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AN (YN) interaction parameters
VA SNSA DPNSA RLi values
MeV

Vo I§ V =3I§+IY) 1.22

V,SN.SA I A= %(Ig + I? 0.480
Vilaas8a Sy = 4Ig 0.010
Vislwason Sy =117 0.400

VrSi2 =3I} 0.021

Free-Space YN Interactions

e Spin-spin interaction (.\) is basically undetermined

e Similarly for odd-state central interaction

e Similarly for strength of A — X coupling

e NSC97 models - Th.A. Rijken, V.J.G. Stoks, and Y. Yamamoto

Phvs. Rev. C 59 (1999) 21

e NSC97a.b.c L U NSC97d,e,f \
favored on these grounds

- models e and f



S-Shell A Hypernuclei

Hypernucleus J™(gs) By MeV i E, MeV

1H 1/2% 0.13(5)
\H 0t 2.04(4) 1F 1.04(5)
1He 0t 2.39(3) 1t 1.15(4)
3 He 1/2* 3.12(2)

(19 ” 'On

e A=3,4 A. Nogga et al., PRL 88 (2002) 172501
Faddeev and Faddeev-Yakubovsky

e A=4 E. Hiyama et al., PRC 65 (2002) 011301(R)
Jacobi-coordinate Gaussian basis

e A=3,4,5 H. Nemura et al., PRL 89 (2002) 142504
Stochastic variation with correlated Gaussians
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A — ¥ coupling for 1H and 4He

Y. Akaishi, T. Harada, S. Shinmura, and Khin Swe Myint
PRL 84 (2000) 3539

|AHe(T = 1/2)) = as®sp + Bs°ss

From AN—XN g matrix for 0s orbits

v=(s"s;|g|lssx), AE ~ 80 MeV
1

0t P = 33933 - % Jss Admixture ~ v/AE

I* U="g" -+ % Gss E*hilt ~ 2 /AE

NSCO7f: v~ 7.6 MeV = Eshift . 0.72 MeV

!
1+ 0.75 1+
o+ 032 T o+ 4

T —1.24 MeV
0.89 1.48 | 1f
D

0+ _l_ —2.39 MeV

Sny.8p +AX sy.Sp +AX

NSC97e NSCO7f expt

E. Hiyama et al., nucl-th/0106070, obtain similar results using

a large model space for the 4-body calculation and the free YN
interaction.
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SNp99- 3

SLi core for 1L

5.65 —1*
5.366 e 2*
4.31 I g
L=2 5=1 l.s 3563 0*
A186—-—2 3% |
185 -
‘He +d B(E2)
(e, €)
L=0 S=1 . i

6Ll(gS) = Q 3S] + ﬁ 3D1 e oy 1P1

CK616 0.9576 —0.2777 —0.0761
DIJM  0.9873 —0.0422 —0.1532

Q(°Li) = €%//2/5(vBafB + 5/2y% — 7/2v/1082)b*  (Elliott, 1953)
Q = —0.083 fm®  Experiment |
Q=-0126fm> DIM Q=-126fm> CK616
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AN — XN Coupling for (pysa|V|pnss)

Can use the same parametrization as for AN

V| =1.45MeV  |A| = 3.04MeV



_fwmu:,{n_.\ vaAwy.L H <Q. NV | M

0S

L \
; \
- (L8/1<,2/9)ed
= I < ,__ @)
L __ ﬂ.nr. > % o
: y 2
Ak \ 00T =
[ \ 2]
s )
& I o O (@]
i mi __._1.._._ . S
I8 ! Q)
[ o <
(@)
— 01§ . 05T
F : P9109.1.100
| 6 i
E s L Ja1ddo(
i —08% | 1
P i _ S (R _ I R S I _. TETE e __ I 7
I [ g g gt

—1_300¢

Areutwtjead g1 (€3, u)rT,



- b 5
ok (8 . ’E (b) 2050 E2 nt
= ‘ i
1400 - ‘ E
Z 1200— ! > ZOOE
= 1000F & 150
= C
7 swp 3
5 600 ( g 1
S 400F higly excited| | G 50
200 - region |
0 s |

50 0 50 100
_BA [MBV]

FIG. 1: (a) Mass spectrum of {B

(b) v-ray spectrum for the mass region shown in (a).
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FIG. 2: ¥ — 7y coincidence spectrum from the '"B(K~, 7~) reaction.

E.=4708+19+06 keV
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TLi v rays — Hyperball, KEK E419
H. Tamura et al., PRL 84 (2000) 5963
K. Tanida et al., PRL 86 (2001) 1982

[0 3.94(4) _ AHe +d 3563 0*;1

J 3875(4)l ke

L 186 +.
[0-08]. 2579 —— Sf . 7/2% 4 o
[3] 2051 2624384 5/2% +74

E 2050(1 ) keV,

[o43] 692 - 3 10 3/2t 6
E, = 692(2) keV T A* 0 1%;0
D-2I] 0 ! l !

