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Faddeev calculations for the 3Be spectrum
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Abstract. An a-cluster model is applied to study low-lying spectrum of {8 hypernicleus. Thea/ three-
body problem is numerically solved by the Faddeev equations in configuration space using phenomenological
pair potentials. Found is a set of the potentials that reproduces experimental data for the grouéﬂ)ﬂfm@ilﬁg

energy and excitation energy of tI§é andg+ stakes, simultaneously. This set includes the Ali-Bodmer potential

of version "e” for wa and modified Tang-Herndon potential fen interactions. The spin-orbitA interaction

is given by modified Scheerbaum potential. Low-lying energy levels are evaluated applying a variant of the an-
alytical continuation method in coupling constant, and the experimental data for excitation energies are well
reproduced by our calculations. This result improves previeakister calculations. It is shown that the spectral
properties of Be can be classified as an analodBé spectrum with the exception of several "genuine hypernu-

clear states”, which agrees qualitatively with previous studies. The energy splitting of spin-flip d(%ﬁbl%?i)(
is predicted.

1 Introduction of aA interaction. A new model motivated by the Tang-
Herndon potential [19] is proposed in present work. Also
Long time interest to théBe hypernucleus can be ex- We have focused on the spin-orbit componentdfin-
plained by usefully applying this system in the hyperon - teraction. We adjusted the parameters ofdtiespin-orbit
nucleon interaction studies (in particular, for the spin-orbit Potential known from literature [5] to construct the model
component of this interaction) [1-5]. that reproduces experimental data for the ground sgit)e (
The clear cluster structure of this nucleus allows to ap- binding energy and excitation energy of t@é and %*
ply well established few-body physics methods. The bound staes, simultaneously. Note that in our model the central
states have been studied within ther a + A model in  part (s-wave) ofeA interaction is used for all partial waves
a number of works [2,3,5-12]. Nevertheless, theoretical of the pairaA (see alternative models in [10,20]). Based
studies for resonance statesi(Be in the cluster model  on the model we predicted the energy spacing of spin-flip
are limited by qualitative description of ttj(Be spectrum  doublet gﬂ %*),
[3,13-15]. In particular, a classification of the resonance  Additionally our model well reproduces the experimen-
states, including "genuine” hypernuclear states [3], is pre- tal data for excitation energies §Be low-lying levels.

sented. . Thus new classification for peaks measured in t#Higi*)
In the present work we renew the theoretical results experiments [16] is given. This result improves previous
[16] for energy of thé, Be resonances using the+ a + A calculations of thé Be spectrum [14]. It is shown that the

the configuration space Faddeev equations [17]. 9Be spectrum with the exception of several "genuine hy-

For description ok nuclear interaction the Al - Bod-  horyclear states”. This agrees qualitatively with previous
mer potential [18] is used. This potential with d and studies [2,3,21].

g-wave components has strong repulsiweave core that

simulates the Pauli blocking for twe particles. To reach

better agreement with experimental data we considered? Formalism

three modifications of this potential. For tha potential a

type of coordinate dependence is uncertain. Thexper- The Faddeev equations in coordinate space [17] are used
imental data are limited by the value of the binding energy for description of the)Be hypernucleus, considered as a
of theSHe hypernucleus, which is considered as the boundthree-bodyraA system. General form of the equations is
swave state of theA system. In our calculations, several as follows:

phenomenological models are applied for the central part 3

{Ho + V3(1%,0) + ) V™' (%)) — B}, (%, Y,) =
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= =Vo(1%y)) Z Ps(Xs, Yg), (l)rbita_ll momenta of theA pair (spin of the pair is equal to
By 5), Ais orbital momentum af-particle with respect to the

