8%t A YR A 8

Current status and future plans of KoBRA
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\OOBRA

Korea Broad acceptance Recoil Spectrometer & Apparatus

Goal: Construction of multi-purpose experimental instrument using stable or Rl beams for studies of the

nuclear structure and nuclear astrophysics, in the energy range of about 1 — 40 MeV/u
< Rl beam productions at a few MeV/u and at about 20 — 40 MeV/u using a stable ions from ECR ion source

% Recoil mass separator at less than few MeV/u for direct measurements of radiative-capture cross, using a Rl
from ISOL facility (future plan)
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Low energy experimental hall A

Curved-edge bending magnets

Beam dump
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High energy
experimental hall A

Hexapole magnet Target
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S0BRA

Korea Broad acceptance Recoil Spectrometer & Apparatus

E1 Counting
Room

Beam Transport room 1

==m Stable or Rl beams

E1 (KoBRA)

—
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o
-
w
)
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Magnetic rigidity

0.25-3.0 Tm

Angular acceptance

80 mrad (H)
200 mrad (V)

Momentum acceptance

8%

Momentum resolving
power at F1

2100 at 2 mm beam
size

Mass resolving power
(with Wien filter)

750 at 2 mm beam
size

Beam swinger

up to 12 degree for
3 Tm

High order correction

up to 4t order

Degrader at F1

Homogeneous

Rl beam production for study of nuclear
astrophysics in the energy of few MeV/u like
CRIB.

Primary target
(Hz gas, Dz gas, elc.)

Secondary (Ri) beam

&m

CRIB/CNS

D3NP N \! detectors
Q
Q g

Wien filter (2004~)

D

Rl beam production for studies of nuclear structure & nuclear
reaction in the energy of 20 — 40 MeV/u for A < about 40 like

Recoil spectrometer for study of nuclear astrophysics in the energy of

SECAR/MSU

Recoils

< few MeV/u like SECAR or DRAGON.
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’"6 Rl beam production experiment
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Korea Broad acceptance Recoil Spectrometer & Apparatus M OB s v H - v.'. etectors 10
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CoBRA

KUI’L 1 Broad acceptance Recoil Spectrometer & Apparatus

% 2013 - April 2014

% April 2014 - October 2016

% Mar 2014 - Aug 2017

% May 2017 — December 2018

» Primitive optics design

WSO KWWK

WHED XvW

7

— Stage?2 )

J. Park (student), Y.K. Kwon

* International collaborators
S. Kubono (RIKEN)
S. Kato (Yamagata Univ.)
G.P.A. Berg (Notre Dame Univ.)
G.A. Souliotis (Athens Univ.)

» Optics design was finalized

« Magnet designs were finalized

» Beam dump design was finalized

» Radiation shielding structure was
finalized

» Conceptual design of vacuum was done

i

ST
s Q0BG i
Rl LR
e QOO0 1w

Wien filter

Curved-edge b\.'nd\i.ns
Small quadrupole magnet

magnet D2

Sextupale magnet” -
Large quadrupole magnet

I araday cup, iron blochi e
Curved-edge bending magnet o~
Collimator chamber — |

K. Tshoo, J. Park (student),

M.S. Kwag (student)

» Beam diagnostic detectors were
developed and tested:
- PPACs, Plastic & silicon detectors

» Detector DAQ system were developed

K.B. Lee, Charles Akers, J.H. Park, E.H. Kim

 Purchasing procedure
(Contracted on December 2018)

HAN MAC (Korea)

Project management

DA N FYS I K (Danmark)

Project management
Designs of all magnets
Productions of bending magnets and swinger

() KRTECH (korea)

Productions of quadrupole and sextupole
magnets

VITZRO TECH (Korea)

Designs and productions of diagnostic
chambers, beam pipe, beam dump, and etc

K. Tshoo

% February 2017 - March 2019

s 2015 — December 2019

* Basic design of KoBRA control system
was done

i

KoBRA Counting room

KaBRA Eperimental Hall &1 Power Supply room

 All the detailed requirements of
Experimental Hall A/B were discussed
with the Facility Construction &

Infrastructure Division

| . Tshoo




S0BRA

Korea Broad acceptance Recoil Spectrometer & Apparatus
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CoBRA %

KUI’L 1 Broad acceptance Recoil Spectrometer & Apparatus

Positioning

E1 (KoBRA)

F3

KoBRA Installation

W EBT
Q" (KoBRA)* sedﬂ!’!i
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CoBRA

KUI’L 1 Broad acceptance Recoil Spectrometer & Apparatus

E1 (KoBRA)

F3

KoBRA Installation

Delivering

E1 (KoBRAJE2:

Delivering §

B2 (K. Tshoo) BO|27t%7|HAA 2023.05.17
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Korea Broad acceptance Recoil Spectrometer & Apparatus

