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W 1. Experimental motivation
for study of double-A hypernuclei

Study of hadron-hadron interaction

Nuclear Chart with Strangeness

[N-Star/Strange Matter]

B3 ryon octet -N-N interaction

n(udd)  p(uud)

Continuous research in
experiment and theory
for more than 50 years

| Strangeness |
1!

NAGARA

event - Y-N interaction

where Y = (Z, A)

Steadily Progressing

<> Next subject
Study of
= A-A interaction
==-N interaction

Unstable Nuclide
Stable Nuclide

One of the most powerful methods for the detection of DHN
— Emulsion experiment //




List of double-A hypernuclei
KEK-E176

KEK-E373
in ~80 2" stops

2x104 =" tracks
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(followed) » ~ 103 =" stops

e
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summarized in

4 D.H.N in 7 samples by E373

PHYSICAL REVIEW C88, 014003(2013) J.K.Ahn et al.
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NAGARA event




J.K.Ahn, et al, Phys. Rev. C88 (2013) 014003 5/16

“ Double-A hypernuclei in the world

By checking consistency of ABax (NAGARA) within 3 STD. errors,
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Experimental motivation

X Detection of double hypernuclei

« 10 times’ statistics of E373 (KEK-PS) < 10* E-stop
=» ~102 double hypernuclei,
~10 identification of nuclide.
* Nuclear (A) dependence of A=A binding energy.
» Making S = -2 nuclear chart.
* H-dibaryon.
 =-N interaction via twin hypernuclei.

% Measurement of X ray from =-atom
 =Z-N interaction.
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2. Strategy of the EO07 experiment "~

2-1 E0o7 collaborators

K.Imai@, K.Nakazawa®, H.Tamura¢, S.Ahmad¢, J.K.Ahne, B.Bassalleck!, R.E.Chriend, D.H.Davis", H.Ekawa', Y.Y.Fu,
S.Fukunaga¥, Y.Han', R.Hasan¢, S.Hasegawa?, E.Hayatal, M.Hirose', K.Hoshino®, K.Hosomi?, S.Hwang?, M.leiri,
K.Ito™, K.Iltonaga®, T.Kawai™, J.H.Kim", S.Kinbara®, R.Kiuchi°, T.Koike¢, H.S.Lee®, J.Y.Lee®, C.LiI, Z.M.Li, A.Mishina®,
K.Miwa®, H.NoumiP, S.0gawak, S.Y.Ryue, H.Sako?, S.Sato?, T.Sato™, M.Sekimoto', H.Shibuya¥, K.ShirotoriP, M.K.Soe?,
H.Sugimurag, M.Sumihama®, H.Takahashi!, T.Takahashi!, K.Tanida®, K.T.Tint", A.TokiyasuP, D.Tovee", M.Ukai¢,
K.UmeharaP, T.Watabe™, T.Yamamoto®, N.Yasuda®, C.S.Yoon", J.Yoshida®, T.Yoshida®, D.H.Zhang!, J.Zhou,
S.H.Zhou), and L.H.Zhul

aJapan Atomic Energy Agency (JAEA), Japan,
bPhysics Department, Gifu University, Japan,

“Department of Physics, Tohoku University, Japan,

Aligarh Muslim University, India,
¢Pusan National University, Korea,
IDepartment of Physics and Astronomy,

University of NewMexico, USA,

8Brookhaven National Laboratory, USA,
hUniversity Colledge of London, UK,
‘Department of Physics, Kyoto University, Japan,
JCIAE, China Institute of Atomic Energy (CIAE),

China,

kDepartment of Physics, Toho University, Japan,

'KEK, High Energy Accelerator Research
Organization, Japan,

"Department of Physics, Nagoya University, Japan,

" Gyeongsang Nat'l University, Korea,

°Seoul National University, Korea,

PResearch Center for Nuclear Physics (RCNP),

Japan,

iMandalay University, Myanmar,

"Adanabon University, Myanmar,

sUniversity of Fukui, Japan,

‘Shanxi Normal University, China.
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\ 2-2 Experimental setup

K1.8 Beam Line @J-PARC
= Q.F. (K-,K+) tagging
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collimator Target
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~ magnets
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\ 2-3 Newly developed hybrid-emulsion method

SCIF] Emulsion J-PARC

). S Stack 1. Pure K-beam (>70%)

_% | ( better 3.5 times than KEK-PS)
) SSD SSD .

