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High-E

Low-E

Layout of RAON

LAMPS experiment was proposed to have two sectors:
low-energy and high-energy
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High energy LAMPS
• Collision energy = O(100)MeV 
• Primary goal is nuclear symmetry energy 

in Equation of State

, where 
Symmetry energyHigh-E

Low-E

Layout of RAON

Potential observables
• Symmetry energy up to extremely neutron-

rich matters 
• Nailing down model parameters

• Symmetry pressure and radii 
• Precision measurement of neutron skin 

• Isospin mixing
Nice introduction by Dr. Tamii’s talk (Tuesday)

EOS:



[Experimental	Apparatus]	High-Energy	Experiment
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Requirement 
Charged particles, neutrons in wide acceptance

Summary

• LAMPS experiment aims to precisely measure nuclear symmetry energy 
and nuclear structure using low energy and high energy detection system 

• Major components of detectors are built or under R&D aiming to be ready 
for the day-1 experiment

• We are on the track, so please stay tuned!
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New idea about LAMPS detectors
at low-energy experimental hall
▪ AT-TPC
– Amplification: GEM or mPIC
– Superconducting solenoid 

magnet: 1.5 T, inner radius & 
length = 60 cm each

– Magnet construction in 2019
– AT-TPC construction in 2020
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8~15 m
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Magnet design being finalized
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TPC under production
Design of LAMPS TPC

PAD
PAD size: 3x10 mm2

Total number of PAD in 8 GEM sectors (2,618ch/sector) = 20,944ch

Active area: R
IN

= 105 mm

R
OUT

MIN. 503.5 mm ~ R
OUT

MAX. 535 mm

GET Electronics
Total number of AsAd (11 EA/GEM sector) = 88 EA

Field Cage
Cylindrical (inner) and octagonal (outer) structures

Size of field and mirror strips in Z-axis: 2mm Cu + 0.5mm spacing

Drift length: 1,200 mm

GEM
Total area ~1,000 cm2

GEM sector: 8 EA

Sub HV sector in a GEM: 10 EA (~100 cm2/sub HV sector)

Hole geometry (Cu pitch - Cu hole - PI hole): 140-70-50 μm

Cathode, Gas vessel, and Bottom
Φ

IN
of gas vessel: 170 mm (Φ

BEAM_PIPE
: 160 mm)

Gas & HV connection, Calibration system, Moving support

535 mm

GEMs+PAD

AsAds

Gas vessel

Bottom

target

beam

GEM 
structure

Gas VGEM (V)
VGEM (V) for 
discharge 

event

Test position 
(XY#)

3LGEM P-10
350, 360, 370, 

375
380, 385, 390 XY1-12

3LGEM P-20
350, 360, 370, 

375
XY3, XY9, 

XY10

4LGEM P-10
340, 345, 350, 

355, 360
365, 370 V XY3

4LGEM P-20 360, 370, 375 XY3

Large GEM
(~1,600 cm2)

<CGEM>=80.65±2.35 nF

Gaseous Electron Multiplier (GEM)

Hole geometry (pitch – Cu hole – PI hole):
140 – 70 – 50 μm

side view

top view

Large GEM 
test chamber

DAQ PC
CoBo/μTCA

HVPS

<Detector setup>
Gas volume: ~56 liters
Gap configuration: triple- and quadruple-GEMs
Pre-mixed gas: P-10 (Ar:CH4=90:10) and P-20
Test source: Fe-55 (25 μCi, 2014)
Number of pad: 2559 ch (3x10 mm2/pad)

Gain uniformity

<GL3GEM-P10> 
± 20%

<GL3GEM-P20> 
± 26%

s3GEM P-10

<L3GEM P-10>

L4GEM P-10

L4GEM P-20

<L3GEM P-20>

s3GEM P-20

Gain of GEM

Reference 
[JKPS 68 (2016) 645 G. JHANG et al]
Simulation results of LAMPS TPC
Gain of triple-GEMs in P-10
8742.05 at VGEM=400 V
347.34 at VGEM=350 V

Design of LAMPS GEM (under production)

Total area ~1,000 cm2

Area of sub HV sector: ~100 cm2

Hole geometry: 140-70-50 μm

ILeakage < 5 nA/100 cm2 @ 500 V
CGEM < 6 nF/100 cm2

New design parameter of TPC

• Gain of triple GEMs ~104 in P-20 

• Drift velocity over 6 cm/μs for 120 cm drift length

• Position resolution (σp) ~230 μm with 3x10 mm2

Large GEM to LAMPS GEM

<4 nA

-4.0E-09
0.0E+00
4.0E-09
8.0E-09
1.2E-08
1.6E-08
2.0E-08
2.4E-08
2.8E-08

0 120 240 360 480 600 720

leakage current (A) vs time (s) at VGEM=500 V
I_sam2_GEM0 (A) I_sam1_GEM1 (A)

I_sam4_GEM2 (A) I_sam6_GEM3 (A)

T: 20-22 ℃
H: 40-41 %

Sample of LAMPS GEM

8~15 m		TPC



[Experimental	Apparatus]	Neutron	detector	array
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Summary

• LAMPS experiment aims to precisely measure nuclear symmetry energy 
and nuclear structure using low energy and high energy detection system 

• Major components of detectors are built or under R&D aiming to be ready 
for the day-1 experiment

• We are on the track, so please stay tuned!
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New idea about LAMPS detectors
at low-energy experimental hall
▪ AT-TPC
– Amplification: GEM or mPIC
– Superconducting solenoid 

magnet: 1.5 T, inner radius & 
length = 60 cm each

– Magnet construction in 2019
– AT-TPC construction in 2020
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8~15 m

