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1. Basic motivations

(1) p-shell nuclei and hypernuclei provide a variety
of interesting phenomena (shell-, cluster-, and
coexistent characters), depending on E, and mass.

(2) Progress of high-precision experiments in
hypernuclear spectroscopy ( y-ray, (e,e’K+) )

(3) Detailed look in Jlab (e,e’K+) spectroscopic data
requires an extended description with multi-
configuration parity-mixing mediated by hyperon

(4) Focusing on multi-configuration shell-model

applications to 1°B(y,K+)1°, Be and 2C(y,K+)*?,B. 2



2. High-precision hypernuclear reaction
spectroscopy, esp., in (e,e’K*) at JLab.
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v-ray spectroscopy (s- & sd-shell)

46.5
265.1

19.1
120.5

V'ray measurements: present Umeya-Motoba
amazing E resolution ;g ;e - 170 1266 1311 566
051 1.042 — - §
AE = several keV 3 0937 — E1{i e | foend =t
: i 5/20 0.895 | 0.727 68.1
E2 2

s-shell (4 He )

i e 300 0.31650.419 43

1010 \ |
-shell (9 T e F A
sd-shell (*°,F) (MeV) o e

Figure taken from S.B. Yang, et al.,, Phys. Rev. Lett. 120, (2018).
Theory: Umeya and Motoba, Nucl. Phys. A954, 242(2016),
(taking account of both positive and negative parity core states)

4

125.0

498.7

(ub)



2(b). (e,e’K+) reaction spectroscopy

Hall C: L. Tang et al., PRC 90

Success of high-resolution (2014) AE=0.54 MeV

experiments at JLab
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These JLab experiments confirmed the theoretical

(e,e'K+) " predictions on one hand,
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Exp XS and DWIA estimates are in good agreement. The
framework of treating the reaction is proved to be powerful.

12C(Y,K#+) Cross sec. calculated in DWIA at E_y = 1.5GaV, 8 K(Lab)=7deg DWIA + SLA amplitudes

Table I. Comparison of excitation energies of }*B and its photoproduction cross sections do/d€Q (nbysr).

EO01-011
—E65=tH5Experiment [9] 6,5 = 6.8° CAL: SLA[16]atdxg =T7° CAL: 86B [17]
Peak —-B,(MeV) E,(MeV) dofdQ | J; E;(MeV) do/dQQ Sum | do/d2  Sum
# 1-1 -11.524 (0.0)gs 17 (0.0)gs 21.1 10.5
#1-2 —11.345 (0.179) 101.0 | 2} 0.186) 80.3 1004 63.1 13.6

(
#2  —8415 (3.100) 335 | 1, (2398 484 561 | 190 241
0,  (3.062) 1.7 5.2
2, (5.022) 7.0 49
#3 5475 (6.049) 260 | 2, (6.267) 118 238 84 155
17 (6.389) 5.0 2.3

7N
\(#4 ) -2.882 (8.837) 20.5

27 (11.000) 1.3 1.4

#5 ~1.289 (10.235) 35 | 17 (11.120) 82 0.5 5.1 6.5

56 —0.532 (10.992) 87.7 [ 37  (11.081) 776 130.7| 571 8LI
27 (11.610) 532 24.0
17 (12.129) 6.1 7.1

43 0.973 (12.497) 28.5 | 27 (127784) 20,0 298 9.1 204
17 (13.176) 3.7 4.2




3. An extended treatment of multi-config.
wave functions---just to explain a new concept

Standard configuration assumed so far: (in case of 12AB)

Model space for ''B core
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Two kinds of extensions to include both
natural and unnatural parity core states

Extention (1) 1 p-1/ core excitation is taken into account
(c) Ji.®0s" =B (@) /], ®@0p" | = IBU)

core core

Extention (2) Configurations mixed by AN interaction
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Our new theoretical challenge:
Both extensions (1)+(2) are taken into
account simultaneously to describe 12AB

“parity-mixing mediated by A”
(a new concept seen only in hypernucleus)

2 B)= { "B, x As)” + {BE), x Ay 1P

(1)

- Energy levels, Proton-pickup S factors,
> - DWIA cross section of 12C (e,e’K+) 12AB 11



New transition components connected

via (y,K*) in extended model space
proton is converted --=- A in s or p orbits

( In the past cals, only green arrows are taken into account.)
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Problems to be checked: What kind of effective interactions
should be used in describing the WF in the extended model.
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< This is not the end of story, but the beginning. >

Before discussing the reason for no peak
result on #4 peak observed in 12,B,

let us look next at the theoretical result for
1OB(Y,K+)1OABE.

