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Hypertriton puzzle

* The simplest hypernuclear system,?,H
—a benchmark in hypernuclear physics
Binding energy
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Differ from conventional interpretations

Our approach : Nuclear emulsion & State-of-the-art technology °
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SSD

Nuclear emulsion P % |
Target )

Tag

* J-PARC EO7 Experiment
—To search for double hypernuclei
—~1300 emulsion sheets
— Non-triggered events

* Thousands of double hypernuclei
* Millions of single hypernuclei

* Overall scanning

\._

Data size: 140 PB
Background: 10'° events
Eye check: ~560 years

| =) Machine learning




Hypernuclear events on nuclear emulsion

* 3 H decay event
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Detection is suitable for machine learning, but no training data
— Create simulated images from physics simulations




Production of Simulated Image
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Production of Simulated Image
(2Generate data

negative sample

positive sample
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Production of Simulated Image
(2Generate data

positive sample negative sample line image from real image

beam interaction
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Production of Simulated Image
(2Generate data

positive sample negative sample
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3 H event detectlon

Mask R-CNN
Object detection model

https://arxiv.org/abs/1703.06870

( example of train data

using object detection

https://www.cis.upenn.edu/~jshi/pe
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3 H event observation

T.R. Saito, et al., Nat Rev Phys 3, 803—813 (2021).
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Single hypernucler search

* Three-body decay

—Many hypernuclei decay with many-body decay
—Especially 3\H, 4\H &*,He
 3.H : Comparison with 2-body decay

) . Charge symmetry breaking
« 4 H : Comparison with MAMI
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T. O. Yamamoto, et al.,
Phys. Rev. Lett. 115, 222501 (2015)
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Double hypernucler search

* Double hypernuclear event

— Observe new double hypernuclei
— Increase statistics of known double hypernuclei

* Under development
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H. Takahashi et al. _
Phys. Rev. Lett. 87, 212502 (2001) Lanzhou Univ., RIKEN
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Summary & Perspective

* Binding energies of hypernuclei
— Precise measurement is needed

* Nuclear emulsion
—For J-PARC EO7 experiment
— Overall scanning

* Machine learning
— Simulated image from Geant4 + GAN
— Object detection

* On-going search
—Two-body decay (at rest) of 3,\H & 4,H
* Under development

—Single hypernuclear search
— Double hypernuclear search
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Hypernuclear Scattering o

Scattering angles
6 =795 £ 0.4°

/?‘ — )

m- 41.958 mm

T - stop
with Auger e-

Candidates of production

- K- stop, interaction

« 2 X stop

- Decay of Double-strangeness Hypernucleus




Precise measurement with Nuclear Emulsion 17/10

- Background-free measurement

Hypertriton decay can be visually observed.

Unique topology in two-body decay
(3 \H: ~28 mm, 4, H: ~42 mm)

¥ 3, H S\H | 4H |¢,He | " He
N He, Lietc::- [um] | ~8 ~8 ~2 ~2 -~
SHe ~ox| |7 [mm] ~28 | ~42 | ~24 | ~28
b

Range measurement for a tracks by fitting

- Calibration
~1970s In our analysis
Calibration source Proton 4‘He
(Xt —>p+ 19 (Rl'in emulsion)
Volume 6.5 x 103cm3 5cm3

K.E of proton depends on Mass of 2 *.

K+p—=2*t+m,2+—pht 19

- Kinematical analysis

3, H—3He(~8 um) + 7 (~28 mm)

~1970s: Measurement of Mass of A

(N —=p+m)|mr:10~20 mm

20 um

- 3He, *He calibrated by *He
- Calibration in each small volume

— We can achieve ~30 keV syst. error.
- Analysis of 4, H at the same systematic
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CNN filter

Convolutional Neural Network

Fully Connected

e s - images and correct answer labels (training data)

- Quantify features by convolutional operations

- |teratively updating the calculation weights
(parameters) in each layer

Convolution
Input Image Por
P g Layers oling Layers

—Making the best model

\ Model
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Automatic Tracking of it Track

* Tracking of mt track takes long time
—> automation by Reinforcement Learning

* Under development
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> hypernuclei
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