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RISP and RAON
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RISP = Rare Isotope Science Project
Plan & build Rare Isotope accelerator and experimental facilities in Korea

RAON (라온) = Name of Rare Isotope accelerator complex
Pure Korean word: meaning “delightful”, “joyful”, “happy”

•Brief History

-International Science-Business Belt (ISBB) plan (Jan. 2009)

-Preliminary Design Report (Mar. 2009 - Feb. 2010)

-Conceptual Design Report (Mar. 2010 - Feb. 2011)

-International Advisory Committee (Jul. 2011)

-Institute for Basic Science (IBS) established (Nov. 2011)

-Rare Isotope Science Project (RISP) launched (Dec. 2011)
✓Rare Isotope accelerator complex is the representative facility of IBS

-1st Technical Advisory Committee (May 2012)
-Baseline Design Summary (Jun. 2012)
-1st International Advisory Committee (Jul. 2012)
-2nd Technical Advisory Committee (May 2013)
-2nd International Advisory Committee (Jul. 2013)
-1st Program Advisory Committee (Oct. 2013 )
-Technical Design Report (Present: Dec. 2013)



Why Rare Isotope Beam?
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Double Magic 132Sn

rapid n-capture process 
(r-process)

Symmetry studies with Fr
Super heavy element

Modification of shell structure

Fission limits

Large neutron excess

Origin of heavy elements

Limit of nuclear stability?

Known nuclei
(yellow)

Stable nuclei
(black)

Based on the nuclear chart 
from RIA white paper

In periodic table
• ~100 elements
• ~300 stable isotopes
• ~3,000 unstable isotopes

About 3,000 ~ 6,000 unknown 
isotopes yet to be discovered
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RAON Layout
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High-Energy Experiments
(Ebeam > 18.5 MeV/u)

Nuclear Structure
Symmetry Energy

Low-Energy Experiments
(Ebeam < 18.5 MeV/u)

Nuclear Structure
Nuclear Astrophysics

Material Science
β-NMR

Accelerator Driver LinacDriver Linac Post Acc. Cyclotron

Particle proton U+78 RI beam proton

Beam energy 600 MeV 200 MeV/u 18.5 MeV/u 70 MeV

Beam current 660 μA 8.3 pμA - 1 mA

Power on target 400 kW 400 kW - 70 kW

ECR-IS (10keV/u, 12 pµA)
LEBT

RFQ (300keV/u, 9.5 pµA)

MEBT

SCL1 (18.5MeV/u, 9.5 pµA)
 

SCL2 (200MeV/u, 8.3 pµA for U+78)
(600MeV, 660 µA for p) 

SCL3 (18.5MeV/u)

ECR-IS

RFQMEBT CB HRMS

RF
Cooler

ISOL
Target

Cyclotron 
(p, 70 MeV, 1mA)

IF Target

Fragment Separator

Charge
Stripper

Driver Linac

Post Accelerator

IF
(In-flight 
Fragmentation)
system

ISOL
(Isotope Separation
On-Line)
system µSR

Medical Research

Atom/Ion Trap



Science and Applications with Rare Isotopes
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! Nuclear Physics
" Exotic nuclei near the neutron drip line
" Superheavy Elements (SHE)
" Equation-of-state (EoS) of nuclear matter
" Nuclear structure

! Nuclear Astrophysics
" Origin of nuclei
" Paths of nucleosynthesis 
" Neutron stars and supernovae

! Atomic/Particle physics
" Atomic trap
" Fundamental symmetries

! Material science
" Production & Characterization  of new materials
" β-NMR / µSR

! Medical and Bio sciences
" Advanced therapy technology
" Mutation of DNA
" New isotopes for medical imaging

! Nuclear data with fast neutrons
" Basic nuclear reaction data for future nuclear energy
" Nuclear waste transmutation 



Experimental Facilities
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ECR-IS-1 (10 keV/u, 12 pμA) LEBT1 

RFQ1 (500 keV/u, 9.5 pμA) 

MEBT1 

SCL1 (~100 m) 
• 18.5 MeV/u, 9.5 pμA 

SCL2 (~380 m) 
• 200 MeV/u, 8.3 pμA for U+78 
• 600 MeV, 0.66 mA for p  

SCL3 (18.5 MeV/u, ~100 m) 

ECR-IS-3 

CB 

HRMS 

RF 
Cooler 

ISOL 
Target 

Cyclotron  
(70 MeV p, 
0.75 mA) 

IF Target 

Fragment 
Separator 

Charge 
Stripper 

Driver Linac 

Post 
Accelerator 

IF system 

ISOL System 

μSR 

High 
precision 

Mass 
Measurement 

Gas Catcher 

Recoil  
Spectrometer 

Large  
Acceptance  
Spectrometer 
(Low-E) 

Low-E Exp. Facility 
High Resolution  

& Zero Degree 
Spectrometer 

High-E Exp. Facility (I) 

β-NMR 

Bio-medical 
Research  

(Low-E) 

Large  
Acceptance  

Spectrometer 
(High-E) 

High-E Exp. Facility (II) 

Neutron 
Science 
Facility 

Collinear 
Laser 
Spectroscopy 

Ultra-Low-E 
Exp. Facility 

ECR-IS-2 

Bio-medical 
Research  
(High-E) 



KOrea Broad Acceptance Recoil Spectrometer and 
Apparatus
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 KOBRA

Main facility for nuclear structure and nuclear astrophysics studies 
with low-energy stable and rare isotope beams

High quality & Low Energy
stable and radioactive ion beamsHigh performance spectrometer 

RAONKOBRA
@

2018 Q2

2019 Q2



Main Features of KOBRA
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Stage 2

- Large acceptance for more dissipative reactions 
  : large-bite and movable Q position just after F3 ! > 80mSr
  : rotation stage

