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* Experimental Goal
- Systematic & Statistical Uncertainties
- Expected 6,5 Sensitivity

= Overview of the RENO Experiment
- Experimental Setup
- YongGwang Power Plant
- Detector Construction (completed in Feb. 2011)

» RENO Data-Taking (start from Aug. 2011)
- Status
- Energy Calibration

= Summary



Oscillations observed as a
deficit of anti-neutrinos

flux before oscillation

2
P(e — 77e) ~ 1 — sin?(26:3) sin’ (ATEIL)

L.
Distance 1200 to 1800 meters

Probability v,

0 Find disappearance ofv_efluxes due to neutrino oscillation as a function of energy

U Identical detectors reduce the systematic errors in 1% level.



e« 2.7/73 GW per reactor x 6 reactors
¢ 1.21x10°° free protons per targets (16 tons)

 Near : 1,280/day, 468,000/year
e Far : 114/day, 41,600/year

/3 years of data taking with 70% efficiency

Near : 9.83x10°> =10° (0.1% error)
Far: 8.74x10% =10° (0.3% error)



Expected Systematic Uncertainty

Systematic Source CHOOZ (%) | RENO (%)
Reactor antineutrino flux and 1.9 <0.1
Reactor related cross section
absolute Reactor power 0.7 0.2
normalization —
Energy released per fission 0.6 <0.1
Number of protons H/C ratio 0.8 0.2
in target Target mass 0.3 <0.1
Positron energy 0.8 0.1
Positron geode distance 0.1 0.0
Neutron capture (H/Gd ratio) 1.0 <0.1
Detector Efficiency -
Capture energy containment 0.4 0.1
Neutron geode distance 0.1 0.0
Neutron delay 0.4 0.1
Positron-neutron distance 0.3 0.0
Neutron multiplicity 0.5 0.05
combined 2.7 <0.5




90% CL Limits
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RENO Collaboraton 1 RENO

(13 institutions and 40 physicists) B V2aVAVAVAVAITIE
d Chonbuk National University
d Chonnam National University
d Chung-Ang University
1 Dongshin University
1 Gyeongsang National University
1 Kyungpook National University
 Pusan National University
1 Sejong University
 Seokyeong University
 Seoul National University
d Seoyeong University
d Sungkyunkwan University
d California State University Domingez Hills, USA
+++ http://reno0l.snu.ac.kr/RENO

International collaborators are being invited



[J Located in the west coast of southern
part of Korea

[ ~400 km from Seoul

[J 6 reactors are lined up in roughly equal
distances and span ~1.3 km

(3 Total average thermal output ~16.4GW,,
(2nd Jargest in the world)
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RENO Detector I

Buffer
(Mineral Qil)

'Tafge’f :
(LAB+Gd)

- Gamma Catcher ;

(LAB)

* Inner PMTs: 354 10" PMTs
* solid angle coverage = 12.6%
e Outer PMTs: ~ 67 10" PMTs

- };j
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Inner Inner Filled with | Mass
Diameter | Height (tons)
{cm) (cm)
Target 280 320 Gd{0.1%) 16.5
Vessel +LS
Gamma 400 440 LS 30.0
catcher
Buffer 240 280 Mineral 644
tank oil
Veto 840 880 water 352.6
tank




Summary of Detector Construction

2006.
2008.
2008.

2010.
2010.
2011.
2011.
2011.
2011.
2011.
2011.

03 : Start of the RENO project

06 ~ 2009. 03 : Civil construction including tunnel excavation

12 ~ 2009. 11 : Detector structure & buffer steel tanks
completed

06 : Acrylic containers installed

06 ~ 2010. 12 : PMT test & installation

01 : Detector closing/ Electronics hut & control room built

02 : Installation of DAQ electronics and HV & cabling

03 ~ 06 : Dry run & DAQ debugging

05 ~ 07 : Liquid scintillator production & filling

07 : Detector operation & commissioning

08 : Start data-taking




Construction of Near & Far Tunnels (2008. 6~2009. 3)

by Daewoo Eng. Co. Korea
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by KOATECH Co. Korea
(2409.7~2010.6)
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Installation of Acrylic Vessels (2010. 6)




08/17/2010 12:49 . - ! i 08728/2010 19:01




PMT Mounting (2010. 8~10)
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‘ Finishing PMT installation (2011. 1) I




Detector Closing (2011. 1)
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Detector Closing (2011. 1)

Far :



Electronics Hut & Control Room Installed (2011. 1)




