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Ahn et al (RENO collab.),

sin” 20, =0.113x0.013(star.)=0.019(syst.)

¥ For the New result

Statistics:
-- about twice more data

Systematics:
-- Improved background estimation/reduction
(Li/He background, fast N, flasher removal)

-- Improved energy scale calibration
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RENO Collaboration

12 institutions and 40 physicists

>

= Chonbuk National University | * Total cost : $10M
* Chonnam National University | s Start of project : 2006

= Chung-Ang Universit
. Ak Anbiahind = The first experiment running
Dongshin University with both near & far

= Gyeongsang National University| qeatectors from Aug. 2011
= Kyungpook National University

* Pusan National University
* Sejong University

» Seokyeong University

= Seoul National University
= Seoyeong University

» Sungkyunkwan University
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RENO Detector

\ | (Water)

» Target : 16.5 ton Gd-LS, R=1.4m, H=3.2m
= Gamma Catcher : 30 ton LS, R=2.0m, H=4.4m
= Buffer : 65 ton mineral oil, R=2.7m, H=5.8m

= \/eto : 350 ton water,

R=4.2m, H=8.8m
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PMT Mounting and Detector Closing

PMT mounting: Aug‘-_Oct.» 2010 = | Closing Detector

Near Jan 21 2011




Inverse beta decay

176+p—>e+—|—n ~180 us
§+p > D + y((2.2 MeV)

Detection of Reactor Antineutrinos
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Stability of Gd Loaded Liquid Scintillator

* Stable light yield : ~250 pe/MeV

* Stable transparency at 430 nm

* Stable Gd concentration (0.11%)
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NIM A, 707, 45-53
(2013. 4. 11)
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Data-Taking & Data Set

= Data taking began on Aug. 1, 2011 | ElerEliing Gitsieney

| INEAR/ Live Time :513.877991 days(44399059 sec) Data Taking Efficiency : 0.932628

with both near and far detectors.

1=

» Data-taking efficiency > 90%. R

0.8

= Trigger rate w/ the threshold energy
of 0.5~0.6 MeV: 80 Hz (Far Detector) Ma Near

02 i

= Data-taking period > 510 days e
Aug. 11, 2011 ~ Present z/AugZ(:llclnct 1iDec  1iFeb 1/Apr201121Jun 1/Aug  1/Oct  1/Dec 21(I)F:3b

| {FAR/ Live Time : 536.203003 days(46327940 sec) Data Taking Efficiency : 0.967875
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Improvements in Data Analysis

Better estimation of Li/He background :
259+0.75/day —3.61£0.60 / day (far)

1245+5.93/day = 13.73+2.13/day  (near)

(more improvement soon on the errors...)

Improved flasher removal : reduction of accidental background

Reduction of fast neutron background :
0.97+0.06/day —= 0.68+0.04 /day (far)

5.00x0.13/day — 3.14+0.09 /day (near)

Major efforts on energy calibration : accurate energy scale

Selection of clean data sample




)Li/*He Background

JLi/8He are unstable isotopes emitting (f3,n) followers
and produced when muon interact with carbon in the LS.
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Flasher Characteristics

Q Anti-isolation variable R

“Flasher PMT" event

Z-“ Sum of NPEs in the neighbouring PMTs

n, =N

nb =~ Number of neighbouring PMTs

—> Smaller R value for flasher events.

Normal event



Flasher Removal Cut

Signal region

o Thy T
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Cf Contamination (l)

= Tiny fraction of Cf calibration source dissolved into Gd-LS after
Oct. 13, 2012 :

- Loose O-ring in the source container — LS into the container
— Cf out of its disc package — Cf contamination on gloves
— Cf contamination on the container surface & dissolved into LS

- Cf at the bottom of target (confirmed by event vertex)

8 acrylic
container

Cf252
source |

O-ring




Cf Contamination (ll)

= Removal by a multiplicity cut & subtraction by its energy shape :
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Observed Daily IBD Rate

ICf contamination
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Energy Calibration

PE =2 MeV conversion fnc
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Detector Stability of Energy Scale

Delayed Energy [MeV]

Delayed Energy [MeV]

» IBD candidate’s delayed signals (capture on Gd)
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Events/0.05 MeV

Spectra & Capture Time of Delayed Signals
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New Result preliminary

( prompt energy < 10 MeV)

# of IBD events 153,807 279,787 17,062 30,211

Total Background 21,73 +-5.93 20.48 +-2.13 4.3 +-0.75 4.89 +- 0.60
rate ( /day)

Accidental backgr 4,30 +-0.06 3.61 +- 0.05 0.68 +- 0.03 0.60 +- 0.03
ound ( /day)

Fast neutron backg 4,98 +-0.16 3.14 +- 0.09 1.03 +- 0.07 0.68 +- 0.04
round ( /day)

z-i//:e ) background 12.45 +-5.93 13.73 +-2.13 2.59+-0.75 3.61+-0.60
ay

I(DAQ kive-ﬁme 192.42 369.034 222.06 402.693
days

z)e)tector efficiency 64.7 +-0.14 61.99 % 74.5+-0.14 71.37 %
%



Measured Spectra of IBD Prompt Signal

Events / 0.125 MeV
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Measured Spectra of IBD Prompt Signal

Events / 0.125 MeV
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Backgrounds

* Backgrounds shape and rates *Total 6.5 % background at Far
are well understood. & 2.7 % background at Near.
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Data vs. MC

Data & MC match very well !

