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MRTOF-MbS at RAON:

Overview: RAON, ISOL
MRTOF-MS (Multi-reflection time-of-flight mass spectrograph): Physics, principle
Current status of MRTOF-MS at RAON, including on-line measurements

HIPPE project
Summuary and plan (discussion)
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Overview : RAON

RAON (Rare isotope Accelerator complex for On-line experiments)

e Accelerator System
e RI production System
e Conventional Utilities

e Experimental System

Waste Storage
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Overview: RAON

RIB production &
acceleration mode

Production
Mechanism

RIB Energy

KoBRA

ECR (SIB) — SCL3 — KoBRA
Prod. Target

Direct reactions
Multi Nucleon Transfer

< a few tens of MeV/u

ISOL

Cyclotron (p) —
ISOL (RIB) > SCL3

KoBRA : Korea Board acceptance Recoil spectrometer & Apparatus

IF : In-flight Fragmentation separator

SCL 3: (Low-energy) Super Conduction Linac 3

p induced U fission

> a few of keV/u

IF Separator

ECR (SIB) or ISOL (RIB) —
SCL3 — SCL2 - IF (RIB)

Projectile Fragmentation
(U fission)

< a hundreds of MeV/u

ISOL : Isotope-Separator Om-Line

SCL2 : (High-energy) Super Conduction Linac 2

Vagq0)

Low energy
Experiment Hall

o . ¢ KOBRA ,
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Overview: RAON
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Overview: RAON

Institute f

Basic Sciel —
[

® Commissioning of SCL3 with Ar beam

4 :May 23, 2023

Beam Energy "‘17 MeV/u |

N‘B
e

. zEream Energy 18 5 MeV/u =

o T e Wy

= The first call for proposals was done in Dec. 2023 for
domestic users (recommended by Science Advisory
Committee)

* Three user experiments using SCL3 Ar beam and
KoBRA were completed (July to August, 2024)

110
40 b, /W] | A ﬁty, ,.\ 100
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< The 2" commissioning with 20Aré+>

® First Beam Commissioning of KoBRA (May 31 ~ June 2, 2023)

40Ar3* 16.1 MeV/u, 0.22 pnA

Position & Time measurement
(2 x PPAC)

Position & Time measurement (2 x PPAC)
Energy loss measurement (SSD)

°o—- < FO Phosphor at KoBRA >

APy lnectitiita fAr

Beam dUmp
F1 Plastic (Degrader)

at FO Position

/
FO/ Beam phosphor
/ Production Target

40Ar3* Primary Beam

v

*
L
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Particle identification with AE-ToF method
16.1 MeV/u

407 beam = SSD: Energy loss measurement

, ;M’f v = PPACs: Time-of-flight measurement

A
)

7 12 7 50
B . :
6l 1B « LISE™ | (L o Experiment
'8 Q . . 40
-~ i ¥ T 1%Be
24t ¥ "AvBe T4t 93 0
S, Bel™ | <, e
2 - A @ g & ‘8| ' 20
2 v S K ®He ‘ 2 - 7 L
l § & ‘ - L1? 10
oL 'T
0 0 0

160 180 200 220 240 260 280 160 lw ’00 220 uo 260
ToF (nsec) ToF (nsec)

e A .- A



Overview: ISOL (Isotope Separation On-Line) :

« Proton beam @E =70 MeV, a Cyclotron

- Target: SiC, TiC, LaCsz, (UCx)

« Jonization: Surface ionization, RILIS, (FEBIAD)
« RI's extracted and confirmed:

- Na and Al isotopes (SiC, Surface)
- Mg isotopes (SiC, RILIS)
- Cs, Ba isotopes (LaCs, Surface)

« RIre-acceleration of 25Naé* (T1/2 = 59.4 s)

EBIS-CB
o — Proton Beam

— RI beam

RIID Station

78 T I TIS module
ato" " -
' GeRsl 70 MeV,

.‘ . s -
- (6‘ o A ‘

= . - Q!
nl' - - . o
B e s

RI measurement P
. . re-mass separator
(Scintillator + Photo P

multiplier tube)

. o @ — @ = @
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up to 14 uA

* ' —_
5 v -
Y i
o !" “‘

Cyclotron ﬁl 4

Proton Number (Z)

