2. E419 (‘,Li) and after |
3 E518 (11AB) _,l 3
4. E509 (hyperfragments) .

5. Future ; '




History of
Precision y Spectroscopy of A Hypernuclel

'96-'98 Construction of Hyperball

'98 Apr-May KEK-E419 (K6/SKS) : 7,Li

'98 Dec BNL-E930 (D6) : °,Be

'01 Sep-Nov BNL-E930 (D6) : 6,0/ N, 19,B, etc.
'02 Apr KEK-E509 (K5) : hyperfragments (*,Li)
'02 Sep-Oct KEK-E518 (K6) : 11,B

Future: before J-PARC
(KEK, to be proposed) '2,C/ B, 4,He
(BNL E930, E964)
Future: at J-PARC



Hyperball collaboration at KEK
E419, E509, E518 (1998, 2001,2002)

Tohoku Univ. H. Tamura, D. Abe, K. Araki, T. Endo, Y. Fujii, O. Hashimoto, M. Kameoka, A. Matsumura,
Y. Miura, T. Miyoshi, K. Mizunuma, S.N. Nakamura, H. Nomura, Y. Okayasu, K. Ozawa,
T. Saito, J. Sasao, S. Satoh, T. Takahashi, M. Ukai, H. Yamauchi

Kyoto Univ. H. Akikawa, Y.Fukao, K. Imai, K. Miwa, T. Murakami, M. Niiyama, S.Ota,
H. Takahashi, S.Terashima, M. Togawa

KEK K. Aoki, Y. Kakiguchi, T. Maruta, T. Nagae, H. Noumi, H. Outa, Y. Sato, M. Sekimoto, A. Toyoda
Osaka EC Univ.  T. Fukuda, H. Hotchi, W. Imoto, P.K. Saha

CIAE H.H. Xia, S.H. Zhou, L.H. Zhu

Seoul Nat’l Univ. H.C. Bhang, J.H. Kim

RIKEN K. Tanida
Osaka Univ. S. Ajimura
BNL H. Hotchi

Hampton Univ. L.Tang

North CarolinaU. R.l. Sawafta
Sejong Univ. Y.D. Kim

GSI T. Saitoh
ITEP A. Krutenkova



Hyp erball  (ronokur kyotor kex, 1998)

* - . Ly F

m Large acceptance for small '
hypernuclear y yields
Ge (r.e. 60%) x 14
Q~15%

Epeak~ 370 at 1 MeV

m High-rate electronics
for huge background
1 TeV/sec, 100 kHz

m BGO counters for n° and
Compton suppression

Resolution of hypernuclear = 7 IS=" /U = WS 4\ js 'y -q
spectroscopy SN S L e sof (N ga
1 MeV ->2 keV_FWHM B VR e ) L, A R i




Motivations of
hypernuclear y spectroscopy

Baryon-baryon interactions E419, E518

A hypernuclear structure S AN int. (meson or quark models)
f c.f. nuclear structure <€— NN int. (phenomenologically known)

Unified understanding of B-B interactions

Impurity effects E419 shrink
—
Change of size and shape (shrinkage), J ﬂg

New symmetries, Change of collective motions,...

Medium effects probed by hyperons free from Pauli
A-spin-flip B(M1) - g, E518




Yy Spectroscopy and
AN spin-dependent interactions

Low-lying levels of A hypernucleus

y-) or (z*K*)
“"Hypernuclear
sﬁf y |y Jeq/2 Fine Structure
$ J / split by
A-17

L ] AN spin-dependent
interactions
A < 0.1 MeV
Only Ge can Ain0s A > SA > T

separate
(~2 keV FWHM)

2-body AN effective interaction Dqlitz and Gal, Ann. Phys. 116 (1978) 167
Millener et al., Phys. Rev. C31 (1985) 499

eff - - i
Van = Vp(r) + Vg(r) sysy + VA(r) Liys, + W(r) LSy + Vr(r) Sy
A SA Sﬂir T
p-shell : 4 radial integrals for py s, w.f.



E419: y-spectroscopy of /,Li

First exp. with Hyperball Run in April-May, 1998, at K6, 80 shifts

B(E2) -> shrinking effect
Spin-flip M1 -> AN spin-spin force Setup for E419 (E518)
Li (n*, K*y) AL

Lucite Cerenkov
Aerogel Cerenkov

SKS
SKS

Hyperball magnet

'-LN2 Dewar

rball Timing

Drift | _ Counter
chambers— = nt \
=
—_— Timing ﬁj
0 Im counter Drift
. Chambers
Drift chambers
._ D2

Timing Cﬁ’ Beam
counter ]
W) Spectrometer —] —
+

K6 Beam Line Side View
1.'04 Gevie Cerenkov Around Target



counts/5keV

600 :AL‘|

57

y spectrum of ;L.