PMT Cable Connection to DAQ Electronics (2011. 2) I
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421 channels

9 x 100Mbps

———» Ethernet cable
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= Electronics threshold : 1mV based on PMT test with a bottle of liquid
scintillator and a 13’Cs source at center

File Edit Wiew Options Tools Help

count dist. of range 0 of ch. 332

- discri. thr.
10° =

= -0.4mV

- -0.5mV

- -0.6mV
102 = -0.7mV

- -1.0mV
10 =—

940 960 980 1000 1020 1040 1060 1080 1100 1120 1140
Charge(counts)




Gd Loaded Liquid Scintillator I C.Hypei-CeHg (n=10~14)

C'I.-'ll.'.“
O Recipe of Liquid Scintillator
. Linear Alkyl Ber;;n;ne [LAE)
Aromatic Solvent & WLS Gd-compound
Flour e ”L Linear Alkylbenzene
LAB PPO + 0.1% Gd+TMHA s S e
Bis—MSB (trimethylhexanoic acid)
* High Light Yield : not likely Mineral oil(MO) Carboxylic acids
» replace MO and even Pseudocume(PC) H N
« Good transparency (better than PC) 6d,0, == R—c::—c:{
« High Flash point : 147°C (PC : 48°C) mo OF
«  Environmentally friendly (PC : toxic) @ .
«  Components well known (MO : not well known) 6dCBX J
 Domestically available: Isu Chemical Ltd. 0 ‘l’l/L
RCOOH + NH, -H,0 — RCOONH, + H,0 R_C\MG‘,T;\\O

U Solvent-solvent extraction method

3RCOONH, (ag) + GdCl, (ag) — GA(RCOO), + 3NH,ClI O~/

0 0.1% Gd compounds with CBX (Carboxylic acids; R-COOH)
- CBX : TMHA (trimethylhexanoic acid)




FAR

LAB
10ton

NEAR

LAB
10ton

v W
Gd-sol TMHA -

GdLS LS
d-LA (0.1 %) Ls master 2000L
(0.5%) 2000L (x10)
400L 200L

Water out Divide into two Water out G.C.
WV
LS

2000L

L

Water out




Liquid Production System (2010. 11~2011. 3)




LS fillimg for Gamma Catcher

» Both near and far detectors are
filled with Gd-LS, LS & mineral
oil as of July 5, 2011.

« Veto water filling is completed
at the end of July, 2011.

L
-

filling for \fé’t'd

o

-
- i

-~
——

= o
T T -
—vf" e



Ultra—pure water system is
important for VETO.

« Solenoid valve : Auto on/off

» Feedback from the ultrasonic

level sensor of water level



Slow Control & Monitoring System

HV monitoring system
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Why slow monitoring ?

1. To be required to control systematic effects

2. To allow automated scans of parameters
such as thresholds and high voltages

3. To provide alarms, warnings, and diagnostic

information to the operators




RUN Control & DAQ Monitoring

207 667 680 - T=am S22 - 0]
B Applications Places System (5 [ X @== m & 5 RCILHOL AmeAs B 5% @ g:5apM -
O Run Controller [ [=)[E3

Current Run Information

. . Run Number: 303
Computer ] DAQ status monitor =1 (k3 24202 [z Run Title regular
Process 0 Organizer q
£ Fri Oct 14 21:49:00 2011 Shift Lead tl
urent tme "ot Update Time: Fii Oct 14 21:49:00 2011 ot Vo i
Run Status Received HW Trig.: 4254802582 )
Run End Message
run number. 303 Drococcod LW Toig 42c4205044
run mode: regular Buffer Trig.: (R itz 2 U
- Trigger Mask: bfffffe6
run start: Fri Oct 14 07:11:00 2011
—— g; hff”ff”ﬁg‘ 85‘55 Start Time Fri Oct 14 07:11:00 2011
running time 14h38mO0s AT End Time: Running 14h 37m 59s

