


New Reactor Neutrino 6,; Experiment
d CHOOZ: R,,. =1.01 £ 2.8% (stat) = 2.7% (syst)

O Larger statistics
- More powerful reactors (multi-core)
- Larger detection volume
- Longer exposure

. — Obtain ~1% precision !!!
1 Smaller experimental errors

- Identical multi detectors

d Lower background
- Improved detector design
- Increased overburden



data from CHOOZ
hep-ex/0301017v1
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RENO Collaboration

d Chonnam National University

 Dongshin University

d Gyeongsang National University

4 Kyungpook National University

1 Pusan National University

 Sejong University

1 Seoul National University

d Sungkyunkwan University

4 Institute of Nuclear Research RAS (Russia)

d Institute of Physical Chemistry and Electrochemistry RAS
RUESEY)

+++ http://neutrino.snu.ac.kr/RENO
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Schematic Setup of RENO at YeongGwang
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Google Satellite View of YongGwang Site
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Schedule

Activities

2006

2007

2008

12

12

12

12

Detector Design
& Specification

Geological Survey
& Tunnel Design

Detector
Construction

Excavation &
Underground Facility
Construction

Detector
Commissioning




Comparison of Reactor Neutrino Experiments

Thermal Distances Depth Target

Experiments Location | Power Near/Far Near/Far Mass
(GW) (m) (mwe) (tons)

Double-CHOOZ France 8.7 280/1050 60/300 10/10

Daya Bay China 11.6 360(500)/1985(1613) 260/910 40x2/80




Summary of Construction Status




Rock sampling (DaeWoo Engineering Co.)

Rock samples from boring




Rock quality map

* Near detector site:

Okm030.00

- tunnel length : 110m
- overburden
height : 46.1m

OkmO87.00

e Far detector site:

ShErEe
OkmE20,00

Ok 0G0, 00

- tunnel length : 272m
- overburden
height : 168.1m
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Stress analysis for tunnel design
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Construction for the Far Tunnel

(Aug, 2008)

5 2008/09/24 10:36




Construction for the Far Tunnel

(45m) (
(Aug. 26, 2008) (Sep., 2008) (Sep., 2008)

(130m) 7 (285m)
(Oct., 2008) (Oct., 2008)



(July, 2008)

(40m)
(Oct., 2008)

Construction for the Near Tunnel

(July, 2008)

(90m) ~ (Oct,,

(Oct., 2008)

2008)



Construction for Experimental Hall
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Gamma catcher




RENQO Detector

r— -
Buffer
{Mirmeral Qi)
B0

(kpnin s

b ey,
Cateher

Target|

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 540 580 Mineral 64.4
tank oil
Veto 840 880 water 352.6
tank

total ~460 tons




 FFEEEERRE | )

Ly
FES ST EE g
-3 6 8 W B S50 N0 h——
i | e e-e9-9 0%

[Ty Ny N, SN -

RENQO Detector



http://reno01.snu.ac.kr/~reno/wiki/index.php/Image:Reno_080412_2-6.jpg
http://reno01.snu.ac.kr/~reno/wiki/index.php/Image:Reno_4-2.jpg
http://reno01.snu.ac.kr/~reno/wiki/index.php/Image:Reno_4-4.jpg
http://reno01.snu.ac.kr/~reno/wiki/index.php/Image:Reno_080412_6-5.jpg
http://reno01.snu.ac.kr/~reno/wiki/index.php/Image:Reno_080412_6-1.jpg

Electronics

Conceptual design of the system

PMT Daughter - DAQ
i Board
np carE Bhernet _ ChE CRU
= E Sl G vME]bit3
— H 40m cable event #
e—— Distributor (& MCLK TRG
|| E| Qrc dock sync ou
trigger
Font-end B event # Qock & Trigger

(QBEE (Qrc-Based Electronics with Ethernet)

We have developed new elec.
= stable DAQ for next 10~20 yrs
= wider dynamic range

= Use SK new , hi speed & dead-time-less
electronics

(will be ready
In Sep., 2008)

Custom ASIC QTC

3chx 3 gain
0.35um CMOS

\@ic| Toc  FPGA
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Target + Gamma Catcher
Acrylic Containers

(PMMA: Polymethyl Methacrylate
or Plexiglass)