‘,u&!g Assembling

/ t

g% g‘(“ FO [r“\,

F1
50 ton

— P

H R

E1 (KoBRA)

i

KoBRA Installation

) E1 (KoBRA

) F1 section
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CoBRA

kun Broad acceptance Recoil Spectrometer & Apparatus

Qirine
\ FO

Vacuum test

E1 (KoBRA)

F3

KoBRA Installation W - - N —E

FAZ(K. Tshoo) BO|27t%7|HFEA 2023.05.17



CoBRA

kun 1 Broad acceptance Recoil Spectrometer & Apparatus

E1 (KoBRA)

F3

Radiation Shielding
Block installation

FO section Shielding block

K:-oBRA'i'--_\Mtion (Beam Trau“ort Room 1) 2020.12

F1 section Shielding block

P —— hlh‘n CE—

e ——————ty RECSESS

=
53
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S (K. Tshoo) &0|27t&7| A A 2023.05.17



S0BRA

Korea Broad acceptance Recoil Spectrometer & Apparatus

E1 (KoBRA)

F3

Cable tray & Cable
installation

Cables & Cable tray delivering

Y%t S SIEHYUXL Wit 28 AT ST HY

Connecting cooling lines

= ﬂzo.os; -
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COBRA

kurL Broad acceptance Recoil Spectrometer & Apparatus

E1 (KoBRA)
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Control system
installation
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COBRA

kun Broad acceptance Recoil Spectrometer & Apparatus

Installlng detectors (PPAC, Plastic, SSD) ’

‘ !

E1 (KoBRA)

F3 Installing detectors (PPAC Plastic, SSD)

Detector & DAQ E_!F—- S W o e
system installation N |

Silicon detector array for
Nuclear AstrophysiCs
study at KoBRA (SNACK)
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CoBRA

kurL Broad acceptance Recoil Spectrometer & Apparatus

Magnet power supply Room

E1 (KoBRA)

F3

Completion of
Installation:
30 June, 2021

2021.06
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CoBRA

Korea Broad acceptance Recoil Spectrometer & Apparatus

Remote Control Panels
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"'. BRA Test using a-source

KUI’L 1 Broad acceptance Recoil Spectrometer & Apparatus

Detector DAQ PC

e AIphé 'go_t}?ce.

24 Am at tar
position, JL’ \

F1 section

(5.4.MeV)

<7 E

e

g 5000 -
£ a) o Experimental data % 150 “ 0 200
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CoBRA

kun 1 Broad acceptance Recoil Spectrometer & Apparatus

Beam Commissioning Experiments Plan

Beam Time  4CAr°* Beam  Att. purpose Detector Priority

KoBRA tune(1.95 Tm), Detector/electronics tune,

1 24x3 h 100 psec, 1 Hz| - detector calibration with 4°Ar and very low Halo 1

intensity of light RI beams

KoBRA tune (1.75 Tm) for production of heavy RI

2 24%x0.5 h 100 psec, 1 Hz| - Halo 1

beam

3 24x2 h 100 psec, 1 Hz| - Rl beam production for 1.75 Tm Halo 1
Magnetic rigidity scanning for Rl production

4 24x4 h 100 psec, 1 Hz| - Halo 1

cross section measurement

5 24x0.5 h 100 psec, 1 Hz| - KoBRA tune with Swinger for 1.75 Tm Halo 2

6 24x0.5 h 100 psec, 1 Hz| - Rl beam production for 1.75 Tm with Swinger Halo 2
Rl beam fast timing y-ray spectroscopy for 1.75 |KHALA+Ha

7 24x3 h 100 psec, 1 Hz| - -

Tm (CENS) lo
8 24x1 h 100 psec, 10 Hz| 102 KoBRA tune for 4Ar beam transport 1
9 24%1 h 100 usec, 10 Hz| 102 CENS detector tune 1
40Ar(d,py) reaction experiment (KoBRA Team) Halo 1

10 24x2 h 100 psec, 10 Hz| 102

40Ar(p,2p), Fast time measurement of 39Cl (CENS) KHALA 1
Activation method in inverse kinematics for HPGe/CH,
11 24x2 h 100 psec, 10 Hz| 102 1
astrophysical studies (CENS) Al foil
12 24%3 h 100 psec, 10 Hz| 10> |40Ar+p and “CAr+d elastic scattering studies (CENS)| STARK 2

F0|27157|HE 25 AL EHRISP) & IBS

S|4 HARTHCENS) &

SR U SPHUR WA, 2E AR ST HY
Curved-edge bending magnets

Beam dump

p “ﬁmu\ %

Quadrupole magnets

FI chamber

Hexapole magnet Ta |rg=et ‘

F2 chamber Beam swinger

Wien filter

CoBRA

ot

Sh = 74
o T o
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- Wi e SM L SHHUR M, HE AT ST HY
Accelerator complex for
ON-line experiments

Q1 Q2 Q3 Q4 Q1 Q2 Q3 Q4
Beam commissioning 40Ar :
SCL3 0.7 - 20 MeV/u) Beam maintenance ISOL Beam
40
KoBRA Tests, Improvements, Preparing to commissioning experiment maintenance ISOL. Bgarp
Commissioning Commissioning
NDPS Installation & Test Tests, Improvements, Preparing to commissioning experiment
Q1 Q2 Q3 Q4
SCL3 ISOL Beam Proton beam maintenance

KoBRA ISOL. B(.ean.I maintenance
Commissioning

NDPS Protop l.)ea.m maintenance
Commissioning

Beam service to
Users &
experiments

% We finished installing KoBRA at the end of June 2021, and tested a beam transportation using 5.4 MeV « source.