Si22 Si23 Si24 Si25 Si26 Si27  SI28  Si129  Si130 Si3l

Al21 AI22 AlI23 Al24 AI25 Al27 A28 AI29 AlI30

Mgls Mgl9 Mg20 M921M924 Mg25 Mg26 M929

Nal7 Nal8 Nal9 Na20 Na2l Na22 Na23 Na24 Na25 Na26 Na27 Naz2s8

Nel5 Nel6 Nel7 Nel3 Nel9 Ne20 Ne2l Ne22 Ne23 Ne24 Ne25 Ne26 Ne27

Fl14 F15 F16 F17 F18 F19 F20 F21 F22 F23 F24 F25 F26

013 014 015 & 016

017

018 019 020 021 022 023 024 025

N12 N13 N14 N15 N16 N17 N18 N19S N20 N21 N22 N23 N24

Cl1l Cl1l2 C13 - C1l5 Cl6 Cl7 C1l8 C1l9 c20 - C22

B10O Bl1l B12 B13 Bl14 B15 Bl16 B17 B138 B19 B20 B21

Be9 -Bell Bel2 Bel3 Bel4 Bel5 Belé6
Li9 Lil0 Lill Lil2

He8 HeS9 HelO

Neutron Number (N)

< RlIs from SiC target (confirmed by HPGe and Scintillator >

Ion Source and
Axial I
Y %{ ECE) Y
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o MR R/ Cyclotron (IBA),

B R 35-70 MeV, 1<075mA
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Mass: physics observable of MRTOF .

> M(ZN) = Zx® + Nx®
-Binding Energy (Z,N)

)

- Binding energy, attributed to the nuclear interaction
- Nuclear mass database, so helpful to understand

a. nuclear interaction depending on isospin asymmetry
b. nuclear synthesis path, in particular at the waiting points

¢

Nuclear shell (structure) evolution, Origin of elements

1 Institute for iﬁl— " Institute for

Basic Science Rare Isotope Science

Origin of elements: nuclear synthesis
I-process, Ip-process, 1-process, etc.,

occurring in various conditions

Stable nuclei
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Mass: physics observable of MRTOF-MS :

Neutron, proton separation Energy (Sn, Sp):

Sn (Z, N) = M(Z, N-1) + mn - M(Z, N) = BE(Z, N) - BE(Z, N-1)
Sp (Z, N) = M(Z-1, N) + mp - M(Z, N) = BE(Z, N) - BE(Z-1, N)

Resonance reaction rate:

1.5399 x 10'!
N = ) i —11.60¢
A<ov> (UTo)3/ (wy)iexp( 609)

Abundance ratio at the waiting point;
YA+1 o GA+1 A+1 27Th2 3/2
v PP 9G, A mukT) e"” 1/KT)

In r-process,

resonance energy

A+1

Y(Z,A+ 1) 0
Y(Z, A)

And Qg:, important in the beta decays

o ® — O w— @
1 Institute for -I -R-I Institute for
Basic Science Rare Isotope Science

Origin of elements: nuclear synthesis
I-process, Ip-process, 1-process, etc.,

occurring in various conditions

Stable nuclei
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Principles of the MRTOF-MS .

1V,
Basic principle: “Heavier and longer flight time”
t1 — Lo 2 1: unknown
[fKE=constant, [ xy\/m —> mM;=my ¢ = My, 2: Reference

20 m : lonic mass

m T o Am |

Rm — 5— — ST Precision = — N: number of ions
1 m Rm\ﬁ\f

To achieve higher mass resolving power, longer time-of-flight, or smaller width, or both

>
¢' ’

e v
Bzﬂ £” “Isochronous condition”, made
to reduce the effect of initial energy

Electrostatic Mirror .
spread of ions

Large number of multiple reflections, equal to long flight length, e.g., a few hundreds meter or kilo-meter

N o — @ = O
1 Institute for -I -R-I Institute for
Basic Science Rare Isotope Science



Principles of the MRTOF-MS

o
N ! V 4
& S O a=» e
Multi-reflections in the well potential creating by mirror electrodes <—> A few 100s m flight
“Isochronous condition” creating a “Time focus” at a specific number of laps
Vinjo/ %i VejeO/ . .. :
VinjC Vinj1 Vinj2 DT LENS = 54321  VejeC Internal transmission efficiency is
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Principles of the MRTOF-MS

. 100

the width of TOF peak is at the minimum.

