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Quarks and sub-atomic nuclei
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Quarks and sub-atomic nuclei
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Recent hot topics for few-body hypernuclei
On hypertriton
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Recent hot topics for few-body hypernuclei
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Nuclear Emulsion:

Charged particle tracker with

the best spatial resolution

(easy to be <1 um, 11 nm at best)
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() O Silver halide crystal

Diameter: 200 nm

"ﬁ " Charged particle
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Development

Silver clusters
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J-PARC accelerator facility
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Results from J-PARC EO7 (Hybrid method)

AA candldates 14 Twm A events 13 Others: 6
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Results from J-PARC EO7 (Hybrid method)

AAcandldates 14 TwmAever\ts 13 . Others 6

! Non-trlggered events recorded in 1000 emulsions sheets
* 1000 double-strangeness (AA- and Z-) hypernuclear events
\| * Millions of single-strangeness hypernuclear events

&

Overall scanning of all emulsion sheets
(35 X 35 cm? X 1000)

M. Yoshimoto

Prog. Theor. Exp. Phys. 2021, 073D02 \15

(1]
(@]

H. Ekawa et al., Prog. Theor. Exp. Phys. 2019, 021D02



Overall scanning for EO7 emulsions
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Overall scanning for EO7 emulsions

~ Data size:

*107 images per emulsion (100 T Byte)

*10%0 images per 1000 emulsions (100 P Byte)

Number of background tracks:

*Beam tracks: 10*/mm?

"= *Nuclear fragmentations: 103/mm?

‘Qj Current equipments/techniques
o with visual inspections Pk
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Overall scanning for EO7 emulsions

~ Data size:
~*107 images per emulsion (100 T Byte)
~ +10% jmages per 1000 emulsions (100 P Byte)
~ | Number of background tracks:
- *Beam tracks: 10*/mm?2
°Nuc|earfragmentat|ons 103/mm?2

o ET T ————
¥ Current equipments/techniques H ‘

i t"
e é with visual inspections PR
560 year !*4
; - Ty 4

Millions of single-strangeness hypernuclei
1000 double strangeness hypernuclei (formerly only 5)




Setup for analyzing emulsions
at the High Energy Nuclear Phy5|cs Laboratory in RIKEN

* Hypernuclear physics
* Neutron imaging




Challenges for Machine Learning Development

MOST IMPORTANT:
* Quantity and quality of training data

However,
No existing data for hypertriton with emulsions for training

Our approaches:

Producing training data with
* Monte Carlo simulations

* Image transfer techniques



Production of training data

Monte Carlo simulations and GAN(Generative Adversarial Networks)

Binarized tracks from MC simulations GAN: pix2pix
+ background from the real data ; Edges to Photo '

Imitated
emulsion image

output

|

Binarized (like for simulations) Real emulsion image Ayumi Kasagi. Ph.D. thesis (2023)

A. Kasagi et al., submitted to NIM A



Production of training data

Monte Carlo simulations and GAN(Generative Adversarial Networks)

Binarized tracks from MC simulations GAN: pix2pix

+ background from the real data Ppdacer. Gdining dals ' Edges to Photo

output

Binarized (like for simulations) Real emulsion image Ayumi Kasagi. Ph.D. thesis (2023)

A. Kasagi et al., submitted to NIM A



Production of training data

Monte Carlo simulations and GAN(Generative Adversarial Networks)




Production of training data

Monte Carlo simulations and GAN(Generative Adversarial Networks)

Real 7 § Simulated




Detection of hypertriton events
With Mask R-CNN model P

K. He, et al., arXiv https://arxiv.org/ abs/1703.06870 (2017).

o

ﬁolAlign

car 0,860
car 0.931

Detection of each object At large object density



Detection of hypertriton events
With Mask R-CNN model =

K. He, et al., arXiv https://arxiv.org/ abs/1703.06870 (2017).

7

___RolAlign|

Example of training dataset
Image Mask

; —
car 0.931 car 0.92(

car 0. 860

& A Pedestrian dataset )

: R Detection of each object At large object density
https://www.cis.upenn.edu/~jshi/ped_html/




Hypertriton search with Mask R-CNN

Two body decay of 3 \H

“ 3He

o

A

8
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O

Simulated image

A

3 H
. A
3He :
"
-
50 um

Image

Training dataset (Simulated images)
Mask

<

Training

model ]

