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Double strangeness nuclei:

*Exotic nuclei made up of two s-quarks (lifetime =~10-19 sec)
*Tiny neutron-star on the ground

AA hypernuclei = hypernuclei
u-quark d—quark
d—quark S-quark
S—quark S-quark

éamaHe (*He + A+ A)




Photographic emulsion sheet for double strangeness nuclel

Sheet after photographic development Optical microscope

F - ey

25.0cm*24.5cm

*Photographic film having sub-micron of special resolution
*Thick sheets: T=~1mm -> ~0.5mm (after development)
*7stages in Gifu-University and JAEA



Under 20x objective len

<%
4

Emulsion sheet

Thickness :1.0mm— 0.6mm after dev. pqcq| depth: 6 um, equal to 18 um before dev.
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Emulsion sheet

Thickness :1.0mm— 0.6mm after dev. pqcq| depth: 6 um, equal to 18 um before dev.
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Under 20x objective len

: | é - g .
-Pmﬁ’. :

Emulsion sheet

Thickness :1.0mm— 0.6mm after dev. pqcq| depth: 6 um, equal to 18 um before dev.
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@

Under 20x objective len

Emulsion sheet

Thickness :1.0mm— 0.6mm after dev. pqcq| depth: 6 um, equal to 18 um before dev.
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Hybrid method for J-PARC EOQO7, double strangeness nuclei search

K- beam

1.8GeV/c

Diamond target

SSD

SSD

Emulsion stack (13layers)

K+

r—\/'—‘\
—{ v
e I ) )

‘\ v

Hypernuclei as nuclear fragment

K- beam

——

=1

+— Silicon Strip Detector(SSD)

Emulsion stack
35cm*34.5cm*13layers
8



2000F K FETIC
BRHEINT-FHRE: 9
BIERE. EEBBERICHRILI-ERE:1

J-PARC EQO7 : BX10BO#%HETT IR SR ABEER T HER
* Photographic emulsion gel 800kg—2.1t

* Purity of K- beam 25%—85%

* Automated track following

*A = 6~17 AA hypernuclei : AA interaction, nuclear structure, AA-EN
coupling.
*= hypernuclei (-0, =--14N, £--12C ): &N interaction, AA- EN coupling.



TAMEEEIE) b7 ¥Epk NagaraStage GUI ( Visual C#)
NagaraStage (C#)

Img Proc.

£S5

m INa(C

@ &l H

>tage

M| Home | OverallScan  Tracking
e ’ %, Coord_Rec | [l Spiral+ o LightAdjust | € BoundaryRecog | [EllBackToOrigin | [ Beams
- : %, Coord_Init | [lGoSpirlorig | g Multi € IsinEmulLayer | [EJ] SetOrigin | BeamsMy
e Ellsetspiriorig | ¢ Single €. GoNearestGrid I BeamsCd
Config Record(X) Spiral(A) Photo(B) Origin Beam
X: +58.658. Y: +82.213. Z: -0.263.4 mm 10x EO07, 200, 1 thin
u | ru |
=]
> | o |
[20.000 20.000 |
|-2.000 3.000 |
SpeedXY SpeedZ SpiralX,Y: 0, 0 ResetTempO| X: +58,658, Y: +82,213, Z: -0,263.4 mm
= [35 | [Adjostigne]
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-viewer

Sl
| Ty
192 193 191 193 195 194 196 195 192 P 4 ggg gig g
183 189 193 198 198 203 205 204 204 g?g %gg 2
183 180 180 184 188 191 197 195 192 ggg ;ig g
188 185 178 174 192 198 203 201 204 270 248 6
178 178 168 182 180 190 193 196 1498
193 186 179 172 183 199 201 208 205
184 183 173 169 181 193 193 198 194
199 199 194 188 191 201 204 204 205
195 195 189 188 191 198 198 193 143
’
G=)

{ Next ‘
current pos: 386, 333, 4 click: 270, 248, 6 drag: 96, 95, 0 [pix]

00, 00, 00 00, 00 00 00,0, 00( 0.0 [—] ‘ Save File |
D:/work /20170209_014_01 xi/920/920_u_25330_0.2260_-0.054 -0.008 dat | Eead file_| filterd

|

Prev File

Next File
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grid-marks measurement

