Nuclear Instruments and Methods in Physics Research A 686 (2012) 91-99

Contents lists available at SciVerse ScienceDirect

Nuclear Instruments and Methods in
Physics Research A

journal homepage: www.elsevier.com/locate/nima e

Construction and properties of acrylic vessels in the RENO detector

K.S. Park’, J.S. Park’, BC Kim?®, J.W. Shin’, JK Ahné, S. Choi’, Y Choi'!, H.IL. ]angk J.S. Jang?®, EJ jeon

K.K. ]oob* B.R. KimP, H.S. I(1ma* ]Y KimP, S.B. Kim’, W. Kim, YD Kim", J. LeeJ, L.T. LimP
, S.S. Stepanyan , K. Slyeon ¢ LS. Yeo b, L. Yu

M.Y. Pac9, I.G. Park®

@ Department of Physics, Chonbuk National University, Jeonju 561-756, Republic of Korea

,KJ. Ma™,

b Institute for Universe & Elementary Particles, Chonnam National University, Gwangju 500-757, Republic of Korea

€ Department of Physics, Chung Ang University, Seoul 156-756, Republic of Korea
d Department of Physics, Dongshin University, Naju 520-714, Republic of Korea

€ Department of Physics, Gyeongsang National University, Jinju 660-701, Republic of Korea

f Department of Physics, Kyungpook National University, Daegu 702-701, Republic of Korea

& Department of Physics, Pusan National University, Busan 609-735, Republic of Korea
f‘ Physics Department, Sejong University, Seoul 143-747, Republic of Korea
! School of General Education, Seokyeong University, Seoul 136-704, Republic of Korea

I Department of Physics & Astronomy, Seoul National University, Seoul 151-742, Republic of Korea

K Department of Fire Safety, Seoyeong University, Gwangju 500-742, Republic of Korea
! Department of Physics, Sungkyunkwan University, Suwon 440-746, Republic of Korea

ARTICLE INFO ABSTRACT

Article history:

Received 16 March 2012
Received in revised form

11 May 2012

Accepted 13 May 2012
Available online 5 June 2012

Keywords:

Acrylic

RENO

Leakage test
Neutrino oscillation

The aim of the RENO (Reactor Experiment for Neutrino Oscillation) is to measure the smallest neutrino
mixing angle, 013. The RENO detector consists of four concentric cylindrical layers: the target, y-catcher,
buffer and veto. Acrylic is used for the target and y-catcher vessels, both of which contain liquid
scintillator. Acrylic was chosen because it has good transmittance in the wavelength range of
400—-430 nm and also does not react with liquid-scintillating solvents. In order to reduce systematic
uncertainties, the target volume should be identical to a level of less than 0.1% between the near and far
detectors. Furthermore, the acrylic vessel should not have any leaks. In this paper, we investigate the
optical properties, design and construction of the acrylic vessels used in the RENO detector.

© 2012 Elsevier B.V. All rights reserved.

1. Introduction

The RENO experiment is designed to measure the smallest,
unknown neutrino mixing angle 63 using anti-neutrinos emer-
ging from the Yonggwang nuclear power plant located on the
west coast of the southern part of Korea. The power plant consists
of six reactors and it produces a total thermal power output of
16.4 GWy;,, the second largest in the world. The six reactors are
lined up with roughly equal distances between adjacent reactor
and span a total distance of ~ 1.3 km.

The RENO facility has two identical detectors to reduce
systematic uncertainties. The near (ND) and far detector (FD)
are placed roughly 290 m and 1.4 km away from the center of the
reactor array, respectively. The RENO detector consists of four
concentric cylindrical layers; the target, y-catcher, buffer and veto
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layers, listed from the innermost to the outer most [1]. The target
and the y-catcher vessels are made of a transparent acrylic
plastic. The neutrino target vessel contains Gd (gadolinium)
loaded liquid scintillator and is surrounded by the <y-catcher
vessels which are also cylindrical and filled with unloaded liquid
scintillator. The acrylic vessels should hold aromatic liquids
without any leakage. Any physical and optical properties should
remain unchanged over a long period including over the duration
of the experiment. Furthermore, there should not be any chemical
reaction of the acrylic vessels with the scintillating liquids.

2. Properties of acrylic vessels
2.1. Acrylic

The RENO transparent vessels holding organic liquids are
made of an acrylic plastic called polymethylmethacrylate (PMMA
(Cs0,Hg),); Plexiglas GS233 produced by Degussa Company
GmbH, Germany. This acrylic is made by a casting method. Acrylic
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sheet made by a casting method is known to have better
mechanical and chemical properties than extruded acrylic sheet.
GS233 has good impact resistance strength and is highly trans-
parent. It transmits up to 92% of visible light at 3 mm thickness
and reflects about 4% from its surfaces [2]. The measurements of

Table 1
Dimensions of the RENO detector.

Target y-Catcher  Buffer Veto
Material Acrylic Acrylic Stainless steel Concrete
Thickness (mm) 25 30 6/8/12% 400
Height (mm) 3150 4340 5780 354
Inner diameter (mm) 2750 3940 5388 8400
# of PMT 354 x2 66 x 2

2 The buffer vessel thickness is 6 mm for the barrel, 8 mm for the top, and
12 mm for the bottom section.

the optical transparency in the RENO detectors are reported in
Section 2.5.

2.2. Vessel dimensions

The target vessel is a cylindrical acrylic container with a
140 cm radius, 320 cm height, and 25 mm thickness. Its total
volume is 19.2 m® with a target mass of 16.1 tons. The target
vessel holding 0.1% gadolinium-loaded liquid scintillator (GdLS) is
surrounded by the y-catcher vessel, which is filled with normal
liquid scintillator (LS). The <y-catcher vessel has a radius of
200 cm, a height of 440 cm, and a thickness of 30 mm. A buffer
tank of stainless steel contains a non-scintillating mineral oil
(MO) to reduce accidental backgrounds coming from outside,
which are expected mainly from radioactivity in the photomul-
tiplier tubes (PMT) and from surrounding rocks. The buffer vessel
is a cylindrical tank 270 cm in radius and 580 cm in height, and
6 mm thickness. The dimensions of the RENO detector are listed
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Fig. 1. A drawing of the RENO detector (unit is mm). Chimneys and two calibration devices can also be seen. The supporting structures are made from the same

transparent acrylic as the vessels.
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