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High Energy LAMPS experiment 

A3 Foresight 
ProgramNDA: Construction

⚫ The full system is assembled and ready for experiment.
▪ The discussion has started to use it for the ONOKORO project at RIBF.

30 Nov~4 Dec 2023 22

Customized trigger 
electronics

DAQ PC

NOTICE
500 MHz 
FADC

CAEN 
HV system

First station assembled at the high-energy 
experimental hall of the RAON site 

Assembled detector system at the 
Sejong Campus of Korea Univ.

A3 Foresight Meeting in Xi'an

A3 Foresight 
ProgramTPC: Performance test with prototype
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Beam test at ELPH, Tohoku University (2016)
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Low-Energy LAMPS experiment

Silicon CsI PID telescope 
LaBr3 gamma detector w/ precise 
timing 

BEC BEC

Helium gas

α
α

Active target time projection chamber

KHALA 감마선 검출시스템 구축

2023년 11월 03일 CENuM 교수회의 8

⚫ LaBr3(Ce) 감마선검출기 시스템 (이재환, 장영섭, 홍병식)
‒ 총 36개의 모듈로 구성 (𝑅𝑡 ∼ 200 ps, 𝑅𝐸< 3.5%, 𝜀~6.8% at 664 keV)
− TIMEX+TWINPEAKS 전자장비 구비 완료
− RAON에서 희귀동위원소 빔을 이용한 실험 예정
− NIMB 541, 253 (2023)/NIMB 541, 259 (2023)

1.5 T SC magnet

   
   



Alpha-involved channels 
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• Clustering phenomena in alpha-conjugate nucleus
• Linear chain, Alpha molecular states

• Search for direct 3  decays of Hoyle state

• Search for Hoyle-like states in 16O, 20Ne, 24Mg, … 
• Requires good angular and energy resolution with side 

acceptance for protons and 4He 

α
α

16O
α

α

α
E = 15.1 MeV

decays

• Astrophysical channels in Nova models
• 14O( , )18Ne, 15O( , )19Ne, 18Ne( , )22Mg

• 14O( , p)17F, 15O( , p)18F, 18Ne( , p)21Na, 
22Mg( , p)25Al, 16O( , pn)18F

• 18F(p, )19Ne, 65As(p, )66Se

• 29P(d, )30P

• Requires good energy resolution and PID 

α γ α γ α γ
α α α

α α
γ γ
α

J. Jose, NIC 2010



Alpha clusters in nuclei
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• Clustering phenomena in alpha-conjugate nucleus and molecular states with alpha 
cores are of interest for low-E LAMPS experiment 

• Search for linear chain and exotic geometry of alpha clusters will be studied as well
• LMAPS AT-TPC is designed to measure alpha tracks all the way down to the 

collision vertex  

P. J. Li et al., published in PRL on Nov 2023



Observables

• Signature of BEC-like alpha condensate
• Never observed with significant statistics
• Major background is sequential decay

• Strong candidate for -cluster of in 16O
• If exists, 4  decay must be observed
• 4  threshold E = 15.1 MeV
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E = 15.1 MeV

16O * → α + α + α + α

A.Tohsaki et al., Phys. Rev. Let. 87 (2001) 192501 Y. Funaki et al., J. Phys. G: Nucl Part. Phys. 37 (2010) 064012



Observables

• Signature of BEC-like alpha condensate

• No statistically significant observation was 
made

• Major background is sequential decay

• Strong candidate for -cluster of in 16O

• If exists, 4  decay must be observed

• 4  threshold E = 15.1 MeV
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E = 15.1 MeV

16O * → α + α + α + α

A.Tohsaki et al., Phys. Rev. Let. 87 (2001) 192501 Y. Funaki et al., J. Phys. G: Nucl Part. Phys. 37 (2010) 064012



Branching Ratio of direct decay in Hoyle state
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We made two cubic TPC’s were to measure the 
quasi-free elastic scattering in 12C + p at HIMAC

• Tracking and vertex finding are very 
successful

• Position resolution — 150 m 
• Great PID performance of Si-CsI array 
• Our MC framework well agrees with data in 

terms of electron diffusion and position 
resolution over a wide range of drift length

μ

Prototype TPC

Nuclear Inst. and Methods in Physics Research, A 1066 (2024) 169610
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Fig. 5. A pulse shape of the TPC responding to a proton. The procedure illustrates the pedestal background subtraction method.