1t step: 4th step:

Emulsion setting making map with all the marks
I WFeoevevov. . 00 9088 Bs0eone Hroegece o
on mlcroscopeStage o9 sscvsseveotoghe .. l.&!:§. tevnv e
oooooooo..‘.o.'.o....'.. EERS T8
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2 Step. ..Q.O.A'-.ooo...0'..:~..'Q.0.000000.“
. . 2000000000000 0Q 0000000V OPS ®aesss i
taking pictures for 34*35marks -:::::::::::oy..g:::,::::og::. e
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(1) REBRICKDEZIRDERDMHIE  EHIRIRDEREZAINLIGETHoHLIZED,

'~k A - R—IELTRIMNLDRITF
E'\: 770 / :.7;‘.;‘.?”“ S0 =% S
EEQ\ \\\\§\§§§w T %/ CBERTY—o DB
> 1 g
RN T N
SRS N C B BHELOD, A
E§§\\\\\\\ \\\H\ A L W\AIERAEZAS,
i\l
=SSN =
5Qi‘:—?—_ﬂ:: &:\\ : L UL T B iiﬁjﬁiﬂ/’i:
T,
R T Nt
S0 o oo L NN NS 32 ,
i/.//:/; ;2//?7;2/ / 31 | f LA \QE\QQ\QN: 100micron
1= ///// 2 IR R R NN N
C / T l ETENN \\&2 BRESIERILE R
asZ27 2700 AR W
A TIHHIRNSNNSN S
771507 7100 © *-50 T 0 50 " 100 1§me] ®
Mod004pl02 (450umidiEm &Y [E R E71R) 100micron

RREXEEEZEICEHLE TS, 17



(1) RERICKDFEZIRDERDHHIE

X8R 21=-Y—IDXARDER YRR —VDYARDER
600
dX[um] 600 dY[um]
400 400
200 200
0 0
-200 -100 0 100 200 -200 -100 0 100 200
200 X[mm] -200 Y[mm]
400 -400
dX=2.84 X+ 2.68 dY=2.42Y-1.93
-600 -600

0.4mm/170mm = 0.2% ~ 0.3% DU E,
CD IO BT IERFittingTH ., BEDZEREIL (11.5um, 6.2um)

-FEITICREEGRWRE,
-ECAECAHIRRDIRITI=-E AT, B R MR CTHETEEEA TULVD,
LIBET R TOERENIX. E%4 DLookUpTable TEREMMIELTITI,
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(2) SSD-EZIRIMB DT SA AL @ MEBICEHNLU-BRGEREFREFOD/A2—2T,

/. SSD _
pbeam

s

3

A 4

Emulsion

SSD
Pattern matching

4fEE L:::::::3

15t emulsion sheet «
(after development)
L:::::::

st emulsion sheet
(before development)

L

~10%/cm?

Pattern matching - dy:dx

X-projection y-projection

2200

2000
1800

1600 Gy = 22Mm

C »
1400~
1200
T =

1000:h R T o |

800
600
400~

|

2001~
| | | | | T . ! | | | | |
—170-169.5-169-168.5- 168167 5-167-166.5-166-165.5 U686 1664 _168.2 168 _167.8 1676 1674 1672 O 1734 173.2 173 —172.8 1726 174 -172.2

Mod: 004-RightUpCorner X[mm] X[mm] Y[mm]




HFEFRDADERIZRELC/ A2—2HD DY,
EDIIITLLELELSEN,

) péttern 1 . ° pattern 2
) g
MEZFT EHICRICEZRICEE.
ETOEAEHLETRHNZVE.

