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 Introduction

- We had proposed RENO project in 2005.
— The project had been approved and started in 2006.

-We had started to construct the civil facility and finished it
In the south western area between year 2008 and 2009.

-We had started to construct the detector 2009, and we will
reach final line in this year.

— The goal of this experiment is to search the 8,; parameter in
more definte limit.



d RENO Facility

-1 had been focused on the facility till now. So | will review the pr
ocess of the construction in some pages.
- We had been to be difficult to start constructing because of
anti-nuclear-societies.
many officer in charge.
many document and agreement in relation.
But we could had done something!

- Civil constuction
- Detector design



[ Located in the west coast of southern
part of Korea
(ZFEE B LEE (RREBEKAET N M)
[ ~400km from Seoul
[ 6 reactors are lined up in roughly equal distances
and span ~1.3 km
O Total average thermal output ~16.4GW,,
(2nd largest in the world)
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Near tunnel is nonfree to enterance
(Inside of EAB boundary))

pxperimental tunnel

xperimental tunnel

Far tunnel is free to enter
(Outside of EAB boundary)!

............

gltunnel is used for
'stem apparatus no




The rock quality and tunnel safety in the RENO underground facility

The physical characteristics of rock around the tunnel had been measured through preliminary
drilling prior to constructing the underground facility for detecting neutrino. The stability of the
tunnel during excavation and the long term stability had been confirmed on the basis of physical
characteristics on the rock around the tunnel.

I. THE GEOLOGICAL CHARACTERISTIC
AND THE ROCK IN Y.G AREA
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FIG. 1: The geological characteristic around the unground 10 20 3 4 50 60 70 8 % 100 110 120
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facility site in Yonggwang area.

FIG. 3: The electric seismic plots along the survey line paral-
lel with the access tunnel.(top)the plot in the near site, (bot-
tom)the plot in the far site.

II. THE ROCK QUALITY
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FIG. 4: The electric resitivity plots along the survey line par-
allel with the access tunnel. (top)the plot in the near site,
(bottom)the plot in the far site.

FIG. 2: Borehole rock samples from the near and far detector
sites. (top)the sample in the near site entrance, (bottom)the
sample in the far site.
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TABLE I: Physical parameters in the rock L. TUNNEL SAFETY

Rock Load P, by RMR

Tunnel Pysical quantity Magnitude Unit
Near Elastic velocity in Rock 1200 m/s p = 100 — RMR ~-B (1)
Compression strength  143.5 MPa " 100
Deformation parameter 10395 MPa In here, v: unit weight, B: width of tunnel
Elastic modulus 16353 MPa Pressure of shotcrete(Psc)
Far Elastic velocity in Rock 1000 m/s
Compression strength  143.5 MPa P - fe - (r; — tc)Q] @)
Deformation parameter 10395 MPa ) 2
Elastic modulus 16353 MPa Pressure of rockbolt(Pay)
We could have had good rock to excavate)
: ; T
Pa = ®
- c’
In here, P, = P, + Psp, then
P,

-

Safety ratiol= — \ (4)

support Shotcret Rockbolt Totalpressure Load of\ Safety
pattern of supporting the rock io

(MPa) (MPa) (MPa) (MPa)
PS-1 0171 0010  0.181 0.012 | 15.08
PS-2 0271 0012  0.283 0034 |8.32

Safety ratio is about 10 in RENO tunnel

TABLE II: Results of the physical parameter in the rock.
FIG. 5: The rock mass rating(RMR) in the tunnel site.(Top)
in the near tunnel,(bottom)in the far tunnel.



The basic design of RENO underground facility and veto detector

We had constructed the underground facility for the RENO experiment Feb. 25. 2009. NATM
method was used to construct the tunnel considering financial and physical condition of tunnel

construction. In this page, we will describe the basic scheme including the mechanical condition of
the veto detector and the buoyance of the detector.

