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Motivation
“Seeking for alpha cluster structure in 12C and 16O”

Goal #1

• Bose-Einstein Condensate-like alpha cluster state

• Excited, spinless, resonant state

• Signature is the symmetric decay of 3 alphas

• Such phenomenon was not observed with statistical 

significanceDirect 3α decay of Hoyle state

Nuclear density distribution

4α decay of 160 at 15.1 MeV

Goal #2

• Candidate for α-cluster of in 16O 

• E=15.1 MeV is just above 4α threshold

• Not reported yet because of the challenge to 

measure several alphas simultaneously 
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Motivation
“Seeking for alpha cluster structure in 12C and 16O”

Goal #1

• Bose-Einstein Condensate-like alpha cluster state

• Excited, spinless, resonant state

• Signature is the symmetric decay of 3 alphas

• Such phenomenon was not observed with statistical 

significanceDirect 3α decay of Hoyle state

Nuclear density distribution

4α decay of 160 at 15.1 MeV

Goal #2

• Candidate for α-cluster of in 16O 

• E=15.1 MeV is just above 4α threshold

• Not reported yet because of the challenge to 

measure several alphas simultaneously 

An Active-Target TPC is the best detector to persue both goals 



SEJONG UNIVERSITY

TPC-Drum

• We designed a new active target TPC for alpha cluster experiments at RAON. 

• Find evidence for α-condensate state of 12C and 16O
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TPC-Drum padplane

Collision system : 20Ne + α at 10 MeV/u

Necessary specification :

• Can measure multiple α’s with high precision

• Can measure the collision vertex precisely
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Introduction to our “TPC-Drum”
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TPC-Drum
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✓ Active target TPC with 768 channels

✓ He (90%) + CO2 (10%) 650, 760 Torr 

✓ 8 Si-CsI array

✓ Triple GEM structure

✓ Using GET electronics (4AsAd + CoBo)

✓ Easy data synchronization

✓ Energy will be measured using Si (thickness = 1mm)

✓ Resolution for α is 40 – 50 keV

✓ Momentum vector will be determined by TPC part

✓ A spatial resolution ~150 μm translates to an angular 

resolution of ~0.004 mrad (NIM A, 1066, 169610 (2024))

✓ By correlation of E (Si) and dE(TPC), α can be isolated

from other nuclei 

AT-TPC padplane
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• Field cage

TPC-Drum

• GEM
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• Active area : 200 x 200 mm2

• A-side : Standard gain area

• B-side : Relatively Low gain area

• Double-wired field cage on up- and down-stream

• Operating E field range is up to 250 V/cm

• E-field distortion area ~ 5% 

• With drift velocity 1~2 cm/us
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TPC-Drum
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• Gating grid were designed to reduce the space charge from ion-backflow effect in beam-line

• It can reduce electron clusters down to 10% level

• Low gain GEM + gating grid system  is essential for higher beam intensity runs ( > 105 pps)

• Gating grid
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Commisioning results
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Commissioning
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Gain ratio map by channels

• GEM gain has been calibrated with Fe55 source

• Calibration table prepared for position-dependent manner

• α track test with Am-241 source 

• Average track length was 11.5cm, which was consistent with SRIM simulation result
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Reconstruction of Hoyle state
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TPC-Drum ( Toy MC simulation )

The 4-momentum of α particles is reconstructed by :

• Si-CsI Array           / Energy

• AT-TPC                 / 𝒑/|𝒑|

• and α particle mass / |𝒑|
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Separation of signal to background
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Background : Sequential decay Signal : Direct decay

Reconstructed in 12C* frame

θ of all α pairs in COM frame [degree]
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Summary
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Summary
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✓ With the goal of exploring exotic alpha-cluster structures, we aim to measure the direct decay 
of Hoyle states and the 4α decay of 16O states, which are phenomena of increasing interest in 
the nuclear physics community.

✓ The beam time proposal was accepted at RAON with 5 days x 8 hours in this year (grade B)

✓ The TPC-Drum is working very well and is ready for the experiment at RAON.
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Thanks!

2025 INPC Daejeon 172025-05-29



SEJONG UNIVERSITY

Backup slide
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Read-out pad plane
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Read-out pad plane
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• # of channel : 768 channels

• Channel size 
• Type 1 : 0.9 * 11.9 mm2

• Type 2 : 1.9 * 11.9 mm2

• Gap size : 0.1 mm

• Pad plane considered to measure daughter 
particles
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Triple GEM
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Calibrations 

• 55Fe source test
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Event display

●:Max ADC position
●:ADC weighted position

• To get a histogram of each channel, ADC weighted position is measured  

Sum of ADC ( One Channel )Sum of ADC ( One Channel )

Event A
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GEM
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TPC-Drum

• GEM
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• Active area : 200 x 200 mm2

• A-side : Standard gain area
• B-side : low gain area (Type-2 GEM)

• Triple stacking GEM used with type-1 
and type-2 GEM with space 3mm
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GEM

• Geometry
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Top view Front view

• Active area : 200 x 200 mm2

• A-side : Standard gain area
• B-side : low gain area (Type-2 GEM)

• Triple stacking GEM used with type-1 and type-2 GEM with 
space 3mm

Beam line 
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GEM
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• GEM thickness : 256 um

• Hole size (diameter) :  ~ 75 um

Beam line 

<Type – 1 >

• A-side and B-side have same size  
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GEM
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• GEM thickness : 256 um

• Hole size (diameter)
• A-side : ~ 75 um
• B-size : ~ 120 um

Beam line 

• Type-2 GEM designed to reduce the space charge for high-rate beam ion

<Type – 2 >
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Noise subtraction
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DAQ Setup
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.Graw file
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Pulse noise subtraction
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Field cage
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TPC-Drum
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Pad area

Garfield++ simulation

• We constructed the field cage by referring to the design of the STAR TPC.
• Operating E field range is up to 250 V/cm

• Field cage
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• Schematic view

Field cage
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Field cage
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• Schematic view

• Empty area has a double-wire structure to avoid particle energy loss and scattering

Down stream view
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Field cage
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Gating grid
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TPC-Drum
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• Considering beam intensity, voltage of gating grid will be determined

• Gating grid
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Gating grid
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Gating grid
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Gating grid voltage ΔV = 80 VGating grid voltage ΔV = 0 V
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Gating grid
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Gas system
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Gas system
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P10 gas (reference)
4He ( 90% ) + CO2 ( 10 % ) gas (Garfield++)

• 4He + CO2 gas mixture is three times less diffusion than P10 gas.

• We also reduced the pad width to cluster each hit.

• Gas properties
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Calibrations 
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• Alpha source test
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Source test
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Alpha source test
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Am241 source

• Alpha source is installed in position ( -5mm, -66mm ) from the pad origin
• Considering its pressure condition, track length will be around 11.5 cm 

760 Torr
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Alpha source test
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• Estimated track length of alpha is 11.5cm, as expected in SRIM simulation
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Alpha source test (241Am)
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Alpha event
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Prototype performance published in NIMA
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