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Study of the spin-orbit components of hyperon-
nucleon potential is important to investigate the
nature of the short-range baryon-baryon interaction.

AN spin-orbit potential vary significantly in different
models of the baryon-baryon interaction.

OBE models and quark models have different
predictions for spin-orbit splitting of L single-
particle states.
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P-shell hypernuclei
fLi, "B, UB, and }°O



P-shell hypernuclei : methods

Shell model interpretation with effective potential
VT (r) = Vo(r) + Vo (roaey + Va(r)lavoa + Vv (r)layoy + Vi(r) [B(oat) (o nt) — oroy]

The radial integrals of V,, Vi, Vi, and Vp with the py sy wavefunction in p-shell hypernuclel

are denoted as A, Sy, Sy, and T, respectively.
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Cluster model for ABe

O ao—potential
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potentials have a form of one
range Gaussian

V (l) =V, expl— ar?)




Formalism

The Faddeev equations in configuration space

U = ZA—1 \I}

{Ho+ V23(|7,]) + Z Ve (|Z5)) — EYUL (7. 7,) = —VA(|F, |,

Partial wave analysis

.S basis
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Formalism , o o ,
aA spin orbit interaction in LS basis

2

(77 +1) =11 +1) = 3/4)v,(2).

The Faddeev equations (two particles are identical)

(H[] + V;ﬁ -+ chﬂ' — E)W = — ;ﬁ(U—i— p12W),
(HU + cha + V(Jm;i. — E)U — —VJQ(W + PlQW),

s U+ (1 + Pio)W



Numerical solution of the Faddeev equations

Final equations (after partial analysis) were reduced to a set of 2-
dimential equations of (X, y) coordinates.

x=p sin(9)

In polar coordinates p and 3

P y=pcos(9)

Finite-difference approximation in the hyperraduis and expand the Faddeev
components onto Hermitian cubic splines with respect to angular variable.

the method of inverse iterations for eigenvalue problem solution




Calculations o ¢ a

Bound states i 9
(ac)- A euA
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aA spin-orbit potential and spin-orbit splitting 2* state
[ : . 2
lriSn:.-("r ) = Vo exp(— “1*"")}

Vo=-9 MeV, 0=0.3241 fm? (Scheerbaum potential)

from Y. Fujiwara, M. Kohno, K. Miyagawa, Y. Suzuki, Phys. Rev. C70 (2004) 047002




Numerical results [yo-9 mMev a=0.3241 fm?

Bound states Vo=-9 MeV, 0.=0.538 fm-2
Binding energy Ep (in MeV), excited energy
(3/2%,5/2%) spin doublet state of
and aA interactions. J'he en

.- (in MeV) of degenerated
aal system for different models of the oo
7 of spin-flip doublet splitting AE (in keV) is given
tor the Scheerbaum (S}potential
Modification S(Mfof the spin-orbit potential is made by changing
t.o be equal one for corresponding aA potential. The binding energy
is meastured from the o + a 4+ A threshold. Orbital quantum numbers are {I,4 }=0,1.2,
e }=0,24 for the ground state and {l.a} <2, {l,.}<4 for the excited states.

[s pot. JT o TH  TH(M) Gibson MS Isle  Exp.
Eg %Jr ABa* -5.990 - -6.709  -6.663 -8.119 -6.62

ABd -5904 -
ABe -6.280 -6.602
E, (ls)=0 ABa* 2562 -
STor 5T ABd 2738 -
ABe 2990 @ 2.99
S AE (27527) ABa* 450

-6.751  -6.741 -8.348
v.073  -7.080 -8.714

b21 2.662 29

2 12
ABd 346
ABe 352
S(M) AE (3757) ABe 126 172 303 \- -

" agagdy. Vo=-54.36 MeV, 0.=0.538 fm2



Numerical results

ABe+TH(M)+S(M) model:
Y. Fujiwara, et al. Hiyvama et al.
J*  ABe+TH(M)+S(M) (SB+S) (NSCOT)
Ep 17 -6.602 -6.623 -
AE (373 172 147 160
ABd+TH(M)+S(MM)
E, & 3.016
ABe+TH(M)+S(MM) model: E. 57 2.972
\ AE (3% 5% 44*
\\ Exp.
N *AE = 43keV
R

Vo=-2.25 MeV, 0.=0.538 fm .
- 3/2*is upper member




Resonance states
Method:

Analytical continuation in a parameter (coupling constant) of
additional three-body potential
_ Kukulin V. I., Krasnopol'sky V. M. and Horacek
X Q o - O J. Theory of Resonances (Kluwer, Dordrecht)
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Numerical results Low-lying levels of aoA system: calculation
with the /A_Be+TH(M)\ potential model

ation energy [MeV]
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EXp. Cal. 1 Cal. 2

