Facil‘ilfies &
Current and Planned Experiments

~In S= -2 Systems in Japan

i i .

& Current

KEK-PS : E176, E224, E248, E373, E522
¢ Planned

J-PARC : LO6, LO7, L10O

IEIRI Masaharu (KEK)
Cascade Physics @ J Lab
December 1-3, 2005
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Current : KEK 12GeV PS
facility
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Current : KEK 12GeV PS
Experiments

Nuclear Physics with Strangeness : S = -2 physics

Ell4, E117, E132, E140, E150, E160, E166, E167, E175, E176, E187, E218,
E224, E248, E251, E287, E289, E307, E336, E369, E373, E419, E438, E452,
E462, E471, E508, E509, E518, E521, E522, E548, E549, E559, E566, E570

No. | Spokesperson Subject BI?:em Method Beam time Status
E176 K. Imai Search for AAHypernuclei and/or H-Particle K2 Emulsion+SSD 1988.3-1989.3 finished
E224 K. Imai Search for H-Particle K2 | Scintillating fiber | 1991.2-1992.2 finished

rimary proton +
E248 H. Kawai | Search for H-Particle via pp—~K'K*X p1 | P Hz);:rget 1997.2-1997.6 analysis
Study of Double Strange Nuclei by Emulsion- Emulsion + .
B Az Scintllating fiber Hybrid Methods K2 Scintillating fiber L8.22000 S izt
. . 12,00 Kt
E522 K. Imai Seorch o ks tasonancevic n Gl K K2 | Scintillating fiber | 2002.10-2004.2 | analysis
AA) and Study of ='N interactions
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Current : KEK 12GeV PS
E176 & E373 [Emulsion]

E373 Dec. 19. 2001

A% He double-hypernucleus
Unique interpretation!!
E +"C— S He +*He +t
“He — He+p+n~

" \ m(,He) = 5951.82+0.54 MeV
., Ba = 7.25+0.19'% 1¥MeV

ABw = 1.01+0.207 $MeV
(assumed Bz = 0.13 MeV)

m(H) = 2223.7 MeV/c®

. p— % (90% CI,)
13 in ~80 =stops \-( ,
AA S &
ABAA=4.9i8:§ MeV - f
ABax — 0 MeV " e Nl
OrmB ’ R
AMIDE N
ABAAz _4. 8 i 8'% MeV . 0 5 10 em . \
’ "NAGARA'" event \

presented by E373(KEK-PS) on Jan.2001

e DY o
@_. F£; : S.Aoki et al, PTP.85(1991)1287 Phys. Rev. Lett.87 (2001) 212502.




Current : KEK 12GeV PS
E224 & E522 [SciFi]

Experimental Setup: KEK E522
R’\\\*\*ID FTOF

. Deés
Dipole Magnat i

BVACFAC,CHDGCT

Typical Image of 2C(K- K*AA) KEK-E522 J

Run 163 spill 3982 event 37 ccd 20
K+Mass 0.478GeVic2 K+Mom. 0.989GeVic MissMass 1.406GeVic2

[ov]
T

Phase Space for
K*2C—>"Re(g.s) AAK*

Combinatorial

{d*6/dQdm)(ub/sr 7.5MeV/c?)
wn
T

—_
T

H | |

_L_J__‘.mH\Hm.ul‘umuTﬁL_x_L
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AA Invariant Mass (MeV/cz)

Invariant mass of AA produced by
(K-, K+) reaction in Scifi target.
A peak is seen at the threshold.




Current : KEK 12GeV PS
E224 & E522 [SciFi]

Experimental Setup: KEK E522

Dipole Magn et

BVACFAC,CHDGCT

="p Cross Sections (mb)

Typical Image of 2C(K-, K*AA) KEK-E522 J 50

Run 163 spill 3982 event 37 ccd 20
K+Mass 0.478GeVic2 K+Mom. 0.989GeVic MissMass 1.406GeVic2 20

o] L L 1 L Il T
02 03 04 05 06 07 08 09 1
=~ Momentum (GeV/c)

RARRNERERSEEREseasns:

Fig. 2. Upper limits on the Zp cross sections at 90% confidence level, indicated
by arrows, are compared with theoretical estimates of RGM-F, RGM-H, FSS, Ni-
jmegen-D, and SUg quark model. In the bottom panel a data point represents the
result obtained from Z~'2C— AA reaction assuming the effective proton number of
3.5. Poisson statistical error is quoted only.
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KEK-PS 12GeV operation for physics users
will be closed at the end of this month.