{

200

Hh 0.5 MeV

L g

— . Li (r*KY) —
I 5 SKS only (E336) lﬁ*
) )

& 8 s

KEK E419 : SKS + Hyperball 0 L
_____________———————"’”———————__—————————_::::::::22;cHaﬁonEﬂuﬂgy Uﬂﬁﬁ\\\\
[ T T T : I : : : : I : T T T II II T T ' 'I II T T ] T T
200 — I Boonl 80
o oppler
- 50 shift 60
: L corrected
150 i > 40
ol Y Sl i X 20
1000 S ’
. N0
100 ALi - £ g0
+ + \ 1 /
M1(3/2"1/2") \ b et 18 6o
—_— \ Q
| ‘rs
50 32 40 F
[ = :
. e 20 |
0
1000 1500 2000 2500

E, (keV)

__:‘: __.:.I.._I_- . I
T~ 10

. —
Doppler shift corrected

"L MI1(1/2%5_,~1/2%)7

M1(1/R",,>3/2") =

\ R

Ali _
E2(5/2%-1/27) E

20

00

3000 4000
E, (keV)

Tamura et al., PRL 94(2000) 5963
First observation of well-identified hypernuclear y rays with Ge.



(7K

+
0 ... 777 3.88MeV
=1 M1 T=1
Results U L 2t
- 218 | _ —
on 7ALI L=2 "5’,721/2.050
78 % E2:
5 E2 6
: t . 3/2
0 1* _____ 3/2 0.692
= aramsS I R e You)
L | 1/2
AL [ 6?
Predicted by Motoba et al., shrinkinq effect 6 A
Prog.Theor.Phys.
70 (1983) 189. D g spin-spin interaction
Qo A oo A = 0.50 MeV
I 0s orbit e IShrink N- LS interaction
&a Q S~ -0.4 MeV

B<r?>
(D O B(E2) [e®

109409 —» 3.6=+0. Sigg
B(E2) |<f|er2Y,|i>2

R4 or (B<r2>)? = 191+4% shrinkage by A
Tanida et al., PRL 86(2001) 1982

PRL 84 (2000) 5963
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Publicity
of E419
and
Hyperball

Butsuri,
June 2001
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Quark Quirk Triggers
Nuclear Shrinkage

If atoms had cgos, a few lithinm nneled

would be nursing broises
sticking an exotic type of g
doesn’t belong, physicists ha
clel down to four-fifths norm

of all vaneties

“Shrinkage of about 20% is very
surprising,” says Hirokazu Tamura, a
physicist at Tohoku University in
Sendai, Japan. “MNuclear physicists
know that comprezssing the nucleus is
very, very difficule”

S0 instead of trying to squesse an
atomic nucleus, Tamum and collzagues
from Japan, China, Korea, and the Unit-
ed States zet oul to shrink it from with-
im. In the 5 March Physical Review Let-
ters, the physicists describe how they
injected a little dose of stangeness into
4 lithium-7 nueleus. Through a handfil
of particle interactions, they substituted
2 strange quark for & down quark, tum-
ing one of the atom’ neulrons into 4
particle called lambda, or A. "I quite
similar to the neutron, but somewhat
heavier” says John Millener, a physicist
ot Brookhaven National Labomtory in
Upton, New York. “A proton is two ups
and a down, a neutron is two dovwns and
an up, and a A is an up, a down, and a
strange.” The quark substitution tumed

whahwECiencEmas.org

PRL 84(2000) 5963
PRL 86(2001) 1982
PLB 579 (2004) 258
and more to come..

system, and it makes everything more stable
by interacting with the [protons and neu-
trons],” Tamura says. The extra A binds the
particles more tightly together but, unlike an
added proton or neutron, takes up no addi-
tirnal ensee The etabilived mielsne chrnks

News of the week

Science 291, 9 March 2001

process, the scientists are adeung wwau
theory that can explain nuclear interactions

OSEIEE VW ERLLERL LAY Ml RIS IS RLLEAPE RLMIRERFLE %4 Bidt

can help scientists’ determine not only o hy-

Squeexe play, Gamma rays entering the 14 spokelike
detectors of Tohoku University's Hyperball instru-
ment showed evidence of pint-sized lithlum nuclei