712 613
AL“ Li

A=0432 S),=-0.010 Sy=-0.380 7 =0.021

T= 0.028
o N |
AE(74+— P F XX T

> [ omera.
{7

.~

'\ Aedie ceL ’ad ewfaf.ﬁ SA 155



Aapos-5
Energy spacings in | Li '

Energy shifts in keV due to A — X coupling for the lowest 7 = 0
(left) and T' = 1 (right) states of % Li.

0 7/2+
/ 95 3/2+
74 5/2% 101 5/2*
6 3ot
TT st SR o B 1/2+
T=0 T =1

Contributions to the energy splitting are (in ke\/).

A=0432 Sy=-0010 Sy =-0.380 T = 0.021

3/2% —1/2* ground-state doublet separation
AZ A Sa SN T AFE

4 e - —7 — 692
5/2* — 1/2* separation AE = 2186 + AE,y
A 2 Sa Sn T AFE

76 11 — 266 24 2051
1/2* — 1/2* separation AE = 3565 + AE\x
AX A Sa Sn i AFE

—20 115 0 —179 2 3779

[

Lo 4

7/2% = 5/2* excited-state doublet separation

AT A Sa SN T AE

74 D07 22 -7 ) D28
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AZ (keV)
3040 9+ 1;) 3333;’ 1 gg:gg — 43(5) keV
E, = 3024(3)
0 o 40—t
’Be 2Be

Old BNL E930 - H. Akikawa et al., PRL 88 (2002) 082501
E., = 3029(2), 3060(2) keV, AE = 31(3) keV

A =0.557T Sp=-0.013 Sy=-0.549 T =0.038

AX A SA SN 3 AE
-8 -20 32 -1 38 43 keV
—0.037 —2.464 0.003 0.994

Order of 3/2%, 5/2" not determined from this experiment.
In 2001 run on '°B target, the upper level is seen following
B = {Be+p

enabliﬁg us to deduce J™ = '3/2" for the upper member of the
doublet.
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Counts / 5 keV
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E930 9,Be revised results

Doppler uncorrected
(spectrum unchanged)

I[Illl'lilll

:l 1 I | | 1 L I 1 1 1 1 l 1 1 1 || I 1 1 | 1 I 1 1 1 1 I 1 1
2800 2900 3000 3100 3200 3300
Ey (keV)
— Doppler corrected
3 (spectrum revised)
EI ! l 1 1 1 1 I 1 1 1 1 l 1 1 1 ! I -l ! 1 1 l 1 1 1 1 1
2800 2900 3000 3100 3200 3300
Ey (keV)
Both spectra are simultaneously fitted
with simulated peak shapes .. fi for ©~0.01 ps
T < 0.10 ps

Results AE =43+5keV
x2 /dof =1.22
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I-iyperfragments from '°B (K", ©') reaction : °\Be

-35 <-Bpo*<-5MeV  *uncalibrated

2, Be ¢3063
T I S I 3020 u pIeruncorrected
_ .. .................... || l .................. "' ...... , .............................
=L . L 'L.-"i:. i
2 fl] :
h_l L1 1 I L1 11 l | I | I 1 1 1 1 I 1 E L I 1 1 1 I ¥ 31 I L1 1 1 l

02600 2700 2800 2900 30(\ .l 3200 3300 3400 3500

Ey (keV)

ExcﬂaQ%ctrum for 3063 keV peak




Proton decay of '} B to }Be

11.10 4~ [0.063] [0.043]
/10.82 3~ [1.042] [0.697]

6.70 4= [0.122] [0.115)
SLi+ ~6.51 3= [0.222] [0.567]
/ - p
| B 5.00
9 ——1
. 2.70 3" {0.495} [0.4‘78
ABe +p o0 247 2 0.109] [0.123
0.22 2~ [0.584] [0.576]
0 1~

10
AB
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Formation and decay of \’B

e Four states of YB reached strongly by neutron removal from

IUB

e The two 7/2~ states give rise to 3~ and 4~ states of '{B
above the % Be* + p threshold

e 3~ is favored for the dominant ps/, removal by the cou-
pling to get AL = 1 and AS = 0. Details depend on the
amplitudes for p; /» and ps3

e Decay arises from "B(7/27) — ®*Be(2") +p

e Recouple (2% X pg0)7/27 X sp = (27 X sp)Jf X p3so
- 1 tll'(':l_\'H to !{ ]_ﬁ"(-i/.f“'".;)' :l

e 3 decays to 3/27, 5/2" in ratio of 32 to 3

e Overall: 3/2" is strongly favored by proton emission

e Caveat: uppermost 3~ state doesn’'t a decay too much



N‘—’Pa‘zvf ﬁaoﬁ/) L7
Tensor Interactionrepolale

For pure pl_/lgs,\, the combination of parameters governing the
doublet splitting is

