Hypernuclel at KEK, B

: «-[

¢ fl. 3 1 - ﬁ ’ .
u"--%"r_ e i - 2 Hh .
I—E"')&,} . :; 81 "ii-ns:.u e *ﬂ *‘ ?
I3 A WSt ~. |

o - .

-
L) S

-

e

—
-




Contents

1. Introduction

2. Present status of y-ray spectroscopy

3. Spin dependence of AN interaction
4. Experiments at J-PARC

5. Summary



1. Introduction
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Comparison between
vy and (e,e’K*) Spectroscopy

Y SPectroscopy (e,e’K*) spectroscopy
Resolution: ~3 keV (FWHM) ~300 keV (FWHM) :-Pestin
| reaction method

Only bound states (E, <5 MeV) Bound and unbound states

Only Ey Absolute values of mass (B ,)

Level assignment from:
do/dQ of (K,n) reaction (strong) do/dQ of (e,eK) reaction (weak)
vy coin., angular correlation

Lifetime (from Doppler shift), B.R. Lifetime (from width)
-> transition prob. (B(M1), B(E2),..)
Thick target Thin target -> various enriched target

Both should be pursued.



2. Present Status
of y-ray spectroscopy



Hypernuclear y-ray data since 1998

7Li (nt,K*y) KEK E419
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Observatlon of vaernuclear Fine Structure

BNL E930 (AGS D6 line + Hyperball)

°Be (K-, m"y) 9,Be
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w/ Doppler correction
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11 B and '2,C yrays from 2C(x*,K*) preliminary

KEK E566: Hyperball2 + SKS

1481.7%0.7 keV

1¢-By <8 MeV

Counts J7 2 keV
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11 B and '2,C yrays from 2C(x*,K*) preliminary

KEK E566: Hyperball2 + SKS

2667.3+2.8 (stat) keV

! ) w/ Doppler S, States region
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3. Spin dependence of
AN Interaction



AN Spin- dep d Interactions

and y roscopy

B Two-body AN effective interaction

eff e > - -
Vin = Vo(r) + V(1) 513 + VA(D) L3, + W(r) Ty + V(D) S,

\ p-shell: 5 radial integrals for pys 4 w.f.
Well known A =tV (r) |U (NP rzdr, = I's,— I'py
(U,=-30 MeV) Dalitz and Gal., Ann. Phys. 116 (1978) 167

Millener et al., Phys. Rev. C31(1985) 499

B Low-lying levels of A hypernucleus _ _ —
Level spacing: linear combination

(K-,7) or (n*,K¥) of4,S, S\, T

4 “Hyperntclear

S vy J41/2 Fine Structure”
6J N s split by
¥ % AN spin-dependent
Az i -~ a i I interactions 4, 54 T
A < 0.1 MeV
Z core J-1/2 -~

Only Ge detector can .
separate (AE ~ 2 keV) Ain0s




Interaction Parameters (Mmillener)
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Interaction Parameters (Mmillener)

AE =-0.044 + 2.46S + 0.99T

S,y: consistent

H
3.88

A4,S, T. consistent |

<M1

S,y=- 0.4 MeV

E2

AE = 0.70Sy

A=

M1

0.43 MeV-

AE =1.44 A+ 0.05S - 0.27T

1L

4,S ,, Sy, T determined.
Consistency almost OK.
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Nijmegen meson-exchange models

l A4 S, Sy T eV)
Feedback to o 0.048 |-0.131 -0.264|| 0.018 |
- 2 NF 0.072 | -0.175 -0.266 0.033 G-matrix calc.
YN interaction NSC89  1.052 |-0.173 -0.292|| 0.036 | by Yamamoto
models NSC97f  0.754 |-0.140 -0.257|| 0.054 |
( “Quark” 0.0 -0.4 )
Strength equivalent to quark-model LY jorce by Fyjiwara et al.
EXp. 0.4 r-0.0l -0.4 0.03
spin-spin:

A= 0.33--0.43 MeV

(+ slight adjustment favorable)

spin-orbit: )
S ,=-0.01 MeV __All Nijmegen models fail
(SLS+ALS) " 77 Quark models OK
Sy= 04 MeV ) gABI?Ii;a?nO;Aetm acl)dglRL 85 (2000) 270
(SLS-ALS) ;
tensor:
T =0.03 MeV => Nijmegen models OK

=> NSC97f selected (consistent with 4,H(1*,0%))

Fujiwara et al. Prog.Part.Nucl.Phys.58 (2007) 439.



4. Experiments at J-PARC



J-PARC Tokal, Japan

O._.

Material andioloiCaI e
Science Facility

3 GeV Synchrotron

00 MeV Linac (333 pA)
(350m)




30~50 GeV
primary beam

K1.8 will run from the summer, 2009




Present status of
Hadron Hall

Ready to install magnets
Operation from Dec. 2009
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E13: Approved DAY-1 experiment

(1) Spin-flip B(M1) measurement and g, in a nucleus
7L
A

(2) Charge symmetry breaking in AN interaction and
spin-flip property in hypernuclear production

4
AHe

(3) Further AN interaction study from p-shell hypernuclei
10 B and %,B

(4) Radial dependence of AN interaction from sd-shell hypernuclei
19 F
A



g factor of Ain nucleus

B Motivation
w, in nucleus -> medium effect of baryons
Can be investigated using a A in Os orbit

Reduction of constituent g mass?

B B(M1) of A-spin-flip M1 transition -> g, Swelling? zﬂ

B(M1) = (2Jyp + 1) K Wiow | 1[I Wyp >1? g
i A c

= 2y * 1) wap ve il wat we> I 3, +112 6é VAT Ve

J

1 =geJdot grJda = 9cd * (GA- 9c)IA é -

-1/2
core nucleus ; é YAl Ve
3 2Jf0w+ 1

= 8 2JC T (gA- gC)Z [HNZ] in s-orbit

hypernucleus

I‘

B How to measure

Doppler-shift attenuation method : applied to “hypernuclear shrinkage”

in 7,Li (5/2*->1/2*) from B(E2)
I'=BRI/x / 13” 53 B(M1) " PRL 86 (01)1982

B Preliminary data (statistical error only)
from 7,Li (3/2*->1/2*) (BNL E930)

gy =-1.1%08 p, @ g,(free)=-1226y -> <5% accuracy at J-APRC



E13: Approved DAY-1 experiment

(1) Spin-flip B(M1) measurement and g, in a nucleus

7 Li

(2) Charge symmetry breaking in AN interaction and
spin-flip property in hypernuclear production

4
AHe

(3) Further AN interacti
10. B and B

(4) Radial dependence
19 F
A

1+ 0.96£0.04

2.04+0.04
4 H 2.39+0.03
A

4
v AHe

Very large CSB !? Ba(MeV)
Not theoretically understood.

3
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12t "1.08+0.02| M1 M1
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3 H \\‘“ 0 - /_.-
ot

4H (K m) e=10°

12t
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5. Summary

B Most of p-shell hypernuclei have been investigated

via y-spectroscopy technique at KEK-PS and BNL-AGS

Hypernuclear fine structure in °,Be and 1,0
New data on !,B and *?,C by 12C (=n*,K*)

B Spin dependence of AN interaction:

All the spin-dependent interaction strengths have been determined.
Consistency OK except for some inconsistency in A=10~12.

B J-PARC Hadron Hall will be ready soon.
Approved experiment (E13): g, in nucleus, CSB in AN int., etc.