. . . center of thexA pair, andvs(r) is a coordinate part of the

herevl‘;ou'- is the COH'Omb pot.ent|al between the pgrtlcles a/A spin-orbit p(?tential. Ir?ot(h)eLS basis thewA Sotential

belonging to the paig, andVy is the short-range pair po- s represented by diagonal matrix with diagonal elements:

tential in the channel, (y=1,2,3).Ho = 4y, 4y, isthe s (1) = 4} (r)+ V2 (r), wheredl(r) is central-partial com-

kinetic energy operatoE is the total energy an# - the pgnent of thexA %otential.

wave function of the three-body systefi.is given as a

sum over three Faddeev componerfts= 23:1 ¥,. For

the aaA system including two identical particles the cou- .

pled set of the Faddeev equations is written as: 3 Potentials

(Ho+ V35, + Ve _ E)W = =V (U + P12W), 1 For description of the central part of thel interaction,
(Ho + VS, + VCU- — E)U = -VS (W + P1oW), (1) phenomenological potentials are used. The Gibson [22]
and Tang-Herndon (TH) [19] potentials have the form of
wherePy; is the permutation operator for theparticles one range Gaussian and are fully attractive:
(particles 1,2) V3, and VS, are nuclear potentials efa
and aA interactions, respectivel}® is the potential ve(r) = —Veexplacr?).
of Coulomb interaction between theparticles,U is the
Faddeev component corresponding to the rearrangementhe rangé/ and strengtly; parameters of these potentials
channel &a) — A and W corresponds to the rearrange- are listed in Tabl. 1.

ment channeldA) — a. The total wave function is ex- The Isle potential [23] has two range Gaussian form
pressed by the componernisand W with relation ¥ = with weak repulsive core. These potentials reproduce well
U + (1 + P1o)W. The total orbital angular momentum is experimental value of the binding energy for ine hy-
given byL = luo + Aaa)-4 = Con + Aan)-ar Wherelo, (£on) pernucleus, which is considered assawave bound state

is the orbital angular momentum efs (pair of A) and of the 2A system with energy of 3.120.02 MeV. For the
Aea)-2 (A(aay-e) 1s the orbital angular momentum of/a aaA calculations we assume that the cenwgalave aA
hyperon & particle) relatively to the center of mass of the potential acts in all partial waves of thael subsystem.

pair a (aA) particles. For the spin-orbit part of theA interaction there are
Possible combinations for relative momefia A(qq)-a several models [4,5] and we used one that simulates the
andly4, Aea)-o Written as a block have form: Scheerbaum (S) potential [5]. Our fit for the potential is

given by one range Gaussian form;
( {Za/\} ) ( {f(l(l} )
( {/l(wA)—a} ) ( {/l(ll/ll/)*/\} )a USO(r) = Vg exp(_a'SOrZ)' (3)

where each block represents all quantum numbers takemrHereVy,=-9 MeV is the strength parameter ang=0.3241
into account. For example the combinations correspondingfm-2 is the range parameter. The models [4,5] of dhe

the 0" state are: spin-orbit interaction overestimate the experimental value
( {€u) ) ( 16) )=(012...)(024..) of the doublet spin orbit splitting of the" and 3" states
({Aea)-a} ) ({Aay-a} ) =(012...)(024...). of gBe. In Ref. [24] the experimental value fog+(, %+

erergy splitting is explained by taking into account the

The ground state of theeA system, having zero total an- AN — XN coupling dfect. In this work we restrict our-
gular momenturi, is considered as th%X+ state of the  selves by a model without th&N — XN conversion. It is
Be hypernucleus. assumed that thisffect is small and that it can be e

