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Recent (e, e’ K*) reaction experiments done at the Jefferson Lab
=.—1 - Shell-model prediction
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Core nucleus calculated with
standard p-shell model

A In s-orbit

Recent experimental result

T. Gogami et al.,
PR(C93, 034314 (2016)

This experiment has confirmed the major peaks
(#1, #2, #3, #4) predicted in DWIA by emplying
the A particle in s-orbit coupled with the nuclear core
states confined within the p-shell configuration.
However, it is interesting to observe extra strengths
at £, = 0 MeV excitation (a).

U
The extension of the model space is necessary and
interesting challenge in view of the present
hypernuclear spectroscopy.



Extension of the model space in the shell model (li’Be case)

Model space for *Be core

(A) standard model space

(B) extended model space
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Extension (1) 1p-1h (14w) core excitation is taken into account
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Extension (2) Configrations mixed by AN interaction
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Configration mixing in '"Be unnatural parity states
"Be (Jeore) ® A(Op) = '\Be (J7)

Y 9B6 (] c—'(_)re)

. "Be (Jeore) ® A(0s) = \Be (/7) | Mixing
“ ’Be (Joore) ® A(Op) = 1Be (J ) J——
— Y  Be Jre) 1Aw

"Be (Jogre) ® A(0s) = "Be (J) —L—

In the standard shell model, only natural-parity nuclaer-core states (.J
are taken into account. A particle is in the Os orbit in 10Be(] ).

In 10Be(] ), the energy difference between A(0s) and A(0p) is 15w, and
the energy difference between °*Be(J- ) and *Be(J* ) is 1hw.

core core

COPB)

By AN interaction, natural-parity nuclaer-core configurations and
unnatural-parity nuclaer-core configurations can be mixed.



Extended model space for target nucleus !B
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extended model space for hypernuclei

Extension of model space for target nucleus ''B up to 2p-2hk (2iw) allows
the IA"Be production through various configurations.



AN interaction and A single-particle energy

(NA|VINA)

Nijmegen NSC97e¢

Th. A. Rijken, V. G. J. Stoks, Y. Yamamoto, PRC59, 21 (1999)

e} and &) are determined
to reproduce the #1 (27)
and #6 (37) peaks in ''B
production cross-section.

e} and &) are applied to
10
A\ Be.

JLab Hall C, E05-115
L. Tang et al.,

PRC90, 034320 (2014)
Theoretical calculation

T. Motoba et al.,
PTPS185, 224 (2010)
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Results : Energy levels of *Be and ''Be
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Results : Energy levels of lee (comparison with JLab experiments)
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Results : Spectroscopic factors of the pickup reaction, 'B — °Be
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Results : Cross sections of the 1'B (y, K*) 1I‘X’Be reaction (1)
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Results : Cross sections of the 1'B (y, K*) lee reaction (2)
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Our new calculation
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40
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Results : Cross sections of the 1'B (y, K*) 1{‘\’Be reaction (3)

E,=1.5GeV EXP = T. Gogami et al, PRC93 (2016)
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Results : Configrations of J* states corresponding to the new bump

JZ(_BA [MeV]) [Jz:rore]jA [Jz:rore]jA [Jgore]jA
XS [nb/sr]

27(=0.739) [3/271(p5 001 )" |[5/271(p5 001 )"
4.49 82.5% 15.8%

1;(_0665) [3/21](173/2171/2)[\ [5/21_]17%\/2
4.97 79.5% 17.9%

2:(0.228) [5/241s, [3/271(p3 01" [[5/271(p550, )"
1.43 87.5% 9.4% 2.4%

2:(0.402) [5/231s7), [3/271(p5 o0, )" |[5/271(P5 )50, )"
9.89 11.3% 70.9% 10.8%

30012 |15/215), 3/2,100, 15/2,1(ps 30, )
6.15 31.6% 55.4% 9.7%

31(0459)  |15/231s), 3/2, 195, 15127105 o0y )"
2.43 67.5% 27.1% 2.7%




Results : Cross sections of the 'B (K, 77) 11‘\’B reaction
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] 0B (k) B P = 08GeV/ec, &t = 2° In the (K, 7) reaction, the
1000 3 large peak at £, = 4.4 MeV is
: a p-substitutional state via the
Py, — D5, which is strongly
excited by recoilless reaction.
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The large peak at £, = 4.4 MeV
in ''Be corresponds to the [p~'p’
state in |Be ("Be analog state).

p The small peak at £, = 0 MeV
in ')Be corresponds to the [p~' p/)]
[p~'p4] state in ;Be.
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[p 'p*]and [p'lpA] states of 9Be
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Summary

We have calculated the cross sections in '’ Be productions by using the
extended shell model to describe the unnatural-parity nuclear core.
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e Our new calculation explains the new bump in the JLab experimental
results as a sum of cross sections of some J* states.

e These states have a large mixture of unnatural- and natural-parity
nuclear-core states.

¢ The new bump in IXBe corresponds to the [p~ pA] state in 9Be.