At the same time, we perform calculations for
the recoilless °Be(k~,n") ?,Be and 1°B(K~,n)1°,B
reactions in order to get insight for the different
situation.

14



4. Parity-mixed multi-configuration
treatment for °B(y,K*)1 Be

The wave function consists of two kinds of

configurations: core-parity mixed by A
“Be(fz) =3[ °Be(J7) x 5,]¥ + £ [ *Be(J¢) x pa]®
"1Be(Ji;) = X[ °Be(J) X m] Y+ I[*Be(J§) x s4]V

The target g.s. wave function is described correspondingly
YB(J5) =Z[°Be(J7) x jy] + Z[°Be(JI) X jssal

For nuclear parts one may adopt other sophisticated
shell models , cluster models, AMDs, etc. 15



The first (y,K*)

prediction made
so far within the

standard model

Shell model: T. Motoba,
M. Sotona, K. Itonaga, P.T.P.
Suppl. 117, 123 (1994).

10g Cy,K*) '_.?Be Py=1.2 GeV/ic

(nb/sr)

do/dQ

The first data came recently
T. Gogami et al.,, P.R.C93
(2016)
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clearly confirmed, but....

again we have extra yields
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Theoretical energy levels (w/o parity-mixing)
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Energy levels obtained in the parity-mixed multi-
configuration calculations (a-breaking included)
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Comparison of energies and cross sections for 5 peaks

Ey=15 GeV EXP = T. Gogami et al, PRC93 (2016)
°Be (J) a%Be (Ji) CAL 0 =7 deg EXP Fit |
Ji | Ei(exp)| Ei(cal) Jk Ex —B) do/d(2 exp Ex -Ba do/df
C25 Cc25 [MeV] | [MeV] [nb/sr] peak| [MeV] [MeV] [nb/sr]
3/2~| 0.000 | 0.000 | 17 | 0.000]-8.600) _9.609
1.00el) | 1.0t | 72| 0465 | Z8.435 [ 12008 2192 | # 000 |-8.55£0.07) 17.00.5
512 | 2.429 | 2.644 2~ | 2712 | -5.888 | 11.654
--------------------------------------- #2 -
0058 | 1020 |51 5860 5700 T o507 21-05 2.78+0.11 |-5.76+0.09| 16.5+0.5
7/2| 6.380 | 6189 || 37 | 6183 -2.417 | 7.625
0668 | 0042 | 518556 5530 [ Tacos| 21-13[| #3 | 6.2620.16 |-2.2820.14| 10.520.3
2(3)| 7.807|-0.793 | 4495 o .
i-3)| 7.935[-0.665| 4968 Bropd peall #a
A~ el 32| 8712 0.112] 6.150 -
Consistitgof > Be2s| 0228 1431 19.91 a | 8.34x0.41 [-0.20£0.40| 23.2+0.7
several dtates | [2:5)| 9.002 [ 0402 [ 9.893| (29.37)
37(3)| 9.059| 0.459 [ 2.434
7/27(11.283 | 10.241 || 37 | 10105 1.505 f 3.913
1.299 | 1.355 | | 4~ [10.455| 1.855| 17.985 2190 #4]10.8320.10/ 2.2820.07 | 17.220.5
175)| 10828 | 2228 | 4.598| 0.,
473)| 11.318 | 2.718 [ 11.185 (51.44)
3*(5) | 11.543 | 2.943 | 13.759 '

Agreement is satisfactory (slight overestimates with SLA) 20




Parity-mixed w.f. of states in the “extra” #a

JT(—B,[MeV])

XS [nb/sr]
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[ oo 17"

core

21(—0.739) [3/271(P5,,0, )" (15/271(P5 5010
4.49 82.5% 15.8%
13(—0.665) [3/271(P300 )" |15/271P5,

4.97 79.5% 17.9%
25(0.228) [5/25 1595 [3/271(P5,,P ) O I5/27 1 P32l )n yA
1.43 87.5% 9.4% 2.4%
22(0.402) [5/25157)5 [3/27 15,511 " 15/27 1 P32P1)n yA
9.89 11.3% 70.9% 10.8%
35(0.112) [5/251s%, [3/271p%, [5/271(p5 50,00
6.15 31.6% 55.4% 9.7%
37(0.459) [5/251s%, [3/271p%), [5/271(P5 21"
2.43 67.5% 27.1% 2.7%

Our new concept is realized here in 19, Be.