Fig. 6. An example of the track reconstruction using Hough transformation. (a) Event display of a proton event in TPC-Right. (b) The Hough transformation maps each TPC hit to
a curve in the space of the intercept and the angle. In this example, these curves converge near the point of angle = 177

⋛ and intercept = 35 mm. The resultant track is overlaid
as a red line in panel (a).

5.2. Tracking algorithm

Tracks are reconstructed using the Hough transform algorithm [13]
on the (𝜔

pad
, 𝜀

pad
) plane as shown in Fig. 6(a). The Hough Transform, a

well-established technique in image analysis, is commonly used at iden-
tifying shapes like lines and circles in noisy backgrounds. It transforms
hit position information in the Cartesian coordinate into a parameter
space (Hough space), finds local maxima representing the parameters
corresponding to the most probable track, and then projects them back
to the Cartesian coordinate. Since we are interested in reconstructing
linear tracks on the xy-plane, we use the angle (𝜗) and the x-intercept
(𝜛) as the Hough parameters.

For each hit, the Hough Transform considers all possible lines
passing through it, resulting in a collection of (𝜗, 𝜛) that trace a curve
in Hough space as shown in Fig. 6(b). After processing all hits, we
analyze the result to find where these curves converge. Gaussian fitting
identifies the peak position, which represents the track’s (𝜗, 𝜛) value.
When multiple tracks are recorded in a TPC, we select only the one that
matches a hit position in the Si.

Using the pulse timing information elucidated in the preceding
section, we determine the 𝜚-position (𝜚) of each track. This calculation
is done on the following formula: 𝜚 = (𝜍

0
ω𝜍off)ε𝜑d, where 𝜍0 is the arrival

time in Eq. (1) and 𝜍off the offset for the pulse timing accounting for
systematic delays within the electronics. 𝜑d denotes the electron’s drift
velocity. Both parameters were obtained using a data-driven technique
which will be explained in the later section.

5.3. Drift velocity and timing offset

𝜍off and 𝜑d are determined by leveraging the fundamental principle
that all tracks, when extrapolated backward, must converge at the in-
teraction point. The variation of 𝜍off can shift tracks along 𝜚pad-direction

keeping the slope vector unchanged in the TPC coordinate, where
𝜔
pad

and 𝜀
pad

axes are represented in Fig. 6. This change translates
to a shifted position upon extrapolation back to the beam line. We
determined 𝜍off by matching the reconstructed vertex position (𝜚vtx) to
the target position (𝜚 = 0) in the lab frame. This alignment is visually
demonstrated in Fig. 7. Note in this figure that 𝜍off has already been
tuned to locate the center of the target peak at 𝜚 = 0. The largest peak
in the figure is made by interactions with the target, while the other
three smaller bumps are made by interactions with SC upstream. The
middle corresponds to the plastic scintillator part of SC and the others
to the insulating tapes.

We extract 𝜑d, using the distance between the target (positioned at z
= 0) and the SC. Variation in 𝜑d changes the slope of a track in the TPC
frame, thus altering the reconstructed distance between the target and
the SC. We determined 𝜑d = 5.6 ± 0.1 cm/ϑs, in which the uncertainty
arises from the intrinsic variability in the measurement of detector
location (1.5 mm). After calibration process using the target (big bump)
and SC scintillator (middle of three small bumps) information, we
found that the positions of two outer small bumps well match the
coordinates of the insulating tapes. The measured 𝜑d is also consistent
with the result in Ref. [14] and that of another TPC with a similar
configuration [15].

