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Outline of the presentation

» Introduction:
» spin-dependent AN interaction
» motivation of the KEK-E566 experiment
» Experiment:
» detectors & experimental setup
» Analysis:
» hypernuclear y-ray spectrum analysis
» hypernuclear level schemes
» Result & Discussion
» spin-dependent AN interactions: Sy, A
» AZ coupling effects for p-shell hypernuclei
» Summary
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where W, = p, -5, and V, 1s calculated from free space

AN interaction (NCS97e, f) via G - matrix.

lear fine structure: theoretical approach
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Hypernuclear fine structure: experimental approach
Keyword: high resolution, high counting rate
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» High resolution: Ge detector is necessary (Hyperball)

» High counting rate: reset-type preamplifier
» High background level: BGO counter

A=0.43 [MeV]; Sy =-0.

4 [MeV];

S ,=-0.015 [MeV]; T=0.03 [MeV];
Can not reproduce ground state

doublet spacing of '’B.
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Motivation of KEK-E566: °C(xn*, K*),,12C/ ,!'B+p A

» Interaction parameters consistency check
» ANN interaction (AX coupling): ,'°B puzzle
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Motivation of KEK-E566: °C(xn*, K*),,12C/ ,!'B+p

» Interaction parameters consistency check
» ANN interaction (AX coupling): ,'°B puzzle

l

w/o AZ effect w,/ AYX effect
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(a) AY effect for }°B hypernucleus.
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AX

-

- S A

w/ AZ effect

w/o AL effect

(b) AY effect for 12C hypernucleus.
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12C(7’[+, K+)A12C/A11B_|_p

Lucite Cherenkov

Aerogel Cherenkov

Experimental Setup

The last hypernuclear
experiment (@ KEK-PS

TOF counters

of KEK-E566
Drift chambers
0 10m

Drift chambers

BH1(timingcounter)

Gas Chere nkov\
\‘

1.05 GeV/c
3x10°/spill

CH2 target
BH2(timing counter)
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g Hyperball2: Ge detector array with BGO counter A
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» Photo-peak fﬁc1ency 3.9% @ 1.33 MeV when beam off;
") O C 27

FWHM) @ 1.33 MeV when beam on.
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Hypernuclear states selection
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Hypernuclear states selection
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y-ray spectrum from ,''B hypernucleus
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y-ray spectrum from ,!''B hypernucleus: spin assignment I
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y-ray spectrum from ,''B hypernucleus: spin assignment II
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y-ray spectrum from ,''B hypernucleus: spin assignment II
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y-ray spectrum from ,'2C hypernucleus
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y-ray spectrum from ,'2C hypernucleus: spin assignment
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y-ray spectrum from ,'2C hypernucleus: spin assignment
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4 . .
Results & Discussion:
» Hypernuclear level schemes;
» Spin-dependent AN interaction;
» ANN three-body effects (AX coupling).
23 77 (1).
M1 , + i 457 2
) T 327 1.987 1/7——
//,’ 1/2+ 1.483
4 427 M1 M1
F—= E2
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N B 7125 0. 263 )
=T _ v v M1 100
: 512" 0 3/2 TV — 211.
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Interaction parameters: Sy,
(4=0.43, S ;,=-0.015, T=0.03)

M1

T 317" 1 987 e 5 2.833
17t 1.483 1/ —
" ’ E2 Mi| M1
3 . e 723 0. 263
3 R 500
10 11 /7 ——MIIOO' ¥ 2I 0.162
B B 3 m— E o
11 12
E(3/2+,1/2+)—E(7/2+,5/2+):E("’B:l*) \ e , AC

+0.004A—0.007S, —1.044S, —0.025T
EW)-EQ)=E('C:1/27)-E(''C:3/2")
+0.315A+1.150S, —1.104S,, +0.635T + AX

. -U.0~-0.Y eV,

Previous: Sy : ~-0.4 MeV;

New shell model calculation 1s necessary.
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a )
Interaction parameters: A

With the Sy value obtained from the present experiment:
A 1B: A=0.395 MeV (S,=-0.9, S,=-0.015, T=0.03),
A2C: A=0.485 MeV (S,=-0.6, S,=-0.015, T=0.03).

Neglect the discrepancy of the large Sy
and focus on the g.s. doublet spacing:
A B: A=0.327 MeV (Sy=-0.35, S,=-0.015, T=0.03),

A2C: A=0.337 MeV (S,=-0.35, S,=-0.015, T=0.03).

A value obtained from different hypernuclei:

A'Li: A=0.430 MeV (S,=-0.39, S,=-0.015, T=0.03),
AB: A=0.327 MeV (S,=-0.35, §,=-0.015, T=0.024);
A2C: A=0.337 MeV (Sy=-0.35, S,=-0.015, T=0.024),
A100: A=0.315 MeV (S,=-0.35, S,=-0.015, T=0.023).

