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연구 데이터 설명

Pion production at Subthreshold Energy

PART I Motivation

• According to the single NN collision model, 

π⁰ production’s threshold collision energy is 

at around 50 AMeV. 

• Below this threshold, π⁰ creation relies on 

cooperative motion to convert sufficient 

energy into the π⁰ mass.

SUPER (SUbthreshold Pion production Experiment at RCNP)
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Temperature and Transverse Momentum

PART I Motivation

• Assuming a source in thermal equilibrium, the transverse momentum of π⁰ should exhibit a Boltzmann distribution, 

where a slope parameter (T0 [MeV]) related to apparent temperature of the source.

• After accounting for reabsorption, the primordial π⁰ ​transverse momentum spectrum still deviates from a Boltzmann 

distribution across its entire range.

181Ta + 197Au at 40 AMeV  TAPS (GANIL)
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• Measured π⁰ angular distributions in Ta+Au at 40 AMeV exhibit a forward–backward 

anisotropy (A2= 0.31), indicating more pions absorbed along the beam axis.

• After correcting for PT-dependent reabsorption by the simple reabsorption model, the 

angular distribution of primordial π⁰ emission becomes nearly isotropic (A2
prim= 0.09).
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Polar Anisotropy and Pion Absorption

PART I Motivation

181Ta + 197Au at 40 AMeV  TAPS (GANIL)

K. Piasecki and T. Matulewicz, Acta Phys. Polonica B 41, 393 (2010)
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• The CsI(TI) Calorimeter consists of 768 CsI(Tl) 

crystals covering 75% of 4π solid angle.

• An individual crystal covers 7.5˚ in θ and ϕ,

except for 48 crystals near the beam axis.

• Average transverse dimensions are 3 x 3 cm2

for front end and 6 x 6 cm2 for rear end.

• The length of crystal is 25 cm (13.5 X0).
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CsI(TI) Calorimeter

PART II CsI Introduction

D.V. Dementyev et al., Nucl. Instc. and Methods A 440 (2000) 151.

KEK E246, J-PARC E36

Currently stored at KEK

under a dry air supply



• Test for CsI(TI) crystal and triggerless DAQ performance for photon from low energy π⁰ → γγ decays

- Eγ spans 50 – 300 MeV

- 3 x 3 CsI(TI) array with moving stage  

• Positron beam at RARiS to generate representative EM showers.
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Beam Test at RARiS (Jan 2025)

PART III Beam Test at RARiS
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Setup for Beam Test  – CsI(TI) Array

PART III Beam Test at RARiS

T1

T2

T3
e+ beam

Pos

• Coincidence trigger T1 & T2 & T3.

• The positron beam momentum was varied from 50 to 300 MeV/c.

• Active area of trigger counter 16 x 16 mm2 , position definition counter 3 x 3 mm2.
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AMANEQ
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Setup for Beam Test  – Data Acquisition System

PART III Beam Test at RARiS

• Data taking with V1740D (64 ch, 62.5 MHz, 12-bit digitizer) --> enable discrimination of pile-up events

• FADC --> Full waveform

• Test triggerless DAQ test with RCNP team

CsI(TI)
array

shaping
amp

(CP4042)

QTC

Digitizer
(V1740)

NestDAQ

HR-TDC

gate

signal

Trigger
counters
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Result

PART III Beam Test at RARiS

• Can discriminate pile up events 

- pile up ratio is around 1-2% in 800 MeV/c beam

• Now working on cleaning up the event and get the property of edge segment signal
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Pion Reconstruction Simulation

PART III Beam Test at RARiS

• Bremsstrahlung photon rate ~ 300 kHz, pion rate ~ 3-300 Hz --> SNR 10-3 – 10-5

• Generate 100k single photon event (energy 0 – 300 MeV) and cluster with Ecluster > 20 MeV, tcluster < 1 us cut

(for both training and test set) 

-->  using ML(XGBoost), select two cluster with highest energy and calculate invariant mass (~ 134.97 MeV)

𝑀 𝛾𝛾 = 2 𝐸1𝐸2sin
𝜃12
2

angular distribution

depending on energy

is considered

Beam 80 MeV/u

Beam 80 MeV/u
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Expected Timeline

PART IV Conclusion
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2025 Jun - Sep

2025 Nov

2025 Dec

Spring of 2026

@

SUPER DAQ test

@ 

CsI(Tl) detector 

transportation

KEK -> RCNP 

@

detector assembly

@

(beamtime)

12C + 12C

at 25 - 80 AMeV
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Summary

PART IV Conclusion
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• To check the performance of the CsI(Tl) detector, we conducted the beam test at RARiS using positron beam.

- Beam momentum 50 – 300 MeV/c to represent gamma from π⁰ → γγ decay

- XYθXθY remote movable stage 

• Pile up events can be discriminated thanks to the V1740D FADC digitizer.

Thank you for your attention!





Prospects

Yield estimation: Total cross section for inclusive π⁰ creation of 80 AMeV 12C beam on 12C target

Beam Energy 25 – 80 MeV/u and therefore total cross section σ = 20 nb − 10 ub

Assume beam intensity I = 1011 pps, and target 12C’s ρ = 0.1 g/cm2

assume that total cross section σ = 1 ub

Yπ0 = (1011 pps) 0.1 g cm−2
6.02 × 1023 mol−1

12 g mol−1
10−30 cm2 ≃ 500 /s

CsI(Tl) 768 Array covers 75% of total solid angle 4pi.

The expected number of π⁰ detected in an hour is calculated as 

Nπ0 = 500 s−1
3𝜋

4π
≃ 1.3 × 106/s



Fermi motion inside the nucleus

Central Nuclear Collisions I The Past and the Future.~ Shoji Nagamiya



AMANEQ https://openit.kek.jp/project/StrHRTDC



12C + 12C -> π⁰ + x 

• absolute threshold in symmetric heavy ion collision

(AA -> AA π⁰) decreases as mass number increases

• absolute threshold of pp -> pp π⁰ in lab frame is 280 MeV

• in 12C + 12C -> π⁰ + x collision, absolute threshold is at 

22.5 MeV --> based on this, we set the 12C beam energy 

to be 25 MeV/u to 80 MeV/u . 

SINGLE NUCLEON-NUCLEON COLLISION MODEL FOR
SUBTHRESHOLD PION PROCUCTION IN HEAVY ION COLLISIONS (GANIL)
V. Belliini, M. Di Toro (1985)



More Informations about CsI(Tl) Crystals

D.V. Dementyev et al., Nucl. Instc. and Methods A 440 (2000) 151.



More Informations about CsI(Tl) Crystals



Single NN Collision Model



Simulation) Angular Distribution Depending on the Beam Energy

Beam T 80 MeV/u 

strong anisotropy in 

forward backward

Beam T 20 MeV/u

David VASAK, Phys. Lett. B 176 (1986) 3
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