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Site Plan

] Basic design finished in Dec. 2015
[ ] Construction company selected in Sept. 2016
[ ] Ground breaking in Feb. 2017
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Photo taken in April 20
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Layout of RAON

Project period: Dec. 2011 ~ Dec. 2021
@® Scope: Accelerator Facility, Buildings & Utilities
® Budget: Total ~US 1.43 B

— Accelerator and Expt. Facility: ~US 0.46 B

ﬁé — Building & Utility: ~US 0.97 B (including the land cost)
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Layout of RAON

Driver Linac Post Acc. Cyclotron
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Expected RIBs at RAON
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RAON aims to provide an access to unexplored regions of nuclear chart.
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Accelerator Systems

SCL2(SSR2)
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Sl Section Cyclotron IF System
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Experimental Systems

Neutron Facility
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Major Achievements

Items Major achievements
+ Technical Design Report (TDR, 2013.06)
- Updated baseline design summary (BDS), Established system requirement (SR)
» Superconducting RF test facility (2016.06) > QWR cryomodule test complete! (2017.05)
TSN = = ST |
TDR/ Test { SoaT
facilities
Demonstration of SC Linac Cryogenic Plant Cavity Performance Test
« Technical Designs for SRF cavities, ECR lon source, LEBT, RFQ, etc. (2012.06~2013.06)
» Prototyping of RFQ (2013.10~)
» Prototyping of RF power systems (2013.10~)
+ Prototyping of SRF cavities & modules(QWR, HWR) (2013.09~)
+ 15t Oxygen lon beam Injection with ECR IS (2015.03)
* 15t Oxygen beam acceleration with RFQ (0.5MeV/u, 2016.12)
Components ' ,-— : s T = . —
for | 2
. g 80
Accelerating fw
§ a0
system :

0.0 01 02 03 04 05 06
QA

Performance test of
prototype QWR SRF cavity

Performance test of
prototype QWR module

Heavy lon Beam Injection with 28GHz
superconducting ECR ion source
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Major Achievements

Items

Major achievements

IF System

Optimization of optical design for in-flight fragments separator system (2012.06 ~ 2014.02)
Performance test of single-slice graphite target using electron beam (2012.10 ~ 2013.10)

Design, manufacture and test of LTS quadrupole magnet (2012.06 ~ 2014.04)

Manufacture and test of HTS coil (2013.10 ~ 2014.04)
Successful low temperature test for LTS quadrupole prototype magnet (2016.01)

s 3
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“ .‘” L
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Engineering design for IF target
system

Performance test for LTS quadrupole
prototype magnet

Engineering design for IF beam
dump system

ISOL
System

Construction of ISOL offline test facility (2012.06 ~ 2013.05)
Optimization of ISOL beamline optical design (2013.06 ~ 2015.04)
Manufacture of Surface ion source and FEBIAD-type ion source (2015.04)

High purity Sn beam extraction using RILIS for the first time in Korea (2015.12)

S —

Sn isotopes 1

Nt (A)

| e
f

Installation of ISOL test facility

Extraction and separation of Sn and Cs ion beams
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Major Achievements

Items

Major achievements

Experimental

« Manufacture of TPC, neutron detector prototypes for nuclear physics (2013.10 ~ 2014.12)

+ Manufacture and performance test of PPAC prototype detector for beam tracking (2013.10 ~ 2015.03)
+ Installation of laser cooled Calcium ion system (2015.04)

+ Manufacturing DAQ module prototype for pSR (2013.10 ~ 2015.04)
» Performance test of neutron detector for LAMPS (2015.10)

system
Engineering design of KOBRA Manufacture and performance test Engineering design of application
system of TPC for LAMPS Expt. systems (USR, NDPS, BIS)
+ Start the purchasing process of SCL3 (18.5 MeV/u) cryoplant (4.2 kW) (2017.03)
+ Building the control infrastructure with EPICS (2013.01 ~ 2015.04)
+ Solid state power amp (SSPA) testing for superconducting & normal conducting cavities (2013.01 ~ 2016.07)
Cryo-,
control, RF
systems

Cryogenic System
(Warm pumping system for 2K)

Control system testbed

Prototype RF system
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Major Milestones

2014 2015 2016 2017 2018 2019 2020 2021

...... Utility Supply

ECR Beam

SCL Demo Beam DAY-1 Exp. IF RI Beam
's?h :'15)9'3"‘ (17.12) (20.07) (21.12)
)
[ Site Building }
Basic
Civil Design
Const- 6
ti T‘:i’:‘de' Detail
Laniat Progc. DeSign
Construction/Facility Inspection/Safety
Management
\\ / Radiation Safety Approved by KINS )
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LAMPS: large Acceptance
Multi-Purpose Spectrometer
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Overview of LAMPS