- High resolution study with RIBs
  : dispersion matching ~ 10-4 in Δp/p

F0

F1

F2

F3

F4

F5

SI & RI beams from acc. WF1

WF2

Stage 1
- Production of high-intense RIBs with in-flight method

: p-rich RIBs up to A~80
: intensity > 108 pps, purity ~ 100 % 

- Beam transport 
  : RIBs from ISOL+SCL3 and SIBs from SCL1&SCL3 

" Main Research Subject
• Astrophysically important nuclear reactions
• Rare event study 
      - Super Heavy Element (SHE), New isotopes
• Nuclear structure of exotic nuclei 



Associate Equipment in KOBRA
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· RI Production target

F0

F1

F2

F3

F4

F5

· Si-array 
· Gamma-array
· Active target
· Gas-jet target (JENSA)
· High power solid target
· Gas target
· Polarized H/He target 

· Focal plane detection system

· Beam tracking detectors at F1~F5

Enough space around F3 : 1.5~2.0 m 
SI & RI beams from acc.
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" Gamma-array

Associate Equipment – detector 

" Si-array

" Beam tracking detectors

" Focal plane detector

- 4-fold 32 segmented Clover HPGe X 16
- 3/8 array (6 clovers) : ~ 2015 
- Half of full array : ~ 2018
- Last half of full array : 2019 ~
- International collaboration is under discussion

No of Clover Full array

Distance from target to 
detector surface 107.5 mm

Angle coverage 85 % for 4 π

Digital electronics TIGRESS

- PPAC (Parallel Plate Avalanche Counter) : 100X100 mm2, > 106 pps
- MCP (Multi-Channel Plate) : 70X70 mm2, 0.3 mm (FWHM) of position resolution
- Diamond detector for the future

- barrel-type (# of position sensitive Si detectors = 27)
- Azimuthal angular coverage : 60%
- ΔE-E telescope : 60 µm + 1500 mm

- Ion chamber + ΔE-E detector
- Effective length ~ 30 cm



Heavy-Ion Collision Experiment
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Study of Nuclear Matter
1.Exploring the phase diagram of strongly interacting matter

–Phase transitions (liquid ↔ gas, hadron ↔ QGP)
2.Determining Equation of State (EOS) of the strongly interacting medium
    below and above the saturation density up to 𝝆 ~ 2𝝆0

–Isospin dependence 
3.Modification of hadronic properties in dense medium
4.Importance for astrophysics

–Supernovae and neutron stars
–Nuclear synthesis and

          exotic nuclei near neutron drip lines
–QGP at colliders (not for RISP)

Liquid-gas
coexistence

0

1

Supernova IIa
Neutron stars

Z/N



Physics Observables for Heavy-Ion Collision 
Experiment at RAON
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Important to measure
system size (Ca, Ni, Ru, Zr, Sn, Xe, Au, U),
energy (lowest to top energies),
centrality, rapidity & transverse momentum dependence

1.Pygmy and Giant dipole resonances
•Energy spectra of gammas
•Related to the radius of n-skin for unstable nuclei

2.Particle spectrum, yield, and ratio
•n/p, 3H(pnn)/3He(ppn), 7Li(3p4n)/7Be(4p3n), π-(    )/π+(    ), etc.

3.Collective flow
•v1 & v2 of n, p, and heavier clusters
•Azimuthal angle dependence of n/p ratio w.r.t the reaction plane

4.Various isospin dependent phenomena
•Isospin fractionation and  isoscaling in nuclear multi fragmentation
•Isospin diffusion (transport)

dū ud̄



Experimental Setup

13

•We need to accommodate
"Large acceptance
"Precise measurement of momentum (or energy) for variety of particle species, 
including π+/- and neutrons, with high efficiency
"Gamma detection for Pygmy and Giant dipole resonances
"Keep flexibility for other physics topic
Large Acceptance Multi-Purpose Spectrometer (LAMPS)

•Two setups
"Low-energy (E < 18.5A MeV) setup for the day-1 experiment
"High-energy (E > 18.5A MeV) setup

•Beam
"State beam: p, 12C, 40Ca, 58Ni, 96Ru, 96Zr, 112Sn, 132Xe, 158Au, 238U, and more 
up to 200A MeV
"RI beam: Ca, Ni, Ru, Zr, Sn, Xe, and more up to 250A MeV
✴for commissioning
❖when it is available
❖if it is possible



Low Energy LAMPS Experimental Setup
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Ebeam < 18.5A MeV
For GDR Experiments (to test PDR measurements as well )

Beam

17.5o

145o

15o cone to allow 
neutron detection

25o cone to allow target installation

93 Si-CsI units at r = 40 cm

17.5o

145o

11.5o

11.5o

120 plastic scintillator neutron 
detector  units at z ~ 3.25 m
Solid angle = 133.3 msr 

Si-CsI detector:
(ΔE-E technique for charged particle measurement as well as 
γ measurement)
• Energy resolution from simulation study

" Si: 0.5% of FWHM
(Energy resolution < 2% required for charged particle)
" CsI: 2.0% of FWHM
(Energy resolution < 5% required for max. 30 MeV γ-ray)

Neutron detector:
• Simulation study

" Energy resolution: 2.6% for 10 MeV neutron
(Energy resolution < 3.3% for 10 MeV neutron with time 
resolution ~ 500 ps)



Low Energy LAMPS Experimental Setup
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17.5o
145o

10 cm wide window to allow 
neutron detection along equator

153 neutron detector units at r = 2.0 m
Solid angle = 382.5 msr 

17.5o

145o

- 4.0o

148o

86 Si-CsI units 

10 cm wide window to allow 
neutron detection along equator

Ebeam < 18.5A MeV
For Heavy-ion Experiments



Cooperate with KOBRA
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F0

F1

F2

F3

F4

F5

GDR(PDR) Measurements
- Reactions:

