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Study of Double Strangeness Systems |
= Experimental motivation

Quit limited experimental information
=> Information A-A force,

for understanding B-B int. in SU(3)f
investigating Multi-strangeness system, ‘“‘strange matter”

ABam(3aZ) = Baa(iaZ) —2Ba(a7'2)
= 2M(XT'Z) - M("2Z) — M(,72)

Existence of the H-dibaryon
My > 2mp — Baa

Coupling effect

1 4 3
H >={/—|AA > —(INZE > — /=22 >
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= Experimental status before E373
3 candidate events (Double-A) in the 20th century.

M.Danysz et al., PRL.11(1963)29; D.J.Prowse, PRL.17(1966)782 S.Aoki et al, PTP.85(1991)1287
R H.Dalitz et al., Proc. R.S.Lond.A436(1989)1 ™ N ™
e : 3::;, l . i o x

S, - k

KEK-E176

I | | FIG...l. .Drs;\;i.ng of U;‘l;.event. }\iB in N80 EStOpS
in ~4
19Be ™M EStoRs SHe ABu=4.9+0-1 MeV
ABu=4.3+0.4 MeV ABm=4.6+0.5 MeV ifa doughter 115’8 1V}s\i{n excited
AA e

if a doughter iBe is in excited or
ABar ~ 1.3 MeV Be

_ 0.7
Why Vaa so strong? ABum=-4.8%5:g MeV

“interesting theoretical problem”
C.B.Dover, Proc. HYP91, NP.A547(1992)27¢C
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° r—
= Direct process - = via = atom

Prowse (?), Danysz et al.
KEK-E176, E373
BNL-E906

Gpr

\\ KEK-E176
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Study of S=-% Nuclear System
y
an Emulsion-Counter Hybrid Method

KEK-E 373 collaborators

Japan(16 Univ. - Inst.)
Aichi-edu, Gifu, Higashi-Nippon-Kokusai, KEK, Kobe, Kyoto,
Kyoto-Sangyo, Nagoya, Nat. Inst. Rad. Sci., Osaka-city, Osaka-ele.-comm.,
Science-center Osaka pref., Toho, Tohoku, Tokyo, Tsuru

Korea(4 Univ.) . .
Gyeonsang National Univ., Chonnam National Univ.,

Wonkwang Univ., Konkuk Univ., Korea Univ.
USA(3U”|V ° InSt.) UK(1 UniV.)

BNL, Univ. New Mexico,
Carnegie Mellon Univ.

Univ. College London

Analysis for 10° stopped E ~ events (statistics more than KEK-E176)

- A\ -\ interaction energy

- existence of Hdibaryon
- AA weak 1nteraction (AA => An, ZN)

- level energy of E in nucleus
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Experimental Method (KEK-E373) K. Nakazawa

Scintillating-fiber
Bundle Tracker

Area : 24.5X25.0 cm?
Packed in vacuum chamber

Emulsion Mover

= Controlled with PC
= Move emulsion during spills
= Keep track density to 1 X 10%/cm?

+
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Scintillating-fiber blocks (KEK-E373)  kNakazaw

Readout with Image Intensifier Tube and CCD
Cross section of a fiber : 0.3 x 0.3 mm?

Cross section of a block : 10 x 10 x 10 ¢cm3
There is almost NOT dead area.

i Diamond Target (2 x 2 x 3 cm?)
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| KEK-E373: Automatic track finding K Nakazawa

Raw Ima‘gp | B
Algorism Ce s 20
1) Take plctures e TR i
at different z(focusmg)posmon . o s’ s

|

images
2) Make overllapped image
shift each image
by (-Ax,-Ay)

/ - AZT
5 ,é %

AX
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C Typical Twin single-A hypernucleus i

-

Preliminary

- =7+'°C
— & He(#2)+ 7, Li(#1)
B=" =1.6MeV(7,Li* :0.9x0.3MeV) 2P
—> ° He+ ’,Li+n
B=" =1.1MeV(’,Li* :0.4 £0.4MeV) 3D
« =°4+N / . Rl
—> ° He+ ° Be+n :
B=" =10MeV(°,Be* :6.9 +1.0MeV) Os o