6. TPC performance

The performance of TPCs is evaluated in terms of the transverse
diffusion of electron avalanches, position resolution, and 𝛻𝜕ϖ𝛻𝜔. A
dedicated MC simulation tool has been developed as a benchmark for
experimental data. This tool is an adaptation of the high-energy LAMPS
TPC software tool [16,17]. The interaction of protons and the gas is
reproduced using Geant4 package and the drift velocity was set to the
data-driven value, 5.6 cm/ϑs.

Nuclear Inst. and Methods in Physics Research, A 1066 (2024) 169610
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Fig. 9. Spatial resolution measured in TPC-Left, TPC-Right and MC simulation using the data-driven method and MC-truth matching method.

a Gaussian distribution, with the 1𝜔 value representing the resolution.
This value ranges from 210 ωm to 250 ωm, depending on the drift length.
Fig. 9 compares the resolutions of TPC-Right (blue points) and TPC-Left
(red points) with results from the MC employing the same data-driven
method. Note that the MC has already undergone the residual cor-
rection described in Section 6.1. In addition, a genuine resolution
(open circles) was calculated for the MC sample by comparing the
reconstructed position to the simulation’s truth-level information. As
expected, this resolution is better than that obtained by the data-driven
method because of the absence of uncertainty in the reference position.
Based on the excellent agreement between the MC and the data results
using the data-driven method, we estimate that the actual resolution of
our TPCs is between 150 ωm and 180 ωm.

6.3. 𝜀𝜗ε𝜀𝜛

To evaluate the PID capabilities of TPCs, we compute the energy loss
(𝜀𝜗ε𝜀𝜛) of charged particles traversing the gas chamber. Assuming a
uniform 𝜀𝜗ε𝜀𝜛 distribution across the TPC’s active area, we sum the
amplitude of ADC signals for all hits within a track and subsequently
divide it by the track’s length. To calibrate this ADC unit into actual
energy, we utilized photons from a 55Fe radioactive source, known
for their short stopping length and complete energy deposition in
the TPC. The Fig. 10(a) shows the electron multiplicity distribution,
featuring the bumps corresponding to the 𝜚𝜍 (5.89 keV) and 𝜚𝜑 (6.49
keV) channels. The distribution is fitted with the sum of two Gaussian
peaks, with a constrained peak position ratio of 6.49/5.89 = 1.10. This
calibration process is repeated for various GEM voltages to investigate
the gain’s dependence on voltage as shown in Fig. 10(b). The results
agree with previous reports [9,18].

For large-scale TPC experiments, for example in Ref. [16], the mean
energy loss is calculated after truncating a certain fraction of the most
energetic hit clusters. This is done to remove contamination from rare
single collisions that deposit large amounts of energy, which creates
a long tail in the distribution of hit cluster energies. We achieve this
by discarding the layer with the highest energy deposit out of the six
layers for each track. The remaining five layers’ energy deposits are
then averaged to calculate the ⌋𝜀𝜗ε𝜀𝜛⌈.

The results for protons and deuterons are shown in (Fig. 11) and
compared with the Garfield++ simulation. The correlation in Si-CsI
telescope was employed a priori for particle identification (Fig. 4), and
the kinetic energy was determined by summing the energy depositions
in both the Si and the CsI. In the simulation, we employed a similar
approach by truncating the high-energy tail (top 30%) and fitting a
Gaussian function to find the most probable position.

