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ANNBEERIF. FTILSLENAN—Z(ANNR) DEEICENSD

Normal nucleus AZ N\ Hyper nucleus ,AZ N\ AHyper nucleus ) \AZ

A A A

potential

By ek

NNEEERICKSEE
AB,,=B,,—2B,

ANNBODE=EIX,. EOXIITHETSH?

- = HIFDFERILEFREIFRL.
- 4 A & FRIERF D Q-value +ParticlelD DBIFEIZL->THIERT S, 3



BRFREHRZTANEA ANAMNN—BORELEEAITE (KEK-PS-E3733ER)

_ Emulsion stack ~~——__ [1]
D diZH

lamondtZ 4 HEEL-BE TR

K- K -
_— — 1GeV/cLA EFE K
1.66GeV/ =
eVv/C / \_\
S/
Z-DER w ZAMEERT T
| INATVwRi%
SciFi

quasifree
P(K— K+)E-
reaction

AkLro=2
N N1%D3

4



BRFREHRZTANEA ANAMNN—BORELEEAITE (KEK-PS-E3733ER)

Diamondi&f4 Emulsion stack
K- K+ -
166GeVic | = 5 1GeV/cl £ EK
il A
% FLEER:
BHECEHOT j .
THIL BB, 51E 358, K- 8x10° — #7064
| . B AR DIRFE
SciFi ;E%ﬁqkﬁ_?%’.)(é SciFi
E) X5 )
p+ =- — N+ A\ +28MeV
@ = 5 protons + 6 neutrons + 2 lambdas
: +RETRILF—
BIZ (X 2CIRF#%+ = - D EIF R ( = -atom) DFRRELHBALLS 5

E = M(12C) + ME- _ BE_



BRFREHRZTANEA ANAMNN—BORELEEAITE (KEK-PS-E3733ER)

Diamondi&f4 Emulsion stack
K_ K+ R
166GeVic | \5—K 1GeV/ic EEE R
N N\ DS ELERRIER LV,
REELTRAZS
SCiFi LUsciFi

’

7 \

’ \

’ \

1 1

1 1

‘ @ ‘

\ ]

\ ’

\ ’

E ;j N ’
N .
@ h -

NN, BR—DODEFHFITBFOTNESZEICTA ANRKRELSD




BRFREHRZTANEA ANAMNN—BORELEEAITE (KEK-PS-E3733ER)

Diamondi&f4 Emulsion stack
K_ K+ R
a— e . .
1.66GeV/c = L TGeV/cA LEER
NDBRECELDZS _
SciFi LLISciFi

A O Rt =t - O @
AN — p + -+ 37.8 MeV %
A = n+7m0+41.1MeV (LLEEIFR) (o (b

AN+N — n +N+176.1MeV (non-mesonic-decay)



FRIEZEROBEER: ) The NAGARA-Event

FY Z-FLRZERL.3IDDDIK R ZEHER

RIZ ZEDEE

ETNTNORBORS, AELRAET 5.
(B, BEL: SO DFLEELIFR)

Track Length (fem) # (degree) ¢ (degree) Comment
I 8.1 0.3 449 £ 2.0 33/.5F1.8 double- A hypernucleus
2 32+04 57.7+5.2 17494+29
3 88.6 £ 0.5 156.2 £ 0.5 143.01+1.0
4 9.1 0.3 T1.TL£ 1.6 11594+ 0.8 single-A hypernucleus
3 82.1+0.6 1228+ 1.0 2842+ 0.7 stopped in base
6 13697 81.0£ 0.5 305502 T
7 7426+ 0.6 138.5+0.2 322.1 £ 0.3 stopped in D-Block
8 53868 £ 20 52.211.2 123.7 £ 0.7 scattered before stopping

PHYSICAL REVIEW C 88, 014003 (2013)



FRIEZEROBEER: ) The NAGARA-Event

TABLE III. Possible production modes of the double hyper-
nucleus. The errors on the mass of =~ hyperon and the binding
energies of single hypernuclei are not included in the errors on
Baa and ABys. Only the cases of AByy < 20 MeV are listed.