Double hypernucleus #2
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" lVertlces and B -2 plane run 473 spill 5024 event 14
Jana ,
. . m#5 stoppe ase film m
. B#6 have to be 7
- . B}7 left emulsion
3 #5 \
K__|> .
7 diamond target
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: /
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K : ' _;(4-
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SciFi-Bundle

H-z vz
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Reconstruction and ABaa

by Y.S. Iwata & H. Takahashi
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Production
Target #1 #3 #4  Baa [MeV] ABap [MeV]

2¢ SHe'He » 20 > 16.9 > 10.6

2¢ SHe'He d 1n 145407 82+07
2 ,SHe'He ¢ 7.3+02 1.1+02
12C ,[He'He p 1n 21.6+1.3 133%13
UN L fHe Li p 1n 244421 182421
UN ,fHe ®Li d 1In 258+13 19.6+1.3
N ,%He *He *He 1n 179+ 15 11.7+1.5
UN ,iLi*He ¢ 1n 262109 17.21+0.9
N {Li p *Heln 315+18 17.9%1.8
150 ,3Li *He “He 1n 31.1+£0.9 19.9%0.9

Jun.07
K.Nakazawa
Decay
double-hyp. #2 #5 #6  Baa [MeV] ABaa [MeV]

7iHe 4He p =~ 7.0+05 24405
WSHe iHe p 7= 6906 06+0.6
wHe iHe p 7~ In <86 <03
WHe SHe p 7= 63407 -20%07
aaHe 2He p 7~ 2n <68 < —7.2
wfHe 3He d 7~ Iln <74 < —6.6
ﬂﬁHe iHe p 7 In <66 < —T7.4
18He 1He® p 7~ 7.7+08 —63+08
adHe 3He p 7~ 8n <7.2 el
iiHe %He d 7~ 2rn <82 < —6.1
ﬁRHe iHe it 77 In < 11.2 < 31
asHe fHe p 77 2n < 7.2 Sl
afHe GHe d 7~ ln <84 < -5.9
ﬂRHe RHE“ p 7 In < 11.2 < —31
JHe 1He® d n= 134405 —09+0.5
JHe fHe p 7= 64408 79408

(AB,,<20MeV)

(AB,,>-20MeV)
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\ KEK-E373 => AGS-E964 :+:---> J-PARC K.Nakazawa
Observation of a AAHe (KEK-E373)

Success of Emulsion detector with micro-meter accuracy

NAGARA event

AaHe double-hypernucleus

Unique interpretation!! High Energy News
=7+ "C— S He +'He +t ¥ Vol.20 No.5 (2002)

“He — ° \He+p+m
H.Takahashi et al., Velme 30 Numlm & Somary{Peieuary{ March 2001 KEK

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

: Lambpha Demachi-yanagi event
B = 7. 25+0 19 g. MoV “* two body case at point A
- é . ABw = 1.01+0.20° 15 MeV (BT +"C>Be+t or MBE +t|
.. \" (assumed Bz~ = 0.13 MeV) ABan @ -1.14+049 or +1.86+0.19MeV
L ~ T 9 Ban 1 12. 29+017(ex0|ted) MeV
o vy m(H) = 2223.7 MeV/c ( three body case at point A
o JADP (90% C.L.) 15. 29+017(ground) Me 1) 2 +"N B +P + n
, ABam 1 #1 47+ 7MeV
.~
l.. 4
http://www.phys.ed.gifu-u.ac.jp/Topics/NAGARA-¢e.htm .




-

~

ABj, : A-A interaction energy [MeV]

KEK-E373 — AGS-E964

KEK-E373 (Preliminary results)
+) ~10% - stopping events in nuclear emulsion.
+) Observation of several double-A hypernuclei

o]

=> NAGARA event (without any ambiguities).

o \M] e

\b]

Demachivanagi event

NAGARA event

AA interaction is attractive but weak
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Theoretical calculation for light double hypernuclei

HIYAMA, KAMIMURA, MOTOBA, YAMADA, AND YAMAMOTO
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PHYSICAL REVIEW C 66, 024007 (2002)

i raBe ABe FIG. 12. Summary of the en-
ergy levels of the double-A hyper-
_________ oo e Ml giHe \jHe (ALi
atte A+A ot SHarAeA asabAtA J\:LL h:u‘ ;\150‘ and AJ\”BC
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tively.
atesl. “:‘H"s"' "‘:H"“
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" — 455 ¢ £
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12 —— 07 3 Ty 00 E,
3 0w *

R
atistics X 10)

+) ~10* E- stopping events in nuclear emulsion.
) ~10 double-A hypernuclei (without any ambiguities).