The experimental results show good agreement with the simulation
for protons with 𝜗 > 40 MeV and deuterons with 𝜗 > 80 MeV.
Deviations at lower energies are observed, which may be attributed
to saturation of the ADC signal in some pads for low-energy parti-
cles, which experience a high rate of 𝜀𝜗ε𝜀𝜛. Since this experiment
prioritized the measurement of QFS, the dynamic range of the GET
was optimized for high energy protons. To address this issue, we
implemented an improved algorithm for pulse height determination.
This method uses a template to estimate the true maximum ADC
value when signal saturation happens, fitting the rising edge and the
tail of the pulse. Nevertheless, discrepancies remain, probably due to
interpolation method limitations. The issue can also have come from
the CsI calibration procedure used in our experiment. The calibration
employed protons in the energy range of 40.1 MeV to 98.47 MeV,
which may not be sufficient for accurate measurements around 30 MeV.

7. Summary and discussion

We developed prototype TPCs for low-energy LAMPS experiments
at RAON and evaluated their performance in reconstructing tracks for
light nuclei using the 200 MeV/u 12C beam at the HIMAC facility.
Our analysis covered various aspects, including electron drift diffu-
sion, position resolution, and particle identification capability based
on 𝜀𝜗ε𝜀𝜛 measurements. In particular, we achieved a position reso-
lution of under 200 ωm. Furthermore, we conducted a comprehensive
comparison with MC simulations, emphasizing the crucial refinement
of the simulations to better match the actual detector performance.
This kind of MC tuning procedure could be a useful protocol for future
LAMPS experiments using AT-TPC at RAON. Several steps remain to
conduct the AT-TPC experiment at RAON in the future. The full-sized
detector will be cylindrical, with a diameter of approximately 20–
30 cm. Consequently, the field cage will need to be redesigned to
accommodate this geometry. Also, the presence of a magnetic field
will necessitate modifications to the tracking algorithm, as it will
cause particle tracks to curve. A promising candidate for this task is A
Common Tracking Software Project (ACTS) [19] which was developed
as an experiment-independent and framework-independent toolkit. By
analyzing the curvature of the tracks, along with information on energy
loss, we can access information on particle energy and identification.
Another challenge would be the impact of space-charge effects on the
electric field. This will require careful selection of the gas mixture and
pressure in future experiments. In summary, our findings demonstrate
the effectiveness of TPCs in low-energy heavy ion collisions, paving the
way for the development of an AT-TPC for the LAMPS experiment at
RAON.

Nuclear Inst. and Methods in Physics Research, A 1066 (2024) 169610
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Fig. 1. (a) One of two TPCs used in the experiment. The PCB readout pads are connected to the AsAd board through four 64-pin cables. (b) The 256 channel readout pad crafted
on a printed circuit board.

AT-TPC, intended to be used in conjunction with a 1.5 𝜔 superconduct-
ing magnet. This paper reports on the development of prototype TPCs
and their performance in the measurement of nuclei in a beam test.
The experiment was carried out at the Heavy Ion Medical Accelerator
facility in Chiba (HIMAC), utilizing the 200 MeV/u 12C beam. In
addition to the TPC performance test, the experiment also aims to
measure the quasi-free elastic scattering (QFS) of protons, 12C(p, 2p)11B.
For this purpose, a target composed of ethylene (C

2
H
4
) is used so that

the scattered particles are measured rather than directly exposing the
TPCs to the beam. Two identical prototype TPCs are strategically built
to simultaneously measure outgoing protons (Fig. 1). In the following
sections, we present a comprehensive overview of the experimental
design, technical specifications of prototype TPCs, and the tracking
performance results.

2. Prototype TPC

This section provides information on the key subcomponents of
TPCs. The gas chamber, with dimension of 25 ω 25 ω 20 cm3, is
constructed by welding 2 mm thick aluminum plates. On two facing
sides of the chamber are circular openings for the entrance and exit of
charged particles. These openings are securely sealed with 6 εm thick
aluminized mylar film. The chamber is filled with P10 gas, a mixture
of Argon (90%) and Methane (10%) at the atmospheric pressure. The
experiment was operated in the flushing gas mode at 900 cc/min.
The field cage, illustrated in Fig. 2(a), encloses the inner volume to
establish a uniform electric field of 150 V/cm along 𝜀