(RAON)
ECR

Solenoid Dipole Neutron
Spectrometer Spectrometer Detector
Array
TS »
~ | «
Si-Csl Neutron array ”
Target Scintillation Si+Csl
Counter
Focal-plane
detector
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Overview of LAMPS

(RAON)

ECR -
lon beams to IF target via SCL1+SCL2

RIB to IF target via ISOL+SCL3+SCL2

———————— = Solenoid Neutron
_______ Spectrometer Detector
Array
Target Scintillation
Counter
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Prototype TPC: Design

Prototype TPC with half dimensions

Outer field cage

Triple GEM

Inner field cage

490 mm
Bottom Al frame for PAD & GEM



Prototype TPC: Components

[Readout Pads] [GEM Foil] [Field Cage]
Tested pads with the two Trapezoidal shape 35 um thick and 2 mm wide Cu strips
different dimensions Thickness: 75 um 500 um gap between adjacent strips
3 X 10 mm?: 357 Ch./Oct. Area: 166 X 118 mm? Mirror strips on the back
4 x 15 mm?: 175 Ch./Oct. Triple layers for each plane 1 MQ resistors with 0.1% var.
Multi-layer PCB board TPC body: G10 + Aramid honeycomb
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Prototype TPC: Assembly

Inner Field Cage installed Prototype TPC assembled

- ——

—
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Prototype TPC: Test at ELPH

[ ] ELPH: Research Center for
Electron Photon Science at
Tohoku University, Japan

[ ] Dates: November 2016
[] Beams: e™ beams at 500 MeV
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Prototype TPC: Event Displays
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Prototype TPC: Drift Velocity

P10, 155 V/cm . Preliminary
50 22/ ndf 0.00113 -
- beam height offset —482.6 +15.63 7r = % ; $ % S Ll iy by
45 | drift velocity (cm/ps) 5.267°+ 0.1589 NS - %ﬂ $
E C . B [
L 40 3 - 2793838020,
5§ I £ 5#'“'”7"1’ 9
‘© 35 2 L e ELPHP10
< - 2 - s+ ELPH ArCO,
% 30; 5 B o muon P10
3 - 2 - = muon P20
B = 3r o QGarfield P10
251 5 o Garfield P20
r 2- ~  Garfield ArCO,
20; r A D
| I\\\‘I\\\‘I\\\‘I\\\‘I\\\‘\\\\‘\\\\ L A A A
95 96 97 98 99 100 101 1 TATE 4
hit-time (us) E

00 120 140 160 180 200 220 240 260 280 300

[ vgrife S 5.3 cm/pus for P10: E-Field(V/cm)

Maximum distance: 512 timing bins X 0.04 us/bin X 5cm/us = 100 cm

[ ] Tested P20 with cosmic muons: v > 6 cm/us that will be suitable for
LAMPS TPC if read out from only one endcap side.
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Prototype TPC: Diffusion

P10, 155 V/em oo Preliminary
0'3: A7 | g2/t 0.01204/1 | |0 R = P10
C g o2 (cm?) 0.03492 + 0.01704 i ° AI‘002
0'25:_ ' diffusion coef. (Vcm) 0.03104+0.007343 40 0 035*
< o1s e & — 0.03
g C gk e L T B
D g . 5’- 20 _EJ -
01— 3 ' 2 i
r ‘© 0.025
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2 — N2 2 015- e
Utrack =D“z + Op 0.015
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O-OII\\I\\I\\IIII\\I\\\\\\\\\II\II\
7 drlft |ength 1b0 110 120 130 140 150 160 170 180
. e E-Field (V/cm
Otrack . Width of hit distributions (Viem)
w.r.t. the fitted track
D: diffusion coefficient
0y coefficient depending on the amplification system
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Prototype TPC:

4 x 15 mm? pad
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Neutron Detector Array (NDA)

|
|

2m veto

m

Dimensions of each
scintillation bar:
10 X 10 X 200 cm?3

[T T T T ITTTTTITTTTIT T g

[ 1 Constructed the real-size prototype detectors and tested their
performances using
— Radiation sources: ®°Co and 2>2Cf
— Neutron beams at RCNP, Japan (this talk)
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NDA: Beam Test at RCNP