=> making a nucl
A-dependence

ear chart with S=-2.
of ABax 1n several nuclides.

+) X-ray measurement from =Z--atom, for the first time.

=> information of

=-N interaction.

«) funded by JPN. Gov., already. (2003~2007)



H-Dibaryon resonance search

Predicted masses

A
§ A
H- |
) n
T 2 & L =
ol — ] Na)
S Bl —T =T ==
3 Z ittt Q ,f-orP -
[TT1T11 = LI T/ TR 1
| o . - . ..................................
@ O
R e i i = | O QCD Sum Rule + ------
= S e Bag Models +
< 1 =2 ® Chiral Models
— S | A Lattice Calculations
E' = ¥ Instanton Calculations
— T | © Quark Potential Models
B 0 Quark Pairing Mechanism
T a Color Dielectric Model w
- ¢ Fermi Breit Approximation
— 2 Flux Tube Model

1975 1985
Updated from the year 1995, referred on

S.V.Bashinsky, R.L.Jaffe, Nucl. Phys. A625(1997)167,

(d’o/dQdm)(ub/sr 0.075GeV/c?)
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AA Invariant mass spectrum

KEK-PS E224
2_
------ Phase Space Calculation
1.5+ — INC Calculation
J'—""_ ......... K'p_)K+E" E'p_:,AA
1k HIH ) I [ Kp-n'A, T p—AK*
|
0.5+ |
0!.|...""| i i ] el 18 |}.‘.I..
222 224 226 228 23 232 234
AA Invariant Mass (GeWcz)

J.K.Ahn et al., (KEK-E224)
Phys. Lett. B444 (98) 267

and W.J.Lope, talk given at ‘12th Winter Workshop on Nuclear Dynamics’
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Search for H-dibaryon Resonance
via 2C(K~, K'AA) and Study of =™ N interaction

KEK E522
Participants ] Institutes l
K.Aoki, Y .Fukao, H. Funahashi,H.Okada a) Dept. Phys. Kyoto Univ.

K Takedani, K Imai 'K.Miwa, N.Saito, C.J.Yoon® b) Dept. Phys. Science Univ. of Tokyo
J. Asai, T. Kadowaki, M. Kurosawa, K. Nakai b) ¢) IPNS, KEK

M.Ieiri, H.Takahashi © ) Phys. Dept. Gifu Univ.
H.N.Kyaw,K. Nakazawa,M.Okuda, T.Wintd) e) Dept. Phys. Osaka Univ

T .Hayakawa, T .Kishimoto, A.Sato, Y,Shimizue) 1) Dept. Phys. Osaka City Univ.
K.Yamamote, T.Yoshida f) g) Dept. Phys. Pusan Nat’l Univ.

JK.Ahn, 8.JKim 2 ) h) Dept. Phys. Gyeongsang Nat’l Univ.
S.HKim, I.G.Park, J.5. Song, C.S.Yoonl!) i) JAERI, j) Dept. Phys. Nagoya Univ.
A. Akikawal) BD.Park)), K. Tanidak) k) RIKEN, 1) Dept. Phys. T ohoku Univ.

\ T Miura 1) *) spokes person |
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H-Dibaryon resonance : KEK-E522 K Nakazawa

~

Layout of the Experiment

d’o/dQ dpy (ub/sr/50MeV/c)
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KEK-PS E224
S 2f i
>
@ 0 | 1| - Phase Space Calculation
S il
g 15+ — INC Calculation
s |
C e
5 e KpoK'E, EposAA
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G J - 0 0 +
3 1 L - Kp=>mA, T p—AK
T
|
05+ 1T
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AA Invariant Mass (GeV/cz)

J.K.Ahn et al., (KEK-E224)
Phys. Lett. B444 (98) 267
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H-Dibaryon near the AA threshold K Nakazawa

