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

SCL 2 extension area for upgrade
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mSR (Muon Spin Rotation/Relaxation/Resonance)
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Powerful techniqueto investigatelocal(nano-scale)electromagneticstructuresand propertiesof materialby using

polarizedmuons

Details in JKPS 87, 683-688 (2025)



BIS (Beam Irradiation System)

Dedicated system for life science research with rapidly scanning irradiated samples, as well as flash radiotherapy, 

using heavy-ion beams of up to 338 MeV/u (12C+6 ~ 40Ar+18)

Beamline length ~ 16 m

BIS beamline room

BIS irradiation room

Details in JKPS 87, 689-704 (2025)
Estimated SOBP distribution obtained from PHITS simulation

(1x10-7 Gy, width ~ 63 mm, non-linearity ~ 1.5%)

Irradiation area is changed within °100 mm 

at the target for a 332.2 MeV/u 12C+6 beam 

during Dx/Dt > 20 m/s.



LAMPS (Large Acceptance Multi-Purpose Spectrometer)

Main facility for nuclear matter and nuclear reaction studies with intermediate energy stable and rare isotope beams

Å Main Research Subject

Study of nuclear symmetry energy at supra-saturation density via heavy-ion collision experimentusing rare isotope beam

with varying beam energies and collision systems

(e.g. measure n/p ratio & collective flow at the same time in the combination of 50,54Ca+40Ca, 68,70,72Ni+58Ni, 106,112,124,130,132Sn+112,118,124Sn)

§Designed to cover wide acceptance range with

high detection efficiency and accuracy of

charged particles and neutrons

§Beam Diagnostic Detectors : Two plastic start counters

and two beam drift chambers

§Solenoid Spectrometer

- Max. 1T solenoid magnet

- TPC (~ 3psr acceptance, charged particle tracking,

complete information of momentum and PID)

- Scintillation counters (ToF/Trigger Detector Array)

§Neutron Detector Array (neutron tracking)
LAMPS Experimental Hall

Ÿ LAMPS can take all available beams at RAON

Details in JKPS 87, 670-682 (2025)



LAMPS Physics (Nuclear Matter Symmetry Energy Study)

¶General approach
- Calculate the energy per nucleon E/A = e(r, d) as functions of

baryon density rand isospin asymmetry d

¶Theoretical approach
- Estimate of e(r, d) by some density functionals or variational calculations

¶Experimental approach
- Constrain EoSusing controlled laboratory experiments at specific densities

e(r, d) = e(r, d= 0) + Esym(r)d2 + µ(d4) + ÖÖÖ

with Esym(r) the symmetry energy & d= (rn -rp)/ (rn + rp)
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PRL 94, 032701 (2005)

Experimental data points with RI beams at supra-saturation 

densities are not many.

LAMPS will provide experimental data using rare isotope 

beam with varying beam energies and collision systems.

Examples for Sn at RAON

N/Z(106Sn + 112Sn) = 1.18

N/Z(112Sn + 112Sn) = 1.24

N/Z(124Sn + 124Sn) = 1.48

N/Z(132Sn + 124Sn) = 1.56

Prog. Part. Nucl. Phys. 

134, 104080 (2024)



LAMPS Neutron Detector Array (NDA)

Comparison of performance for 

similar kind of neutron detectors  

Published in NIMA 927, 280 (2019)



LAMPS Neutron Detector Array (NDA)

- Installation of all modules (160 neutron detectors + 20 veto detectors) were completed in Dec. 2018.

- Moved to RAON from Sejong Campus, Korea Univ. in Aug. 2021.

- Added 60 veto detectors & Permalloy shields in Sep. 2022.

- Taking cosmic muon data until 2024.



LAMPS NDA @ SAMURAI

¶Since SAMURAI International workshop 2024 was held in Daejeon, Korea, there have been discussions between SAMURAI and LAMPS people

about how to utilize LAMPS NDA in SAMURAI.

¶In Subproject 3 of TOP-Tier platform In Extreme Rare isotope science(TOPTIER) between IBS IRIS and RIKEN Nishina Center, Korean group

is developing experimental ideas based on these setups and planning to use LAMPS NDA at SAMURAI with a 2-year + 3-year extension.

Courtesy of Y. Kondo

4 & 6 neutron detection experiments

Expect at least 2 times better detection efficiency 

8He(p, pa)4n @ qcm = 180o

E = 2.37 °0.38 °0.44 MeV

G= 1.75 °0.22 °0.30 MeV

Published in Nature 606, 678 - 682 (2022)



LAMPS NDA @ SAMURAI

2025.11.27.              2025.12.03.



LAMPS NDA @ SAMURAI

¶SAMURAI -74 Correlations in multi-neutron systems via 6,8He(p, pX+xn) & SAMURAI -55 Determination of the nn scattering length from a

high-resolution measurement of the nn relative-energy spectrum produced in the 6He(p, pŬ)2n, t(p, 2p)2n, and d(7Li, 7Be)2n reactions experiments

are scheduled in the middle of May.

¶SAMURAI -83 Search for collective modes near multineutron thresholds: Dipole response of halo nuclei 14Be and 11Li experimental proposal was

accepted. (from Korean group)

¶Experimental ideas for heavy-ion collision experiments to study nuclear symmetry energy using SpRIT TPC+NDA are under development.

¶Other experimental ideas using NDA are welcome.



Time Projection Chamber : Final Design

¶Pad dim. : ~ 3 x 10 mm2

¶# of Ch. : 2,698/sector x 8 sectors = 21,584

¶FEE : 11 AsAD/sector x 8 sectors = 88 AsAD

¶Pitch of Cu strips : 2.5 mm

(2 mm strip + 0.5 mm gap)

¶480 field strips + 479 mirror strips

¶1MWSMD resistor

¶Electric field strength : Ez = 200 V/cm

¶Final design of readout, gas vessel, and field cage

- Readout will be only at the upstream end.

- P-20 gas with vdrift > 6 cm/µs meets entire readout time of GET electronics over full drift length (120 cm).

- Octagonal outer barrel and circular inner barrel (X/X0~1.55%), active gas volume ~ 1,200 Liter

-Inner radius : 150 Ÿ 100 mm, Outer radius : 500 Ÿ 535 mm

- Maximize the active region for R = 105 ~ 503.5 mm

-Using Quadruple GEMs (effective gain Ó 103)

GEM

Readout : AsAD

Target

Active area

105 ~ 503.5 

mm
beam



LAMPS TPC Test Results

Muon Test for Drift Velocity

Muon trigger

- coincidenceof two scintillators

- scintillator size : 20 x 20 cm2

- trigger position : 30 cm, 60 cm, 90 cm

FC drift field : 115 V/cm, 125 V/cm, 135 V/cm

20 ms



LAMPS ToF/Trigger Detector Array

¶Time-of-Flight measurement of charged particle for PID and counting the number of charged particles for centrality selection (st < 300 ps)

- Barrel side : 46 x 150 (L) x 9 (W) x 1 (T) cm3 EJ-230 scintillator with MPPC S13360-6050PE both ends

- Downstream side : 48 x 50 (L) x 2.4 ~ 9 (W) x 0.5 (T) cm3 EJ-232 scintillator with MPPC S14160-4050HS both ends

- Time resolution st = 150 °2.1psat bench test, st = 236°1.9pswith 90Sr,

st = 163 °1.6pswith cosmic muon for BToF & st = 180 °2.7pswith 90Sr for FToF


