12th, Sep. 2003 D2-WS (Alghero)

Latest results from KEK on Hypernuclear
Physics and Perspective at J-PARC

€ v spectroscopy of 11, B (E518: 2002)
€ n-rich hypernuclear production with
19B( 7 -,K*) 19, Li reaction (E521:2002-3)

€4 np/nn double coincidence detection from
> He & 12,C (E462/508: 2000-2002)

€ Proposed experiments at J-PARC
H.Outa (RIKEN)




v spectroscopy of 11,B
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Present status of the experiments with Hyperball

B e
B (e K y)
Li (KEK-PSE419,1998) A, S, B(E2)

H.Tamura, et.al., Phys. Rev. Lett. 84 (2000) 5963
K. Tanida, et.al., Phys. Rev.Lett. 86 (2001) 1982

"B (KEK-PSE518,2002) ) B(M1)
B (K,m"y) Large cross section
'Be (BNL-AGS E930,1998) S.
H.Akikawa, et.al., Phys. Rev. Lett. 88 (2002) 082501
50,"°B (BNL-AGS E930, 2001) T

EF (stopped K™,y)

Hyperfragments from
Li, °Be, "B, "B, "’C target (KEK-PSE509,2002)



Structure of '\B

Many bound states exist >
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Y _SDeCtrum Of 111 bound regioD y "4
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np/nn double coincidence detection

from>,He & '2,C

(E462/508: 2000-2002)
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Setup (E462) (KEK-PS K6 beamline & SKS)

Solid angle: 26%
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Neutral particle: 2ocn N: 20cm x100cm X 5cm
- TOF (target—NT) T3: 10cm X100cm X 2cm

-T2/T3 VETO T2: 4cm X16cm X 0.6cm L



Particle identification
Neutral particle Charged particle

100-

eutron energy scale (MeV)
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Energy resolution PID1 : total energy vs dE/dx
g ~8MeV PID2 : total energy vs TOF
e > (PID1+PID2) / 2
( around 80MeV )

gated '2,C ground state ~ 9ated °,He ground state



Energy spectra of n/p/d from the decay of °,He

°Li(z*, K*) excitation spectra
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Neutron energy spectra of °> ;He
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coincidence analysis for ° ,He

Angularconrelation

Angular correlation (np)

Energy sum (np)
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coincidence analysis for 2 ,C

Angularconrelation

Angular correlation (np)
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Comparison with theoretical calc.

for anqular correlation
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OME (w/ heavy meson )

‘ OPE \ DQ model ...
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Experiment . 0.9320.55 (Szymanski et al.) (for 5,He)

M

'5,He (E462) : 0.52-0.13-0.05

P\
L\
P 12 C (E508) : 0.46+0.110.05

systematic error :
neutron efficiency(8%) + proton (6%)




€ A-dependence of neutron energy spectra
( for A=5,12,89)
... No peak at half of Q-value even A=5.

& [,/ 1 ratio
> He (E462) ~ 0.52+0.13+=0.05 (preliminary)
12, C (E508) ~ 0.46+=0.11+0.05 (preliminary)

€ Angular & Energy correlation
— Number (/NMWD) of back-to-back component
is smaller than Garbarino’s calculation.
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Lifetime analysis T2
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2. NMWD, of ¢

= Test of AI=1/2 rule

* Spin/isospin dependence
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Estimation from E462 statistics....
> He 55K — n+p back-to-back~170

To achieve same statistics....
sl 55Kx 3x2x5%1/3 ~500K

1 4
NMWD Br. 20,000 *H
. In one day
p/n ratio
Spin triplet/singlet 1x 0.6 X 0.3m@60cm
Decay arm upgrade 0

1.5%X1.5X0.4m@90cn



650MeV /c K" Setup for the experiment

at KEK (PS-E167)
38 Magnet
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¢ H. production rate

K1.1/K1.1BR; 600MeV/c K-
0.5x10° K-/sec

4.1 10% stop
50 X 103/sec stopped K- on “He

ﬂ 4 H branch~0.9%

450/sec 4 »H formation

~~~
0.35/sec  “H detection OK 17



Spare OHPs



n-rich hypernuclear production
with 1°B( 7 —,K*) 19, Li reaction
(E521:2002-3)

arget | reaction | Scam SKS | Injection 7 [Gn]
[GeV/c] [A] 2002 | 2003

0B | (-, K¥) 1.05 272 440

0B | (m-, K¥) 1.2 395 460 716
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Two-step process and incident
momentum depecdence

mp — KA ; Kp — K™n
nmp — wn ; w'p — KFA

np — KA Same kinematics like
p — K*A n(n*,K*)A reaction
K — K'n Charge-exchange
rp — n'n (Favors Al1=0)

Two-step process: theoretical cross section

1s maximum at 7T incident momentum at 1.05GeV/c



(7",K*) reaction: A formation
mechanism

1. Two-step Process

P — KA ; K%p — K'n
nmp — n°n ; wp — K*FA

2. One-step Process via X state

Tp — K&
L, 2p — An
Incident 7- >— state Formation
1.2 GeV/c Real > p< An conversion
Mixing of
1.05GeV/c Virtual wavefunction of -

and



Problems and solutions

L Huge background _

'’ and Compton suppression }
— surrounded by BGO

select even;s .
from excitation spectrum

LI small yield

Cover large solid angle

— so0lid angle 15% with 14 Ge
Detection efficiency
~2.5% @1MeV

L] High background rate
from beam pions

— Fast readout electronics




ldentify observed vy -rays

B —
LI 1482 keV
largest vield 3 "B (E2:1/2'—=5/2"

narrow peak — long lifetime

Millener's prediction
A=0.5MeV,S,=-0.4MeV,S, =-0.01MeV, T=0.03 MeV
AE(1/27—5/27)

= AE... - 0.243A+1.234S5,-1.0905,-1.627T+A 2

= 1020 keV

‘ iment
Not mnsistent with experime
now under way

BT Other v transitions analysis is
2")
Not identified yet > g (M1 Swm't‘)’e (dentmed



Lifetime measurement of >, He

T2

n - | TOF,,,,
I:I !

beram

At =t,, ~TOF, ~TOF, —t,,

_th_ ——r _tTl
p,c B

2.

Ve

Q

Present experiment| g
+11 o
=278 _ 19 PS O

(statistical error only)

cf. Szymanski et al.(1991)
T=256 £ 20 ps

decay time [ns]



Results

Pres.entnf Szymanski et al.(1991)
I, /C,| 0.947 + 0.037 | 1.03 = 0.08
r-/T",| 0.350 £ 0.017 0.44 = 0.11
r /| 0400+ 0.023 | 0.41 + 0.14

e[ /T -(He)=T_,/T - (A)=0.560 = 0.011

¢ an = 1_‘tot_ Fn_ - FTCO
e Statistical error only



" decay width

0.6 )
Szymanski

0.5 Significantly larger a-A overlap

than YNG potential is indicated
resent 1
04f o present . VNG
+ ~—
O ORG New potential 1s required




Summary

o 7- branching ratio and lifetime of >, He is precisely
measured.

o [ -/T",(°,He)=0.350 % 0.017

' /I',(°,He)=0.400 £ 0.023

o New a-A potential must be considered.

O
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