Cal.1 - our calculation
Cal.2 - Yamada, K. Tkeda, H. Bando, Prog. Theor. Phys. 73 (1985) 397
EXp. - exper‘imenTCll dGTG for' (7Z'+,K+) PQGCTion From “Spectroscopy of A hypernuclei” O. Hashimoto,

H. Tamura, Progress in Particle and Nuclear Physics, 2006



Cluster model for °Be

We change A ton: aoan system

a [ ]
Q Potentials
o" ao -Ali-Bodmer E (Abe)
. Q S. Aliand A. R. Bodmer, Nucl. Phys. 80, 99 (1966)

Jr=1/27

150 7

V() (MeV)

0 % 2 3 4‘1 é Ecm (MeV)
r (fm) 1.
The an-phasa shifts.
Partial components of an -potential Our calulation (solid line) and Exp. data from Phys.
Rev. Lett. 99, 022502 (2007) (dashed line).

(modified potential of D. Fedorov, A. S. Jensen,
1996( Phys. Lett. B 389))



Numerical results: bound state

TABLE II. Binding energy Ep of the “Be ground state (3/27) in MeV, calculated for various
orbital momentum configurations. Emnergy is measured with respect to the a + a + n threshold.

Experimental value is| B =-1.5735 MeV

{(lan:A(an)-a) } {(laa:A(@a)-n)} Ep
(0,1) (0,1) unbound
(0,1)(1,0)(1,2)(2,1) unbound
(0,1)(1,0)(1,2)(2,1)(2.3) -0.032
(0,1)(1,0)(1,2)(2,1)(2,3)(3,2) -0.042
(0,1) (2,1) unbound
(0,1)(1,0)(1,2)(2,1)(2,3)(3,2) unbound
(0,1)(2,1) -1.403
(0,1)(2,1)(2,3) ~1.480
(0,1)(2,1)(2,3)(4,3) -1.492
(0,1)(2,1)(2,3)(4,3)(4,5) -1.493
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Numerical results: low-lying resonance states

TABLE III. Energy levels in the can system and low-lying 9Be spectrum. Results of our cal-
. o culations are presented in third column. The energy (in MeV) is measured from the o+ a +n
2 ) threshold. Experimental data for Be (T' = 1/2) are taken from [35].
; S L J 28] (CSM) [37] Exp.
w_: 0+ 1+ 0.3(4) 0.11120.007
:8 roo0mim® 1~ 3 -1.493 -2.16 -1.48(4) -1.5735
st Y oo o os 1= 0.9(0) 1.06 2.94(6) 1.2140.12
2- 5 0.7(2) 0.39 0.73(6) 0.8559-£0.0013
2 2.(7) 2.88 4.0240.1
2+ 3t 1.(8) 175 1.47640.009
i 3.(0) 3.21 3.131240.025
3~ ;‘ 4.(6) 5.02 5.03(6) 4.81+0.06
. 6.(4) 6.57 6.36£0.08
4+ 9t 5.(1) 5.04 5.1940.06
i 6.(6) 6.80
4 & 8.(6) 9.73 8.62(6)
= 10.(7)
[28] K. Arai, P.Descouvemont, D. Baye, W. N. Catford, Phys.Rev.
C 68, 014310 (2003).(cluster model)
[37] K. M. Nollett et al. Phys. Rev. Lett. 99, 022502 (2007).

(Monte Carlo calculations)

ECaI, (MQV)

Correlation between calculated (Cal.) and experimental (Exp.) spectrum of $"9%$Be
(filing dots). Solid line is root mean square fit for the correlation. The dashed line shows
the ideal situation when the calculated values coincide with experimental data (open
dots). Total momentum of each level is shown.
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Numerical results:
spectra
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three cluster configurations.

A band corresponding p”genuine hypernuclear states

appears as ana — o — A (7Y

aficiration

Calculated (Cal.) and experimental (Exp.) spectrum of °Be and °,Be.
Orbital and total momentum for each level are shown. Energy is
measured from a+ a+A and a+ a+n thresholds, respectively.



Conclusions

*The configuration space Faddeev equations are applied to calculate energy
states of the ° , Be hypernucleus (and ° Be) within three cluster model.

*We found the set of phenomenological potentials that reproduces the ground
state Y2+ binding energy and excitation energy of the 5/2+ and 3/2+ states,
simultaneously.

*Our calculations reproduce well the experimental data for excitation energies
and therefore improve the previous alpha-cluster calculations.

*For °Be we found the set of local phenomenological potentials that
reproduces well the ground state binding energy and reasonable -- the
energies of low-lying resonances. Also we classified experimental data by total
orbital momentum.

°It is shown that each energy level of ° Be has an analog in °Be spectrum with
the exception of several "genuine hypernuclear states", which agrees
gualitatively with previous studies.
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