I. DETECTOR
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FIG. 1: The feature of the RENO detector.
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FIG. 2: The plan and the section view in the tunnel.
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FIG. 3: Detector design in early times(left side). Final design
of detector(right side)

FIG. 4: The anchorbolt assembly in the bottom of veto(left)
and the concrete tank(right) under construction in last year.

II. BUYOANCE



TABLE I: Measured result of the volume and buoyancy effect

B | EU | ZEME|4E | 480 AR (SREWEL]
N

volume(cm?) density mass(kg) buyoancy(N) fes —— PA
Taget LS 18710.0 .86 16090.6 I T 7 = = K
Target vessel 932.7 1.19 1109.91 X8 9 30 I SBAZN SHD
sum 19642.7 17210 317.3 il i
CGamma LS 33267.3  0.86 28609.9 WAy [TERT @ [ T
Gamma vessel 2270.0  1.19 2720 Te— S
sum 35537.3 31320.9 14785 o
Buffer oil 76620.0  0.84 64360.8 TR,y [ (RS
Buffer Lid 2466  8.05 1985.1 sihal |P . ]
Buffer barrel 969.6  8.05 7805.2 . =
Buffer supporter 383.0 7.805  2989.3 WEI g ht |D
sum 78219.2 77117.8 1078.7
veto mass 354028.8 1 354028.8 N

’
g
:
£

FIG. 5: The feature of the veto tank(left) and the buffer tank
filled with water(right).

FIG. 6: Measured volume and mass of the buffer supporter

by 3D inventor

If the detector will be filled with liquid material,
Buoyancy will be balanced by structure material slightl
yD



] RENO status

-In order to reach final, all part is bei
ng gathering and assembling in the
near and far tunnel.

-Working in now

-Electronics

-Electronics and DQA

-Gd Loaded Liquid Scintillator
-RENO Event Display

-Constructing the Veto Tyvec Frame
-PMT setup
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Figure 1.9: A schematic view of RENO detector. A neutrino target of 18.7 m® Linear Alkyl
Benzene (LAB) based liquid scintillator doped with Gd is contained in a transparent acrylic
vessel, and surrounded by 33.2 m® unloaded liquid scintillator of gamma catcher and 76.5 m®
non-scintillating buffer. There are 354 and 67 10-inch PMTs mounted on buffer and veto vessel
walls, respectively.



Working in now )

PMT setup(holder assembly, mounting, cable running)

VETO Tyvek setup (frame constuction, Tyvek frame setup)

Gd Loaded Liquid Scintillator

( Arclyic mixing tank fabrication, Gd-LS production)

LS mixing and storage tank
( Fabricating Stainless/Arclyic storage tank and setup)
Electronics Hut & Control Room

Electronics setup

DAQ( computer, harddisk, networking, Run Control setup)
Calibration system

(PMT T & Q, energy calibration, pedestal, PMT gain & uniformity,

vertex resolution, ....)

- Glove Box

- 3D robot arm

- 1D calibration system

- Laser calibration system

Monitoring system

(PMT performance, trigger rate, data stream, HV, temperature, pedestal

data... )



QBEE (QTC-Based Electronics with Ethernet)

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

= hispeed & dead-time-less

= We use SK new electronics)
(all hardwares are ready))

Custom ASIC QTC

3 ch x 3 gain
0.35um CMOS

Conceptual design of the systemb

====> {Gbps Ethernet =

9 x 100Mbps
9 x 100Mbps
VVYVYVYVYVYVY WY lllllllll
. Network Switch |
%%]: . H Network Switch LLI 4000 — L LT toorT —
' b S Flcs137 .
b 1l R I : 2 x 1Gbps 3500 —
LI I S o ]
421 channels v ¥ C .
Inner : 354 S 3000 —
VETO : 67 High DAQ PC Event Build PC c - .
= Run Control . - -
Voltage Dlstrlbutor . czﬂe;:r < pm—— az::;r W 5500 — —
Supplier - Sender - Software Trigger - ]
T T T T 2000 | —
* 60MHz clock * .‘, 1 - .
« ~B0KHz serialized trigger 1 1 - .
: Online H 1500 = -
I Master Clock : Monitor PC : E -
1 1 1000 — —
i v C 3
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synchronized - TDC reset 1 C ]
signal « Trigger ID 1 - .
» Event number 1 1 0 C_F L 1 | L 1 1 1 1 1 -+ T T  —
@ v 0 20 40 60 80
Offline N.P.E(Number of PhotoElectron)