Photoabsorption collisions
106,112,124,130,132Sn + 197Au/208Pb
68,70,72Ni + 197Au/208Pb
50,54Ca + 197Au/208Pb

- Detectors: 
γ-array at F3
Spectrometer for beam fragments 
(Δp/p better than 1/1000)
Neutron detector array at 0o

- Measurement:
Excitation energy E* from 
kinematically complete 
measurement of all outgoing 
particles 

To use RI beam from 
In-Flight at KOBRA 
& from ISOL

Charged Particle Measurements
- Reactions:

Central and peripheral collisions
50,54Ca + 40Ca
68,70,72Ni + 58Ni
106,112,124,130,132Sn + 112,118,124Sn



Si-CsI Detector R&D
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156 V. 3. Nuclear Science Facilities

Figure 3.49 Averaged occupancy of charged particles, p, � as a function of polar
angle in 132Sn + 124Sn at 18.5A MeV events from PHITS simulation.

132Sn + 124Sn @ 18.5A MeV 
PHITS event simulation

Si-CsI detector unit coverage of polar angle 
tuned to be <occupancy> < 0.1

SSD + VA1TA
Data readout 
board

Power distribution 
board

Si detector: R&D with Kyungpook Natl. Univ.
CsI detector: 1st prototype in preparation



Neutron Detector
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Module&with&three&Bicron&scinNllators&

Friday,&September&6,&13&

Fig. 9: Module with three Bicron scintillators 

15&

R&D with Korea Univ.
CFD & VTD electronics setups
60Co & 252Cf source tests
•Bicron BC-408 & Rexon RP-408

➡Better results with BC-408
•Tail-like fish & square frustum light guides

➡Minimum measurable neutron energy is 
lower for square frustum light guide (~ 1.5 MeV)
➡Beam test confirmed

-Checking multi-hit performance by clusterization 
using at least 7 single modules is in preparation



High Energy LAMPS Experimental Setup
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Heavy-ion Experiments
- Reactions:

Central and peripheral collisions
50,54Ca + 40Ca
68,70,72Ni + 58Ni
106,112,124,130,132Sn + 112,118,124Sn
96,100,104Ru(88,92,96Zr) + 96Ru(96Zr) ➔ when it is available

Solenoid 
Magnet

Time 
Projection 
Chamber

Neutron Detector 
Array
15 m away from target

Dipole 
Magnet

Collimator

Target

Si-CsI 
Detectors

z

x

Solenoid 
Spectrometer

Dipole Spectrometer
(rotatable, Δp = ± 20%, acceptance ≥ 50 msr, Focal plane < 1 m)

Quadruple 
Magnets

Scintillators

Detector: MWDC+ToF
Focal Plane (~ 1.2 m)

Optics calculation is on going to reduce 
the length of focal plane 

18.5A MeV< Ebeam < 250A MeV



High Energy LAMPS Experimental Setup
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PDR/GDR Experiments
- Reactions:

Photoabsorption collisions
50,54Ca + 197Au/208Pb
68,70,72Ni + 197Au/208Pb
106,112,124,130,132Sn + 197Au/208Pb
One can also try the proton-rich side using: 
(γ,p), (p,p’), (p,2p), (p,pn)

Neutron Detector 
Array
15 m away from target

Dipole 
Magnet

z

x

Dipole Spectrometer
(rotatable, Δp = ± 20%, acceptance ≥ 50 msr, Focal plane < 1 m)

Quadruple 
Magnets

Detector: MWDC+ToF
Focal Plane (~ 1.2 m)

Optics calculation is on going to reduce 
the length of focal plane 

18.5A MeV< Ebeam < 250A MeV

γ-array
Recycle LAMPS-L?



Solenoid Magnet
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Total size: 2.6 x 2.6 m2

•Cylindrical shape
•To cover TPC
(r = 0.5 m, l = 1.2 m) 
with homogeneous
B-field

Boperation: ~ 0.5 T
Bmax.: ~ 1T
ΔB/B < 2 %

Solenoid design

TPC TPC

Deviation of magnetic field

• Solenoid magnet design is completed (Need to figure out production feasibility)
! Communicate with domestic and foreign magnet companies



Time Projection Chamber (TPC)
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Time Projection Chamber (TPC)
R&D with Pusan Natl. Univ., Korea Univ., 
and Inha Univ.
-1 x 1.2 m2 cylindrical shape
-GEM based & pad readout in end-caps
(~100 k readout channels)
-Large acceptance (~ 3π sr)
-Complete 3D charged particle tracking

➡Particle identification and 
momentum reconstruction

-Completed Garfield++ & GEANT-4 
simulation
-Developing tracking algorithm
-1st Prototype test result is being analyzed
-Prepare to build 2nd Prototype

1st TPC Prototype
Active volume: 10 x 10 x 20 cm3
GEM based
635 readout channels
Analysis of test data is in progress



1st TPC Prototype Test
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Laser 
direction

Laser source

TPC

GEM + readout pad

1st TPC prototype

Test at J-PARC Laser direction HV 
divider

150V/cm

160V/cm

170V/cm

180V/cm
Drift velocity measurements 
with different E-field in B-field
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2nd TPC Prototype
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Detector FrameReadout Pad Board3 layer GEM

5mm
: ~154ch

5mm

2.5mm 2.5mm
: ~674ch

Cathode:
Membrane



TPC Simulation
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3.2. Large Acceptance Spectrometer 171

• Hit Data and Digitization

Figure 3.68 TPC hit information after digitization with Ar 90% + CO
2

10% gas
and triple GEM. Left plot is with 2.5 mm hexagonal readout pads and right plot
is with 5 mm hexagonal readout pads, respectively.

Figure 3.68 shows the TPC hit information after digitization with 1 event from
Au + Au at 250A MeV of IQMD model. Hexagonal shape of readout pad designs
were used with two cases for di↵erent length of hexagon side (e.g. 2.5 mm and
5 mm). Color code on the right side of plots is the number of collected ionized
electrons on pad.