KEK-PS ES22

N
1

----- Phase Space for
K'°C—'Be(g.s)AAK"

— INC Calculation

----- Combinatorial Background

(d°c/dQdm)(ub/sr7.5 MeV/c?)
5!
1

—_
1
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AA Invariant Mass (MeV/cz)




C Future plan
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N PS-E559(High Resolution Spectroscopy of Pentaquark (~)+)

Strage matter
{ N-star

PS-Shutdown ™}
_ AGS'E964 §=-2 1

49uble—hypernuclei
Hhypernuclei

(20067)
[Spring8/RHIC]

R A
= J-PARC

A, 2 hypernuclei T
= ; , = = i ol 4
..- .': _ % ; o 4
¥ rd
if & F

/300017000

neutron
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\ Nuclear Physics with double strangeness (S=-2) K Nakazawa

KEK-E373 => AGS-E964 ------ > J-PARC

Title : Systematic Study of Double AGS-E964 (statistics X10 of the past experiments)

Strangeness System with *) International collaboration
an Emulsion-Counter (USA/China/India/JPN/Korea/Myanmar/UK)
b * ~ 4 ':‘_ H 1 :
Hybrid Method. ) ~10* E- stopping events in nuclear emulsion.

*) ~10 double-A hypernuclei

Beam : K- (1.7GeV/c), (without any ambiguities).

2 x 10°K+/spill (4.1sec) => making nuclear chart with S=-2.
with K=/m=>9 at D6-line A-dependence of AB,, in several nuclides.
Detectors : Nuclear Emulsion, *) X-ray measurement from E--atom,
Double-sided Si strip Detector, , . ~ for the first time.
=> information of E-N interaction.

Ge-Detector (Hyperball), .
KURAMA magnet ) funded by JPN. Gov., already.

: (2003~2007)
Time requested :

100 hours for detector tune
100 hours for beam tune
1100 hours for beam exposure

E964 leads the community of hypernuclear
physics to significant activities at J-PARC.




‘ Setup around the target (E964) PS-Review2004
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\ VH, DCl Magnet FTOF K.Nakazawa

DC2

Volume of nuclear emulsion

70 liters (E373) => 210 liters
7GeV/c 99 Track scanning method
L - I Automated + Interactive (E373)
Tl I => Fully Automated (speed x 4)
BPC3 Y

Emulsion—

DSSD-SCIFI Emulsion Mover
m Controlled with PC
= Move emulsion during spills

= Keep track density to 1 X 10%/cm?

Setup around target
(upstream side)

1.7GeVic

LNZ2 Dewar

DSSD(Double-Sided Si Detector) ~  senems =\

L _ Precise prediction of Z- tracks _

e pee . 8% " on the first emulsion plate. Doub e =ioad

J => Reduction in background tracks i)
which are picked up in the first plate. Emulsion Stack

£ Thin Plate
| Not Thick Plates (11) Thm Plate

Quite low background =
X-ray data are only analyzed for
clear =- stopping events which are gmuision \““\‘\"" .
30 cm . ! . (t=0.1mm) \

identified by nuclear emulsion. (50 2T} (€010 ) =

Polystyrene film (t=0.5mm)
for Emulsion Support

SCIFI Block

+ diamond target
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W _Development of Automatic Scanning K Nakazaw

i - stage drive : Non-Stop
- stage drive : step-by-step . image capture : 100Hz
- image capture : 30Hz

—> ~0.2 sec / one view
—> 1.5~2.0 sec / one view

(designed value)

fsurface recognition

Images are shown:

‘ image capture
and analysis

1. Surface detection
=> Grid measurement
for position calib.
2. Track scanning

emulsion /% /x /r

emulsion

—
Non-stop : speed~Tmm/sec
Developing system

Surface & Grid : 9 sec.
Track Scan : 6 sec.

L f . 2
oyl <" ' !
bt anl 1 .
- T . .
. . o ¥ . Ll <l
g, L | . s " 8
A .“--..J g T .
. d 4 s . .
. > , .
(:-. - . ° ' 4
..‘ L y ' 'r .
: . 4 A ' T
F ] a ., o' -
‘ -~ -y 2 .

Current system
Surface & Grid : 22 sec.
Track scan : 15 sec.

R i W
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