21




5. Two new calculations performed
so as to make the situation clear

5(a) The recoilless °Be(K-,1-) ° \Be reaction

schematic
picture for

RBe Band structure
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Cluster model calculation
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Energy levels of ®Be and ABe obtained
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OUR IDEA: Substitutional states among so many levels can

be identified through the recoilless (K-,7-) reaction

n multi-configuration shell-model calculation
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Recoilless (K, ") ?,Be reaction: EXP vs.

' 3
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9 10
Energy levels of "Be and " ,Be
obtained with multi-configuration calculation
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5(b) The recoilless '°B(K-,p-) 1°,B reaction

to identify the A(p, ) energy

(K~,m7) reaction on ""B(3%)=“a.a’+p+n

with recoilless condition AL=AS=0
1200=
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Conclusion-1. Mechanism of core-parity mixing
mediated by the A hyperon is based on

REASON: (owo-like) core nuclear deformation causes
* - strong coupling between p-state A and core
deformation (rotation) is realized in %'Y, Be and '°, B.
- A p-state splits into A(p,,) and A(p,)
* - the lower A(p,) comes down in energy and
9Be(J") xA(p//) couples easily with 9Be(J*) x A(s).

Therefore, such new type w.f. (coupling) should appear
in 910, Be and 10, B due to the core deformation.

but “not” in spherical systems (w/o enough deformation).
29
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A concluding remark: A new question if the extra peak #4
in Hall C exp. can survive in future exp. w/ better statistics.

Hall C: L. Tang et al., PRC 90

cf. Hall A spectrum (2014) AE=0.54 MeV
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Conclusion-3. A characteristic and dynamical
coupling between a hyperon and deformation
(rotation) is applicable to other hypernuclei.

Emphasize: The finding of peak #a in 19B(e,e’K*)10, Be
Is a novel evidence for genuine hypernuclear w.f. with
parity-mixing realized in “deformed” hypernuclei.

Emphasize: The s. p. energies of hyperon for [ >0
should be extracted only from hypernuclei with a
(nearly) spherical core.
(free from strong rotational coupling).
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Appendix-2: Transition from spherical to

rotational characters in low-lying 41>> Sm
isotopes: E(1/2-) and E(3/2-)

Ex (MeV)
N

E(1/2)) - E(3/2) (keV)

4.8

4.4

N
o o o

Mass Number

| | I
-_:'::"“--u, Enlalain === __-;112._. o —— :!: I__
B T :
- 1 2 ]

-_.

— 32, E
— Coupled channel _ | (2) 7
_ === Single channel M

l I 1 l l I
= | | | ! -
- @ —
— o Coupled channel (b) 3
- ---o--- Single channel - | -
— | | | I I 2

145 147 149 151 153 155

4.8

4.4

4.0

3.6

80
60
40
20
0

Spherical =2 rot.

cf. IM Yao’s talk
and

Meli, Hagino, Yao,

Motoba, P.R.C 96
(2017)

34



E(1/2,7) and E(3/2,7) in hypernuclear ,Sm isotopes
Spherical core —>—>-> deformed
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Buck-up slides follow:

36



60— nl
sof- JLab Exp. (Hall A)
a0l J.J.LeRose et al.,
2 F N.P.A 804 (2008)116
8 *°F U
20
wl | o o o o Gogami’s
° ° MISSING MASS .:va;. =20 25 TaIk(Tue)
240
~ ] vBe (v k) L EL =226V e =2
= E 200 3 Preliminary ( No QF)
Bk
S= w0 s | Ty
s 120 3 (0.31) 7/2 .,
<= . 5/2+ )
= R0 _] -
= . 3/2+ 5/2- %
D ] 7/2+ :
2 40 — (8s)
-~ ] :
& 0 AL B AL L N T A S v v
= B (MeV
O 15 10 -5 0 5 o

FWHM 2 760 keV

Hypernuclear Energy E, (MeV)

37



14

12

10

(o))

Proton-pickup S-factors
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Experimental S-factors are in very good agreement.