TPC Prototype One of detector R&D processes requires building prototype
to gain experiences and learn characteristics on it. Small size TPC prototype was
built for studying TPC detector and electronics characteristics.

Figure 3.69 shows the TPC prototype CAD design in 3D. TPC prototype is
consisted of readout, triple GEM, and field strip. Overall size of TPC prototype is
20⇥ 20⇥ 25 cm3 and active volume is 10⇥ 10⇥ 25 cm3.

Figure 3.70 shows the TPC prototype readout and triple GEM CAD design.
Triple GEM has a function of amplification of ionized electrons and readout collects
electrons and converts them to charge.

Figure 3.71 and Figure 3.72 show the TPC prototype readout CAD design and
the photo of GEM foil. Rectangular readout has 10⇥ 10 cm2 active area with 635
hexagonal Cu pad readout channels. Readout is made of multi-layer PCB board
which allows to evenly distribute signals from readout pads to outside connectors.
The other side of readout has electric connectors to attach flat signal cables. GEM
foil is consisted of 50 µm tick polyimide layer with 5 µm tick Cu on both sides

3.2. Large Acceptance Spectrometer 167

• Hit Data and Digitization

Figure 3.62 shows the TPC hit information before digitization with 1 event
from Au + Au at 250A MeV of Isospin Quantum Molecular Dynamics (IQMD)
model. It was selected above certain threshold value of energy loss for charged
particles within P10 gas inside TPC gas volume.

Figure 3.62 TPC hit information before digitization with P10 gas and single GEM.

Figure 3.63 TPC hit information after digitization with P10 gas and single GEM.
Left plot is with 2.5 mm hexagonal readout pads and right plot is with 5 mm
hexagonal readout pads, respectively.

Figure 3.63 shows the TPC hit information after digitization with 1 event from
Au + Au at 250A MeV of IQMD model. Hexagonal shape of readout pad designs
were used with two cases for di↵erent length of hexagon side (e.g. 2.5 mm and 5
mm). Total numbers of readout pads are 90000 for 2.5 mm length of hexagon side
and 20000 for 5 mm length of hexagon side.

Au + Au @ 250A MeV
Isospin Quantum Molecular Dynamics Events
2.5 mm pad ~ 300 K readout channels
5 mm pad ~ 100 K readout channels



TPC Acceptance
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Si-CsI Detector
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500 µm

500 µm

Si-CsI module
Si: 2 x 8 pad readouts
CsI: 4 x 4 APD readouts

3.2. Large Acceptance Spectrometer 183

Figure 3.80 shows the Correlation between �E and E
tot

. (a) is for �E = E
1

,
(b) is for �E = E

1

+ E
2

, (c) is for �E = E
1

+ E
2

+ E
3

, respectively. All cases are
for energy resolution = 0 which means ideal case. The results show that particle
identification looks better with more Si layers used for �E but limitation of low
energy particle identification is getting larger due to short penetration range of
heavier particles. Thus, �E = E

1

has to be used for low energy particles and
�E = E

1

+ E
2

+ E
3

is better to use for high energy particles, in order to identify
lager Z particles.

Figure 3.81 Similar as 3.80 but with finite energy resolutions of Si and CsI(Tl).
Finite energy resolutions of Si and CsI(Tl) used in simulations are indicated inside
plots. �E is E

1

+ E
2

+ E
3

.

Figure 3.81 shows the Correlation between �E = E
1

+ E
2

+ E
3

and E
tot

with
finite energy resolutions of Si and CsI(Tl) detectors. Plots (a) ⇠ in Figure 3.81 are
shown for the case of 0.5% FWHM of energy resolution for Si layers and varying
from 0.5% to 5.0% FWHM energy resolution for CsI(Tl) detector. The results are
clearly indicated that there is strong dependence with energy resolution of detectors.
For instance, energy resolution of CsI(Tl) is required below 2.0% FWHM in order
to separate oxygen isotopes (Z = 6) up to 500 MeV. In addition to this, plot (d)
in Figure 3.81 is shown for the comparison with others in case of 2.0% FWHM
of energy resolution for Si layers and 0.5% FWHM energy resolution for CsI(Tl)
detector. The results shows that energy resolution of Si layer is more important
than one of CsI(Tl) detector.

184 V. 3. Nuclear Science Facilities

Figure 3.82 Magnified plots of 3.81(b) for small Z particles without veto Si layer
(a) and with veto Si layer (b).

Figure 3.82 shows the magnified plots of 3.81(b) for small Z particles without
veto Si layer (a) and with veto Si layer (b). There are unexpected correlation
band around 100 ⇠ 300 MeV for Z = 1 and 450 ⇠ 900 MeV for Z = 2 in plot (a)
of Figure 3.82. The cause of these bands are from punch through (not stopped)
particles at Si-CsI(Tl) and they make a di�culty of particle identification due to
overlap with real bands. In order to remove unexpected correlation bands, 300 µm
thick veto Si layer is employed after CsI(Tl) block as shown 3.79(d). If veto Si layer
sees any particle, particles are removed from the calculation of �E�E

tot

correlation
and plot (b) of 3.82 shows the result. One can clearly see that unexpected bands
can be removed by veto Si layer.