SCIEMNCE VOL 291

9 MARCH :



Results on AN interaction by E419+E930
“Hypernuclear Fine Structure”

E419 AE =2.47S +0.941 E930
ot 3/2* ) 3/2 -
‘:: 43 V i Nwg,
3+ ** 7/2+ 5/2+ €
- 52+ A
-310 keV
AE = 0.68S,,
P 3/2+v
1 l 692 keV o* vv 12 ] "
6Lj < 1/2* SBe"" 1/1250 =::—V'YT 26 keV
e aarne AE =-0.39 A+ 1.38S + 7.82T
7L 9 16
/ ALI l l AB e l AO

A= 04MeV S,=-04MeVv S, =-0.01MeV T =0.03 MeV

All the spin-dependent force parameters
determined.



E518: y-Spectroscopy of 11,B

Run in Oct. 2002 at K6, 80 shifts

- 3/2+

. l M1
1t —

~o. 1/2+

E2
p 7/2+
7’

3 e ”

-~ X 5/2+

10 11
B AB

Expected levels

many bound levels

Purposes:
1(3/27)
Stopping time

-> B(M1) : measurable

0.5 ps (Millener)

1.0 ps by (x*,K*)

by Doppler shift attenuation method

Level energies
-> Cross check of

AN spin-dependent interactions



B(M1) and p, in nucleus

u, in nucleus -> Possible modification of baryons in nuclear matter
Effect of meson-exchange current (small)

Direct measurement of p, very difficult
but

Spin-flip B(M1) -> g, J 172

: 6d) 0} oc
Q A?é 6! dc

in s-orbit J =172

B(M1) o< |[<®f | pz| ®;> |2
= 1<t¥ bl godz+g,d7 6] dc> 2

2
oC -
(gc-9,) Dalitz and Gal, Ann.Phys.116(1978)167.



> %
1 11
=AB o Bl
< .
Mass o= in (tcm)
A 2 Thin (1cm) target
ruim =
Spectru :,
© o wdd e .
-20 15 10 5 0 5 10 15 20
_B n(MBV)
1k 1B (xt, kt) 1B px=1.05 GeV/c
" oy=5 ° 10cm target : 0.85><10%7t*

5721
+
3/22 3/2-;'

d’c/dQdE  (pb/st/MeV)

= oa = £ o
[T T

6cm target : 0.75><10%%7t*
(Proposal : 10cm, 2.1x10%7T*)
=>
Beam x Target thick. x Ge eff.
50% of proposal

A

bound
region

Thick (6cm, 10cm)
target

B

unbdund
region

-20 o

20 40

—BAar (MeV)



v-Ray Spectrum ¥

of 11AB

ll ‘-‘lll

= 1500F

5M

10001
500F

counts/0

counts/ 2keV

-20

Six 1, B y-rays observeds.O

40
~Ba (MeV)

Ey Number  Relative
(keV) of Events Intensity
262 71 0.14
454 24 0.13
500 50 0.13
564 78 0.21
1482 203 1.00
2479 45 0.37
3286 10 0.10

counts/ ZkeV

"°B(718) B
v

2Ge (834)

\
, 800 o1

A

- oD | et | A

ol gl
W%Mﬁuﬂmﬂmmﬁ

(@)

Mwﬂﬁwmﬂ

005505500 2750 3000 3250
[keV]




E. (keV) lifetime (ps)

I_ | fe“ me F|t Preliminary

stat.error only

Fit both spectra (w/o and w/ Doppler correction)
with simulated peak shapes for various lifetimes

30 50
2 w/o Doppler w/o
i correction 40 Doppler
20F correction
30

[T T TTT T T T T T T TTTTTT T 7Y

10} 20
i W 10
- Wl 3
oL 7S R AL - | el Lt e,
— w/ Doppler Doppler
L correction correction
20}
10f

T

ff_w W

° 600 . 1500 1600
E, (keV) E, (keV)
=> (0.15+0.03-0.02 ps => >5.24 ps

20

1I]

263.44-0.05 0.39+0.16-0.11
456.64+0.02 0.21+0.08-0.05
503.740.02 0.34+0.09-0.06
567.024-0.02 0.15+0.03-0.02
1481.940.02 > 5.24

2474.7+0.02 0.04+0.03-0.02

w/o Doppler
correction

ﬂwﬂ%ﬁum il

w/ Doppler
- correction

| I | ]
—
oy

il 14

2400 2600
E, (keV)

=> 0.04 +0.03-0.02 ps




Assignment of
1,B (1482 keV) line

E2 (1/2*, - 5/2%,) because

Long lifetime-- too long for M1
(>5ps =>B(M1)<10°[w?])