I 4
E“] )— FE(07) = —§A + g.‘;’\ + 8T

/35 6 6873 _m 9
6785 Y& G BB_ma 2
6176 3/2-
5241 5/2t AD
5183 172+
6554 6526
57 28 ‘ 1-
0 Wr w9 0~
15 16
0) 10
A=0468 Sp,=-0.011 Sy=-0.354 T =0.030

M. Ukai et al. — Phys. Rev. Lett. 93 (2004) 232501

E(l; —07) = 6561.7+1.14+1.7 keV (1831 15+ 5 counts)
EQ; —15) = 65353+1.2+1.7 keV (127+15+5 counts)

|

AFE 264 +1.6+0.5 keV

Il
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Strong 1~ and 0" states in "*O(K—,7)'40

254 0*
81/281/2A 1/58°p'%sp + | 1/58%p'?(02)(sd)s,
17.1 0t
P3)2P3/2A -8'p'"(sd)s,
12.7 3t
§+ o I 5 - —
12103
10.3 1+, 1106 ot O
2 Py P12 8'p'"(sd)s,
1+ 3+
N e 65= 1_, 2—
\ -1
P3/281/2A
0 P1/281/2A 0. 1-
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counts/ 3 MeV
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0 AE(1~—0") Experiment ~ 27 keV

AX A S SN T AFE
—0.382 1.378 —0.004 7.850
—30 -179 —-15 1 235 28 keV
PN AE(1/2% —3/2%)

AX A Sa SN T AFE
0.756 —2.250 0.035 —9.864

1 354 25 —12 —296 110 keV

¥O0 EQ1; —17)=6176+ AE  Experiment ~ 6532 keV

AX A SA SN T AFE
—0.234 —1.257 —1.496 —0.708

—30 —110 14 930 —21 350 keV

PN E(1/2%;1-3/2%, = 23134+ AE Experiment ~ 2263 keV

AT A Sy Sx T AE
0284  —0.778  —0.249  —3.197
—46 133 9 88 ~96  85keV

A =0468 S)y=-0.011 Sy=-0.354 T =0.030
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Candidates of °,\N yrays
by °0 (K, m)"°AN + p reaction

5 300 w/0 Doppler correction e 5 O% region
£ 200 S " | (Bp=15.~+15 MeV)
100 Al o R L I e e s Dl s B L e i i e 4 N S B RS i e 5

0 : | l 1 ] 1 I 1 1 1 I ‘l 1 l 1 ] 1 l 1 1 1 I 1

1600 1800 20(0 2200 2400 2600
> By (¥

> : — *‘ x .
NI o R ST “*AO region
g 100 I . ! l.#i.. ............................................................... / ....................
<

> A0 ........... W/O Dopplercorrectio n ....... hi ghly Mbo]m(lréglo n -
g ......... ............. o ................... ( -‘BA>50MCV)‘ ...........
8 200 { : } ; $




Falod i

; The '3N spectrum based on the three lowest levels of the core
i

N @mg&m&wjmyﬁer%&%{cohen and Kurath for
A=0468 S, =—-0.011 Sy=-0.354 T =0.030.
which fit the results of E930 for 'O.

AY

4874 995 3/2* r~16fs
10
4071 00 179+  r~52fs 74

2476 1673
2308 4+ 924 8 1/2*1 7 ~0.46ps 102
2398 2288

110 i 1/2t r~87ps 12
0 3/2+ 56

E(1/2%)—E(3/2%) = 0.756A —2.2508)+0.035S y —9.862T
AX contribution = 44 keV



Ldoypo? e i
"B (K, 1) /8 reaction :
-40 < -Bpo*<-10 MeV  *uncalibrated
(5 MeV lower than the °,Be gate) ° Q’
400 — :
-
3 300 it T SRR
o~ 2 ’
E 2m :_ b ~IF3 S, RN o o . e e ! SR SRE N [ RN PRt
~ F ;
g lm E o T e gy E
U - . . . . . . " .
Olillllillllillllilll l[llll]lllliIlllillllillll
100 150 200 250 350 400 450 500 550 600
\"
No peak obse By (V)
(upper limit to be derived)
R.E. Chrien et al., PRC 41 (1990) 1062 no ~y ray
AY (keV)
180 2 49
0 1~ 34
10
A B
Only case in which A and AX oppose one another
AL A Sa SN T AFE
0.579 1.413 0.013 —1.073
—-15 250 —14 -3 —32 180 keV
. \ = 0.432 ).0O10 Sk ).380) ] 0.030