Target No.1 No 2 No. 3 Baa [MeV] ABja [MeV]

2c  8He “He p 2n =169 >10.6

2c SHe “He d 1n 145+07 82+07
e S%He “He 1 73+02 1.1 +*02
2c ,AHe “*He p In 216+13 133+ 13
BN \%He Li p  In 244 =21 182 *+ 2.1
4N ,%He °Li d In 258+ 13 196+ 13
4N \%He “*He “4He In 179+15 117+ 15

7

4N TLi 4He ¢+ In 26209 172 + 09

4N 3Li p fHe 1an 31518 179+ 18
0 8Li “4He “*He In 311209 199 =09

P.R.L. 87, 212502 (2001)

BZIRFPDFERZ(12C, N, 160 )& =- NERELI=ETD
IRZEZREL. RIFORSHOEBIRIILT—ITRET S
BHE. IRILF—HNREFEITDIIITANNBRDEEERDS

SADRMIIE —FELEIZHAD ., PHEMFOBRELIHELETS 9
" SERIORICIFFEL TULGRNA IREAFEREDSEELHYZ D



FRIEZEROBEER: ) The NAGARA-Event

NNBEDFRRERICEWTERKRICTTET S

TABLE II.

Possible decay modes of the double hypernucleus which include yHe as a decay daughter. The errors on By, and
ABax do not include those of the binding energies of single hypernuclei. Only the cases of AByy = —20 MeV are listed.

Double hypernucleus No. 2 No. 5 No. 6 Ban [MeV] ABja [MeV]
AaHe 1He p T 7.1 = 0.5 24 + 05
A2 He 2 He p T 6.9 + 0.6 0.6 + 0.6
AaHe AHe p 7 1n <8.6 <0.3
raHe ®He p T 6.3 = 0.7 2.0 = 0.7
A3 He AHe p T 2n <6.8 < —-172
ASHe 2 He d T 1n <74 < —6.6
A3 He ®He p T 1n <6.6 < —74
A3He AHe* p T 7.7+ 0.8 6.3 *+ 0.8
A?{He iHe p T 3n <7.2 < —17.1
AZHe 3 He d T 2n <82 < —6.1
AaHe AHe t T 1n <112 < —3.1
‘,&He ﬁHe p T 2n <7.2 < —17.1
AZHe ® He d T 1n <84 < —59
AiHe 1HEH p T In <11.2 < —3.1
AZHe 1 He d T 13.4 + 0.5 —0.9 + 0.5
AnHe S He p T 6.4 + 0.8 ~7.9 + 0.8

*We took the value of 7.0 MeV for the upper limit of the A hyperon binding energy in 1 He. because it has not yet been averaged



FRIEZEROBEER: ) The NAGARA-Event

| ELRREE—FA =
—BEOAFEOT-EE o -

-

BRERENBYILIZENZ D,

= +%C—,fHe+'He + t Lk‘\

6 5 — %
~He— He+p+m \-( :

it F A ELCTELT TR ILE—bivisble ©
Kinematic fittinglZ &Y.

A T wm/MITGHERIE
BEBEFE, IRILF—FKOHD
(A.Mishina 7R X 5—)

1 Dm Nagara Event

By, =6.91+-0.16 MeV
AB,, =0.67+-0.17 MeV (5B 5| THD)
B-. =0.13MeV&LT

11
PHYSICAL REVIEW C 88, 014003 (2013)

ABp A E =2 1BIDERMNLIRO LT




N NZBARE

1960s [RFRZEIRP T, FTILNAN—ZEBRABELERERE
Danysz et al., Phys. Rev. Lett. 11(1963)29
D.J.Prowse, Phys. Rev. Lett.17(1966)782

1977 HA A /\)F 2 (uuddss)DiRNE
R.L.Jaffe, Phys. Rev. Lett. 38 (1977) 195.

NNRIEHFETHDMLIENDH ?