Figure 3.83 shows the detection e�ciency as a function of kinetic energy for
proton, deuteron, and triton in case of �E = E

1

+ E
2

+ E
3

. In the estimation of
detection e�ciency, di↵erence between produced energy and deposited energy E

tot

has to be below 5% and the result shows that e�ciency is getting higher at higher
kinetic energy for heavier particles. For instance, e�ciency of triton is over 70%
up to 300 MeV for triton but e�ciency and energy range of proton are much lower
than triton.

veto Si detector can clean up 
unexpected correlation

350 msr each

(14o - 19o)

(19o - 24o)



Dipole Spectrometer
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Multi particle tracking capability of isotopes for p, He, and heavier fragments
•Rotatable, Δp = ± 20%, acceptance ≥ 50 msr, Focal plane < 1 m
•Optics calculation is on going to reduce the length of focal plane 
•Focal Plane detector

✴MWDC + Plastic scintillator ToF(σt < 100 ps, essential for Δp/p < 10-3 @ β = 0.5)

3.2. Large Acceptance Spectrometer 151

Table 3.8 Specification of quadruple magnet, 1st and 2nd dipole magnets.

Magnet Strength of Magnetic Field
Q1 length = 23 cm aperture = 0.3 m 2.0 T/m
D1 pole gap = 35 cm radius = 1.2 m 0.47 T
D2 pole gap = 35 cm radius = 1.3 m 0.57 T

Table 3.8 shows the summary of specification of quadruple magnet, first and
second dipole magnets.

QQD Concept Figure 3.46 shows the result of K-trace spectrometer optics
calculation with 2 quadruple and dipole magnets. First quadruple magnet is
apart from the end of solenoid magnet downstream side with the distance of 1.3
m. Distance between first and second quadruple magnets is 0.1 m and distance
between second quadruple and dipole magnets is 0.2 m. According to the result
of the calculation, 10 ⇠ 40 MeV of kinetic energy and 137.4 ⇠ 276.9 MeV/c of
momentum for proton can be measured at the focal which is same as QDD concept
but total length of spectrometer is ⇠ 0.5 m shorter than QDD concept.

Figure 3.46 QQD concept spectrometer optics calculation with K-trace.

152 V. 3. Nuclear Science Facilities

Table 3.9 Specification of 1st and 2nd quadruple magnets, dipole magnets.

Magnet Strength of Magnetic Field
Q1 length = 50 cm aperture = 0.3 m 0.5 T/m
Q2 length = 50 cm aperture = 0.4 m 1.1 T/m
D1 pole gap = 40 cm radius = 0.9 m 0.82 T

Table 3.9 shows the summary of specification of quadruple magnet, first and
second dipole magnets.

Dipole Magnet Design Magnet concept for dipole spectrometer at LAMPS
is considering as QQD arrangement. Currently, K-trace spectrometer optics cal-
culation is completed and the result is being crosschecked by other spectrometer
design software GICOSY [3]. Based on K-trace spectrometer optics calculation,
two of quadruple magnets are considered to be normal magnet and dipole magnet
could be superconducting. Currently, dipole magnet designs at LAMPS is sent to
domestic and foreign superconducting magnet manufactures to evaluate possibility
for production.

Detector System

Heavy-ion collision experiment at the RAON facility is mainly focused on symmetry
energy study on the EOS of nuclear matter. The LAMPS experimental setup is
designed for covering entire RAON energy range:

Low energy nuclear physics area (E
beam

< 18.5A MeV) to measure Pygmy
and Giant dipole resonances

High energy nuclear physics area (E
beam

> 18.5A MeV) to measure produced
particles (e.g. ⇡±, p, d, t, 3He, 4He, other heavy fragments and n) from
nucleus-nucleus collisions within large acceptance simultaneously.

Low Energy

At low energy heavy-ion collision experiment, LAMPS is going to measure Pygmy
and Giant dipole resonances for studying symmetry energy on the EOS of nuclear
matter. Giant dipole resonance can be considered as the collective oscillation
between nondeformed, incompressible proton and neutron spheres in which number
of protons and neutrons is same. In Giant dipole resonance, the symmetry energy
acts as the restoring force. In contrast, Pygmy dipole resonance can be considered
as the oscillation between the weakly bound neutron skin at neutron-rich nucleus

k-trace beam optics calculation



Neutron Detector Array
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½ length prototype produced and tested with source
Beam test is planned
Real size prototype will be produced soon

Charged particle veto: 5 x 5 x 200 cm3

20 BC-408 10 x 10 x 200 cm3/layer
4 – 5 coupled layers
Possible Fe convertor in between layers
•Covering wide neutron energy range (10 – 300 MeV)

•Capable for neutron tracking



Zero Degree Spectrometer (ZDS)
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7 

Zero Degree Spectrometer(ZDS) 

Spectroscopy of RI-beam at  Zero Degree 

 Exotic 
 RI beam  

Nuclear Structure 
Mass 
Half-life 
Excited states 
Deformation    
& more 

ZDS Conceptual Layout 

Design Goals  

In-beam γ spectroscopy 
Coulomb excitation 
Nucleon knock out 
Breakup reaction 
Missing mass spectroscopy 
Inverse kinematics 
  

Spectroscopy of RI-bean at Zero Degree



R&D Plan, Production Plan
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•Solenoid magnet design is completed
-Need to figure out production feasibility
-Communicate with domestic and foreign magnet companies

•Si-CsI detector & neutron detector are commonly used at both experimental setups
-Electronics also can be common

•TPC detector and electronics are quit complicated
-Need longer R&D time than other detectors

R&D and production of most of detectors will be done with domestic people
Adapt advanced electronics & DAQ system from foreign research institute and 

modify

๏For future upgrade
➡Longer optics calculation for better dipole spectrometer performance

-After optics calculation completed, magnet design will be started & focal 
plane detector design will be fixed

➡Build Si-CsI detector at high energy experimental setup
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Thank for your attention!



Nuclear Equation of State

33ρ (fm-3)CDR, FAIR (2001)

Esym (𝝆)𝛿2
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FIG. 10. (Color online) Mass number dependence of GDR (a)
and PDR spectra (b) for Ni isotopes. In calculations, we use Ein =
100 MeV/nucleon, b = 24 fm, Csym = 32 MeV, and the soft EOS
without MDI.

PDR, the FWHM of both GDR and PDR show increasing
behavior with A, except for smaller A for GDR.