Trigger Module

P ES—— Permanent
in VME Control PC

Storage




PMT(1-48) : PMT No.l to 48
M : HV module A1332
D : Decoupler
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- multi channel connector
DS : SHV connector

Rack (19" ) O : Lemo connector

Figure 3.12: HV supplying and decoupling system for a detector of 421 PMTs. Each group
consists of one A1932 48 channel HV supplying module and 48 channel decoupler box.
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CnH2n+1 _CGH5 (ﬂ:1 O~1
CH. |-",'.i'~3""' ‘
Linear Alkyl 8enzene (LAB)

0.1% Gd+TMHA N 3“

Linear Alkylbenzene
@ U

<

High Light Yield : not likely Mineral 0il(MO)

Carboxylic acids

replace MO and even Pseudocume(PC) H

Good transparency (better than PC) 64,0, # R_C:_C<°
High Flash point : 147°C (PC : 48°C) H o
Environmentally friendly (PC : toxic) @
Components well known (MO : not well known) 6dCBX C/R
Domestically available: Isu Chemical Ltd. (0|5} &t) o7 |




ENO Analysis Control
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Max inner hits: 3379.00

Ew= 829.880 MeV ‘9“&
Max outer hits: 83.00



Tyvec frame install Will set up veto Tyvec in late season

N
LSS

15

< 26.4mp >
We will prepare many piece of Tyvec 26.4m in wide. And we will do very fine stitching)




Assembling PMT holder with mu-m "”li

Near 354 ea, Far 354 ea

Using the bridge for setting up
Two weeks needed

A kind of elevator and
Easy to access in buffer and veto

Effective to setup a round type dete




] Location of the RENO detector

-We must get detailed relative coordinate.
- | will present some coordinate, and we try to...

- | have received interesting proposal for presenting the north korean
nuclear explosion from Prof. Suekane (Detecting potential by RENO).

- | did considered the problem simply.



The position of the RENO detector for Yonggwang reactors

The RENO’s underground facility with a cavity, exit tunnel and research tunnel was constructed
at the near site(~290 m) and far site(~1.4 km). The center coordinate of detectors had been
determined during tunnel construction’s period automatically. In this page, we consider the relative
position between detectors and reactors.

I. THE COORDINATES OF THE RENO II. RELATIVE DETECTOR POSITION FROM
DETECTOR FOR THE NATIONAL BASE POINT REACTORS

Otot, — U% + ONear + OFar

By combined traverse)

TABLE II: Distances of reactor’s cores from near and far de-

1460004

tectors.
Nat'l Point\
T Reactor No. X-coord Y-coord Z-coord
T ¢ Reactor i1  ~600 0.00  0.00
Hosof—% Reactor #2 . . 0.00
. . o . Reactor 43 . . 0.00
N | gli;;gtla’l;h;?ﬁ?:lbmed traverse on the basis of the national Center point 0.00 0.00 0.00
Precision in measuring Eeactor 34 ' ' 888
eactor 45 . . .
25cm/9.3 km  2.69 x 10°5=0.00026%.) e a0 000 000
TABLE I: The result of the combined traverse in the position Near Dectector -39.13  291.59 20
measurement. Far Detector  79.06 -1380.48 32
Measured line X Y Measured point L . ]
420 416 211412.86 14914382 416 -We could not approach to the position informatio
16 — Bl 212934.505 148011.410 B1 .
B9 n of reactors untill now.
B3 -Reactor position is controlled by
B4 . . . -
. . Bs NIS(National Intelligence Service, B K &R FT).)
oo B AT LTSS bt it is difficult to get information!
_> 4. ) - s L . .
Tot Difference on _ Ratio -But we will try to approach to the information as
the traverse =1/36091 :
958913 soon as possible.