More detail description of this formalism is given in tively taken into account by phenomenologiaal poten-
Ref. [10], where the particles of thexA system interact tial.
only by local pairwise central potentials. In the present Nuclearaa interaction is given by the phenomenologi-
paper the spin-orbital component of tha interaction is cal Ali-Bodmer (AB) potential [18]. This potential has the
taken into account. Thus theA potential is written as a  following form: V,,(r) = Z|:o,2,4v"m(r)P|, whereP, is a

sum of central and spin-orbit partg®, = VS, + V. In projector onto the state of they pair with the orbital mo-
theLS basis the matrix elements of the spin-orbital poten- mentuml. The functionsV! ,(r) have the form of one or
tial V3 are given by the following form: two range Gaussians:
| | I 2y I 2
2L+1 . JL1/2 2 Vaa(r) = Vrep exp(_ﬁrepr) - Vatt exp(_ﬁattr) . (4)
vao-22 3 eivn{}S R @

j=1=1/2 The s-wave component?,(r) has a strong repulsive core

o which simulates Pauli blockingfect for thea's at short
X(10+ 1) =10+ 1) = 3/4)so(1), distances. There areftirent sets of the parameters for par-

whereJ is the total three-body angular momentulmis tial component¥! (r) [18]. The parameters of version "e”

the total three-body orbital momenturj),andl are total of the Ali-Bodmer potential (ABe) are given in Table 1.
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Subsystem momentum configuration for thedlate may
be restricted by the values:

Table 1. Parameters of thex andaA potentials. The pair angular
momentum id. Vi, (Vi) and V. are given in MeVgh, (B in
fm~1 andag in fm=2.

( Za/\ )( f(wz ):(012)(024)
Interac. Pot. I Vrlep Irep Vlan ﬂlan ( /l(aA)—a ) ( /l(aa)—A ) = ( 012 ) ( 024 )
o ABe [18] 0 1050 08 150 0.5 It is well known that thes-wave component of the total
i 640 08 1158 g'g’ wave function brings the main contribution to the energy
— — . of the state and for calculation of the binding energy one
Ve ac may take into account the first three partial waves in each
a TH [19] 0 60.17 0.6172 channel [8,10]. The configuration of the angular momenta
Gibson [22] 0O 43.48 0.4024 corresponding to 2state taken into account are:
( lan )( Lo )=(011222)(022244)
(Atan)-e ) (Aea)-4)=(213024)(202424)
4 Methods o o)

This set of momenta provides convergence for binding en-

Bound state problem based on the configuration space Fad€'dy With satisfactory accuracy, as it is found in [8,9,11,
deev equations (1) for theaA system is solved numer- ,

ically, applying the finite deference approximation with In Tabl. 2 calculated energies for the boqnd states Qf
spline collocations [25,10]. For calculation of the eigen- theaaA system are presented. We used various potential
values the method of inverse iterations is used. To estimatgModels in these calculations. In particular three variants
the energies and widths of low-lying resonance states we®f thea Ali-Bodmer potential are used [18] (ABa, ABd,
applied the method of analytical continuation in coupling ABe€). Note that the model "a*” of the ABa potential is
constant [27]. A variant of this method with an additional Modified in [31]. For thexA interaction we apply the TH,
non-physical three-body potential is used. The strength pa-Gibson, and Isle potentials. _
rameter of this potential is considered as variational param- ~ Detail comparison of the results of Faddeev calculation
eter for analytical continuation of the bound state energy in for the aaA system with the Gibson (or TH) and Isle po-
complex plane [28-30]. This potential is considered as a;enual (ABa potential for thexw interaction) one can find
perturbation to corresponding three body hamiltonian andin [10]. The calculated energy of the ground state is close
is added to the left hand side of the equations (1). The 0 the experimental emulsion data [32] for Gibson poten-
three-body potential has the forii(p) = —& exp(hp?). tial whereas the Isle potential overbinds theA system
Parameters of this potential de0.1 fm-* ands >0 (vari- for about 1.5 Mev. In [10] it is shown that this overbind-
ational parameter)? = %2 + y2, wherex,, y, are the mass ~ ing can be explained by twdfects: first the Isle potential
scaled Jacobi coordinates & 1,2) [11]. For each res- has the weak repulsive core which is absent for the Gibson
onance there exist a regidfl > |6o| where a resonance potential. This Qeference leads to more space spreadlng of
becomes a bound state. In this region we obtairtiee- the wave fgnqtlon of th@aA system caI_cuIated with the
body bound state energies correspondingovalues of Isle potential in comparison with the Gibson (or TH) po-
6. The continuation of the energy into complex plane is tential. In the compaataA system the repulsive core of
carried out by means of the Padé approximatighE = theaw potential gives smaller absolute value of the ground