Largest yield -- 1/2*, collects yields
from upper levels

Gated mass spectrum — showing
contribution from upper levels also

52+ T=1 5563 [0.087]

5255 5557 [0.120]

2725
Mi

4433

32+T=1 5453 [0.686]

5, 4426 [0.051]

40191055

1

3o 4412 [0.09]

-1;22+ 2.728

3/2,+ 2327 [0422]

1070 |M.

1;073” They
1

653 1‘*1

Y

1/2* T=1 2000 [0217]

1020

iy

A 4

32t 1673 [0.128]

12;+ 1020 [0:309]

B
11,B mass spectrum 418 ot 0418
for 1482 keV y-ray events nﬂ 1
% Y 5/2,+ 0 [1.128]
' ground state 11
20 AB Ey Neff
10 - v-rays expected to be observed (Millener)
=

0
20 10 0 10 20 -B, (MeV)



E518 Present Status

Six transitions in 1, B were observed.

E2 energy (1482 keV) significantly larger than
the prediction (1020 keV) from already-determined

parameters
AE(1/21=5/2%) = AE,, - 0.243A+1.2348,-1.090S,-1.627T+A =

-> S, inconsistent with the other data (“,Li, %,C, +3,C, 16,0)
-> core (19B) w.f. incorrect? — feedback to structure

of normal nuclei?
PLB to be published.

Assignment of all the other observed y-rays seems
difficult
-- yy coincidence necessary with a higher efficiency
detector



ES509: Hypernuclear Spectroscopy
of hyperfragments with stopped K-

April 2002, 40 shifts, K.Tanida

Direct reactions : (z*, K*y), (K-, ny)
Hypernuclei can be idenitified well.

ta?gu;t, low yields — ~one month per E509 Setup \\\\\\

Indirect reaction: (stopped K-, y) KEK K5 LC1,2,3 \\%\
-- in-beam method g50 MeV/c BQ\ \ %\\%‘ |||

Hyperball

Large production yield of K-
“hyperfragments” from stopped K- —>,
absorption (~10% per stopped K°) B1 i
Various hypernuclear species Carbon ’
including n/p-rich ones Degrader /

But, more background and difficult’Lj, °Be, 10B,
identification 1B, °C targets

--> Test feasibility




(stopped K-, y) spectrum

Candidates of hypernuclear y rays
Not normal nuclear y rays
Target dependence
Prompt timing (< 5ns)

10B target

Y ray from target

E,(keV)| target

T T TTT7)

1302 | %Be,19B 118 e

2049 |19B,1B,*?C

counts/keV

=
=H

. “T500 1000 1100 1200 1300
11UBE Energy(keV)

11201 11B

2000f 2200 | . | . | L 1 :
0 1000 2000 3000 4000 5000

Energy(keV)




ES09 results (1):
2049 keV line

3 y
2.186
v + MeV
o —22" 5 050
2050.140.42x0.7 keV
(E419) E2
+
" 1t ereeeet 2" 0,602
RN +
6 Y1
. 7
7ALI . E2(5/2* - 1/2%) AL

observed with a large yield,
516274 counts in 3.5 days

c.f. E419 ’Li (=*,K*y) 7 Li
188217 counts in 25 days

=> Abundant y-ray yield

Production rate of 7,Li (5/2%) :
0.075=20.016% per stopped K-on 1°B
PLB to be published.
7.Li: M1(7/2* - 5/2*) not observed
(small statistics for yy coincidence)

(stopped K, v)

258 I | [ | [ | [ | [ | [

pBe .],
mWHUM\MWWWWWWW
ol I | | | | 2050 keV
E 10, | 7 Li (5/2+->1/2%)
£400
=
5 WWWWWWMMW
200 | | | | | | | | | | |

[ | [ | [ | [ | [ | [
Pl np v
200

| | | | | | | | | | |

[ | [ | [ | [ | [ | [
200, ¥ ¢ |
100

| | | | | | | | | | |
1900 1950 2000 2050 2100 2150 2200

Energyfkel’)



E509 results (2):
1303 keV line

Unknown candidate of
hypernuclear y ray at
1302.0%0.6 keV

-> 8 Li,9,Li,..?