pad
axis defined

in the figure. To achieve this, we used copper wires with a diameter of
0.1 mm. At each vertical level, a pair of wires connect the four corner
pillars of the field cage. One wire encircles the cage, while the other
runs inside it as shown in Fig. 2(b). The pillars are also made of PCB
and have a 2 mm thickness. Such a dual-wire configuration played
a crucial role in preserving the uniformity of the electric field in the
transverse plane, a characteristic examined by simulation studies using
Garfield++ [8]. The field cage comprises 24 horizontal levels, each
6 mm apart, resulting in a total active height of 144 mm. The top is
covered by a copper plate that acts as the cathode.

Three layers of Gas Electron Multiplier (GEM) foils have been posi-
tioned at the base of the field cage to amplify drift electron signals [9].
The GEM layer itself comprises a double-sided copper-clad polyimide
foil. This material is perforated with an extraordinarily high-density
array of holes, uniformly spaced at an interval of 140 εm. These holes
have a diameter of 70 εm and a distinctive double conical design that
gradually narrows down to 40 εm in diameter at the innermost part
of the polyimide substrate. Each layer has a thickness of 50 εm and
covers an area of 10 ω 10 cm2. These are separated by 2 mm due to

the placement of 3D-printed spacers at four corners. A voltage of 279
V has been applied across the top and bottom surfaces of each GEM
sheet. The same voltage was applied between adjacent GEM layers to
make the electric field of 1395 V/cm in the gap as shown in Fig. 2(c).
A copper plate is located 2 mm below the lowest GEM layer, serving as
the anode at the bottom of the field cage.

The charges generated by the GEM eventually reach the read-
out pads, crafted onto a printed circuit board (PCB). For each TPC,
256 identical rectangular pads are aligned in the 32 ω 8 matrix. A
pad measures 1.9 ω 11.9 mm2 with 0.1 mm gap between neighboring
pads as shown in Fig. 1(b). The design was intended to enhance the
tracking resolution of charged particles moving in a nearly forward
direction which is upward in this figure. Enhancing the resolution of
the TPC hit position typically involves employing finer pads. Never-
theless, this improvement encounters a plateau when the resolution is
dominantly determined by fluctuation as a result of the diffusion of
electron avalanche in the GEM layers. Through MC simulation utilizing
Geant4 [10] and Garfield++ simulation and data analysis of cosmic
muons, the resolution attains its value (𝜗 ϑ 165 εm) in the pad plane.

For the front-end electronics, we adopted General Electronics for
TPCs (GET) [11]. Signals from these pads are transmitted to the input
of the Application Specific Integrated Circuit (ASIC) and Analog-to-
Digital Converter (ADC) board. The dynamic range was set to 1 pC
during the experiment. A siZed connections And Protection (ZAP) board
was inserted for the purpose of discharge protection. Additionally, a
fixed pattern noise (FPN) channel is equipped to provide the noise
pattern originating from circuits. The waveform from the FPN channel
is utilized for the background subtraction procedure in the pulse shape
analysis (Section 5.1). The data from two TPCs are then directed to
the concentration board, known as CoBo, specifically designed as a
𝜛TCA compatible module. This CoBo encompasses a custom PCB and
firmware package, crafted for the GET system, and can handle up to
1024 channels. Its primary function is to package and transmit the data
to the computer via an Ethernet cable.

3. Experimental setup

The intensity of the 200 MeV/u 12C beam at HIMAC ranged from 10
4

to 10
6 pps and its dispersion was kept below 1 mm. The C

2
H
4
target,

whose dimension is 20 ω 20 ω 2.1 mm3, is positioned along the beam
line as depicted as a brown box in Fig. 3. With the center of the
target surface set as the origin, two TPCs (TPC-Left and TPC-Right) are
located at a distance of 550 mm along the ±40⋛ lines. This arrangement
is designed to maximize the acceptance of outgoing protons of QFS.