TN pé i . state energy (so called "coréect” in [10,11]). The sec-
TN gz Wheres = Voo — 6. The Padé approximation for - ond results from the first: in a more compaatA system

6 = 0 gives the energy and width of resonanggi = 0) = (with Gibson potential) the contributions of higher partial
E; +iI'/2. Note that accuracy of the Padé interpolation for waves ofaA potential in the energy is smaller. It may give
resonance energy and width decreases with increasing dissmaller absolute value of the ground state energy for the
tance from the scattering threshold. Accuracy of the calcu- Gibson (or TH) potential.

lated resonance parameters can be evaluated byftiee di As it is found in [10] the energy contribution of the
ences of their values obtained fofférent orderd\ of the p-wave component of the IsleA potential is unnaturally
Padé aproximants. large and results obtained for energy of the bound states
are too large in absolute value, compared with experimen-
tal data. For Gibson potential one can see from Tabl. 2 that
agreement with data is good. However, it is shown in Ref.
[15] that application of the combination of the AB&ibson
potentials for calculation of ground band levels of thet
system leads to appearance of the additional virtual states
and resonances, which have not been found in previous
The$Be hypernucleus has two bound states: ground statestudies [16]. Localization of the state on energy scale is

5 Calculations

5.1 Bound states

with total angular momenturh = 0 (0" state) and excited
state withL = 2 (2" state). The latter state is splitted into
two states due taA spin-orbit interaction. Total orbital

momenta of these states a§&, 3" and 3", respectively.

obtained to be in clear disagreement with the experimental
picture.

We modified the TH potential parametévs and a.
to be 54.36 MeV and 0.538 frA, respectively, this model
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Table 2. Binding energyEg (in MeV) and excited energ¥y 5.2 Resonances

(in MeV) of degenerate (2',5/2%) spin doublet state of the

aaA system for diterent models of thew andaA interactions. For calculation of the energy of the resonance states a vari-
The energy of spin-flip doublet splittingE (in keV) is given ant of the method of analytical continuation in coupling
for the Scheerbaum (S) potential from Ref. [3g=-9 MeV, constant is applied [27]. We changed the coupling constant
@=0.3241 fm?). Modification S(M) of the spin-orbit potential 5 of an additional three-body potential (1) to construct the
is made by changing theparameter to be similar tA potential.  analytical continuation of negative bound state energy, de-
Energy is measured from the+ o + A threshold. Orbital quan- pendent ors, in complex plane. The energy of resonance
tum numbers aré,4}=0,1,2,{l,,}=0,2,4 for the ground state and 5 c5|cylated using the Pade extrapolation (as function of
{l.a} <2, {l,.}<4 for the excited states. The experimntal data are §) to the point withs=0.

taken from [26, 16]. The configurations of the angular momenta correspond-

AB TH TH(M) Gibson Isle  Exp. It?gl to theL™ states which we took into account are shown
elow:
Es a 5990 - -6.709 -8.119 -6.62 4+ gates
d -5.994 - -6.751  -8.348
e -6.280 -6.602 -7.073 -8.714 ( lor )( lwe )=(012234)(02424)
Ex a 2562 - 2621 2902 3.04 (Aay-a ) (Aoa)-a ) =(432410)(42240)
d 2.738 - 2.756 2.927
e 2.990 2.99 3.032  3.193 2” state
4E a 450 - 509 511 43
S d 346 - 447 512 ( lan )( lao )=(122334)(224)
e 352 378 457 525 (Aer)-a) (A1) =(213243)(133)
4E e 126 172 - - 4- gstate
S(M)
s (o )( Lo )=(122344)(2244)

