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ALPACA: modern algorithms in machine learning and data
analysis: from medical physics to research with accelerators and
in underground laboratories
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Triggering?

The J-PET DAQ based on FPGA works in a trigger-less mode in order to




Data reconstruction
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Data reconstruction
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Data selection
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Data selection
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Data selection
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Data selection —

positronium imaging

— Data
— Fit

— Direct
— Source
— p-Ps

\ — Background
0

(-5.25cm, 9.5 cm)

(5.25cm, 9.5cm)

(0 cm, -10.8 cm)

Cardiac
myxoma 1

(-8.1cm, 8.1cm)

(-8.1cm, -8.1cm)

O

Cardiac
myxoma 2

(8.1cm, 8.1cm)

(8.1cm, -8.1 cm)

Adipose
tissue 2

S *—'—___lﬂ‘l‘-_ﬂm.,fl__,,_‘__fr" Lw..h.ﬂ._.,.,ﬁ_—ﬂvﬂ.«_»-l‘d'

4
60 80 100 120 140 160 180
Angle [deg]

LF =

Vi
\“‘ "‘l
. ’

Annihilation
Cut

Rejected
angles

s, B

il &

Centre of the
detector

Vi
L "y
) T

. \
LA
T

’ \
' \
L3 15 TN

10 12 14 16 18 20
Hits in Event

x10°

== Angle annihilation - deexcitation

)

E.-i"b—f_“‘h]

tannil + tanniz
2

o tdeex

RN
vt (/A

(]
' [N

g W8 g

\

\

. LOR

‘e, 1
Vet g,

\
v N,
‘s .

Centre of the - _
detector

. \
L
T

' \
' \
L S

4 6 8

Scatter Test [ns]




(e))
o
3
Counts

N
(@]

| IIlIII|

—
5

Data selection —
positronium imagin
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Advanced
refinements —
positronium
Imaging
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Advanced refinements —
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Advanced refinements —
future advancements in imaging
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Advanced refinements — positronium physics
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Advanced refinements — positronium physics
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Effective polarization depends
on 0-Ps—3y vertex resolution
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Advanced refinements — positronium physics
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Advanced refinements — positronium physics
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Advanced refinements — positronium physics
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Advanced refinements — forbidden and raredecays

Study of the forbidden decays (p-Ps -> 3 photons)
il - conjugation symmetry

Work by M. Skurzok

Wl Acta. Phys. Polon. A 137 (2020) 134

Study of the T symmetry
J. Raj, D. Kisielewska and E. Czerwinski, Acta. Phys. Polon. A 137 (2020) 137
P. Moskal, E. Czerwinski, et al., under revision in Nature Communication
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Study of the invisible decays (Ps -> no photons)
(Possible application of machine learning)
Work by E. Perez del Rio

Acta Phys. Polon. A 142(3) (2022) 386-390
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Conclusions

* Analysis by the J-PET detector consists of various algorithms in order
to reconstruct the data, select proper events, reduce the background
and finally to apply dedicated refinement

* Presented analysis procedures were conducted for medical and
fundamental physics fields. Obtained results show potential of the
J-PET detector

* Further advancements, and in particular application of machine
learning, could improve obtained results even further
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