Neutron detector
• Manufacture completed
• To be tested  

		TPC
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8~15 m

Neutron detector

		TPC

Beam diagnosis 
detector
- Drift chamber

Starting counter 
- Plastic scintillator
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8~15 m

Beam diagnosis 
detector
- Drift chamber

Neutron detector

		TPC

Starting counter 
- Plastic scintillator

Forward Drift Chamber
- Charged particles in forward 
(< 30o)
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8~15 m

Beam diagnosis 
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- Drift chamber

Neutron detector
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Forward Drift Chamber
- Charged particles in forward 
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- Time of Flight
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8~15 m

Beam diagnosis 
detector
- Drift chamber

Neutron detector

		TPC

Starting counter 
- Plastic scintillator

Forward Drift Chamber
- Charged particles in forward 
(< 30o)Barrel Counter

- Time of Flight
- Triggering
- RPC or plastic scintillator

DAQ system
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High-E

Low-energy LAMPS
• Collision energy = O(10)MeV 
• Primary goals are nuclear structure, 

Nuclear astrophysics
• CNO, HCNO cycles rp-process 
• α-cluster states in nuclei 
• Dipole emission

Low-E

Layout of RAON

See Prof. Chae’s talk

Nuclear structure
▪ Cluster linear chain of 14C: Ikeda diagram [PRC 432, 43 (2006)]

• 10Be+a→ 10Be+a, 6He+2a
• Angular correlation 𝜃𝐿𝑎𝑏𝐵𝑒10

vs. 𝜃𝐿𝑎𝑏𝛼
and 𝐸𝑋 distribution give 

𝐽𝜋 information. 
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Ikeda	diagram	
PRC	432,	43	(2006)

Nuclear astrophysics
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25Al

24Mg

23Na

22Ne21Ne20Ne

22Na

23Mg

24Al

21Na

22Mg

19F

18O

21Mg

20Na

19Ne

18F

17O

18Ne

17F

16O

15N

15O14O

13N

12C 13C

14N CNO cycle : T9 < 0.2 
HCNO cycle: 0.2 < T9 < 0.5
rp-process : T9 > 0.5

Hot-CNO I
CNO cycle

Hot-CNO II
rp-process 

Breakout paths 
to rp-process

Nova models in 
nuclear 
astrophysics▪ 14O(a,g)18Ne, 14O(a,p)17F

▪ 15O(a,g)19Ne, 15O(a,p)18F
▪ 18Ne(a,g)22Mg, 18Ne(a,p)21Na
▪ 22Mg(a,p)25Al (NSCL proposal)
▪ 26Al(a,p)24Si
▪ 18F(p, g)19Ne, 65As(p,g)66Se
▪ More (n,g) & (p, g) processes
▪ 16O(a,pn)18F, 29P(d,a)30P

Yellow: Confirmed by Prof. K. Chae’s talk

▪ 83Nb(p,a)80Zr, 84Mo(g,a)80Zr 
(Yuhu Zhang)

▪ 4He(3He,g)7Be, 7Be(n,p)7Li, 
4He(an,g)9Be etc. (Taka 
Kajino)

Potential Day-1 analysis
• X(α, γ)Y scatterings

• Angular correlation 
• Energy distribution

• Astro-physics processes 

Extrenal funds 
from CENuM 
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�13

Low-Energy LAMPS: low energy tracking, PID and photon detection

Superconducting magnet (2019)
• B = 1.5 T, d = 60cm
Active-Target TPC (2020)



[Experimental	Apparatus]	LaBr3
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Low-Energy LAMPS: low energy tracking, PID and photon detection

New idea about LAMPS detectors
at low-energy experimental hall
▪ LaBr3(Ce) gamma detector system
– Total 24 modules with fast timing PMTs 

(𝑅𝑡< 200 ps, 𝑅𝐸< 3.5%, 𝜀~6.8% at 664 keV) 
– Plan to build 12 modules by 2020
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Superconducting magnet (2019)
• B = 1.5 T, d = 60cm
Active-Target TPC (2020)

LaBr3(Ce)
• Rt < 200 ps
• Decent energy resolution
• Total 24 modules with PMT



[Experimental	Apparatus]	Silicon-CsI
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Low-Energy LAMPS: low energy tracking, PID and photon detection

Superconducting magnet (2019)
• B = 1.5 T, d = 60cm
Active-Target TPC (2020)

LaBr3(Ce)
• Rt < 200 ps
• Decent energy resolution
• Total 24 modules with PMT

FAZIA type Si-CsI
• Excellent PID

New idea about LAMPS detectors
at low-energy experimental hall
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Identification threshold▪ FAZIA type Si+CsI
detector 
(PID capability)

New idea about LAMPS detectors
at low-energy experimental hall
▪ LaBr3(Ce) gamma detector system
– Total 24 modules with fast timing PMTs 

(𝑅𝑡< 200 ps, 𝑅𝐸< 3.5%, 𝜀~6.8% at 664 keV) 
– Plan to build 12 modules by 2020
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Low-Energy LAMPS: low energy tracking, PID and photon detection
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New idea about LAMPS detectors
at low-energy experimental hall
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Case 1 Case 2
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Young Jin Kim 
Hyo Sang Lee
Min Sang Ryu

Jung Keun Ahn 
Byungsik Hong 
Jong-won Lee
Sung

Eun-Joo Kim

Min Jung Kweon

Yongsun Kim

Sanghoon Hwang
Dong Ho Moon
Hyunchul Kim

Jong-Kwan Woo 

14 PhD’s in 8 institutions, still growing. 
Students are also working hard behind! 
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		TPC