RRZeEhE. ZXTFEICRELTUL

N

ZREERNT S LD
E—J&HE0ECIFE,
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(3) MEIZEZREDTSA AL« B9 HK-E—L(1084K/cm?) T,

S S
, Plate |

L TRERE(C t

L RBRIEZRIZIVEVTL

L INE—UyTFED - S
: Plate i+1

- y 4 -
Plate i+1

beam offset

- Bk - £9400umPy 5
(10fRE7. REFLOOOARTEE )

- T #2mmPg A
(RK+-1mMmMDALZRAAT,)



patternmatch-dx

- %2/ ndf 82.03/76
Mod004, pl01-02f@*h % 4135(0.0, -0.5)mm T esios
FREM AR 24 3 o 11ses0100
1.1k (~400um)? vs 28.5k (~2mm)? oo P3_ 7459100
1002—
C—oDHE (19438, 338.9)um by d L]
E—oDiE (1.2, 04)u- oL ¥ T S
ERE E—LDREST  AFEhEOBE 80um
20~ "
9_\‘.‘|‘.H|m.\‘.‘.m.m‘.‘m.‘.\.w
e g 2z 60\ 170 180 190 200 210 220 230 [prﬁ?o
SgELET — 2 %e PO N
5 il S | 1o 1000
zxfesue = ) -
g e
£ — 8 L
S i =3 C
2 L Q| e N
g Ez e K Uy
= | i
= 18 -s500-
g LR Y /
——" 7 ~1000
E—5%HY+-40um, 1§+-15umT -

ELl—RITERN S LA 1500650 " —1000 500 0 500 1000 _ 1500 °
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Residual; non-linear-deformation between beam-exposure and gridmark-printing

— reference: 100micron

014

~ e ‘ PI02

~y[mm]

-pl03

501 :
100~ -
501
AReferences
B ([

—100:\
B [ J

—150/— /

ﬂ\‘l\\\‘II\\‘\I\\l\l\\‘lll\‘l\l\‘\ll

-1560 -100 -50 0 50 100 150
X[mm]

Average[um] RMS[um]
X -30 20
Y 100 135

_y[mm]

100

-100

-150

= —~ reference: 100micrun!\"/!0d0 4

_ e . . PI03-pl04

;7 \ . -’ o

- 4References,

N S

= e

. .

rI_\|\\II|\\II|\\I\‘\\I\‘III\‘III\‘I\I

-150 -100 -50 0 50 100 150

x[mm]

Average[um] RMS[um]

X 62 -34
Y 103 130

SOEL U ABIRBFDORETCTFOHEEZREZEBELTHLS
CEREFOR . E-RFODIAIAICHLT/NI—o Ty FE LB EREL,
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Track following : In Operation.

/)

\

stopl/,

N

'n..—_-l

=E->AnDecay

Beam direction

« SSD-pl01 connection
« beam pattern matching for adjacent sheet:
« image taking around stopping point

Found events

E->An Decay

Stop w/o fragment

Nuclear Instruments and Methods in Physics Research A

journal homepage: www.elsevier.com/locate/nima

Automatic track following system to study double strangeness nuclei in
nuclear emulsion exposed to the observable limit

Myint Kyaw Soe’, Ryosuke Goto, Akihiro Mishina, Yoshiaki Nakanisi', Daisuke Nakashima,
Junya Yoshida, Kazuma Nakazawa

M.K.Soe et al., NIM-A 848 (2017) 66-72 24




How we obtain more double lambda hypernuclear events?

A new Experiment: J-PARC EQY

A new searching method: Overall-scanning method

Diamond target

Emulsion stack

K_

K* (p>1.0GeVic)

K_

~——_

’i:V

Y

/’ ' Double Lambda

g —Hypernucieus

yield: ~30%

__________________________________________________

« Latent events (~10 times) may be recorded.
« Alpha decay search



“Overall-scanning method” by the “Vertex Picker”

Concept and Key technologies;
(1). 3-dimensional scanning under optical microscopic view.

(2). Image process to find multi-vertex shape in emulsion.

i e
vertex—like shapes which
consist of several black tracks

J.Yoshida et al., NIM-A 847 (2017) 86—92
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(1) Vertex plcker(Stage#7 8)

high resolution CMOS .’ﬂ‘
2048*358 pixel

high frame rate
- el | | 800fps
] wide F.O.V. :
objective lens x20 dry lens (NAOQ.35)
Piezoelectric drive 1142*200 micron?