Intensity is not so high, but we get these
results thanks to its stable operation.




Construction : J-PARC
facility

R . - Hadron Beam Facility
Materials and Life Science =
Experimental Facility

" My "0
]

Nuclear
Transmutation

“ ———— Zoe
Neu_trino to
&Y Kamiokande pg&Tl2

“ J-PARC = Japan Proton Accelerator Research Complex

Joint Project between KEK and JAEA




Construction : J-PARC
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Beam Profile of 50GeV PS (Phase 1)

f
!

¢ Beam Energy : 50GeV (30GeV for Slow Beam)
(40GeV for Fast Beam)

¢ Beam Repetition : 3.4s
¢ External Beam Width : 0.7s (1.0s) Slow Beam

¢ Beam Intensity : 3.3x10"ppp, 15uA

(2x10"ppp, IuA)
E. = 400MeV (180MeV)

Linac

¢ Beam Power: 750kW (270kW)
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Construction : J-PARC

facility : Hadron hall

;}' -
|

[ N ] I ] —
K1.8 K1.1 K1.1BR
Length (m) 46.4 24 26.9
Luadt + % | Acceptance (msr.%) 2.7 16.5 4.9
7 K™ Intensity (ppp) /,.«;j:' {’,-
1.8 GeV/c 1.0E+07 .
%
e | 11GeV/e 4.9E+05 4.1E+07 10407 [ i
i o
Electro-static Separator | 6m-7Z.5MV/mx2 | 2m-7Z.5MV/mx2 6m-5MV/mx1 ALY
7] Separation/Size(rms) 10.8 4.2 6.5
Beam Mom.Resol.(%) 0.07 0.05
T I (I,




Planned : J-PARC
Experiments

e Letters on Intent called in 2003 for J-PARC 50GeV Synchrotron.
e 30 LOIs were submitted.

No. Spokesperson Subject Rdetgzzs:le Mom(eGnteti;n/cR)ange
L06 B New Gen?rahon Spectroscopy of Hadron Many-Body K. 0.8, 1.1, 1.8
Systems with Strangeness S = -2 and -1
L07 — Esyperon-Proton Scattering Experiments at the 50-GeV K. m+ 10-1.6
L08 AN ngh-Resolu.hon Reaction Spectroscopy of S=-1 i 1.0.1.2
Hypernuclei
L09 i Neutron-rich A hypernuclel by the double-charge K./m- 0.9/1.0
exchange reaction
T. Nagae
L10 T. Kishimoto | Study of Dense Kbar Nuclear Systems K- 0.9, 2-3
M. lwasaki
Precise Measurement of the Nonmesonic Weak
S. Aji -/T+ 1 4
k2! e Decay of A = 4,5 A Hypernuclei S O.8/10

©

‘¢ pl06 and L10 were selected as Day-1 Experiments




Planned : J-PARC : Lol : LO6 [i]

New Generation Spectroscopy of Hadron Many-Body S
Strangeness S = -2 and -1

ystems with

Recent Progress of Strangeness Nuclear Physics

M High resolution (7t ¥ K") spectroscopy at SKS [E140, E336, E369]

shell structure of A-nuclei and more

) ¥ -spectroscopy with Hyperball [E419, E509, E518, E566] | (k) 2c  Etia

100

hyperfine structure due to spin-dependence
O Lifetime and n/p ratio up to Y [E307, E462, E508]
origin of weak nuclear force

counts/0.25 MeV

~
o

OBound 2 hypernuclei (4Hez) [AGS-E905]

B Inclusive (7~ K™), (K K") reactions [E438, AGS-E885]
2-potential, Z-potential

M Double hypernuclei (6He,\ A) [E176, E224, E373, E522]
A N\ intearction, H-dibaryon

D
o

S

12¢ 0.9 glem?

r (arbitrary)

rh E369

e

)

s=lhab o, ol i
070 175780 185 180 195 200 205
My - My (MeV)




Planned : J-PARC : Lol : LO6 [i]

New Generation Spectroscopy of Hadron Many-Body Systems with
Strangeness S = -2 and -1

T A

Strage matter
{ N-star

R 5=-c0, Systematic study towards multi S
A chance of discovery ..!
o | double-hypernuclei
3 Hhypernuclei 5
C 0.9 g/cm?
D s 2 £y :i(;?ary)
al A, 2 hypernuclei
D.
S=-1
H :
90 195 200 205
/" 3000/7000 M
m /
5=u { 10 \ | T 0 B0 o 100 1
ve F}l Z neutron
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Planned : J-PARC : Lol : LO6 [2]

New Generation Spectroscopy of Hadron Many-Body Systems with
Strangeness S = -2 and -1

= A, 2, &, K in Neutron Star Core ?