E509 summary

(stopped K-y) is found useful, but
vy coincidence necessary

S 8

Counts/keV

850
650
450
250

400

combination with direct reactions :zw

1250

1300

1350

1400 1450
Energy kel



Future Plans

Before J-PARC

Construction of Hyperball2 — finishing soon.
KEK: 12,C /11,B, 4,He at K6 (2005), to be proposed.

-- AN force cross-check by 2,C : solve inconsistency problem of 1, B
necessary for J-PARC strategy
-- B(M1) of 11,B possible
-- 4, He for Charge Symmetry Breaking
BNL: E930-3 (more p-shell), E964 Z=-atomic X-rays
--approved but difficult to get beam time.

Preparation for J-PARC (R&D for a “faster” system)
Training of students at Jlab (Hall-C) and DAFNE(FINIDA)

J-PARC: yspectroscopy is a “Day-1" experiment.
m  Systematic study of all light (A<30) hypernuclei
= Medium heavy hypernuclei

= Mirror and n-rich hypernuclei using (K*,x°) and hyperfragments (CSB, shrinkange
of n-halo,..)

m  Systematic measurement of B(M1) for magnetic moment of A in a nucleus



Hyperballz under construction, ready by fall, 2004

Clover Ge (r.e. >120%)
+BGO x 6 added

Photo-peak efficiency
~ 2.9% -> 5% at 1 MeV
vy efficiency -> x 4

7 Clover
Ge detector

VME-based fast readout

BGO ~

counters

B Test Exp at Tohoku Ge "
Cyclotron detecto re

B To be used at KEK

and BNL in 2005- individual "

Ge detector|
x 14



Summary and Remarks

Precision y spectroscopy of Hypernuclei achieved
103 improvement of resolution
-> AN interaction, shrinking effect, g,in nucleus
A breakthrough in strangeness nuclear physics

Why was it born at KEK-PS so successfully?
Well established SKS system and
Perfect support by SKS group

Frequent beam time ('95-'98) for Hyperball R&D and
training students

-> Please minimize no-beam period before J-PARC.
-> Construction of “Standard System” =SKS at J-PARC
IS Indispensable.



12, C /11, B and ?,He with K6/SKS

= (", K') cross section
Cross check of AN forces N ‘-;‘mnaga calc.  exp.
: 5’ 2- 14"
B(M1) possible N Fiems {3?:03} (G=2-14)
Help ES18 data assignmenttp 0 10860 1.10 e
% 10600 7.08 >V
. 3 10080 0.29
72 I % > 10000 9.08 77!
BT I el =y 5 750 55 7 A S AR SRR
'“B+p
A
| O T2 - 5826 4900 1.60  1.33
3/2 5
3 Cross check of AN forces
52 Y > 4687  [similar structure to
10 B(contradictory to the
- Yo 2673 other data)]
o e y2 77 1- 26320 1750 2.05 1.51
i B 00 2 9233 240  0.28
3/2 ' 7.97
— 1= 0 0 12.48

"ne 12 [keV] [ub/sr] [ub/sr]

A



4, He — Charge Symmetry
4He (m+ K+) 9=100
1+ 0.96+0.04
1.24+005 1%
12 " 1.08+0.02 M1 M1 +
' g 1.16+0.04 ™12
BH . g 3
2.04+0.04 0. He
44 2.391(1.&3&
A
v \He
Ba
(MeV) \
| stop K-on SLi by Nal (1979) |_

[Tl = Q04 ifels

Only one data

Breaking

Observed CSB looks
spin-independent.

AN-XZN coupling gives
spin-dependent CSB.

Lig. “He 10cm (1.25 g/cm?)
0.4x1012 1+ (20 shifts)
SKS 0 deg

4He (n* K+y) 4AHe  simulation

Bad quality

8
6k
4

2k

8
o

af

N

i ....“ ,.-.,‘ 4 . % -
# L. AH

HyperbaII+SKS

10 ol

(e,e’K*) at Jlab/HKS e
(K-,®%) at J-PARC

w/o doppler correction

i

[ ﬂﬂﬂﬁﬂﬂﬂﬂ [l HHH [

Mmﬂ

w/ doppler correction

HHH 1]

1400  [8keV/bir]

1000
Ey

1200
(keV)



180 (K",my) BNL E930

(MeV)
3.563
T=1

Present status of Y SPEectroscopy

“Li (n*,K*y) KEK E419

+ +
2O -}-":21 3.88
M1| M1
2186 3 _...- 7/2% 2.520
L ],
- 5/2% 2,050
E2
1+,_--"' ! 3'{2-‘-0.592
— |M1
6Li 12 0

iLi PRL 84 (2000) 5963
PRL 86 (2001) 1982
PLB 579 (2004) 258

Me\/ " )
3.95 1t _E 4.71 6.176 :
12t 3/2
. 403
2.31 ot I i “2+2255 prelim.
T=1 o1 &
M1
+ 12 i
9 L. L 0o 120
a2+ © 5~