Target | Diameter | 61 cm

Height 60 cm

Gamma | Diameter | 120 cm
Catcher Height 120 cm

Buffer Diameter | 220 cm
Height 220 cm

Buffer
Stainless Steel Tank



http://reno01.snu.ac.kr/~reno/wiki/images/9/94/Tdr_mockup_080412_1-2.jpg







Mockup Detector Assembly I

Barrel PMT & Xl
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S8MNV0o Motor

timing pulley

s .
wira pullay (targat) =
.-; /"
& /Al wire pullay (GC) =
4y rail .l
o~ L .
I

I

ball bearing

[iming pulley

wira pullay Iframar]_ = f T ‘ : —_— | — - _ .
= 21 B SEMVO motor — .
ball bearing [ — :I S/
- T v PC interface for calibration system
S8MvG motar - p ] i : Ey 3 *

- A 10 — radicactive source

b

radioactive source -

stainlass waight

stainless weight x’ﬂ H"

Design of the source driving
system
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Gd Loaded Liquid Scintillator I

0 Recipe of Liquid Scintillator :

Aromatic Solvent Flour WLS Gd-compound

LAB PPO, Bis-MSB, 0.1% Gd+TMHA
BPO POPOP (trimethylhexanoic acid)

O R&D on LAB(Linear Alkyl Benzene) properties :

CnH2n+l_C6H5 (n:10~14) Carboxylic acids
* High Light Yield : not likely Mineral oil(MO) 64,0, 4 R_(II:{_C/O
. « replace MO and even Pseudocume(PC) L Som
S (better than PC) {
: 147°C (PC : 48°C) o ~
(PC : toxic) 0~ |
Linear Alkyl Benzene (LAB) (MO : not well known) R—C /Ob:G(Illh’;o
Isu Chemical Ltd. ~o” ™o
o<

0 0.1% Gd compounds with CBX (Carboxylic acids; R-COOH)
- CBX : MVA (2-methylvaleric acid), TMHA (trimethylhexanoic acid)




Synthesis of Gd-carboxylate

precipitation
RCOOH + NH, -H,0 - RCOONH, + H,0

3RCOONH, (ag.) + GdCl, (ag.) = Gd(RCOO) > 3NH,ClI

Rinse with 18M& water



http://reno01.snu.ac.kr/~reno/wiki/index.php/Image:Vacuum-3.jpg

LAB : (CgHs)CrHana

CieH26 Ci7H2g CigH3o CigH32
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RENO Analysis Control

RACFrameWork
|
; ; 1 User
Raw/MC Production Reconstruction Analvsis User
Data Modules Modules y ntuples
Modules

default modules data input and output, database access
for run configuration and calibration

Has talk-to function for changing input parameters without
recompiling

Addition of modules by user
Modules can be set as filter module for selecting events
Easy to use and build in RENO software environment



RENO Event Display

Run Run 0 Event 39 Time:2008.08.29.1301.59123

Prompt Event

Rl
Next Event
o
Previous Event |
Seek Event - - - -
-w--m-l i Next Event e
Event Dump | .' “ . . Q,XQ(L
Open File - 'y';b
T Previous Event .
I - >
h A °
/\Q)
)
Seek Event I 22
xQ\'
Event Dump W
Run >
Pror
: >
RRIIA Open File I &
Next Event {L‘N?)
revious Even
Seek Event XQN
R = = = = <
_“.-.'.m,_l ,}’\
Event Dump
il I it
Sl Max inner hits: 3379.00 <
ARRRRI

“\‘ “ H\ i “ | E...= 829.880 MeV g;»@x
I Max outer hits: 83.00




Real time display: Online monitoring tool

Basic information on histograms

% Event Display / -0 %
Eile Edit View Options Inspect Classes / Help
Run 110010 Event 3584 e -
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Number of Events

Reconstruction : vertex & energy

= Reconstructed vertex: c ~8cm at the center of the detector

Entries 2000
Mean -8.625

T T T T T pys 103.8

r x2 I ndf 92/27
2501 Constant 244478

r Mean -9.859+2.335

C Sigma 936+2.1
200— -

L T +
sof- 4 MeV (KE) e
100 =
s0f- y —

Lo b b lwd e Loy 1 1000
-?000 -1500 -1000 -500 0 500 1000 1500 2000

y (mm)

Energy response and resolution:
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Reconstruction of Cosmic Muons

pulse height  op PMTs time

V eto 10000 160 10000
(OD) 1°
Uffer i

=60
-5000 -5000
40
-10000] -10000)
02000 4000 6000 3000 10000 2000L4000L6000L800R000Z2000 0 2000 4000 6000 800010000 200QL4000L60001800R000R2000
~ 8000) 8000f=
6000 50 6000 ]
4000] 4000~ -]
=200
2000 2000f= J
0] =150 O = His
-2000= 2000 T
—100
-4000f~ -4000f~
Y-catcher F n
buffer -6000f~ 50 _go0of-
-8000f~ -8000=
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0 2000 4000 6000 8000 10000 12000 14000 16000 0 2000 4000 6000 8000 10000 12000 14000 16000