(Aea)-4 ) (Aoay-a ) =(435213)(3513)
3™ state

( len )( lawe )=(032114)(02244)
is denoted as TH(M). One can see that the TH(M) model  ( A@a)-e ) (A@a)-«)=(301241)(31313)
together with the ABe potential leads to good reproduction

of the experimental data f§iBe bound states. S dtate
o L ( laa )( lae )=(012345)(0224)
The energy of spin-flip doublet splittingE is calcu- (A@a-o ) (dea)-a)=(543210)(5351)

lated for the potential S [Sh(s,=0.3241 fnT?) and for its

modified version S(M). In the first case we have very large 1- state

values for the energy splitting, if compared by the experi-

ment data. This disagreement may be decreased by amodi- ( fea ) ( foa )
fication of the spin-orbit potential motivated by assumption (Aary-a ) (A@a)-2)
that the range parameter of this potential should be similar . . ,
to the range of the central part (see also Tabl. 1). After this FoIIO\_/vmg [3.’2] one mayf\ss?mate grou_nd band_ the
modification the energy of the spin-orbit splitting (TH(M) States with orbital momenta’02* and 4" This band is
+ABe +S(M) model) is decreased to the value that is com- connected with the ground band&8e nucleus. In partic-
parable to the results of previous calculations: 160 keV [4] ular the O (ground“ state ofBe), 2 and ¢ states of Be
and 147 keV [5]. c_orr(_aspond to_the ground ba_nd ﬁ)Be with the same ex-
citation energies. The "glue-like” role of the hyperon is
followed by the fact that all ground band state$Bé are
resonances, since theé @nd 2 states are bound states.
As we will see further the "glue-like”fect of A-hyperon

is stronger for the states §Be with negative parity. The
strong repulsive character of the interaction ins-wave
decreases the "glue-like'fiect for "ground band” states

(011223)(02224)
(102132)(11335)

Our next modification of the spin-orbit potential S(M)
is performed by adjusting strength paramétey The ex-
perimental value of 43(5) keV [26] is reproduced by our
calculation using foNg=2.25 MeV (this value ol is
three times smaller then initial value (the S potential)). The

(:)fcitation energy fors'ihe doublet members is 3.016 MeV ( here thes-wave has important contribution. For the states
5 )and2.972MeV ). The state} " isupper member of  yjith negative parity this repulsive contribution is smaller.
this doublet, which agrees with previous calculation [21]. gqof example, in the state2nd 4 there is no theswave

Keeping this value for the strength paramélgrwe eval-  of the oo potential (see combinations of momenta in the

uated the energy spacing of other spin-flip doub}ét §+) Aaa system, above).

that has orbital momentum"4Our prediction for this en- In Tabl. 3 are shown experimental data ﬁ@e spec-
ergy is 200 keV and upper member of the doublet is the trum along with the results of our calculations. One can see
state%Jr, that the resonance obtained in our calculations correspond
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Table 3. Excitation energie€, (in MeV) of low-lying states of
aaA system. Energies of peaks measured in tHel(*) experi-
ments are given from [16].

Exp. [16] ABet+TH(M)+S(MM) model L” i
2.93 or 3.04 2.918 2t 5
5.80+0.13 5.7(1) 1 3
952+0.13 8.5(0) 40 2
14.88+0.10 14.(7) 3 4
17.13+0.20 17.(6) 1L, 3
19.54+0.32 21.(3) 2 3
23.40+0.21 23.(0) 3, 4

to the energies of the peaks measured inAfiek(*) exper-
iments [16] with good accuracy. Thus we give a new clas-
sification for the experimental data. Previous attempt for
this classification is presented in Fig. 1 by results of clus-
ter calculation [14,16]. These results demonstrate essen
tial disagreement with the experiment (except the bound
states).