1991 KEK-PS-E176 A ABEZZEERRIICHEH
S.Aoki et al, PTP.85(1991)1287

TOREBIE?E=IE? NNEHEERIE?

2002 KEK-PS-E373 NAGARA-Event A NAME{ERIZFELEIATHS,

Phys. Rev. Lett. 87 (2001) 212502
Phys. Rev C 88, 014003 (2013)

NNEEERAOKBIRFEE? : S=2OtERORE (LWEID) |12



E373EERZILKRL. KUZLD N NBZZER Y J-PARC EO07

E373EENDIHMT LOFHAEERAD

= -atomM o DXHERBITE T (Getrtizs) . HED - NHEERHZTRAET S

KEK PS-E373 H‘i5 J-PARCEOQ7 ~
-70L —153L {#FAILFIATE

-"20% —"85% K/ mratio (E%EHE)
=700 —10* Z-ERIEEZH

-7 —102 A ITILNANAIN—BKEZR
-1 —10 HEHIN—EBICRFELIEZR

- REGIRDERE : ZEfM
REBDKMREER & T —3HEM
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ERER 12680/ R8y0 | |ERER  2/RavY |

450pum FLF
/\_Z 100Mm
40pm (RYRFL ) 180pm
_ 100
450um 8 4R [ 2L e
RRGRE A, AEREMNR,
ANNIS—BHEDT-6. SSDMBLARBZYINDRIEF D=6,
Diamond#Z#Y Emulsion stack IR T100R 2y
K- K+
— —_ __,;
1.66GeV/c B~
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YSFUiRFEERAN, BHRIRIET C
FEHODTEVAN—3Y

A R—RXZIKFEIZTHE=HIZEZEEFE
i £ T AMLEELEIEES

T E2IEMRIZiND S
B HROKEE:34.5mm*35.0mm
AR T—ICEH AR AN KT

ARy DE—LERGTF DX A% &
ZHmOEY Z&/MRIZ,




REKRFE /NA/IN—1ZEERE »

<Pouring room>

Three flat stone bases , Hot bath
Cutting machine

<{Drying room>

Temp 30 °C and R.H. 75%.
<{Development room>

1200 liters’ chemical solutions

(SKinbara R X2 —)

—

Development room

il A




The first delivery of Emulsion Gel -- Dec. 6, 2013 --

240kg emulsion gel had arrived.
We have been preparing for mass production in full force.

*Second delivery : Dec. 25, 2013

* L MM 73 S 3
LETIOHA D)L, 014F4AETIT g L go oo I



schedule (2" cycle)

28 Dec. Preparation
29 Pouring 1st surface
(18sheets)
30 Pouring 1st surface
(18sheets)
31 Surface coat (18sheets)
1 Jan. Pouring 2nd surface (18sheets) Surface coat (18sheets)
5 Pouring 2nd surface
(18sheets)
3 Surface coat (18sheets)
4 Surface coat (18sheets)
5 Final dry
6 Cutting

36sheets(710mm X 700mm) — 144plates(350mm X 345mm)







Emulsion mover Hirose, Hayata (Kyoto)

K-E— LA R Ay S =5 LT —HE SRS &N B k5 (2.
[




NIETER R

~FF(ZE

B = B AT LEFEOHIR~
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KEREYME + AFBEWMER

23



Scanning room in Gifu
*7 computer-controlled + 2 manual microscopes are in readiness.




microscope-human interface software




WEEXDEITTED

A

B

SLiR-E R REMEREONEHHE
B%. RREREOELICL > THRNERBIZER TS

) 77|/>J<75\510mm%ﬁ

-

+

—————————————————————————

—————————————————————————

_________________________

NBIZITT 10152V EBEDAREEINELDS

———————————————

&G E

T eSS S
] 1

______________

__________

__________

K-E—L®DINF—2TyFIZ&o T,

1BECEICHEDOE (TIIUAVNE

/—‘

172
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Alignment with beams’ position

(K.Umehara IR X5 —)
Up plate down gel Down plate up gel
o
o PY @)
° © e

60 |
40 |

20 |

---------------------------------------------------------------------------------------

20 40 60 80 100 120

base
Up plate E

Down gel
Down plate Up gel

base

Down gel
tra
’ W

A

L Plate of a section

........................................................................................