J, [cm=2s-1] <E,> [GeV]
250 m 2.9%x10°5 91.7
Far
200 m 8.5x10-5 65.2
Near 70 m 5.5x104 34.3
o 10"
%J 10° | —— 250 m (91.7 GeV)
%',D) —— 200 m (65.2 GeV)
‘\.'E 10° | —— 70 m (34.3 GeV)
O
. 10
LL
E 10"
'_):3.
U I
10
10726 |
= E- Muon intensity at the sea level using modified
Gaisser parametrization + MUSIC or Geant4
10 - (the code for propagating muon through rock)
10_22 I | | | | | | | | | | | | | | | | | | | | | | | | | | | | | | | | | |

-1 0 1 2 3 4

Iog(El) [GeV]6



3
Energy [MeV]

Rock 4.33(ppm) 7.58(ppm) 2.32(ppm) 1.06 7.14 0.99 9.19
LS in Target 0.001 0.001 0.001 0.90 0.09 0.26 1.25
Target Contatiner 0.008 0.05 0.008 0.08 0.06 0.03 0.17
LS in Gamma Catcher 0.001 0.001 0.001 1.52 0.13 0.38 2.03
Gamma Catcher 0.008 0.05 0.008 0.07 0.04 003 | 014
Container

LS in Buffer 0.001 0.001 0.001 0.08 ~0 0.03 0.11
Buffer Tank 0.06 0.9 0.9 0.03 0.10 0.20 0.33
PMT 13.6 208.5 49.4 2.50 5.23 2.99 10.72
Total ~24

E — g .

s st ]

2 B ]

10728 E

10’3% é

10'50_ ' 1 : _4




Systematic Errors

Systematic Source CHOOZ (%)

Reactor antineutrino flux and 1.9

Reactor related Cross section
absolute Reactor power 0.7
normalization Energy released per fission 0.6
Number of protons H/C ratio 0.8
In target Target mass 0.3
Positron energy 0.8
Positron geode distance 0.1
Neutron capture (H/Gd ratio) 1.0
BRI E Capture energy containment 0.4
Neutron geode distance 0.1
Neutron delay 0.4
Positron-neutron distance 0.3
Neutron multiplicity 0.5
combined 2.7




RENO Expected Sensitivity

(rate only analysis)

10— T New!! (full analysis)

i
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10x better sensitivity than current limit



GLOBES group workshop@Heidelberg — Mention’s talk

2+ 3 first generation experiments: Double Chooz, RENO
sensitivity ~ 0.02 to 0.03 (depending on sytematics, Am* value, and backgrounds)

and Daya Bay Phase | with sensitivity ~ 0.04 to 0.05 (1 year) ~ 0.03 to 0.035 (3 years)

-3
5:-:10 . . , : : . . -
- | = Double Chooz
4.5+ = Dava Bay Fhase | j
: : : : : Daya Bay Phase ||
PRI . — REND |

............. | Bl , . f Z _ Exposure:

HA N ______________ ______________ ______________ . ______________ _____________ DC, DB Il & RN: 3 years

AmZ, (eV?)

DB I: 1 year

’
0 0.01 002 0.03 U.U-‘il EU.DE 008 007 003 009 01
8iN“(29, )i




Status Report of RENO

O RENO is suitable for measuring 6., (sin®(20,,) > 0.02)

d Geological survey and design of access tunnels &
detector cavities are completed — Tunnel construction will
be finished in December, 2008.

O RENO is under construction phase.
O Data —taking is expected to start in early 2010.

4 International collaborators are being invited.
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1st & 2"d Workshops on T2KK

Internatmnal Workshop on a Far Detecmr in Korea _
for the J- Pﬁ.RC Neutrino Beam _-?'.-;; e ;; Ve fnr the J-PARC Neutnnu Beam
.l s : vﬁ'ﬁ'

November 18 - 19, 2005 < Mo July 13 - 14, 2006

s

International Conference Hall, KIAS w2 i s International Conference Hall, SN
= o . - .

1%

| Program Committee | Local Organizing Committee
T, Kajita F.. _I. (:-I'I'I.Il.‘l E.Nlﬁ-‘;-'l I J.jl:nn 1‘?’-.\1!.';
T. Kajitn {ICRR) K K. Joo (SNL)
5.B. Kim 5 B Kim {(SMNL) K. Itl.m.-:.'uh.l (TCRRY
F. Ko P, Ko (KIAS) K. Okumura (ICRE)
K. Nakamura K. Nakamura (KEK)
K. Nishikawsa =

o i i 131 BRI vt 3 ir
w4 1 UrrersF ! mily A

http://newton.kias.re.kr/~hepph/J2K http://T2KK.snu.ac.kr

§ Organizing committee  £j Chun




3'9 Workshop on T2KK

University of Tokyo, Tokyo

L ' 9/30-10/1, 2007
r £ ; - - .
lnternatlonal Workshop ona Far Detector in Korea Site study for HK and one in Korea

- for theJ PARC Neutrino Beam (N. Wakabayashi, C. Ryu)

» BNL-Fermilab LBL/J-PARC /Systematics
at Superbeam exp.