Finally, the fraction of the EWSR m1% is also extracted.
Figure 12 shows the calculated results which clearly illustrate
that with the increases of mass number A or neutron-skin
thickness, the PDR component increases almost linearly. A
similar phenomenon has also been reported earlier for some
isotopes with the random phase approximation phenomeno-
logical approach [20,31,34,35].

IV. SUMMARY

In summary, we have applied the IQMD model to study
giant and pygmy dipole resonances in Ni isotopes by Coulomb
excitation. Similar to the method to calculate the giant dipole
resonance in our previous IQMD calculation, we extend it
to calculate the PDR in the same model. We first showed
that very stable initial projectiles and targets can be obtained
with the soft momentum-dependent EOS, which assures the
performance of GDR and RDR calculations. After we got

FIG. 11. (Color online) Mass number dependence of Ni isotopes
of GDR (left panels) and PDR (right panels) parameters. In calcula-
tions, we use Ein = 100 MeV/nucleon, b = 24 fm, Csym = 32 MeV,
and the soft EOS without MDI.

a satisfied calculated PDR result for 68Ni which agrees
with the experimental data very well, then we performed
a systematic calculation for GDR and PDR with different
beam energy, EOS, and symmetry energy parameters for the
68Ni + 197Au situation. It is found that the peak energy and
strength for both GDR and PDR show a decreasing trend
with the incident energy, which can be understood by the
excitation extent due to Coulomb field in different energies.
When the equation of state becomes harder or the momentum
dependent interaction is taken into account, the increasing
behaviors of peak energy, strength, and FWHM emerge for
both GDR and PDR. Concerning the symmetry term of the
EOS, it shows a strong positive correlation with the GDR’s
peak energy and FWHM, but it plays a relatively weak role on
the PDR. By fitting to other mean-field calculations of EWSR
vs the slope parameter at saturation Ls and assuming 15%
uncertainty of Ls , i.e., Ls = 60–81 MeV, we can obtain the
range of symmetry energy coefficient Csym ≈ 23.3–37.3 MeV,
and symmetry energy at saturation is around 24.2–31.2 MeV
and in the IQMD model, which gives a constraint for the

FIG. 12. (Color online) Calculated EWSR PDRm1/GDRm1 % for
Ni isotopes (solid circles) together with a linear fit (line).
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PDR, the FWHM of both GDR and PDR show increasing
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Figure 12 shows the calculated results which clearly illustrate
that with the increases of mass number A or neutron-skin
thickness, the PDR component increases almost linearly. A
similar phenomenon has also been reported earlier for some
isotopes with the random phase approximation phenomeno-
logical approach [20,31,34,35].

IV. SUMMARY

In summary, we have applied the IQMD model to study
giant and pygmy dipole resonances in Ni isotopes by Coulomb
excitation. Similar to the method to calculate the giant dipole
resonance in our previous IQMD calculation, we extend it
to calculate the PDR in the same model. We first showed
that very stable initial projectiles and targets can be obtained
with the soft momentum-dependent EOS, which assures the
performance of GDR and RDR calculations. After we got

FIG. 11. (Color online) Mass number dependence of Ni isotopes
of GDR (left panels) and PDR (right panels) parameters. In calcula-
tions, we use Ein = 100 MeV/nucleon, b = 24 fm, Csym = 32 MeV,
and the soft EOS without MDI.

a satisfied calculated PDR result for 68Ni which agrees
with the experimental data very well, then we performed
a systematic calculation for GDR and PDR with different
beam energy, EOS, and symmetry energy parameters for the
68Ni + 197Au situation. It is found that the peak energy and
strength for both GDR and PDR show a decreasing trend
with the incident energy, which can be understood by the
excitation extent due to Coulomb field in different energies.
When the equation of state becomes harder or the momentum
dependent interaction is taken into account, the increasing
behaviors of peak energy, strength, and FWHM emerge for
both GDR and PDR. Concerning the symmetry term of the
EOS, it shows a strong positive correlation with the GDR’s
peak energy and FWHM, but it plays a relatively weak role on
the PDR. By fitting to other mean-field calculations of EWSR
vs the slope parameter at saturation Ls and assuming 15%
uncertainty of Ls , i.e., Ls = 60–81 MeV, we can obtain the
range of symmetry energy coefficient Csym ≈ 23.3–37.3 MeV,
and symmetry energy at saturation is around 24.2–31.2 MeV
and in the IQMD model, which gives a constraint for the

FIG. 12. (Color online) Calculated EWSR PDRm1/GDRm1 % for
Ni isotopes (solid circles) together with a linear fit (line).
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Ni+Au collision

C. Tao et al., PRC 87, 014621(2013)

Giant dipole resonance:
oscillation between non-deformed, 
incompressible proton and neutron 
spheres

Pygmy dipole resonance:
neutrons at the nuclear surface 
(neutron skin) oscillating against the 
isospin neutral proton-neutron core

TAO, MA, ZHANG, CAO, FANG, AND WANG PHYSICAL REVIEW C 87, 014621 (2013)

FIG. 4. (Color online) Time evolution of the inverse of the
distance (1/RPT ) between the c.m. of protons of a projectile and c.m.
of protons of the target at different incident energies per nucleon. The
meaning of the lines is illustrated in the insert. In calculations, we use
b = 24 fm, Csym = 32 MeV, and the soft EOS without MDI.

compared to the EOS without MDI, all the peak energy,
strength, and FWHM in the EOS with MDI are also larger.
In this sense, MDI has a similar effect to make the EOS
harder. From this figure, we learn that dipole γ emission is
very sensitive to the stiffness of EOS.