20



Introduction Experiment Analysis _ Summary

a4 )
AX effects and ,''B puzzle

2
312 <~ e—— L Y Y Experimental result: <100 keV

- TR m—— AT = 34 keV Millener’s calculation:
| NSC97: E(2)-E(1) = 190 keV+AX

B w/ 0 AZ effect w,/ AL effect
0 vESC04: E(2)-E(1) = 125 keV+ AX
2B =34 keV
(a) AX effect for }”B hypernucleus.
2
312 < R MY Experimental result: 160 keV
s _lf:".‘ """"" \Z = -98 kevV  Millener’s calculation:
w/o AL effect w/ AZ effect NSC97: E(Z)'E(l) — 140 keV+ AZ
vESC04: E(2)-E(1) = 63 keV+ AX
'C =167 keV

(b) AX effect for 12C hypernucleus.
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7+t 5t
UB: Mi(; —5 ) E 262.9 +0.2705 keV.
1+ 5t
VBiE2(5 —2 ) E, = 14820:04202kV.
1 3t 1t
A B :ﬂ-fl(ﬁ — 5 ) E, 503.9 £ 0.7 £ 0.2 keV,
20, M1(1; — 27) E, = 2670.2=2.6=0.3 keV,
20 M1(1; —17) E, = 2833.9=56=0.3 keV,
VC:M1(27 —17) E, 161.4 + 0.7+ 0.3 keV.
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Summary 11

M1 L2 T b 25 833
y 2%l 1.987 2.000 1/2—~
////// 1/2+ 1. 483 Ml Ml
0.718 [F———~ E2
Ml N
ul g 712 0.263 M1 100 »
03 ——r 0 0 3/2 o . e 2111 0'562
10 1
B AB I l/fC

» S\ updated shell model calculation 1s necessary;
» AX coupling: criteria for selecting interaction potential;

»Thp present ﬂq‘rq nrnv1ﬂpq 1imbhortant constr 21N 1<

I A LANS tJ VUNWALALLV By IJ ANV LL.L.LII\J.L COALALV WVULLIVU VA WW111vVD

for further theoretical study.
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hat & Why hypernuclear physics h

Nuclear physics:

v'nucleon-nucleon (NN) interaction:
v'sophisticated models;

] ]
sl ! R 11 ! MR-
i i |
[MeV] i E
150
100
V(A)
- 50
lo 0.5 1.0 L5 2.0 25
V('S,) r (fm)
L
b |
-5 VCP,)
VI ’PI) \ @—-_@
P DD

v collective effects (many-body problem)

Unified baryon-baryon interaction

S=0

Hyperon &
hypernuclear physics

v'YN interaction;
v extension of nuclear physics;
v'expands our view of matter.
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4 y-ray yield vs. —B A~ qualitatively consistent
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Counts/0.2MeV

v-ray yield vs.

900 | i s [
- gl = 120t~
800| g SIEAN 15| T -
= : @ B i
700 o 100——i
= ! = B :
600F - _F
S S sof—i-
1] Sa—— - T -
- 2 6ol
400F—— = >~ -
300t 40—
200 -
- 20[— i
T S—" 4 - -
: L 1 | L Ll [ I O 1 L1 L1 L1 1 1 i | T B [ i Ll 1
25 20 10 5 0 5 10 15 20

Ly

B, [MeV]

N

—B A+ DEW core excited state

|Ill||||l||||l|||

IIIIIII lllllll ’
+ + - . = = =
C)pj\—21,22 25 -p0 -15 -0 0 D 10 1

20
highly excitefl states -BA [M eV]

SA statgqs A states




Introduction Experiment Analysis _ Summary

: y-ray spectrum from hyperfragments
(energetically possible decay products of ,!2C)
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12
AC

long lifetime;
M1 transition from ,'°Be?
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g, factor inside nuclear medium: two methods

; 140_— M1 3’,2+ 1 987
2 - ) 12t 1,483
= 120 0.718 F—
§ B i i
100 | — oo e e e 0.263
8 : | | | i i 0 3 - 0
80| B B
B T>7[ps]=>g, >-1.49[py]
: i i i i i i i = — + 1
0 T DO TRV FOE O O L e (g) =—1.226£0.008 [\ ]1n free space)
210 220 230 240 250 260 270 280 290 300 310
v-ray energy [keV]
> K - .
© 300f S L 2.833
~ . 2.000 1/27—*
:‘E 250 : .
e 'k MM ) Relative yield
o -
O 200f A
- 0 0.162
150 £t :
B C A
100 Using weak decay lifetime as reference :
sof [ =230.7+£16.3[ps];
n | : . . o/ .
o | N Assuming g, in free space = 34%; l |
0 50 100 150 200 250 300 .
v-ray energy [keV] Experimental data = 19 +12%. 30