I/' . (M. Diwan, T. Ishida, P. Huber)
| » Oscillation parameter degeneracy
Ee il (S.K. Kang, J. Valle)
» T2KK sensitivity in resolving degeneracy
(F. Dufour, C. Ishihara, N. Okamura,
K. Okumura, A. Rubbia, K. Senda)

i Program Committee g Local Organizing Committee . NSP/TeSt Of Un'tanty (P KO, K K|mura)

E. ]. Chun (KIAS) K. K. Joo (CNU)

K. Hagiwara (KEK) K. Kaneyuki (ICRR)
T. Kajita (ICRR) K. Okumura (ICRR)
5. B. Kim (SNU)

P. Ko (KIAS)

K N 150 4th workshop at KIAS, Seoul

H. Sobel (UCI)

fall, 2009
For general information, please visit htipy//www-raon.iar.u-tokyo.acjp/workshop/T2KKo7/

http://www-rccn.icrr.u-tokyo.ac.jp/workshop/T2KKQ07/



Site Study for the Korean Detector

O mountains of 1,200 meters in height are found almost everywhere in
the interesting region of Korea — Search for a candidate site
(D.Son, T2KK05, C.Ryu, T2KK06/07)
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Resolving the degeneracy: T2K-Il vs. T2KK

T2K-1l (Kamioka only) T2KK (Kamioka + Korea)

Kamioka 0.54Mton detector, v 4yr + v 4yr AMW beams Kamioka 0.27Mton + Korea 0.27Mton detectors, v 4yr + v 4yr 4MW beams
Bl L L L L AT T T T T T T T T T L e e L

@N) 3 E bN)3 0 F cN) 7 E [dN]I_g

o t® o N 01 L@ 0

normal L
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.2 2
sin‘8,, dcp SIn"0,3

Ocp
Mass hierarchy }°°|"a”||t|°lf"9“2i[ T2KK has a good sensitivity

to resolve the parameter
degeneracies.




10

S. Nakayfama, T2KK06
CDQ —.SIN2204,70.96 = |,
N 0/4 S|n22@2§=0 99 0.6 0.6

(b) no mal inverted

7l
wl

0.4

-1
10

Sin220,,

10

sin 923

Octant ambiguity of 8,; can be resolved at 2c if sin“26,, < ~0.97
(almost independent of the value of sin220,, and mass hierarchy).

E> T2KK could resolve the 8 hold degeneracy of the oscillation parameters.



Beam Energy Profiles at Sites in Korea
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1.0 to 3.0 degree off-axis
beam available in Korea.

Given the baseline,
possibility to cover |st &
2nd maximum depending on

OA angle

= Concentrate on OA|

or OA2.5 in Korea and
OA2.5 at Kamioka

(see our talk T2KK 06)

Events (nu_mu CC /50 MeV /1021 p.o.t. / 100 kton)

A. Rubbia, T2KKO7

100

® ®
L=] L=/
I

70
60
50

40

20

10

(=]

- jnubeam

¥

i Gyeongju

OA1°

Sinlyeong OA1.5°

Heunghae QAZ2°
OA2.5°

L~1050km

- -L—|__L.
Tl I Ty

=

"~ Probability nu_mu -> nu_x Baseline 1050 km

2.5e-3eV?2

1.5

2

2.5 3 3.5 4
Ene (GeV)



Sensitivity of Mass Hierarchy
A. Rubbia, T2KK07

O The longer baseline & higher rate improves mass hierarchy determination

Mass Hierarchy Determination - 4MW

300

- /”»
250 OA1-1025km

200 OA 2.5-295 km
150
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GLOBES
0 | |

10 10° 102 L, 10
sin® (20,,)




fraction & CP coverage

Events (noulrinos / 200 MaV / 28°10%p.at. / 100 kan
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CP Discovery - 4AMW

OA1-1025km

OA 2.5-295 km

"

OA 25-1025 km

T2K-1?

difficult @
Kamioka

qﬂlli

A. Rubbia, T2KK05/06/07

OA 1.0 deg, 28 x 1021pot, 100 kton mass

Very high sensitivity, especially
In the very small sin226,, region.

150

Mass Hierarchy

Mass Hierarchy Determination - 4MW
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