Table 4. Calculated binding enerdgs (in MeV) of ground state
and first excited ( B*, 5/2%) states for thexaA system. Exci-
tation energyE, is calculated with no spin-orbit interaction. All
notations are the same as in Table 1. The three-hady poten-

tial given in [12] is used. The Myint- Shinmura-Akaishi (MSA)
potential [20] is applied for description afA interaction. The re-
sults that correspond to the Isle potential [23] are shown in brack-
ets. Foraa interaction the Ali-Bodmer potential of model "a” is
chosen. The spin-orbit interaction is given by the S(M) potential.

Jr Our [12]

Es i -6.559 (-6.674) -6.61 (-6.63)
3 -3.303 (-3.338) -
g -3.368 (-3.409) -

Ex (19=0@E"orf") 322(3.30) 3.19(3.18)

4. We have obtained some disagreement with the results of
cdculations [12] for the Isle potential (shown in brackets
in Table 4). For MSA our result are close to one calculated
in [12]. Note that the (B*, 5/2") excitation energy of the

Our results are in good agreement with experiments e [12] is slightly larger than the experimental value.
for both bound states and resonances. Note that we ney tested the S(M) potential, introduced above for spin-

glect the spin-orbit splittings in this calculations due to
their small energy spacings relative to energ§ettences
between states with fierent orbital numbers.

Finally we give comparison between tﬂBe (calcu-

lated) and’Be (experimental) spectra in Fig. 2. This com-
parison could help to define the "genuine hypernuclear
states” [3] ofﬂBe. Connections between states with equal
orbital momentum denoted by the fine lines in Fig. 2 in-
dicate that there are t\/\&Be states that have no analogs
in the °Be spectrum. These states with orbital momenta
1~ and 3 are "genuine hypernuclear states”. This conclu-
sion is in qualitative agreement with privies studies [16].
As we showed above the localization of these states on en
ergy scale is dferent from those reported in [16].

5.3 Three-body potential for aaA system

Treatment of amr-cluster model [12] (see also [33]) for
iBe includes a three-bodyA potential which due to the
NNA interaction exists in the nuclear system as it is ex-
plained in [12]. With thexaA potential presented in [12]
one can obtain satisfactory results for theliinding en-
ergy and excitation energy of the &tate while the Ali-
Bodmer potential of the version "a” is chosen tar inter-
action and the Isle [23] (or MSA [20]) potential is chosen
for aA interaction. Note that the three-body potential [12]
is repulsive. Thus the overbinding problem [10] of theA
system with the Isle (MSA¥A potential can be solved by
including the three-body potential into the consideration.
At the same time for theA potentials similar to Gibson
or TH, which bind thexaA system weaker than it follows

orbit interaction, in the framework of this model. Energy
space for the (B*, 5/2*) splitting (see Table. 4) is found

to be about 70 eV. This value is larger than one obtained in
our calculations for the ABekH(M)+S(MM) model and
larger than the experimental value. However, one can gen-
erally conclude that the energies obtained within the Shoeb
model correspond agreeably to the experimental data. At
the same time we have to note that this result obtained by
including into consideration the additional free parameters
related to the three-body potential used. From our point of
view such implementation is a weak point of the Shoeb
model. We have shown that the experimental situation can
be reproduced by our model while using only pair poten-
tials. Final choice between both models one can perform
on the basis of clear experimental indication of behavior of
the aA potential at small distances. In the case of soft re-
pulsive core potential the Shoeb model can be considered
as appropriate. In the case of fully attractive potential

this model can be considered as having extra free parame-
ters.