..............................................................................

50 55 60 65 70 75

27

Position accuracy : 1.22=0.7um.

count

18

116
114
1 12



Overall ScanninBEFXT—3 UNIOPT#ED£FR% EXPERT-G2

=R R E

2048*358 EotI)L v
LR

20(EF 514> X (NAO.35)

1142*200 /0O HY .
ERAAS

800fps

N LU R EE TV R FERE)
RIE$95003-0> 5Hz
40D ETEM{ER EL TES

/ . RF—SYHAIEERE LA
: . I CET 5T YR LEGLKT
/ B F 18R (KEK E373)

—

SEHE - E373EARSATE = 245mm*230mm*0.9mm EH18EECEE S



Continuously stage moving: Y-Z plane

11|

~ 200msec /cycle
|]1i||"l Fa g

= Zaxis
| Il P i -
|_ :I ’;_\'x ‘l J
¢'|;_I£___ __JII':\-
AN Yaxis
d:'{— = I.". .-'II
- I\h J i I 4
.,f'". II.-" =
<= ' —

stage drive 1.0 mm / sec

Continuously stage moving: X-Y plane

Yaxis

Xaxis

2

3

1.0 mm/ sec

P
1.0 mm / sec

\

Field Of View : 0.2"1. Himm?]



Image process

& ‘T 7 = . . . .
Oﬁglﬁ_é' i;ﬁagg" 7 Difference of Gaussians ) B|naI|za|n

- PR AT it e W
Gaussian filter |

-

x20 Objective (NA0.35) kernel size = 17pix (smoothed — source)

1 pix = ~0.6 micron if negative, brightness=0  threshold ~= peak0.2

Filter for bold tracks Thinning 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



alpha-decays under x50 objective

* The ratio Th : U ~ 3:1 is natural.
* The yield is practically enough

next steps are ...

*Range measurement on microscope
-> Range measurement by GUI
-> Automated range measurement

(R&D by Kobayashi) 31




RSN t=3-vertexesERND—Hl (EHREBEEZE M)

Beam Interaction: beam + 11fragments + DoubleHyper?

range (um)
#A 42 = 0.1
#12 >11.3mm
#B 29 = 0.1
#13| 3705 = 2.8
#14| 1452.7 = 6.4
#15| 1029.7 = 1.9
#16| 1075 = 2.7

#16

#12




FED

J-PARC EOQ7T.
BEIVMEDHAEDET TILNNAIN—BZEBREED

KB RO EEHBASA (2013F128) ,
2014F4RETITW E—LBHRETHHRIZRET 5,

= -RifE BENEMDERZXMAEILLS =,
VAT LICHEARAH BEMEDTAMERZTTD.

EO7ARZF(ZM T, ES7IEZIR D BEFT T/ \—HILEITD,

(OIALEFHEBEADEEZIZDOVLTIERRE—T01T)
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LR R AF/fEAT DRI (20135F128)

IR - - e -

= | W 38 M.K.Soe-
RKEFEKRFOHEL-ER KT Tt R XG
=5
- -BEiD BEIME IR
RIE-THRILF—ZH =n
FRIREBERDBEER LLIER - /AR

B (R -FEEEM)
RIfEHEEAT AT DIEE J.H.Kim(GNU)

hiE
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TI)Liay

[RFRZER: EERFZAVN-BEARRIFIEHE SR . SRTwcHISIO00Zm5 Rk

R—2Z
/ \Tﬁ%ﬂfﬁ%@@i@ BARDETE: ILFIE+EM+ILEIE

IRERIDEZHR /
ES5F 2 HhIZAgBriE @M N ER

ool
e >

Pexoum e [
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RBRROEIRE S FIRMETHAID