Many works have demonstrated that the symmetry energy
plays an important role in understanding the mechanisms of
many exotic phenomena in nuclear physics and astrophysics.
Dipole oscillations between all neutrons and all protons or
between the excess neutrons and a core composed of an equal
number of protons and neutrons involve the asymmetry of
the neutron and proton, which could be influenced by the
symmetry energy term of the EOS. To this end, we change
the value of Csym in the IQMD model to address its effect on
GDR and PDR. In order to see a clear trend of GDR and PDR
toward the symmetry energy coefficient, we choose a larger

FIG. 5. (Color online) Incident energy dependencies of GDR
(left panels) and PDR (right panels) parameters for 68Ni. From the
upper panel to bottom panel, it corresponds to the peak energy (Ec

γ ),
strength (Sc

γ ), and FWHM ("c
γ ), respectively. In calculations, we use

b = 24 fm, Csym = 32 MeV, and the soft EOS without MDI.

FIG. 6. (Color online) EOS dependencies of GDR (left panels)
and PDR (right panels) parameters for 68Ni. In calculations, we use
Ein = 600 MeV/nucleon, b = 24 fm, and Csym = 32 MeV.

range of Csym in the calculations, i.e., from 16–64 MeV. In
between, a value of Csym around 36 MeV has been thought
reasonable to describe the property of ground state of nuclei
in many previous studies. Figure 7 shows time evolution
of dipole moments for GDR (upper panel) and PDR (lower
panel) in different symmetry coefficients Csym. It shows that
the frequency of GDR oscillations becomes faster and the
amplitude tends to be smaller with the increasing of Csym,
which leads to an increasing of peak energy and decreasing of
strength as shown in next figure. On the contrary, the frequency
of PDR oscillations becomes slightly slower, but the amplitude
tends to be smaller as well as GDR with the increasing of Csym,
which induces a decreasing of peak energy as well as strength
as shown in next figure.

Figure 8 shows the calculated results of PDR and GDR pa-
rameters with the different Csym parameters. With the increases
of Csym, the peak energies of GDR show a linear increase, but
those of PDR shows a little decrease. However, considering
the obvious different scale in the y axis for GDR and PDR,

FIG. 7. (Color online) Csym dependence of of dipole moments
for 68Ni. The upper panel for GDR and the bottom one for PDR. In
calculations, we use Ein = 600 MeV/nucleon, b = 24 fm, and the
Soft EOS without MDI.
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Examples for Sn at RAON
N/Z(106Sn + 112Sn) = 1.18
N/Z(132Sn + 124Sn) = 1.56

Z. Xiao et al., PRL 102, 062502(2009)

System & Beam Energy Dependence

n/
p

(N/Z)reaction system

N/Z(112Sn + 112Sn) = 1.24
N/Z(124Sn + 124Sn) = 1.48
N/Z(132Sn + 132Sn) = 1.64

DR(N/Z) = 
(N/Z)neutron rich/(N/Z)neutron weak

DR(132Sn/124Sn) = 1.11
DR(124Sn/112Sn) = 1.19
DR(132Sn/112Sn) = 1.32

SANJEEV KUMAR, Y. G. MA, G. Q. ZHANG, AND C. L. ZHOU PHYSICAL REVIEW C 85, 024620 (2012)

FIG. 8. Isospin asymmetry dependence of the double neutron-to-
proton ratio from free nucleons at different incident energies. The
different symbols have the same meanings as in Fig. 5.

ratio of the systems. The power-law exponent τ is found to
vary drastically with the symmetry energy, which is to be
discussed later in Fig. 9. After canceling the Coulomb effects,
the trend for the double ratio is the same as that of the single
ratio in Fig. 5. It reflects the fact that the isospin effect for
free nucleons is stronger for more neutron-rich systems and
is mainly due to the symmetry energy. However, the decrease
in the isospin effect with the increase of incident energy is
due to the production of pions at sufficiently high energy. The
difference in the double ratio obtained with the soft and stiff
symmetry energies here is also found to increase from the
neutron-poor to the neutron-rich system, just like the single
neutron-to-proton ratio in Fig. 5 as well as the single-pion
ratio in the literature [16,17].

C. Incident energy dependence of the power-law exponent τ

To see the clear systematics of the incident energy toward
the symmetry energy, we plot the incident energy dependence
of the power-law exponent τ in Fig. 9, which is extracted
from the curves of Fig. 8. With increasing incident energy,
the sensitivity of the symmetry energy goes on decreasing
toward the double ratio; however, the soft symmetry energy
is more sensitive in comparison with the stiff one. In brief,
when one goes from the sub-saturation to the supra-saturation
density region, the soft symmetry still has a crucial role to
play compared to the stiff one. This is due to the density
(Fig. 1), which undergoes a sudden change between the supra-
and sub-saturation density regions with time at higher incident
energies.

FIG. 9. Incident energy dependence of the power-law exponent τ

from Fig. 8. The symbols and lines are the same as in Figs. 5 and 8.

Finally, from this study, we confirm that the high-density
behavior of the symmetry energy can be studied by using
the single and double ratios of neutrons to protons from free
nucleons. In comparison, the double ratio is more accurate for
this purpose, due to its greater sensitivity to the soft symmetry
energy. Meanwhile, the lighter and heavier fragment ratios can
be considered good candidates at sub-saturation densities, and
also have been used in the literature many times by different
groups [6,7].

IV. CONCLUSION

In order to investigate the high-density behavior of the
symmetry energy, isospin asymmetry and beam energy depen-
dences of neutron-to-proton ratios (single and double) from
different kinds of fragments are studied by using the IQMD
model. The single neutron-to-proton ratio from free nucleons
and LCPs is found to decrease (increase) with incident energy
(with the isospin asymmetry of the system). Stronger isospin
effects are observed with the soft symmetry energy. Similar
results with the π−/π+ ratio are also observed by Li et al.
and Feng et al., but with opposite behavior for the symmetry
energy. The double neutron-to-proton ratio from free nucleons
is highly sensitive to the symmetry energy, incident energy, and
isospin asymmetry of the system. However, the sensitivity of
the neutron-to-proton double ratio from LCPs to the nuclear
symmetry energy is almost beam-energy independent above
200 MeV/nucleon. The same trend is observed for the single
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FIG. 5. Isospin asymmetry dependence of the single neutron-to-
proton ratio for free nucleons at different incident energies. The left
panel is at the time of maximum compression, while the right panel
is at the freeze-out time. Solid and open circles represent the soft and
stiff symmetry energies, respectively.