% N e 2. More volume of emulsion (x 3)
l\— I T L] " 1d

than previous E373 experiment

|
1.7GeV/o e What is “hybrid”
. (70 Target L 1. Emulsion < SSD
/ <o —— -G - unique detection of = hyperon
- K - . 2 fast Z- track following
'H%E’%Qﬂi‘t'o'my 2. Emulsion < Hyperball (Ge)
| L Low noise detection of X-ray
] 1 from = atoms with stop info. by Em.
Emulsion Stack ~
"Fr:i-anIate Thick Plat Thin P_l_‘c';'-t: 105 & stop events E373)
. e — 2 10%events (EO7)
I R A | s — [ 1. ~102 double hypernuclei
Ca => uniquely identification of
gl DHN independent on NAGARA.
B S e o T oo 2. ~1072 X-rays
RS => study of Z-N interaction
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2-3 Newly developed hybrid-emulsion method

Fully automated track-following system

Followed track

t = 500um
Upstream l emulsion
plate t = 40um : PS-film ,
25x25 cm? T t=500um
emulsion
st
TR
Downstream
plate
25x25 cm?
WV W
L Beams

1. Beams (~102%in one view of microscope) penetrate perpendicular to the plate.
2. Image taking can be done near the both surfaces (—).

3. Getting beam positions by image processing, and position matching.

4. We succeeded to align position in plate by plate with 1.2 +/- 0.7 um accuracy.

= Track following of all - hyperons (~ several X 104) can be done in one year.
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\ 2-4 Overall detection method

Yield of the hybrid method

[0 Tagging yield is ~30%
due to detector acceptance & tracking efficiency.

= 0 ~70% 'p'(K,K")E~ events
0 Z- hyperons from 'n’'(K-,K9)Z" reaction

10 times higher statistics than that with the hybrid method

Measurement of the mass of ~ 103 double hypernuclei with A<16

If Fully automatic detection of \‘ NAGARA
3 vix. event NI
like “NAGARA event” 3
with graphic processing, L " «\

=> knowledge for
A-dependence
on AA interaction //
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2-4 Overall detection method

Scanning systems
New piezo system

7 v/ % VALY Y/ Alpha deca in the emulon (up);
—\/ /’F /\/ c /%= its detection by Image recognition
<= ' <= <= (down).

3-dimensional image taking with NON-stop stage driving.



Present system

N 2-4 Overall detection method
v | A | Scanning systems --2 \

13/16

Present [ Overall methocﬁ
Obj. Lens X 50 (NA. 0.9) X 20 (NA. 0.35)
Camera 100Hz XC HR300 800Hz HXC20
Pixel 512 X 440 pixel 2039 X 357 pixel
Area 130 mm X 110 mm 1140 mm X 200 mm
Rate(Hz) 0.3 \_ e,
5 sets 2 sets in Gifu

New system with piezo stage
<€

1 set in Korea and Toho

1140 pm

Images of all of the emulsion plates can be obtained in a few years.
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2-5 Sample events by Overall method

Results of test operation of overall system

Image taking Emulsion 81.3cm2x 1.0mm 2.5 x 106 pictures

raphi

Gl : 2.5 x 106 pictures 3.0 X 10° reaction vertices
processing

Human’s 2.2 x 10° reaction vertices ~ ~4 x 102 HY (11events:3-VTX?)

check 3.0 X 104 reaction vertices ~2 % 102 Alpha decay

a decay (Thorium series) Mult. vertex (single-Hyper)

00 10 20[um]



15/16

\ 2=5 Sample events by Overall method

range (um)
#A 42 + 0.1
#12 >11.3mm

Beam Interaction:
beam + 11fragments + DoubleHyper?

Double Hyper. cand. (Track #A) from 106 pictures

#B 29 + 0.1
Superimposed image ¢, #13| 3705 + 28
‘-- " ® & o . q.ﬁj e
N #14| 14527 + 64
o #15| 1029.7 = 1.9
#16| 1075 =+ 2.7
Q.
& #16

3| Double HYP. &
- ‘o
#A o
#B
|
|

#12

#15

#13
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3. Summary

EO7 Yield expected from the knowledge (E176 & E373) at KEK-PS

at Z° capture point Hybrid] |Overall]
* X-ray ~102 D -
 single-A ~ 1034 = ~104°
* twin single-A ~102 = ~10°

« Light double-A ~102 S ~103

« Heavy double-A ~103 = ~104

at (K-, K+) reaction point

in the emulsion
* single-A === 2> ~1067(?)
« Heavy (?) double-A === => ~ 105(?)

The E07 experiment will be ready
In April, 2014 (by using present systems)
or in Aug., 2014 (by upgrading present systems)