~ Piezoelectric drive
stroke 500 micron

period 5Hz

picture 40picts /cycle

: Continuously stage movin
emulsion plate

Designed speed:
10mm*10mm*0.9mm / 2min. = ~40 hours @plate (340*335*0.9[mm3])
To accomplish scanning of ~1000 films within a few year. 27



E{g%ﬁ http://journals.jps.jp/doi/pdf/10.7566/IJPSCP.1.013070

Original image Difference of Gaussian Binalization

. . -
n\ " a J

.:,,-. 1. 7»77%@ Gaussian filter |\

—E S - *

x20 Objective (NAO.35) kernel size = 17pix (smoothed — source)
1 pix = ~0.6 micron if negative, brightness=0

threshold ~= peak*0.2

Filter for bold tracks Prob. Hough Trans.  Vertexing

contour length > 5pix resolution = 1degree dist-edge-to-edge = 15pix
area > 10pix threshold = 16 pix / line ~ N_Tracks >3 |
polygon area > 1000pix



@ source image
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cropped images




!

37708_org_036
-149-038.bmp_
0_px712_py229
_n3_a%915.png

37706_hou_036
-149-024.bmp_
0_px1195_pyl2
8_n4_a3764....

37711_org_036
-149-045.bmp_
0_px746_py233
_n3_al990.png

37717_hou_036
-149-052.bmp_
0_px1736_py27
0_n4_aB352....

37706_org_036  37707_hou_036

-149-024.bmp_  -149-036.bmp_
0_px1195_pyl2 0_px736_py336
8_nd_a3764.... _n4_a4065.png

—

37712_hou_036 37712_org_036

-149-046.bmp_  -149-046.bmp_
0_px403_pyl78 0_px403_pyl78
_n3_aB89.png _n3_aB89.png
s
g
b ¥
e T

37717_org_036 37718_hou_036

-149-052.bmp_  -149-054.bmp_
0_px1736_py27 0_px1123_pyl3
0_n4_aB8352.... 5_n3_al354....

67,767 {EmDIEE

37707 _org_036
-149-036.bmp_
0_px736_py336
_n4_a4065.png

37713_hou_036
-149-046.bmp_
0_px1239_py29
8 _n3_aB1l4.png

37718_org_036
-149-054.bmp_
0_px1123_pyl3
5_n3_al354....

37708_hou_036
-149-038.bmp_
0_px712_py229
_n3_a%915.png

37713_org_036
-149-046.bmp_
0_px1239_py29
8 _n3_a814.png

37719_hou_036
-150-041.bmp_
0_px345_py135
_n3_a2457.png

b A

37714 _hou_036
-149-048.bmp_
0_px393_py123
_n3_al213.png

37719_org_036
-150-041.bmp_
0_px345_py135
_n3_a2457.png

37710_hou_036 37710_org_036

-149-044.bmp_  -149-044.bmp_
0_px1171_py29 0_px1171_py29
7_n3_a2963.... 7_n3_a2963....
i K

37714 _org_036
-149-048.bmp_
0_px393_pyl23
_n3_al2i3.png

37715_hou_036

-149-051.bmp_

0_px429_py83_
nd_al006.png

37720_hou_036
-150-047.bmp_
0_px773_pyl45
_n3_al995.png

37720_org_036
-150-047.bmp_
0_px773_py145
_n3_al1995.png

37711_hou_036
-149-045.bmp_
0_px746_py233
_n3_al990.png

| ]

YR o

37715_org_036

-149-051.bmp_

0_px429_py83_
nd_al006.png

37721_hou_036
-150-052.bmp_
0_px1047_pyl6
4 _n4_alB28....

OpenCV, an open source library for image processing

in C++ and python,

IS used.

Nearly 3k events were extracted in a volume of 10mm * 10mm * 0.9mm




ERHICT —IRGEERYT
INAINN—BDIAVER(REARUM) ZIRE, DT HF A\ — iR H IR,

S-quark

/ d-quark
€

S-quark

1 10 pm @
SHFEETFHO. BOEE RIS LSRR EE, %
BE' = 1.11~4.38 +- 0.25 MeV
PTEP. (2015) 033D02.