The following are auxiliary detectors used in this analysis.
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Dedicated detector

15

TPC-Drum
• Active target TPC (768 ch)
• 8 Si-CsI array (176 ch)
• He (90%) + CO2 (10%) gas
• GET electronics (4 AsAd + 1 CoBo)
• The last prototype for the low-energy 

LAMPS AT-TPC 



Dedicated detector
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• Collision system : 20Ne +  at 10 MeV/u
• The detector must measure multiple ’s with high precision
• Energy will be measured using Si (thickness = 1 mm)

• Resolution for  is 40 - 50  keV 
• Momentum vector will be determined by TPC part

• A spatial resolution ~150 m translates to an angular resolution of ~0.004 
• By correlation of E (Si) and dE (TPC),  can be isolated from other nuclei

α
α

α

μ mrad
α
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Performance test for triple GEM

Fe55 source
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768 ch Readout pad

• Different GEM hole sizes
• Different pad sizes 

correspondingly 

12C

α α
α

 

 

20 cm2 GEM foils are positioned at the base of the field cage to amplify the signals which 

eventually reach the readout pad (Figure 2(d)).  A total of 768 rectangular pads, each 

measuring 0.9 x 11.9 mm², are arranged in a 48 x 16 matrix, and separated by a 0.1 mm gap 

between adjacent pads.  For the front-end electronics, we adopted the General Electronics for 

TPC (GET) system.  

  The downstream wall can host eight sets of Si-CsI layers, each covering an active area of 81 

x 75 mm2 as illustrated in Figure 2(a).  Each set features a 1mm thick silicon layer for 

measuring ΔE and a 40mm thick CsI layer for E.  The silicon array has total 176 channels 

connected to the same concentration board (CoBo) with the AT-TPC part, enabling the 

synchronized trigger and data acquisition system.  The CsI components also serve as trigger 

sources, requiring the simultaneous firing of at least 2 or 3 telescopes, depending on beam 

Figure 2.  (a) Design of the TPC-Drum with the field cage hidden from view.  (b) TPC chamber under the test with 
radiation sources.  (c) Field cage and the triple GEM layers at the bottom.  (d) 768 channel Readout pads. 

 



• Ready for experiment
• Tested with cosmic ray and Am-241
• Position-dependent calibration for 

triple-GEM gain using Fe-55

• Alpha track measurement
• Am-241 (E = 5.44 MeV, 5.49 MeV)
• Average track length is 11.5 cm, 

consistent with SRIM simulation
• Cluster size in data is close to that of 

MC
• Good grip for resolution! 

Detector status
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Field cage

2025-04-22 82025 KPS Spring meeting

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
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Commissioning 
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Clustering fitted track ( sum of 30 events )

A simple straight line fitting algorithm shows a very good vertex reconstruction 
resolution σ = 0.81 mm



Drift velocity 
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• Used 40 ns configuration for a time 
bucket 

• Drift velocity is measured to be 1.1 
/  which is consistent with 

GARFIELD++ simulation
cm μs

• GEM voltage : 1850V
• Fieldcage voltage : 4850V ( 250 V/cm )
• Gas : He(90%) + CO2(10%) pre-mixed gas
• Drift velocity ~ 1 cm/us ( Garfield++ )
• Pressure : 650 Torr
• Alpha track length ~ 13.5 cm ( SRIM )



Simulation of collision events
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• Simulation of 20Ne +   12C + 12CHoyle  12C + 3α → → α

Energy Vertex and direction 

• Four-momentum can be calculated 
using TPC ( /p) and Si (  )

•  particles are distinguishable
⃗p 𝐸

𝛼

𝜶

12C

TPC-Drum simulation
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Reconstruction of invariant mass

α

12C

αα

12CHoyle → α + α + α

Lab frame

Hoyle state
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4-vector of  particles are obtained
• E          measured by Si part
•   measured by TPC part
•      calculated using  mass 

