0.004 (syst)

- Interpretation of disappearance as neutrino oscillation yields:
sin220,; = 0.092 + 0.016 (stat) * 0.005 (syst)
ruling out zero at 5.2 standard deviations.

- Installation of final pair of antineutrino detectors this summer
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