First test(2006 > \Second\test(2009)

) 0.8 kt ~4.6 kt : guessed by a korean news agency
. ~ 20 kt: guessed by a foreign news agency

In here, we assume half value
12.5 kt: same with Hirosima’s value

Hirosima’s Little boy(12.5kt) Nakasaki's Fatman(20kt)

Ze=)

Explosnve Uranium sphere
26
=327x10" MeV

Uranium cylinder
wnth neutron source

Ignition layer

Chemical explosive

Neutron reflector

Plutonium

charge with cylindrical hole
Neutron source

_ (12.5kt)(4.18x 10" J / kt)
(1.6x107"°J /eV)(10°el)

26 ..
Number of neutrino = 3.27x10" MeVxb6n,, / f ission_, 1os n.
200MeV/ f ission
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We calculate all value roughly

Number of Neutrino:  10% n,
s e =
Distantace: from Gilju to YongGwang: 600km Ryongya gs:ﬁig QX BhA[E b4
= 1.2+
Acceptance: target area/r’2 ' 1Lol— * #u | i — — — —
target area of 16t — 9m? 5 #
target area of 2kt — 270m? z 4 ';\L‘mmh Cver
target area of 50kt — 1400m? 2 06F O Bugey
0.4F o Gocsmen
Cross section: 1.00E—46 m?2 in 3MeV A Krasnayark
0.2+ 1 Palo Verde
m Chooz ® KamLA
‘;ppFe)(imatieH ) 0.0 1 1 1 |
10! 107 10° 10t 10°
Distance to Reactor (m)
::::?iﬁ':f Distance |Acceptance [flux (r;l:mber of Prot g;oss secti Number of Event
RENO16ton 1.00E+25 6.00E+05 1.99E-12| 1.99045E+13 1.00E+30  1.00E-46] 0.00199045
(same with RENO Target)
2kt 1.00E+25( 6.00E+05 5.97E-11| 5.97134E+14] 1.25E+32] 1.00E-46 7.46417197] ~4
f’::r;e with SKO» 1.00E+25 6.00E+05 3.36E-10] 3.36164E+15 1.00E+33  1.00E-46 33616419 ~115

RENO detector size is too small to detect north korea nuclear explosion!

—Explosion of 14 kg U23° happen during 990ns )
—-We must discriminate the signal of the events )
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Nutron Generation eq. in nuclear fission is as follow I Sig\ IProperty - > N
"\8MeV Signal Property 8Mey 4
« Q_BME%UW. pey 8MeV /
kn+1 - 1 T S \aosﬁﬁnmrru G 8MeV
N=FT o 1) RIS AV
,, \\ \ x‘BOus 1 \I\q ‘
In here, N: Number of fiission, k: multiplation factor, n: / \ 1 \ ,t \\
nt" generation. N \ \ 7
We suppose that U235 have super critical mass of Seo 27
k=1.8. Generation time tau between fissions is 10 ns.
< > 7D
14k
J = 3.50 x 10% nucl 990ns)»

N = 27 . .
(235u/nucl.)(1.66 x 10~27kg/u) @) (eXD|OSIOI’1 tlme)P
And eq.[1] could be as follows

-Positron signal is expected to be
appear simultaneously
-Delayed signal is ?

= N(k—1)+1

Then N ~ 10%°, if we ignore +1

-If we want to detect the signal,
we need more definite study
CmNG-1)] 7 (In more larger detector size!!)

(n+1)lnk = In[N (k —1)]

Therefore, total generation time ig 990ns




dSummary

- RENO is suitable for measuring q,; (sin(2q,5) > 0.02)
- Target and Gamma catcher were installed.
- RENO is under assembling phase.
- Data—taking is expected to start in end 2010
- International collaborators are being invited.
. —We also wish to do some research in the field of the AAP in Korea.
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Thank you for listening!