= Chemical Potential: M3=m3+2"F LU,

mg

BNL E885
U.<0,U-<0

>0 u.©

=

Us>0, U>0

KEK E438




Planned : J-PARC : Lol : LO6 [3]

New Generation Spectroscopy of Hadron Many-Body Systems with
Strangeness S = -2 and -1

KEK-SKS

(K" KT) Spectroscopy E-Hypernuclei

e e

2 MeV,,,,, resolution

6 events/day/MeV for 50 msr, 2g/cm?thick Pb

in 20 days
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Planned : J-PARC : Lol : LO7 [1]

Hyperon-Proton Scattering Experiments at the 50-GeV PS

S=0 NN (T=1)
27s S=-1 =N (T=3/2) =N-AN (T=1/2)
S=-2 33 (T=2) EN-ZA-ZX (T=1) EN-ZX -AA (T=0)
S=-3 ES (T=3/2) E5-EA (T=1/2)
S=-4 EE (T=1)

=0 NN (T=0)
S=-1 3=N-AN (T=1/2)
S=-2 EN-ZA (T=1)
S=-3 EX (T=3/2)

10a %
S=-1 3N (T=3/2)
S=-2 EN-ZA-ZS (T=1)

10s S=-3 E3-ZA (T=1/2)
S=-4 EE (T=0)

- &

. &

1a .

S=-1 IN-AN (T=1/2)
S=-2 EN-ZA (T=1) EN-ZX -AA (T=0)
S$=-3 EZ-EA (T=1/2)

S=-1 EN-AN (T=1/2)
S=-2 EN-ZA (T=1) EN (T=0)
S=-3 E3-EA (T=1/2)

S=-2 EN-ZX -AA (T=0)




Planned : J-PARC : Lol : LO7 [1]

Hyperon-Proton Scattering Experiments at the 50-GeV PS

SR PR T —— *

Models

=-2
Ep —=AA EPp—EP

E522 ST "
- _ % 30 - . |=|-p_">AA
Ep—Ep < - g %0
820 [ = ol — QCM(FSS)
AA T — OBE(NSC97a)
St 30 b --- OBE(NCS97¢) |
o
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30
10
20
0 1 1 | | | |
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P, (MeVic)

0 : 7 T
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Fig. 2. Upper limits on the Zp cross sections at 90% confidence level, indicated
by arrows, are compared with theoretical estimates of RGM-F, RGM-H, FSS, Ni-
jmegen-D, and SUg quark model. In the bottom panel a data point represents the
result obtained from Z712C— AA reaction assuming the effective proton number of
3.5. Poisson statistical error is quoted only.
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Planned : J-PARC : Lol : LO7 [2]

Hyperon-Proton Scattering Experiments at the 50-GeV PS

R . PR L

= p scattering : a setup & simulation

Kp— K=
CDS .
'+ Size radius 30cm — —_
; hight 60 cm : =Pp— =p
- Solenoidal field  5kG | > A
1 » Time resolution 150 ps !
i+ Pos. resolution 200 ym ! |> p T

B P
e o




Planned : J-PARC : Lol : LO7 [2]

Hyperon-Proton Scattering Experiments at the 50-GeV PS

T A P

= p scattering : a setup & simulation

>WO

0_spectrometer

-
‘ 10 cm Kt
®Target 5 cm wide x 20 cm long -
A: production 1 cm Liq. Hydrogen E Liquid Hydrogen
B: degrader 0.5cm Tungsten Emu E Tungsten
C:scattering 2 cm Lig. Hydrogen §
=
® K+ spectrometer i -
0_spectrometer ~ 25° at center 3
® K- beam (assumption @ LOI) :_;
Intensity 107 K/sec
Momentum 1.7 GeV/c o ) . ) _ :
Size o_horizontal 15 mm 0 400 800 1200
o_vertical 1 mm