Ions in the faster (slower) region travel longer (shorter) path,
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MRTOF-MS at RAON y

RAON (Rare isotope Accelerator for ON-line experiments): A large scaled accelerator complex in Daejeon

- RI production: In-flight (IF), ISOL (Isotope Separation On Line) and combination of both
- MRTOE-MS, one of seven User experimental devices, installed at the ISOL hall.

e = L J,‘Wﬂb m;
{Centralcontrolsystemj —»[Superconductinglinearaccelerator(SCLz)] B! ‘ ===~ = &

Yy,
;mrfw::rj-,' | 1SOL system | "> IF system

LV TRF b[ Utility Building ] T
ol {1 / . 8

ol )
'Superconductmg linea

r[ Injector J
accelerator (SCL3) J

| Cyclotron |

......

| Ex remely low
MMS
L temperature system

E] Accelerating devices D Basic devices l:i RI generating devices . Experimental devices

I\/IRTOF MS, mstalled at RAON ISOL beomlme

® . [ - » 12
] Institute for I RI S Institute for
Basic Science Rare Isotope Science




MRTOF-MS at RAON : .

Gas cell (stopping incident ion beam of E <10 keV), Trap system (cooling, bunching), and
MRTOF analyzer (multi-reflections of ions)

- Compact, quick and precise : Measurement time of <10 ms, sub-ppm level relative precision
- Mass measurement, (Isobar separation)

Detector (MagneTOF, ETP co.)
MRTOF analyzer

~ ‘ \.\-.’ a

o A o I MRTOF analyzer
e W ﬂ"' b o — a
,hl i ‘ A
.@‘ Trap system 636‘“ ,
‘ W "‘ / . .
e Differential

pumping section

Gas cell

Potential distribution

QPIG
(Quadrupole ion guide)

- e me—— 8
ia'a '!} 55, w17
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2 o ot {
B . | AP i iR
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Trap system
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Gas cell

Reference

jon source
-

Beam shifter
(two sets of XY steerer)

Front linear Paul trap

Rear linear Paul trap
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On-line Measurement of ISOL. RI beams  ,

- Relatively intense rare isotopes produced at the ISOL TIS, 200

have been measured at the MRTOF-MS. 1507

to = 170 = 5 ns Comparison with

Proton Number (Z)

G literature value
S~
° ° ° ° ° >
» Observation is well agreed to the literature within the error. & 1004
3
- Lower yield isotopes will be accessed after resolving g 50
< +
ission i 104 3
transmission issue (~ L o A P WU G S
Si22 Si23 Si24 Si25 Si26 Si27 | Si28  Si29 | Si30 si31 %
Al21 AI22 AI23 Al24 AI25 -Al27 A28 AI29 AI30 =50 1
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-100 L L 1 L ]
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HIPPE beam line construction project : .

- Motivation: Diversification of the physics topics using ISOL beam

« Construction of the additional beamline for ISOL beam transport to the advanced facilities (“HIPPE”)

Mass measurement
& related R&D work
(double beta-decay)

IBS/ CENS

Quadrupole
bender

Penning
trap

L

IBS/CUPS, SNU

highly-charged ion

Institute for FEe 3 €
1 g:si]cl]S(teiegze IRI

Singly-charged ion

EBIT (Charge breeder)
T1/2(9)

Institute for
Rare Isotope Science

- HIPPE : High Precision and Purity Experimental beamline

« MRTOF: Isobar separation for better beam purity
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HIPPE beam line construction project (Current

Decay

 Ion Optics carried out, with SIMION

Conversion between the angles % station
»+ Q-bender and steerer, constructed (a: azimuthal, : elevation) -
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Summary and plans

« RAON is Koread’s largest accelerator research facility, aiming to achieve
global competitiveness and address the needs of external users.

- The ISOL facility offers key advantages:
- Intense and better emittance rare isotope or stable ion beams.
- Particularly suitable for low-energy ion beam experiments, i.e., E < 20 keV.

« MRTOF (Multi-Reflection Time-of-Flight Mass Spectrometer):
- Specialized in the short-lived, low-intensity rare isotopes.
- Expected to contribute to optimization of beam production.

» Future plans (Construction of new beam line):
- Installation of new experimental devices to expand the research fields in the ISOL

- Decay Station (IBS/CENS), Penning Trap (IBS/CUP), EBIT (POSTECH), in consideration.
- Promote research collaboration through this. -
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Back-up

Institute for
Basic Science

Indirect methods such as “reactions” and “decays (q, B, y, p, etc)”

- Useful especially for the isotopes whose structures are well known

Direct measurement is more preferred, many devices currently in operation.
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