It is clearly visible that the ratio at both times is almost the
same with the stiff symmetry energy, but changes drastically
with the soft symmetry energy. This is due to the fact that, at
the time of maximum compression, the density is in the supra-
saturation region and the stiff symmetry energy is much higher
(see Fig. 3) than the soft symmetry energy. Therefore, the stiff
symmetry energy is able to separate most of the neutrons near
the time of maximum compression and then accelerate the
neutrons toward higher kinetic energy at later times. However,
the soft symmetry energy is not so high, and the separation of
the neutrons takes place for a longer time. After 50–60 fm/c
(see Fig. 1), the density drops to the sub-saturation density
region and now the soft symmetry energy has a quite high
magnitude (see Fig. 3) compared to the stiff one. The soft
symmetry energy in this region is still separating the neutrons
as well as accelerating them toward high kinetic energy. That
is why the ratio with the soft symmetry energy drastically
changes when one goes from compression to freeze-out time,
but remains almost constant with the stiff symmetry energy.

Mainly, the neutron-to-proton ratio is found to decrease
with the incident energy for free nucleons as well as for LCPs,
just like the π−/π+ ratio. The decrease in the ratio may be
due to two reasons:

(i) One reason may be the role of Coulomb interactions with
incident energy. With increasing incident energy, chances
of break-up of initial correlations among the nucleons
become stronger, and the production of free nucleons
including neutrons and protons will increase. However, at

FIG. 6. Same as in Fig. 5 but for the LCPs.

very low incident energy, the production of neutrons is
more due to the symmetry energy because of its repulsive
(attractive) nature for neutrons (protons). In short, due to
Coulomb interactions, a shift of protons takes place from
low to high incident energies. The effect of the Coulomb
interactions can be checked by taking the double ratio,
which is discussed in Fig. 7.

(ii) The contribution of pions from secondary-chance nucleon-
nucleon collisions might increase with the beam energy. If
a first-chance nucleon-nucleon collision converts a neutron
to a proton by producing a π−, then subsequent collisions of
the energetic protons can convert them back to neutrons by
producing a π+. Therefore, at sufficiently high energy, the
neutrons, which are produced due to the symmetry energy,
are changing into the protons and further producing π ’s,
which will lead to a decease in the neutron-to-proton ratio.
This can be confirmed by using the double ratio concept.
If the double ratio is still deceasing with incident energy,
then it means that, in addition to the Coulomb interactions,
the phenomenon of secondary nucleon-nucleon collisions
is also very important.

One more point of interest is that the difference between
the soft and stiff symmetry energies at freeze-out time is found
to decrease with incident energy for free nucleons, while it
increases for LCPs. Of the above two reasons, the first one is
applicable for free nucleons as well as for LCPs. The second
one is applicable only for free nucleons, as the energy in this
study is up to 600 MeV/nucleon, which is quite sufficient to
produce pions.

To see the effect of the high-density behavior of the
symmetry energy on the isospin asymmetry dependence, we
display the ratio from free nucleons and LCPs in Figs. 5 and 6 at
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" Korea University
• Neutron detector R&D
• TPC R&D
• GEANT-4 simulation

" Chonbuk National University
• Low energy physics
• GEANT-4 simulation

" Pusan National University
• TPC R&D

" Kyungpook National University
• Si detector R&D

" Inha University
• TPC tracking algorithm

23 people from 6 institutes
Looking for more collaborators from 
both domestic and international
! To form international collaboration

" GSI
• Triggerless DAQ
• Diamond detector

" GANIL, Saclay, RIKEN, J-
PARC

• TPC electronics

Domestic International
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Item Budget (M USD)
Low Energy Detector & Electronics 3.3
High Energy Detector & Electronics 26.7

Start Counter & Solid Target 0.6
DAQ & DAQ Electronics 2.2

Total 32.8 (-11.2)
Currently available budget 23.4 (21.6)

In order to fit to currently available budget, dipole spectrometer and Si-CsI detecter 
at high energy experimental setup will be for the upgrade
•Forward fragmentation measurement
•PDR/GDR resonance measurement
•Nuclear structure study (e.g. Coulomb breakup)

Item Budget (M USD)
Dipole Spectrometer 8.9

Si-CsI 2.3
Total 11.2
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ZDS Detectors and Requirements …….. 

� Particle identification of RI beam 
� Select nuclei of interest 
� Experiment with several nucleus at the same time 

� Bρ- ΔE-TOF method 
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•RAON is RI beam accelerator in Korea
-RAON will provide high purity, high intensity various RI beams
(e.g. 107 pps 132Sn at 250A MeV)

•Large Acceptance Multi-Purpose Spectrometer (LAMPS) at RAON
-Study of nuclear symmetry energy with RI and stable beam
-Two detector setup for low and high energy
‣Low energy: Si-CsI detector & neutron detector
‣High energy: Solenoid spectrometer (solenoid magnet + TPC + plastic 
scintillators for trigger & ToF + Si-CsI detector※)
& neutron detector array
& dipole spectrometer (magnet system + focal plane detector)※
※for future upgrade

✓To cover entire energy range of RAON with complete event reconstruction 
within large acceptance
-Design of experimental setups is almost complete
-Detector R&D is ongoing
-Getting more collaborators from both domestic and oversea
‣Forming international collaboration

Any comments or suggestions are welcome!!!