Events / 0.125 MeV
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Data vs. MC Data & MC match very well !

I I ! !
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IBD prompt signal
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Expected Reactor Antineutrino Fluxes

Reactor neutrino flux P, isotopes

O(E,) =l 3 /- $(E,)

Eszz i

- P,, : Reactor thermal power provided by the YG nuclear power plant
- f, . Fission fraction of each isotope determined by reactor core
simulation of Westinghouse ANC

- ¢,(E,) : Neutrino spectrum of each fission isotope

[* P. Huber, Phys. Rev. C84, 024617 (2011)

T. Mueller et al., Phys. Rev. C83, 054615 (2011)]

- E; : Energy released per fission

[* V. Kopeikin et al., Phys. Atom. Nucl. 67, 1982 (2004)]

100 T

o —

Isotopes _James Kopeikin ol us
B5U /201.7%0.6 201.92+0.46 i\m"’: :
28U [ 205.0£D.9 205.52+0.96 ! A - ]
239py | 210.0£0.9 209.99+0.60 {of —— ]
241py  \212.4£1.0 213.60+0.65 —

0 1 1 1 1 1 1 1 1 1
Q¢ 5 100 150 200 250 300 350 400 450 300
Days




Detection Efficiency & Systematic Uncertainties

Criteria Detection efficiency (%)

The fraction of neutron captures on Gd 86.52 + 0.7

Flasher cut & Prompt energy cut 96.19 + 0.11

The 6'0“, Reactor

Time col Uncorrelated(%) Correlated(%)

The spill ™ Thermal power 0.5 -

Commol  Fission fraction 0.7 -
Fission reaction cross section - 1.9

Muon v¢  Reference energy spectra - 0.5

Multiplic  Energy per fission = 0.2

The tota_ Combined (09 ) (/Z(N)

Detection S
Uncorrelated(%) Correlated(%)

IBD cross section - 0.2
Target protons 0.10 05
Prompt energy cut 0.01 0.1
Flasher cut 0.01 0.11
Gd capture ratio 0.10 0.7
Delayed energy cut 0.10 0.46
Time coincidence cut 0.01 0.44
Spill-in 0.08 0.71
Muon veto cut 0.02 0.02
Multiplicity cut 0.04 0.06

Combined /0.20 /1.31
o/ N



Entries / 0.25MeV

Far / Near

Reactor Antineutrino Disappearance

B —+— Far Detector o o
2000 . preliminary
i g —— Near Detector
B (I)Far
- R = —oxened = (0,929 +0.006(stat.) =0.009(syst.)
B expected
1000|—
i = A clear deficit in rate
- ( 7 % reduction)
0_ 1 . | | | | | = Consistent with neutrino
- oscillation in the spectral
1.2~ {, distortion
N oe
1 }é ..........................................................
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Neutrino Reduction at Far

New PRL Farreduction

[%]

<7 MeV 7.19 % _
< 8 MeV 7.19% ] ]
Neutrino reduction

VY o at Far remains

< e . p— . .
° Stable (within 0.05 %)
<10 MeV 7.24 % beyond 7 MeV
where there is no oscillation.

<12 MeV 7.24 % -




Definitive Measurement of 6,

sin” 20, =0.100+0.010(szar.) = 0.015(sys?.)

40

35

* 5.60 significant signal

30
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Summary

= RENO was the first experiment to take data with both near and
far detectors, from August 1, 2011 and data taking goes smoothly.

= RENO has collected about 510 days of neutrino data so far
and improved systematic uncertainties and energy calibration.

= RENO observed a clear disappearance of reactor antineutrinos.

R =0.929+0.006(stat.)+=0.009(syst.) preliminary

» RENO’s new result (402 live days): conslewative
sin?(2 6,5) = 0.100 +/- 0.010 (stat.) +/- 0.015 (sys.)

** There is a room to improve sys. error (to be improved soon).



Future Plan for Precision Measurement of 0,,

IRENO ;220 =0.100+0.010(stat.) £0.015(syst.)
(402 days) 0.100£0.018 (560)| B =0.01/(100)| (3 years)

"\Q 0035 [Tt | LI | LI | LI | LI | LI | LI | IIIIIIII |
& - RENO Uncertainty Projection
S o030 .
C PRL (2012) .
0,025 Oaye = 0.019 This result E
B * -
ozl / 1 w/ 3 years of data:
- o x
0015 E Stat. error: 0.006
B Sys. error: <0.010
. Gy = 0.005 B
| Tot. error: <0.011
0.005 |- : —
000%_I 111 | 1111 | 1111 | 1111 | 1111 | 111 I=IIII|IIII|IIII|IIII_
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RENO-50 Workshop at Seoul

€ When: June 13 -14, 2013
€ Where: Seoul National Univ., Korea

Please register ASAP!
http://home.kias.re.kr/MKG/h/reno50/

** Don’t miss RENO-50 poster by Dr. JS Park.