α

⃗p/ | ⃗p |
| ⃗p | α



Reconstruction of Hoyle state

α

12C

αα

12CHoyle → α + α + α

Lab frame

Hoyle state TPC-Drum (Toy MC simulation)

Hoyle  3
 = 50 keV

 = 0.004 rad

→ α
σE

σθ

Invariant Mass (MeV)

Barbui (2018) Bishop (2017) 
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4-vector of  particles are obtained
• E          measured by Si part
•   measured by TPC part
•      calculated using  mass 

α

⃗p/ | ⃗p |
| ⃗p | α



Separation of Signal to Background
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α

12CHoyle → 8Be + α → α + α + α

Background: Sequential decay

θ1

θ2

θ3
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α

12C

αα

12CHoyle → α + α + α

Signal: Direct decay

θ1

θ2
θ3Lab frame



Separation of Signal to Background
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12C* α
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12CHoyle → 8Be + α → α + α + α

Background: Sequential decay
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12CHoyle → α + α + α

Signal: Direct decay

Reconstructed 
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θ3
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Separation of Signal to Background
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12C* α

α

12CHoyle → 8Be + α → α + α + α

Background: Sequential decay
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α

12C

αα

12CHoyle → α + α + α

Signal: Direct decay

θ1

θ2
θ3

θ1

θ2 θ3

 of all  pairs in COM frame(degree)θ α

Toy MC Caveat - signals 
and backgrounds 
are generated by 
same numbers 

Reconstructed 
in 12C* frame
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Ongoing works - gating grid
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Ongoing works - Si detector installation

• Si detector positions were determined to maximize the acceptance for 3-alpha 
decay of the Hoyle state



Experiment at RAON 

• Extrapolation from Barbui (2018) [1]
• 20Ne, E = 9.7, 12 MeV/u
• 4He gas as the active target
• Obtained ~1,000 Hoyle states from  Ne particles
• Si telescope located at the similar position with TPC-Drum

• Beam time at RAON
• We got 5 days ( = 40 hours) of beam time at RAON in Spring 

2026
• We proposed to take 105 pps Ne beam at 10 MeV/u
• Expect to get ~10k Hoyle states and ~200 16O  events 

3.82 × 1010

→ 4α
extrapolate

PRC 98, 044601 
(2018) 
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[1] Phys.Rev.C 98 (2018) 4, 044601

Barbui (2018) For this experiment
20Ne + 4He 
collisions 3.82 x 1010 2.7 x 1010

Collected     
Hoyle state ~1000 ~10,000

Collected 16O 
(15.1 MeV) ~20 ~200



Calibration channel

• 8Be   to be used for the detector validation
• Well know peak position 
• Width provides the data-driven energy and angular resolution information 

• Spectra of single  emission from 24Mg* can also be compared with models 
(PACE4, HIPSe)

→ α + α

α
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Opening angle of  pairαInv. Mass of  pairα
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Next generation LAMPS AT-TPC

6 mm
6 mm

Simulation with 
• triple GEM
• B = 1.5 T

500 mm

500 mm

LAMPS active target TPC
• Cylindrical shape with readout at downstream with GEM-based gain
• To be used  inside the SC magnet, 3k - 4k pad channels
• Operational for high collision rate for rare probe search 

• Streaming readout is very suitable 
• Studies are ongoing for electrons - GET? SAMPA-based board? 

• Manufacturing planned in 2026
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OO collision at LHC

• Simulation study shows the deformation signal of 16O can be observed from the multiplicity 
distribution in OO collision at LHC energy

• Clustering structure is of interest for two energy extremum (10 MeV and 10 TeV), providing 
unique complementarity



Summary

• 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 TPC-Drum is ready for precision measurement
• Good energy resolution of Si  Good angular resolution of TPC

• Stay tuned for the first result to be released very soon!
⊗
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