Run Control Status 4 - Started

Calib. Trig..
FEPC for QB Status . . Next Run Setting =
0 frontend Q frontend 06 N/A: ltl Copy from current Run 1
g; :;: Run Number. 303
teamviewers MERGER Status s NfA: 27 Run Title regular
@ frontend W e organizer.sh (on frontend.reno.near) = Shift Leader im
00271
T 11 N/A 0.00 to o data £l q q
pen new data file, fscratch/data_gui/realtime_org/event_tst
Q TRG PC5tatus 12 NjA: 0.00 00272 Shift Member:
tearmviewer finux. 0 frontend 13 N/A 0.00 OBSTEDEH new data file, /scratch/dats_gui/realtime_org/event_tst Run Mode 2: Test -
targz 14 N/A: 0.00 to_opsn new data file, fscratch/data suifrealtine orgfevent tst | < gomyare Trigger Conditions
15 N/A: 0.00 00274
DFM/Organizer Status 16 NjA: 0.00 to open rew data file. fscratchfdata_guifrealtime_orgfevert_tsy | 1D Trigger Type Threshold(hits) =
’ 00275 0 [ Buffer Tri 90
0 frontend @ frontend 17 N/A: 0.00 uffer Trigger
1 T NA 65536
O d 18 N/A 0.00 I3l
Oct 14 20:58:51 frontend organizer: Now try to open new data file. ) BIEe e 0260 2 " NA e
Oct 14 21:08:02 frontend organizer: Now try to open new data file, 20 N/A 0.00 0261 3 I Veto Trigger |10
Oct 14 21:06:14 frontend organizer: Now try to open new data file,|| 21 N/A: 0.00 0262
Oct 14 21:08:25 frontend organizers Now try to open new data file. 0263 4 [ Calib. Trigger |65536
Oct 14 21:12:35 frontend organizer: How try to open new dats file, 22 N/A: 0.00 02k
Oct 14 21:15:46 frontend organizer: Now try to open new data file.|| 23 NJA 0.00 0265 5 T N/A 65536
Oct 14 21:18:58 frontend organizer: Now try to open new data file, 24 NJA: 0.00 0266
Oct 14 21:22:10 frontend organizer: Now try to open new data file, . - 0267 6 T NA
Oct 14 21:25:22 frontend organizer: Now try to open new data file.| 25 N/A 0.00 0268
Oct 14 21:78:33 frontend organizer: Now try to open new data file,|| 25 /A 0.00 0269 7 [ N/A
Oct 14 21:31:44 frontend organizer: Now try to open new data file. ) - 0270 8 N/A
Oct 14 21:34:57 frontend organizer: Now try to open new data file, 27 NfA: 0.00 0271 /)
Oct 14 21:33:08 frontend organizer: Now try to open new data file.|| 28 N/A: 0.00 0272 9 NA
Oct 14 21:41:21 frontend organizers Now try to open new data file. . 0273
Oct 14 21:44:33 frontend organizer: Mow try to open new dats file, 20 N/A: 0.00 0274 10 ™ N/A
Oct 14 21:47:46 frontend organizer: Now try to open new data file.|| 30 HW PED: 7.20 0275
1 31 N/A: 0.00 11T N/A
I —
| dfm.sh (on frontend.reno.near) i=11F3 12 T N/A SRS
G0kHz event: DFM 4254703615 ; trg 4254600703 : fepc 4254703615 : mgr 4254687807 : org 4254686464 time 1318536536.756 DFMrate 45.78 [Hz] run 303 time 1318596536.756235 13 7 N/A RAR53R L=l
G0kHz event: DFM 4254728191 : trg 4254600703 : fepc 4254728181 : mgr 4254705727 : org 4254701760 time 1318596537,168 DFMrate 45,78 [Hz] run 303 time 1313596537 ,168262 4 | |
GOkHz event: DFM 4204752767 & trg 4254600703 : fepc 4254752767 : mgr 4254731327 : org 4204779984 time 1313536537.584 DFMrate 45.78 [Hz] run 303 time 1313598537.593764
G0kHz event: DFM 4254778367 : trg 4294600703 : fepc 4254778367 : mgr 4294749247 1 org 4254753009 time 13185996538,020 DFMrate 45,78 [Hz] run 303 time 1318596538,020219 Run Control
G0kHz event: DFM 4254800895 : trg 4254600703 : fepc 4254801919 : mgr 4254773567 @ org 4254777344 tine 131859R538,442 DFMrate 45,73 [Hz] run 303 time 1318595538,441778 Y =0 ¥ st ‘ ?ca Chan E| e Abort |
G0kHz event: DFM 4254828943 : trg 4294600703 : fepc 4254826495 : mgr 4294800447 : org 4254502844 time 13185996538.864 DFMrate 459.78 [Hz] run 303 time 1318596538.864174 . P g
G0kHz event: DFM 4254852095 : trg 4254600703 : fepc 4254851071 : mgr 4254819647 : org 4254828544 time 1318596539,286 DFMrate 45,78 [Hz] run 303 time 1318596533,286157
GOkHz event: DFM 4204330767 & trg 4254600703 : fepc 4254830767 : mgr 4254855437 : org 4204354080 time 1313536539.766 DFMrate 45.78 [Hz] run 303 time 1313598533.766137 % Initialize @ Beep Test ol Quit
ﬁOkHZ event: DFM 4254809343 : trg 4254895103 : fepc 4294905343 : mgr 4294878527 : org 4254879680 time 1318596540,188 DFMrate 45,78 [Hz] run 303 time 1318596540,188128