% All of devices consisting of KoBRA are being still improved by reflecting the issues obtained from the o source test.

% We are now preparing to the beam commissioning experiments together with IBS CENS.

% We have a plan to perform several experiments using stable ion beams from SCL3 in 2023, and will provide Rare

Isotopes Beams for users in 2024.




. B8 X St AR Wi 8 AR STt MY
Collaboration (2022) i

ol |
Wien filter

CENS ~—— (@)
| |
Wﬁf”gﬁﬂﬂaif‘ HPGe lJ rl i E r Plastic neutron counter array

Re-buncher Student :
Re-buncher  pylse beam \devices
I"'
BRA —— IIDPS «—— <2 e
KAERI Research Institute
K01t:1 Broad m.cpt ance Recoil Spectrometer & Apparatus Nuclear Data Production Sys |c.1n
IC detector
Student

SNACK detector electronics
Neutron convertor

detectors

S SUNGKYUN KWAN UNIVERSITY
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RADIATION

Radiation Analysis

Y%t W SIHYUXL Wit 28 AT ST HY
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Radiation analysis

0.1Tmm-thick C-target

1 ppA

Beam irradiation:
4 days

Min (2.34E-02) : Avg (1.74E+02) : Max (2.47E+04)
100 mSv/h

10mSv/h

1 1mSv/h

1100 MSv/h

10 MSv/h

1 MSv/h
From ZXH™ (J.C. Kim)

30 MeV/u “Ar

m TN

i
ora m%g

SR Eea0s

10 ppA

Beam dump

Beam irradiation:
40 days

“ "10 cm-thick lead box

‘:‘Tnf Lf’

unit: uSw/hr (Log)
Min (3.88E+00) : Avg (1.685E+05) : Max (3.79E+07)

unit: uSv/hr (Log)
Min (3.88E+00) : Avg (1.65E+05) : Max (3.79E+07)

250.00
222731
19546
168.18 [

14091
113.64
B6.36 [
59.09
3182

45851
22731

50,00 . . . . . . .
-300 -200 -100 0 100 200 300 400
X axis

300 200 X axis

83 MeV/u proton

100 mSv/h

10mSv/h

1 mSvh

100 USv/h

10 MSv/h

1 YSvh
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Radiation analysis

@

KoBRA

unit: uSwv/hr (Log)
Min (2.34E-02) : Avg (1.T4E+02) : Max (2.4TE+04)
-G....OR Akl

8800
8700
8600
8500

v axis

8400

y axis

8300

8200

8100

8000

6000
X axis

G200 G400 G600 GB0!

unit: uSwv/hr (Log)
Min (8.95E-04) : Avg (1.21E+04) : Max (1.68E+06)

From Z X (J.C. Kim)

unit: uSv/hr (Log)
Min (1.83E-03) : Avg (3.85E+01) : Max (2.61E+03)
8800

8700

After 4 hours

8600

8500

8400

y axis

8300
8200
8100
8000
5600

5800 /000

X axis

6200 6400

unit: uSv/hr (Log)
Min (8.32E-04) : Avg (7.31E+03) : Max (9.44E+05)

P

S
L0 D)

= L0 O =]

cc.:ummggmmc.m

)

y axis

unit: uSw/hr (Log)
Min (1.46E-04) : Avg (1.39E+01) : Max (8.60E+02)

After 1 day

5600 5800 /000

X axis

6200 6400

unit: uSwv/hr (Log)
Min (4.62E-04) : Avg (2.59E+03) : Max (3.51E+05)

-300

6600

v axis

R

e

CICNE0—F XD

"

Y%t S SIEHYUXL Wit 28 AT ST HY

unit: uSw/hr (Log)
Min (6.07TE-08) : Avg (4.45E-01) : Max (2.24E+02)
8800

8700

After 6 days

8600

8500

8400

8300

8200

8100

8000

5400 5600 5800 6000

X axis

6200 6400 6600 6800

unit: uSv/hr (Log)
Min (3.73E-05) : Avg (1.15E+03) : Max (1.16E+05)

=]

SRR

200
100

y axis

X axis

10mSv/h

1mSv/h

100 MSv/h

10 USv/h

1 uSv/h

100mSv/h
10mSv/h
1mSv/h
100 JSv/h
10 MSv/h

1 HSvh
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