201518198 S BAHE BT k. FEAEORC—F PHTFRCTIYAEE

I R AD FRFH IR (ERWIEY) CHFRE FAWNEFRBERBE 220 d

=3, BEOREEETE AP TEICSEN TSRS EEINT AR FIS -.'._51‘.".':5‘.' Xe P 2D
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A GUI software for classification

Made by J.Yoshida with QT5

[m:] shinida_classifier | == ﬂ\f—1
- *
| <ooo | g w | >to00 |
| R -;r
- L] "
% s on #
| <00 W Z R - e B0 | 00|
- i Ta
N ) _ Ny
~ J it . N 4 .
=Tk A
| <o | v & S e _ | >0 |
;h' L ’ "' .‘ K]
£ - t .
o) % a2 e,
" g -
a - 1 ]
=~ i
blur | | track | | scratch | | 1 wix | | alpha | | 2yt |
0 00000 _org 000-000-001 brmp 0_md 222_my?63 nd_al 514 png — Read files | | irite file |

eye-check speed: 1000 events / hour

Categories:

S » g
; Ny
- % - <
9 v - . ‘:*‘/\(
RS e
e otk
. "
[ T 5. \ ;
a ? /3
® ./
/ !

B: T S: V.
blur through object on surface vertex

A: W
alpha decay 2vertices



A GUI software for classification (modified) Made by J.Yoshida with QT5

rE] shinida_classifier s Eﬁ

@n ©: ©Ow @n ©a Ow @n ©a Ow

e

0 00000_0rg. 000-000-001 brmp.0_px 222_py269_r3_a1514 png | Read files | | Write file

ADBIZKDEEDFEIRNILRYY
HHFEE (Deep learning) [CKHER D FEEZE A, (2015FEZAMD) 33



Deep Learning ~MDE(1): T D 94T

- 100pix*100pix D E{& (£ 10000RTD AU KL THY . 10000 RTERAND LR,
"ERDFEEE. ZERTEMDMRZELD EF,
LOL. REODFICHWMBEENHSIHE . I\TA—FZHIRTETEIENHS

B3R TZERMAIENFEEZ > TH ML TS RE

FROEICHEZ LR EE A DT T
BELTDMNEEZRIATED

-RHZTHICHELER, R 08O RSGLLG#MER DTS
=11 fut %ODEE):E L. RICRUAD D KREGEDFOIGEHZER DTS
%*L)Jg'd—

EREXREEICHIA T HMEERT (XS 717, PCA)

34



Face Recognition with OpenCV

http://docs.opencv.org/2.4/modules/contrib/doc/facerec/facerec_tutorial.html

Eigenfaces
A0 N* 1O DER Y b hVio A B

B

EEINfE D EigenfacesDIE4EE T
BEE{RZE T,

150FBE D /NSA—FH TR DEBE
BELFETTEDLEHEED,
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Deep Learning ~DE2): T L—kvyF 5, aviRl)a—3y
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AlexEMZEH LRV =1—TF LRy T—4 (AlexNet) http://wiki.ruka-f.net

. ’

7= - convolution

fok AL BE 2R

- =
= gy =7 0Y7

Local Response Normalization




http://devblogs.nvidia.com/parallelforall/wp-
content/uploads/sites/3/2015/03/Classification1.png

A7 :3chAhS5—E1#E

PEEARERETS5TIL—F

11pix*11pix*3chh>—Eg 96/H

SEERRERERERERES 15! convolution Dt &

REEEEAR NEDENELSXERIZT S(activate function:ReLU)
96D S5, 64EZE R~

poolt

288 15 pooling (max-poolingl=&->TL2IZH YA ST § %)

nomt Al
-

IE 371k (Local Response Normalization)

H:96ch Eifg, Z0RIEX5pix*5pix*96chd T 7L —k256{& Tconvolution 41



ZERXDEH A EE [Lee, Grosse, Ranganath & Ng, 2009]

LB ERH#sES

BRI DEAEHEELT
POEMERZRESED

SHICEMERZRHSED
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EEOERGBD3IDHEINT—F o RILEFHT. 3B DESFHRERIT

80micron
_ 140pixels

%Omicron
140pixels

12micron

I-th Iayer/'