KA AT —

+CCD#Rf& % MR E B (2015 XL > X)
REFH 4 X:£9650*850= /A
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FLAIE AR

AgBri& &

R.W.Gurney, N.F.Mott (1938)

HEMTOEBIZELTIBRITEST,
ERAICVDONDEF-—EARDNELD,
Br- — Br + e-

BFHMSVTSN,

BFERAAVEREELTRIEFZERT D
Ag+ + e- — Ag

REFORBETIXSSIZEF Y ITHEREIY F<7HY
ERISRI—D N5, GBIE#%)

AgBrigE D\ S

OeV JBFEIVT
S (FERFREICSE)
— EEH —
INURFvyT~$eV
{fi & F v
38




FLAIE AR

AgBri& &

R.W.Gurney, N.F.Mott (1938)

BT OBBICLLTIBRITEOT,
ERAICVDONDEF-—EARDNELD,
Br- — Br + e-

BFHMSVTSN,

BFERAAVEREELTRIEFZERT D
Ag+ + e- — Ag

REFORBETIXSSIZEF Y ITHEREIY F<7HY
ERISRI—D N5, GBIE#%)

AgBrigE D\ S

OeV JBFEIVT
S (FERFREICSE)
— EE® —
INURFvyT~$eV
{fi & F v
39




wap— 154% (Development):
E‘M(W@ BRI () BT RIS ko TR R RS 5,
BEF1Z/0V QRN (L 12) ELTRRIE,

SN Agt + e- — Ag

) §

)

E 75 (Fix):
R 7FAgBrE ALY BR<
2 Na,S,0; + AgX — Na,[Ag(S,0,),] + NaX

AgBri& &
EEZ#$Ho.23y0y

40

FLAIE AR




1% (Development):

B (R) ZE T RIGICE>TIE BRI 5,
EF1Z/0V0H|E (JL12) ELTRIRIE,

Agt+ + e- — Ag

E 75 (Fix):
R 7FAgBrE ALY BR<
2 Na,S,0; + AgX — Na,[Ag(S,0,),] + NaX

E BB (FAREET ) L)

41
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TR FRERD ?

DiamondiZ 4 Emulsion stack

K_~

= -DERETEmEL /N k\

—-HERIELTH
N N D TEDFERL

Z-DFLESBERLITH

A NAERIEHERTHY. \v557 F5IVRBIA.
BT HERIEFII/0OEMAMEEE LS. Vertex KOS — 2B RAIENTES,



RIRDIFHE

HREZRADNET —RRAN—DEEZS
L4 =EvrEHR

EvkDELE 7 fiEREZ 1Tmicron&L T
1D ELHR (230Mmm*230mm*0.9mm) DIFIRE

=06 1B

BEZHRHN1000 (X 6 PB

CDEREZEIEMNT D,
COEKEEBREDENSVNIZHERICANBRFIERTHH,
-CNETANKARBAETT>TOEREZLVNZEEIET 5D,
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BINNAN—EERE




D DREIHTTEREENLUGZEEZLHZ S,

KELRAEBAR—REZEXETTS77)ILIR
HGRILTAMNLI-EFIZFESL, fOLTEDS
2013FE12A M 58945 BT TH1400MEFEETEMT S
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FEI—bk REBEROEZRRAMET HRZELSZ D=0,
EIFUDFWMEIMmIZE) T 5

BZYE R TIEFDEHA,

<pH> "
HSF R cwoms 0 104
REFEABEGY T

ES5Fai%500g(=8cc 1% 2.2+0.2um  3.0%£0.1um
YO LEAY N ER(E%) 0.3% | 0.5%0.1um | 0.6%0.1um
TS5F A ®500g(Z1cc

46



WEXDIER S % 1865 3EE& % (emulsion-counter hybrid method)

DiamondiZ 4 Emulsion stack e
K- >
R___. - L —
K- -
K_
EEDAEELTIERZREBNERR K+D3IL{AH : 50%

