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MRTOF-MS at RAON:  
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Overview: RAON, ISOL
MRTOF-MS (Multi-reflection time-of-flight mss spectrogrph): Physics, principle
Current sttus of MRTOF-MS t RAON, including on-line mesurements
HIPPE project
Summry nd pln (discussion)



Overview : RAON
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RAON (Rare isotope Accelerator complex for On-line experiments)
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Overview: RAON
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Overview: RAON
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Overview: RAON
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• Proton bem @E = 70 MeV,  Cyclotron
• Trget: SiC, TiC, LC2, (UCx)
• Ioniztion: Surfce ioniztion, RILIS, (FEBIAD)

Cyclotron (IBA),  

35~70 MeV,  I < 0.75 mA

• RI’s extrcted nd confirmed:
- N nd Al isotopes (SiC, Surfce) 
- Mg isotopes (SiC, RILIS)
- Cs, B isotopes (LC2, Surfce)

• RI re-ccelertion of 25N6+ (T1/2 = 59.4 s) 

Overview: ISOL (Isotope Seprtion On-Line)



Mss: physics observble of MRTOF
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Nucleus

Σ (nucleons)

🤔
M(Z,N)  = Z×    + N×
-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

Origin of elements: nucler synthesis 

r-process, rp-process, i-process, etc., 

occurring in vrious conditions  

NSM

Binary system  
(NS+Red Giant)
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Origin of elements: nucler synthesis 

r-process, rp-process, i-process, etc., 

occurring in vrious conditions  

NSM

Binary system  
(NS+Red Giant)

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)

And Qβ±, important in the beta decays

Neutron, proton separation Energy (Sn, Sp): 

Mss: physics observble of MRTOF-MS
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Bsic principle: “Hevier nd longer flight time”

T ∝ m
1: unknown 
2: Reference 
m : ionic mss

Rm =
m
δm

=
T

2δT
Precision =

Δm
m

=
1

Rm N
N: number of ions

To chieve higher mss resolving power, longer time-of-flight, or smller width, or both

Electrosttic Mirror

“Isochronous condition”, mde 
to reduce the effect of initil energy 
spred of ions

Lrge number of multiple reflections, equl to long flight length, e.g.,  few hundreds meter or kilo-meter

If KE = constnt,

Principles of the MRTOF-MS



Multi-reflections in the well potentil creting by mirror electrodes <—> A few 100s m flight

“Isochronous condition” creting  “Time focus” t  specific number of lps 

VinjO/ 
VinjC Vinj1 Vinj2 DT LENS Ve

je
6,

7

5 4 3 2 1
VejeO/ 
VejeC

~ 480 mm
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Internl trnsmission efficiency is  
round 60 ~ 70% for 500 lps (Time focus) 

39K ion

Principles of the MRTOF-MS
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Num
ber of lps

Tim
e of fl

ight

At the lp of time-focus, the width of TOF pek is t the minimum.
Ions in the fster (slower) region trvel longer (shorter) pth,  
mking the TOF pek more nrrow. 

Principles of the MRTOF-MS



RAON (Rre isotope Accelertor for ON-line experiments): A lrge scled ccelertor complex in Dejeon

- RI production: In-flight (IF), ISOL (Isotope Seprtion On Line) nd combintion of both

MRTOF-MS, installed at RAON ISOL beamline

- MRTOF-MS, one of seven User experimentl devices, instlled t the ISOL hll.
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MRTOF-MS t RAON



Gs cell (stopping incident ion bem of E < 10 keV), Trp system (cooling, bunching), nd  
MRTOF nlyzer (multi-reflections of ions)
- Compct, quick nd precise : Mesurement time  of < 10 ms, sub-ppm level reltive precision

MRTOF-MS, installed at RAON ISOL beamline

- Mss mesurement, (Isobr seprtion)

MRTOF-MS t RAON
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On-line Mesurement of ISOL RI bems
• Reltively intense rre isotopes produced t the ISOL TIS,  

    hve been mesured t the MRTOF-MS.
• Observtion is well greed to the literture within the error.

• Lower yield isotopes will be ccessed fter resolving  

     trnsmission issue (~ 10-4).

Comprison with  

literture vlue
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HIPPE bem line construction project
• Motivtion: Diversifiction of the physics topics using ISOL bem

• HIPPE : HIgh Precision nd Purity Experimentl bemline

M. Rosenbusch et al. NIMA 1047, 167824 (2023)

IBS/CENS

Before

After

IBS/CUPS, SNU

• Construction of the dditionl bemline for ISOL bem trnsport to the dvnced fcilities (“HIPPE”)

• MRTOF: Isobr seprtion for better bem purity 
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HIPPE bem line construction project (Current sttus)

IBS/CENS

IBS/CUPS, SNU

• Ion Optics crried out, with SIMION
• Q-bender nd steerer, constructed 
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Summry nd plns

• RAON is Kore’s lrgest ccelertor reserch fcility, iming to chieve  
    globl competitiveness nd ddress the needs of externl users. 

• The ISOL fcility offers key dvntges: 
         - Intense nd better emittnce rre isotope or stble  ion bems. 
         - Prticulrly suitble for low-energy ion bem experiments, i.e., E < 20 keV. 

• MRTOF (Multi-Reflection Time-of-Flight Mss Spectrometer):      
        - Specilized in the short-lived, low-intensity rre isotopes. 
        - Expected to contribute to optimiztion of bem production. 

• Future plns (Construction of new bem line): 
        - Instlltion of new experimentl devices to expnd the reserch fields in the ISOL   
        - Decy Sttion (IBS/CENS), Penning Trp (IBS/CUP), EBIT (POSTECH), in considertion.   
        - Promote reserch collbortion through this.
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Bck-up
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