IP Camera System with Central Management System I

o

n 192,168, 1. 111:4520-1CH-01-Video01 (][]l (5] 192, 168, 1 112:4520-1CH-01-Videa0 1

(&](][e]|[s] 192,168,1,113:4520- 1CH-01Video0 1 nme;

0 Two detectors (ND/FD) are controlled & monitored from one (far) site

O Both systems are quite stable & working smoothly




= PMT gain : set 1.0x107 using a 13’Cs source at center
= Gain variation among PMTs : 3% for both detectors.

File Edit ¥iew Options Tools Help
Q dist
Entries 354
Mean 1.005
102 RMS 0.03199
F Prob 0.5223
C Constant 103.9+7.0
= Mean 1.004 + 0.002
L Sigma  0.03386 + 0.00145
- |
Eile Edit ¥iew Options Tools Help
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Data taking began on Aug. 1, 2011 with both near and far detectors
and has been in smooth progress.

DAQ efficiency > 90%.

Trigger rate of single low energy events : 70~80 Hz
(Nhit > 90, i.e. E>0.5~0.6 MeV)

Trigger rate of veto events : ~ 60 Hz (FD), ~530Hz (ND)

Data taking shifts

- Aug. 1 ~ Sep. 30 : 6 shifts per day inside both tunnels

- Oct. 1: 3 shifts per day in front of the far tunnel
(remote control of both ND & FD detectors)



Two identical source driving systems at the center of TARGET and one side of GAMMA CATCHER




[npe dist i rer] | |[needet] ==
Mean 146.1 r Mean 572.2
C RMS 15.81 4500— RMS s1.49|
10000 — -
- Cs 137 4000E
aoou:— FD 3500 Co 60 FD
- (662 keV) — ND s (2,506 keV) — ND
6000 2500
- Preliminary 20000 Preliminary
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2000— =
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% S0 0 s 300 INIF?EO 0 300 400 50000 ';;gou
[npe st | E————
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File Edit Miew Options Tools Help

scisouce | 1o neuton ceptured by od
500 i
. Preliminary i
400 —— ND
- — FD 1
300— |
200 _
100/ _
'_ | L1 1 | L1 1 | L1 1 ]

1400 1600 1800 2000 2200 2400 2600
p.e.

® \We are observing Gd capture as expected by simulation at both detectors



Eile Edit Yiew Options Tools Help

n Tauyp =29.89 +- 0.55 us 4
Taugy = 28.32 +— 0.47 ps

10%}
Il —— ND
—FD

Preliminary

10 -

0 20 40 60 80 100 120
time [us]

Both detectors have capture time ~30 us




2.2 MeV y rays from cosmic muon induced neutron capture by Hydrogen

File Edit ¥iew Options Tools

Help

B —neutron Cascades 600,
(Cosmogenics) i
/ SOD:T
t I
/\'\ 400
/ i
— :
7 300;
) I
1 I
Il 200}
, i
/ I
\_,I_/ 100-
, -
, -

VI DD\ |

T | T T T | T T T
Preliminary

200 400 600

1 day data set

|
800

v Cosmic muons crossing the detector create neutrons

I [
1000

|
1200
p.e.

v Neutron could be later captured on Hydrogen & release ~2.2 MeV

v We know that how many produced per day & this BG can be

measured and subtracted



e Construction of both near and far detectors at RENO are
completed in Feb. 2011

 All the liquids including Gd-LS are produced and filled by end
of July 2011

* Regular data-taking with NEAR & FAR detectors began from
August 1, 2011

- Preliminary result shows satisfactory detector performance
- Detector calibration and comparison of ND & FD are performed

« Data reduction, source calibration, and Monte-Carlo
reconstruction efforts are on progress & going on smoothly




= First results on sin?(26,;) ~0.05 are expected to be available within a half
year

- Goal: ~0.07 (end of this yr)
~0.05 (March, 2012)
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« RENO group hope to tell the value of sin®(20,,) at the

anticipated time
- Goal: Neutrino 2012 @ Kyoto (June, 2012)
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