12micron

iii

Kiso event Nagara event 43



8A3ITFMDFEFAERITKTL.
Data AugmentationZz LY,
E{R YT ILEETAMIZLT=,

Data Augmentation: RE#x. El#5 T, CDIFEIE8EIZKIEELLT=,

o e



5%
= | for training

\

20k images

a, alpha decays

V, vertex
w, 2-verticies

b, blur
S, object on surface

10k images

25%
for \falidation

323k images

/

152k images




Training

OS:Ubuntu 14.04 LTS
GPU:GeForce GTX 970

Tool : Caffe developed by the BVLC
Network : AlexNet

FEERE  7TERE

Training progress

Lozs

] — 100
Accuracy(validation) : 96.6%/ *
=50
- 70

08—
50

05— L A0

- 30

04
= 20

07 Loss (validation) : 0.13
| 3 ~ 10

&ccuracy(%)

@30t epoch
46



E{R D EDOERDH:

91.729 99.69% )
7.44% VW 0.30% a
0.79% t 0.01% t
0.06% bs 0.00% bs

95.30@

99.80%
0.15% a 4.39% vw
0.04% t 0.18% bs
0.01% bs 0.12% a




Vertex-like

alpha

SO TEEERIZEGNAT AN TNGEND (ZDT-8) HREEF



BEEDIILL AT IL—TORESR

HEZZEHIR
BEIRILTF—FHEOHEFZEREDHE
Fr—LRAFDHER

19804 1%

—a—kJ)/E—LEFE>I=Fr—LHFDHIE (FNAL E531%4: &)
NFOVE —LZEF>-BRIFDIZE (FNAL E6537%:&)
FITINAN—BDHFE (KEK-PS E176)

HE

19904 1%

A)—a—k)/t&H (FNAL Donut B EHE) @ RMFEREELSFHEIN
—a—k)/#REIEER (CERN CHORUS) BRHTIZIR A,

FITILINAIN—DWZE (KEK-PS E373)



20004 1%
—a—M) /IRENRFIEER : OPERA

2010&1"3
BRI —AI0A T 574 ERBEBEYDELR

-Neutrlno Interaction research with Nuclear emulsion and J-PARC Acc.
-Gamma-Ray Astro-Imager with Nuclear Emulsion

-Directional Dark Matter Search

PR

AT IVAML VDR R

& B EEk

BT IR R A% (KEK-PS E373, J-PARC EQ7)
B TIARLU DR A (S=-2)
"EIRILF—ON\FOVOTYDOEMN

"BAAUEZE

(-Za—FICHFT574)



CERNT Pb150 AGeVZEBETL-8 R

B T, AgBrigaat 4 X200nm

EEIFE R T, AgBrig &Y 4 X40nm

BT I HFREFALHLT,
1F3E DEERIZEMNDIEHRA
fAIMsIEHEBLELD D,
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FEH

-J-PARC EO7(L. B EIVEHMETENERIFRDEETNZHEFLIRIZER ZHRL,
E{E NI xRV -l BEnE 1 Z#FiiREL THRETEIN TS,

"HRDIVOVEEDMEBEESOEIZLY .. REMNESEOEHEEEZ R,
-IREEQ7 20164F 1strunD LR Z 2T h,

T HIF2016FFLLFE., B 512100%effort TXO>TULVS,

BERRICKD EMEMEEDON LT, 2EIFFREZZHFE P,

-Deep LearningZx AL\ -BE& 2 5EZE A,
"EO7TDEDETEIZFEEL TS,

800GeVIG¥. EAA L FEXEHELI-ERM 5. MMEHRMAEISHELZLD,

QINAIN—F? TFv—Lx?

-EH. 48 MNBIAEAN,
-THOREDTAEN, ENOIBEEXRIZTRANIMBEEELTEETE.,



convl
Weights (Convolution layer)
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2014

2015

2016

2017

Emulsion sheet making -> in Kamioka mine

2015 May. Test

experiment

2015 Oct. Commissioning rurh

Jun. 30, 2016

......
PLETED

15t physics run

*Commissioning

*18 modules

eshing

am exposure
Wgraphic [

Analysis

2"d physics run
*Commissioning
*100 modules

Dev.

N

~60%

Refreshi_
B

eam exp
Photographic

o4

\ 4
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