EMR.ERESOZLIBRENE KO HRRETEPHSLEFMNAETES  30%
(K-,K+) R : 50% 47



FITIWTLENAN—BKIFEHRE D= DR FEZIREHTFiE
[Overall scanning |

R FRZERDERIRTEAFIMBETERL.
(1) B EEHEEGREDORR

B EBID DR B E LD/ I— AR
(2) E{&AE AT DB FE

HERD10fEDMEAEZTRDD
ERLE OB ERMTOFERTAIEEIC
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Overall Scanning EfEFTD AT —

Phase | : i I EI735ziRDBREN

FDRER (KEK E373) DEZHRZ LN T flTR %
E3735iIRDEFITERAT L,
PERLL101E. 706D F T IL NNAN—BfEHE R 5

Phase Il : EO7EEREEHFT DT Xk

Iy )IL—2ar)—R:7ILIT7HRIEDERSEL

Phase Il : EO7E2#x ) B & 4T

EO7ZEiRDEARIFTZAF VL.

TOR—4FIJLE104E . 103E D4 T L A /\«r/€—$?<$ﬁﬂj’£—196549



1) =RBMGEERRS
RFZERZE. BRI, MEMICERT S=HDRAUE

I I1 ﬁ II IV ﬁ
<\ ] % _mmwe

%@
=V s i i

,f
< < <

1

EERE [mmd/s] = HREFEIE[mm2/pic] * HMERERE[mm] * (ZIxEI ™ FREFE)[pic/s]

RFOH A XZLL BEGHERREDAFRZALS (20fExHL 2 X)
L X DIREZ EERIZITS
r—ARIC—ERETENL, ILEICELLOIEMDIREI Z EF AL

"EEZ.SIL—LL—FDAASE Y —TIRET S 50




%FHZT—/(Stage#7 #8) UNIOPT#EM#RBI% EXPERT-G2

= R R E

2048*358 EVtz)L v

LR ET
20fZRSAL X (NAO.35)
1142*200 I/0O Y .

SIRAAZ
800fps

N LU R EE TV R FERE)
RIE$95003-0> 5Hz
40D ETEM{ER EL TES

/ | 2F—SYHBICEEBELAAD ol
: . BRI ICET BT YRR LEGLT
’ R FZE R (KEK E373) ’

SEHE - E373EARSAIE = 245mm*230mm*0.9mm E#18ESRICEE .



<INhFET>

3AXR. KB RZFIZHEMEBAT—I. AAS, ETVEF.PCEFIRA
HERIUL LT

BHEEAETEDWRE. REEEEBAH DER

EARMFIEY b7 DRHE

<IRIR>
ETVEREIEHATIRE D RIEAHIEA FXEAEREIZZEL-(2013F10A L))

HAF R TR LEZER

-H&% 2048*358 E4StJL
-$HEY 1142*200 IH/OVHHEY




2) ERfEFTDIETE

0:JTIE[{&

..1:/\«(/\°7\7»f)l/5!

EBORKES—

3: KL VAR EFZ i H
/

_— g

-

4:#%R1E AL IE /

q

i

- RTRED

RERD RS EMMIEZ ST

SR EH. vertex’lﬁﬂ:‘.
/

q

- FRERZ IS 1pixel | ZHI 5

ERBREERSICT D

CHERMANTEREBNS
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E{RNIBDZIE/NTA—FIL,
MO DEEERGEHASEERMIZRDT-,

B otaki_tuner

-

C:/emulpict/mod3 1pl7_y0_<0/0-0-012bmp
Bypazs:

Bre_contrast:

Smooth: 7

uldyi] kernel zize 17 |5 mean
zldb: 7

Aft_contrast:

Inverse:

Convolut ion:

Threshaold: o

At D

contour:

leneth: b =
area: 10 .
Thinnine:

Linedetect:

thi: 1 .
theta: 1 =
threchaold: 16 =
minLinelLeneth: 15 =
tax LineGap: 15 =
Wertexing:

dizt edee: 15 =
area polvgon x100: 10 =




HFF R DvertexiHEDIA ) T4
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