[ 1 E479 approved in B-PAC in March 2016
[ 1 Date: May 2016

[ 1 Beam specifications
— Protons on Li production target (p+’Li =2 n + /Be)
— Neutron energies: 65 and 392 MeV in NO beamline
— 10 nA flux X 1/9 chopping
— Background neutron above 3MeV is less than 1% [NIMA629, 43 (2011)]

//aréa/cﬁ//////////////////
//F/d/y_p e Neutronflux 1><101°n/sr/,uCZ

_ B= 0° Neutrons 2 stations W/th
1 veto layer

Litarget = B>
Concrete perture ("0")/
10x12 cm
450 cm 150 cm //
Z T BT Tl /

Choppmg S|gnals

Protons
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NDA: RCNP-E479

D6
D D5
S1. pry
D3
1/

)|
1
1
1
1
1
1
S

Veto /
Neutrons I I

[ ] Distance from target to the detector: 15 m
[] Gap between stations: 60 cm

[ ] Dim. of each S1 detector: 10 X 10 X 100 cm3
[] Dim. of each S2 detector: 10 X 10 X 200 cm?
[ ] Beam size at S1: 25 X 30 cm?
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NDA Energy Resolution for Neutrons

@ A0S ET Tt Tg e Preliminary
cC E ) % Entrles 2107844 ] .
3 392; MeV ﬁ Mean 4458 ® Time resolution:
§uwy 0 Jgen . 2
o Sigrinal_\ﬁmo.zifizg_ At = \/(AT) + (Ax/v)* = 0.66 ns
=N where
10° ¢ BT T T S M R E At = FWHM of y peak = 0.60 ns
ol 8 T U 0 U O N WO i Ax = effective thickness of the detector
: il ﬂﬂ% qﬂp : | = (Total thinness of Li target, veto,
L B 8 L L L e e e - _
i4\|20 '42115”‘4@0 43'5' 4|4c|1 445 450 455 460 and neutron detector)/2 = 6.0 cm
Time (ns) v = neutron velocity = 21.3 cm/ns
x10°
T 5 Neutron energy resolution:
o 250 Mean 290.4 a AE
° r ;EZﬁtant A s ] = ]/( + 1) — =3.2%
200/ Sigma 5.538 ]
- ] Where
o0 Lorentzy = 1 + E/mc? = 1.42
100f t =70.4 ns
505 / -
S SOV N S S N N L ; Energy resolution (FWHM/E)= 3.3 %
DOIfT‘/SOHI’I‘DDIH“ISLI'IHéOCII"2|5C‘JHII30(‘]HI|556H400 450 500
E,.; MeV

20-24 August 2018 APCTP-BLTP JINR (2018) 30



NDA: Posmon Resolutlon for Neutrons & Cosmics

£ 50000 sPosition Preliminary
> - Entries 566838
S 1 392 MeV m Mean 0003044 ® Hit position difference between D1
40000 Constant  4.769¢+04
B ean 0.004352 .
- For neutron f \ S oousts and D2 for neutrons:
00 beams l Axs1 = Xp1 — Xp2

for 10 MeV threshold and 6t < 3 ns

20000

UL
——

——@ Relative position resolution for

10000} /J ‘K ] neutrons for one bar:
ST I A Pl . N I o(Axg)
-0.6 -0.4 -0.2 0 0.2 0.4 0.6 O-n = — = 3.1 Cm
Axsy (m) V2
‘2 500f Entries Haoe 6923
8 = Forcosmic ® Position difference between the
" muons Yeur 05730010 projected hit position and the hit
300 position for D3 for cosmic muons:
200 Axsy = XDp3,proj — XD3,hit
i ——>® Relative position resolution for
100 cosmic muons for one bar:
05463020 16010205040 5o o = M — 3.1 cm
" :
AxSZ (m) 1.87
20-24 August 2018 APCTP-BLTP JINR (2018) 31



NDA: Assembly

Closeup view of the interface

Curing UV glue Fixing light guide with vice between scintillator & lightguide

Assembly facility at
Sejong Campus of
gl BESSE Korea University

VAl | ¢ . .
¥ which is close to the
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Summary

[

[

Rare Isotope Science Project (RISP) at IBS, Korea is
moving forward.

The construction and civil engineering for RAON
has begun.

LAMPS is a dedicated spectrometer for nuclear
symmetry energy at RAON.

Performance tests of the prototype TPC and the
neutron-detector-array modules with accelerator
beams were done.

Assembly of neutron-detector-array modules
recently started. Plan to finish the construction
this year.
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