CK616 gives AE = 164 keV - larger coefficient of T



5.920

5.164
4.774

3.587

2.154
1.740

0.718

18

For E. = 1482 keV,

44 23 65 7.8
0.5 .0
P a 14 y
‘ﬁ? ¥ 52
100 r
100 ¢
1013

2%:0

A |
30

1750
0*:1

170

3+:0

2.728

2.327
2.090

1.673

1.020

0.418

: f'ﬂll)s

YATH
9

11

VBe + p
5/2t;0 T
3/2v;0 33
7/24:0 2
5 /2T 92
37570 34
3/2"’; 1 105
5/2+;0 44
3/2%;0 44
1/27;0 36
3/2+,0 46
1/2%;1 94
3/2%;0 14
1/2%0 70
7/240 12
5/2t;0 66
AL

7 (EM) ~ 38 ps

This level serves as a collection point for v rays

i

0.051
0.096

(0.006]

0.422)
[0.217)
[0.128]

[0.309)

[1.128]

S

0.58 fs

0.56 ps

0.85 ps
11 fs

0.54 ps

247 ps

1.96 ps
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P-shell states of 1B with [42] symmetry.

fi=3
2+
L=2
1+
8.680 —— 3%
7469 ——— 2%;1
L=2
"
5.920 —— 6,026 ———4
N1 P ) |
4.774 —— 3*
3.587 ———— 2%
E=0
2.154 — 1%
1.740 ———— 0*;1
0.718 —— 1+
0 —— 3%
A’L =} I{L =2

T = 0 siates have S = 1 and T = 1 states have S =0
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Speculations on the placement of ' B v rays.

5262 46 3/9+:1 7~ 0.85fs
2477

2785 4 1+ 1/2t 7 ~0.55ps
41"

M W o et Y N N

2053844 100 _1/2+1 7~80fs

1988 (O U3/t r~1.0ps

1483 4505 4 1/2+ 7~ 38ps

1482

264 7/2t T~ T7.8ps

264 / A
0 £l 5/2+

e To reproduce the definitive 1482 keV line, the centroid of the lowest
1/2%, 3/2* doublet needs to be high (small coefficient of Sy) and
the separation needs to be small (A).

e Natural to identify the 2479 keV line with the strong M1 from the
3/2%;1 level.

e For different core wave functions, ground-state doublet and T=1
levels are quite stable while 1/2% and 3/2% T=0 states are volatile.



Anlas_ 7

AY (keV)
9 4897 5/2*
4439 2* 15 4823 7 3/2*
J IRRO( 2
0 0t 20 0 : 1/2*
12C }\SC

BNL E929 - H. Kohri et al., PRC 65 (2002) 034607 S. Ajimura
et al., Phys. Rev. Lett. 86 (2001) 4255

AX A Sa SN T AFE

Y7 ll, lT’J

—0.051 —1.449 —0.867 —1.100

Ix31 K \

A = (0.532 S. 0.013 Sx« 0545 1 0.027

KEK E336 E, = 4.85(7) MeV from 3C(x*, K*)13C
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FINUDA: 11C Phys. Lett. B 622 (2005) 35
0.6
I ~ ; r Y 2, 5
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2 = i\ -L-I;lLllij,ll I | P P I )
=25 20 -15 -10 -5 0 5 10 15
-B, (MeV)
Peak number| —B, (MeV) | E, (MeV) |Capture rate/(stopped K ~)[x1073]
1 —10.94 + 0.06 0 1.01 £ 0.11 50 & 0.104y4
2 -84+02 |254+0.21 0.21 +0.05
3 -59+0.1 |5.04+0.12 0.44 +£0.07
4 -38+0.1 |7.14+0.12 0.56 + 0.08
5 -1.6+0.2 |9.34 +0.21 0.50 £+ 0.08
6 0.27 +£0.06 |11.21 +0.09 2.01 £0.17
7 2.1+0.2 (13.04+0.21 0.58 +0.18
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A

hpo/f..7
Y2 O

Energy spacings in }2C

AY (keV)

5826 1~ 28

5707 2= 35

5169 : 15

4687 2" 106

2673 0~ 23

2632 | by 49

233 2= 40

0 1% 97

J* AT A Sa Sx T Ex
].2_ ‘-\ if'\ft 13 154 ) ¥
13 70 226 6 751 i R2
21_ -i:' ’( 1 I { ..J t \

KEK Experiment

Ez(15) (Eeore = 2.00) 2.51, 2.62 (E369), 2.70 (E336)
Exz(15) (Eeore = 4.80) 6.30, 5.92 (E369), 6.22 (E336)
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