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Basic motivations
e Hypernuclear studies have played an important role to under-

stand hyperon-nucleon fundamental interaction properties and also
to disclose characteristic structures of many-nucleon systems with
strange particles which are free from the nucleon Pauli principle.

e In various theoretical approaches in hypernuclear spectroscopy, dif-
ferent types of production cross sections are often compared in or-
der to elucidate properties of many-body structures.

e We focus our attention on the understanding of the new results
of high-resolution (¢, ¢’ K") experiments done at the Jefferson Lab-
oratory (JLab) and then we will also discuss possibility of high-
resolution (7", K*) and (K~, 7~) reactions being planned in the up-
grade proposal of the J-PARC beamlines.
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Recent (e, e’ K*) reaction experiments done at the Jefferson Lab

oo

Recent experimental result
T. Gogami et al., PRC93, 034314 (2016)

v ow | Shell-model prediction

| /o) + + ’ T. Motoba et al., PTPS117, 123 (1994)
H 1[ ALY sl e Core nucleus calculated with

/ 1[ , j[ N conventional p-shell model
PG o £ i S SRS S e A in s-orbit

JLab E05-115 (exp.) #4
9B (e,e’K*) ''Be
“ #1 #2

(@)

(nb/sr)
L LANNLL H  L B  B

do/dQ per 0.3 MeV

T
J(-'---'---'---'---'---'--L-'---'---' — This experiment has confirmed the major
By =150GeV. b =7° | heaks (#1, #2, #3, #4) predicted by the DWIA
calculations based on the normal-parity
nuclear core wave functions coupled with

a A-hyperon in s-orbit.

(nb/sr/MeV)
s & 3

[\
e}

At the same time, the data also show an
extra subpeak (#a) which seem difficult to be
explained within the p-shell nuclear normal
parity configurations employed so far.

p—
(@]

Cross Section d?c/dQdE
(e}

-12-10 8 -6 4 -2 0 2 4 6 8 10
Hypernuclear Energy E, (MeV)



PANIC2021 Sep. 8, 2021

Model space extension for the extra subpeak
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This talk
For the '\ B and ', Be hypernuclei, we will show the energy levels and the
DWIA cross-sections of (K, 77) and (y, K*) reactions that are calculated

within the extended model space.

Also, we will show the M1, E2, and E1 transtion strengths for these hy-

pernuclei.
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Extension of the model space in the shell model (liB case)
Model space for 1B core
(A) conventional model space J _ | (0s)* (0p)°® | (Op-0h)

(B) extended model space J.. | (05)° (0p) |® | (05)* (Op)° (sd)' |(1p-1h)

Conventional model space for I;B

@ | Ji,. ®0s2 | = UBUY) D) | T,

core COore

®0p" | = UB(J)

Extension (1) 1p-1h (1hw) core excitation is taken into account
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Configration mixing in II:B unnatural parity states

"B (Jéore) ® A(Op) = B (J7)

A loB (] c:)re)

B (Jeore) ® A0s) = B () Mixin
17w og (7 + "B~ —A—g
B (] Core) ® A(Op ) = AB (] )
L BT E i

B (Joore) ® A(0s) = B —IT—
In the conventional shell model, only natural-parity nuclaer-core states (J ;’m,e)
are taken into account. A particle is in the Os orbit in 11B(J ).

In 11B(J ), the energy difference between A(0s) and A(0p) is 15w, and
the energy difference between 'B(J* )and "B(J- ) is 1hiw.

core core)
By AN interaction, natural-parity nuclaer-core configurations and
unnatural-parity nuclaer-core configurations can be mixed.
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Extended model space for target nucleus ''B
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Extension of model space for target nucleus "'B up to 2p-2h (2hw) allows
the ' B production through various configurations.
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Results : Energy levels of 1’B and lliB (1)
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Results : Energy levels of 1’B and II:B (2)
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Results : Cross sections of the 'B (K, 77) 11B reaction (1)
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Results : Cross sections of the ''B (K=, 77) IAIB reaction (2)
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Results : Cross sections of the ''B (K=, 77) IAIB reaction (3)
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Results : Cross sections of the ''B (K—, ™) IAIB reaction (4)
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Results : Cross sections of the 'B (y, K*) lAlBe reaction (1)
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Results : Cross sections of the 'B (y, K*) lAlBe reaction (2)

K = L L o
~ — 3003 11 +y 11 E; =156GeV, 6¢ = 0.5
%}% 25()E B BB ' ) (a) 5/27(T=1)
= = 52°
= 1" s 0Be(2H) ® s, 99.5%
& o - 1 12 77
SR 200E (a)_> ﬂs/z’“ 35//22_+ 5%%
S8 1507 | 712 (b-1) 5/27(T=1)
~— 7 |
g 1002 | "Be(37) @ s, 73.7%
U _ O : | | | | | il | | | i | l I I I F:ill I I EIE:E I: :I:E I I I. EEI 10Be(2;-) ® pll\/z 17.9%
s> 1209, (K-.7) 1B Pk = 1.80GeV/c, 0 = 6°
G2 o] T (b-2) 5/2°(T=1)
B 5 - 112%:1 .. 10 - A
% B 80—: 12" 7%%3/,21_ Be(33) X S1/2 21.2%
= ] 10 + A
=2 o Be(2}) ® pl, 29.3%
ERTE 'Be(2}) ® p}, 42.0%
S large parity mixing
O 0 ' | in the core nucleus
~15 ~10 -5 0 5 10

Hypernuclear Energy E, [MeV]



PANIC2021 Sep. 8, 2021

Results : M1 transitions in lAlB
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Results : E2 transitions in liB
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Results : E1 transitions from parity-mixing states in IAIB
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Summary

We have calculated the energy levels the cross sections of the (K, 77) and
(y, K™) reactions, and the electromagnetic transition strengths for the 11{B
('\Be) hypernucleus by using the extended shell model.

Extension (1) 1p-1h (14w) core excitation is taken into account

Extension (2) Configrations mixed by AN interaction

Jore ®0s™ @ | T3 @ 0pt | = DBe(J)

core

JC_OI'G

e Our result of the energy of the 2nd doublet (1/27,3/27) is 300 keV lower
than the experimental result.

e For the (K~,77) and (y, K™) reactions, the DWIA calculation shows the

large cross sections of unnatural-parity states with intershell mixing of

®0p" |@| J . ®0s | = VBe(J7)

core

the nuclear core-excited states having different parities.

e The parity-mixing can affect E1 transition strengths.