Pz just before decay [MeV/c]




Planned : J-PARC : Lol : LO7 [3]

Hyperon-Proton Scattering Experiments at the 50-GeV PS

= p scattering : expected

- K- intensity [s] 107 10F =y s o
« Number of Hydrogen [fcm2] 8.5x10% = E p—>AA EARA
- Spectrometer [deg] 25 O o5F
+ Spectrometer TOF [m] 5 CB 7
- Trigger rate (K*) [s] 11 S of
* Momentum of = - [MeV/c] 300-1100 3

-05 |

1.0 F

PR —_— 1 —
200 400 600 800 1000
Pz [MeV/c]

Ep—Ep HE-p — AA
- reaction rate [s™] 0.009 0.0043
- 100 days 78000 37000
* Detectable number 2300 550
Y e
L3N
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Planned : J-PARC : Lol : L10

Study of Dense Kbar Nuclear Systems

E471, E549

" Mass spectrum

0 region
0
0

0

Observed signal (S9)

00,

| 7 coincidences P coincidence ( 2)
1000 |- 0

']
P B

ot Ineffective

IKIII!III]III!IIIIIlIIII

K-Meson

Mass (MeV/c?)

Experiment by M. Iwasaki, et al.

O 1 1 1 1 T
3000 3050 3100 3150 3200

3250

«— 4fm —»

ppn
total B.E, = 6.0 MeV
central density = 0.14 fin’
R_.=1.59 fm

ppok|

total B.E. = 118 MeV
central density = 1.50 fm?
R,.=0.72 fin

{ppnkKK- |

total B.E. = 221 MeV
central density = 3.01 fin®
R, 0.69 fm

Theory by Y. Akaishi, et al.
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J-PARC : outlook [1]

K S/

B Proposed A

C

Under e)

onstruction Existing

]
0000 ~|§ £S5
[ PSI ! v
1000 / = cw) 'SNS This Project
= 3 Gev Power
100 TFI;UMF ISIS
z = LAMPF B
[ IPN is Projec
S 0 S A 50 Gev
c E
£ S KEKOSOOM V. 7GS
3 [ Booster FNAL-MI 1MW
(&) ] L Booster cERN-PS ’/ |
= SPS o1 Mw
B KEK-' O 0.
S Tevatron
0.01 [ Lo L L L
0.1 1 10 100 1000 10000
Energy (GeV)

http:// j-parc.jp/NuclPart/index_e.html




J-PARC : outlook [2]

Construction Schedule (as of Oct., 2003)

J -pARC FY2001|FY2002|FY2003|FY2004|FY2005(FY2006|FY2007|FY2008
Bldg. construction BE i
Linac | Equip. construction test
| Bldg. éonstructioln oty
3 GeV [ |Equip. construction test
I | P—
| Bldg. construction | Beam
50 GeV [ [ Equip. construction test
pstucton] |
| | Bldg. cor}structlonl Beam
Materials + Life | | Equip. construction | test
I I
Bldg. construction
| g ‘ | Beam LO‘S, L10
Nuclear-Particle | Equip. construction test e
| Bld'g. construction Boan
Neutrino (plan) | | Equip. construction test

Construction
Others |

Arch'elogical st'udies stu'dy report
Salt Farms L | | |

| : |
Construction Start Beam

KEK-PS

1988 1989 1990 1991 1992 1993 1994 1995 1996 1997 1998 1999 2000 2001 2002 2003 2004 2005

E176 E224 E248 E373 E522

i
KEK 12GeV PS shutdown




J-PARC : outlook [3]

§fv Announce of Lol call : July 2002 Nuclear/Particle Facility LOI Authors
Thirty Lol’s were submitted by early 2003

Total #
Strangeness nuclear physics 6 =478
Nuclear/hadron physics 7
Kaon decay physics 4
Muon physics 3
Neutrino physics 1
Future facilities 9

(http://www-ps.kek.jp/jhf-np/LOllist/LOllist.html)

North America

¢ 478 physicists with 2/3 from outside Japan.
Committee meetings:
March 22, 2003
June 26-28, 2003

¢ The real proposals:
Most likely, the call for the proposal will be made soon.

Your proposal and your collaboration are welcome!
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