Ayumi Kasagi. Ph.D. thesis (2023)
A. Kasagi et al., submitted to NIM A



Hypertriton search with Mask R-CNN

Two body decay of 3 \H
Simulated image

.‘ SHe / il
SHe

e L

3/\H : W ’- 3 »

]
O 50 um

Real image

v

50 um

[
Trained Detected!

model

3AH | \ 3

Training dataset (Simulated images)
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Ayumi Kasagi. Ph.D. thesis (2023)
A. Kasagi et al., submitted to NIM A



Status of the project for hypertriton and 4,H

0.4 %

0.02 %

2020 2021 2022 2023

NOW

Nov

Apr

Oct

Feb

Nov

Apr

Further hypertriton search
For more statistics

Development of
automated &- tracking
4 and emulsion calibrations

Emulsion calibration
for all discovered events

-~

Development for
emulsion calibration

Slow-down
by the WASA-FRS experiment

Hypertriton search

 The first hypertriton event

p

First trial to search hypertriton

Model development
CNN, GAN and Mask-R CNN



Discovery of the first hypertriton event in EO7 emulsions

nature reviews physics e
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Guaranteeing the determination of
the hypertriton binding energy SOON

Precision: 28 keV Ayumi Kasagi. Ph.D. thesis (2023)
E. Liu et al., EPJ A57 (2021) 327 A. Kasagi et al., submitted to NIM A




Identification of hypertriton and 4\H by &t track length
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Current status

No. events: 174 (0.4% of the entire EO7 data)
‘ 3/\H: 36
« 4,H: 138 (Identified: 87 + Penetrated: 51)

Calibrated events: 143
. 3/\H: 36
« 4 H: 107 (ldentified: 72 + Penetrated: 35)



Calibration of
nuclear emulsions
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Analysis for 4, H binding energy
* With measured Helium momentum (Back-to-back)

 Cut conditions: Inner product = -1 (+30) S e e e

B
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Fitting results (can be checked one by one) - o4 K B,
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- Analyses for m- will be included
T T T - Error analysis for each event

—Weighted avarage: To be obtained



Analysis for 4, H binding energy
* With measured Helium momentum (Back-to-back)

 Cut conditions: Inner product =-1 (+30) S e e e

B

o o A
Fitting results (can be checked one by one) - o4 B,
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= 22 Mean 2.087
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{* Deducing the 3,H binding energy is in progress
1* Statistics can be 250 times larger
{* Estimated systematic error: 28 keV or smaller | \
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- Analyses for m- will be included
- Error analysis for each event
—Weighted avarage: To be obtained




Byproduct 1:

By, — “AH
4He /



Byproduct 1:




Byproduct 1: Discovery of double-A hypernucleus

as a biproduct of 3,H search

.'. : e,
¥ P
7

=~ From upstream
(Not trigered by
Hybrid method)

+ ‘| Double-A

| Hypernucl.




Byproduct 2:

4, H
\// ‘He
20 um - m- 41.958 mm
- stop ,//

with Auger e /

'
{
%51



Byproduct 2:

Scattering angles
6 =795+04°

=Step,
with Auger e-



Byproduct 2:

Hypernuclear scattering
Scattering angles
6 =795 x04°

4/\H'_ '\4—-\98 pum e

_—

——> H-

1T - stop
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Current machine learning developments

Improvements for the hypertriton binding energy
e Automated pion tracking
e Automated emulsion calibration

Detection of three- and multi-body single-A hypernuclear decay
(from May 2022)
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Current machine learning developments

Improvements for the hypertriton binding energy
e Automated pion tracking
* Automated emulsion calibration

Detection of three- and multi-body single-A hypernuclear decay
(from May 2022)

Search for double-strangeness hypernuclei
(from June 2022)
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Only ~ 0.03 % of the entire data analyzed Yan He, Ph.D. thesis
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Summary

Nuclear emulsion + Machine learning
* Binding energy of 3,H and 4,\H
For 4\H
» Currently 0.4 % of the entire data: AB,~180 keV (only with He track length)

»With the entire data: AB,~10 keV (but systematic uncertainty will be 20 keV)
» Analyzing 25 % data will be sufficient

* Single-strangeness hypernuclei with multi-body decays
» Heavier hypernuclei
» Increasing statistics for 3\H and 4\H

* Double-strangeness hypernuclei



