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2022: Measurement of the Radiative-Decay Probability of the Hoyle State

Physics case

“C (a,a’ + *C +y) @ 25MeV_“He
ROSPHERE :
(LaBr+BGO)x24
DSSD : front 16x4 strip,
B\ rcar 16 strip

Goal: Measure radiative
decay branch using a-
beam on C'with triple-
coincidence detection.

Method: Offline Pulse-
Shape Analysis (PSA) 7
for particle ' i £
identification. &
DSSD
detector

Software implementation by K.Sakanashi

K. Sakanashi. Using large-area si semiconductor detectors development of waveform
discrimination techniques for low-energy charged particles. Master’s thesis, Osaka Uni-
versity, 2021.
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Motivation for the development
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Results (1/3)
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Alpha particles,
deuterons, and protons
can be distinguished,
serving as the basis for
computing the Amax

PR K Value. /
Waveform 3 Trian_gle filter
12000 10020
10000 ~
r 80
8000 I
© L o 60
=) L © L
2 6000F 2
: B
E i £ a0f
4000
i 20f
2000 — Alpha L
| =— Deuteron L
o=, . . . |—FProton 01..11\.|.H1.H|..m...
220 230 240 250 260 270 340 360 380 400 420 440 460
Sample Number Sample Number

Amax software
(=]
w

o
£
T

I I
40 €0 80 100

Amax hardware

120

vinerence

The Legend Title
0.4l FIT
Amax comparison
02 Difference(soft vs hard)
0.1
0
=041
0.2k
-0.3
) PSR B . x10°
20 40 60 80 100 120 140

Amax hardware

Comparison of
software and
hardware
algorithm
performance

~

Differences in
software and
hardware
implementations

\




meli

Nuclear Physics

\ Results(2/3)
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Mean 0.362 !

Std Dev 0.07033

. FoM=

~ 0ses00d4

FoM = e

FWHM,; + FWHM,

Counts

Hardware

* Enlr?;is o-py-oLhe 668 ‘Vl

Mean 6.677e+04
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40 I~
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Amax

The FoM was calculated based on the projection of the 12.5-
13.5 MeV energy range on the Amax axis.

The difference arises from the conversion of floating-point
operations to integer arithmetic, a necessary step to facilitate
hardware implementation.

9
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e Algorithms successfully implemented irN
Xilinx Vivado using a hardware-based
approach. 12C target

e Simulation results matched previous
studies, with Amax aligning with
software outputs.

e Next phase: real-time implementation

and hardware analysis to enhance data

processing speeds and system efﬁciency/

1 ; Conclusion ;

2025 Test of online particle identification
algorithm with waveform digitizers@3 MV

Proton (E=4.5MeV),Alpha(E=6 MeV)

]

“Hardware Simulation of Particle Identification Algorithms for Silicon
Detectors* by S-R. Ban, D.L. Balabanski, Y. Fujikawa, T. Furuno, T.
Kawabata, K. Sakanashi, P.-A. Soderstrom, M. Cuciuc to be submitted in
The Scientific Bulletin of University POLITEHNICA of Bucharest, Series A

10
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"Be % o P The y-decay probabilities of the
7.65
3“?#” 1T : LD Hoyle state are very important

321 MY | 444, parameters to determine the 3a
- rate in the nucleosynthesis.
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