°Be (K',my) BNL E930-1

3.040 2 3/2%3 067
=+3.024
E2| |e2
0 0 Yy 0
172t
®Be %Be

PRL 88 (2002) 082501

) ot
p NN

1- 6.560

—nT

°B

2 <09

1

13C (K",my) BNL E929 (Nal)

1/2°

XAp1/2 — 11.10
X Ap3/2 7T 370~ 10.95
‘E1| |E1
. / /2t
4439 o'/ . 4.91
o pa
{ #EE
of _YY
0 70+ 0

108 (K",my) BNL E930-2

0

1%0

PRL 86 (2001) 4255

“Li (n*,K*y) KEK E518

3/t
0.718 1+ 77+ 1482
" 1 €2 7/2t
‘"""-.“ t 0
A B

-> “Table of hyper-isotopes”



Counts/ 5 keV

faLL

Best-studied Hypernucleus :E419:Li (" K*) Li
E930-2: B (K- ,n)'\B* -> Li*

Li (7" K*y) ALi

KEK E419 — I

. : et
Li (=m*,K*y) 7, Li 100} 7; 7. [G1D)
150 | [l | - & (429) (478)
J " E 50
100 [ |
IINE-I:_ Tr: |'+
]kl TLi (M1) it
|y " 1
50 "TJ | 400 500
b J’J ” J r' l Ey (keV)
0 H— P .. ”T“'“*J?;%ewwnw-ﬁ*ﬁwwm%cm{wf

Non-spin-flip in weak decay A ->N =t

7 Li (1/2%) -> 7, Be*(1/2) +
7 Li (3/2%) -> 7,Be*(3/2) + m

1Li (E2) 1

b

(r°.K")

4+Me‘u’

/2" 388

=
M1
7/2% 2,520

A
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Plans of y spectroscopy
at J-PARC (+ Hyperball-J)

(1) Complete study of light (A<30) hypernuclei
(2) Systematic study of medium and heavy hypernuclei
(K-, y) spin-flip/ no-flip productions

AN force (AN-XZN, p-wave,..)
B(E2)-> shrinkage, New symmetries

(3) n-rich/ p-rich/ mirror_hypernuclei

(K-, yy) in-beam method Charge sym. break in AN force
(K-, ©%y) mirror hypernuclei Shrinkage of n-halo

(4) Spin-flip B(M1)
(K my), (n",K*y) Doppler shittatten. |, in nuclei (p-dependence)
(K,myp) y-weak coincidence

(5) Double strangenss (- atom X rays and AA-hypernuclei)
(K, K*y) ZN, AA interactions




	g-Ray Spectroscopy of L HypernucleiE419, E509, E518
	History of Precision g Spectroscopy of L Hypernuclei
	Hyperball collaboration at KEK E419, E509, E518 (1998, 2001,2002) 
	             Hyperball    (Tohoku/ Kyoto/ KEK, 1998)
	Motivations of hypernuclear g spectroscopy
	g spectroscopy and LN spin-dependent  interactions
	Setup for E419 (E518)
	g spectrum of  7LLi
	Results on 7LLi
	Publicityof E419 and Hyperball
	Results on LN interaction by E419+E930“Hypernuclear Fine Structure”
	E518:  g-Spectroscopy of 11LB Run in Oct. 2002 at K6, 80 shifts
	B(M1) and mL in nucleus
	11LB 
Mass Spectrum
	g-Ray Spectrum of 11LB
	Lifetime Fit
	E518 Present Status
	E509: Hypernuclear Spectroscopyof hyperfragments with stopped K-   April 2002, 40 shifts, K.Tanida
	(stopped K-, g) spectrum
	E509 results (1): 2049 keV line
	Unknown candidate of hypernuclear g ray at 1302.0±0.6 keV          ->  8LLi, 9LLi, .. ?
	Future  Plans
	Hyperball2  under construction, ready by fall, 2004
	Summary and Remarks
	12LC / 11LB  and 4LHe  with K6/SKS
	4LHe – Charge Symmetry  Breaking
	Present status of g spectroscopy
	Plans of g spectroscopy at J-PARC (+ Hyperball-J)