5.4 Use of the ABe and TH(M) potentials in other
cluster calculations

As sawn above the cluster model with the ABe and TH(M)
potentials can be successfully applied to reproduce spec-
tral properties of thﬁBe hypernucleus. In this section we
verify these inter-cluster potentials by applying them for
other cluster systems. Two nuchBe andf’mHe (@an and
a/AA, respectively) are appropriate examples of such clus-
ter systems. The result for energy levels of then and

fromiBe experiment, perhaps the three-body potential hasaAA system obtained with the ABe and TH(M) potentials

to have attractive character.
The calculated binding enerdsg of ground state and
the first excited (32*, 5/2%) states are presented in Tabl.

are presented in Tabl. 5. In these calculationstheemi-
realistic potentials from Refs.[20,34,35] are used. &he
potential (FIR) is a modification of the Sack-Biedenharn-
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Table 5. The ABe and TH(M) potentials are applied to esti-
mate energy levels in thean and aAA systems. All notations
are the same as in Tabl. 1. Thel semi-realistic potentials from
Refs.[20,34,35] are used. The potential (FJR) is given in [37].
Experimental data are taken from [38] and [39].

Nucl. System Pot. Jr Cd. Exp.
°Be aen FIR[37] Es 2 -1863 -1.576
Ex 2 21(6) 24294
3 240) 2.78
5" 28(3) 3.049
€ He aAA NSC97(b) Es 0" -6.43 -7.25
NSC97(e) -6.80 +0.19
Myint [20] -7.04

Breit potential (SBB) [36] taken from [37]. Presented re-
suts allow us to assert that the calculations with the ABe

potential reliably reproduce the experimental spectral prop-

erties of the’Be nucleus. Obviously the calculated results
depend also on the choice @h potential. The use of the
TH(M) potential in cluster calculations f%He leads to
weak binding of thexAA system if the knowmA poten-

tials are used.

401 4
301 5
N 3
© : &
= 201 2 .
x 1 3
wi 3 A
4,
1
107 4" 3
1 iy
2+ 2"
01 0* ot
LT Lm

Fig. 1. Experimental (Exp.) and calculated (Cal.) spectrum of the

Exp. Cal. 1

Cal. 2

9Be.Cal.1 corresponds to our results. The res@ss.2 are from

[16,14]. Orbital momentum of each level is shown.

6 Summary

The configuration space Faddeev equations were appliedz:

to calculate the energy spectrum of ﬁﬁ:e hypernucleus
within thea + a + A cluster model. We found the set of phe-

nomenological potentials that reproduces the ground states,

1" binding energy and excitation energy of theard £
states, simultaneously. In particular, the Ali-Bodmer po-
tential of model "e” foraa and modified Tang-Herndon
potential foraA are used. The spin-orhitA potential is
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13- =
712-502- 2t
15 H-“. \ L% (R p—
5/2-3/2- %
52-
4=
3i2-1/2- B2-
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4 7i2-5/2-
=
52
Ll /24
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ane-
4+ 3+
524+
924,712+ e
512-
O - 1_ 112+
32-112- P » 5
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5/2+,312+ ' ]
5 4 Be
o0+ Exp.
J 12+
k)
aBe

Fig. 2. Calculated (Cal.) and experimental (Exp.) spectruriBef
andBe. The experimental data are from [16]. Orbital and total
momentum of each level is shown. The levels with equal orbital
momentum are connected by fine lines. Energy is measured from
a + a + A anda + a + nthresholds, respectively.

described by modified Scheerbaum potential. Our calcula-
tions reproduce well the experimental data for excitation
energies and therefore improve the previous cluster cal-
culations for this hypernucleus. It is shown that the spec-
trum ofiBe can be classified as an analog oftBe spec-
trum with the exception of several "genuine hypernuclear
states”, which agrees qualitatively with previous studies.
The energy spacing of spin-flip doublet’(") of about
200 keV is predicted by our model.

This work is supported by NSF CREST award HRD-
0833184 and NASA award NNX0O9AVO7A. The numerical
calculations were performed at the Pittsburgh Supercom-
puting Center.

References

1. D.J. Millener, Nucl. PhysA804, (2008) 84.

A. Gal, J.M. Soper, R.H. Dalitz, Ann. of Phy&3,
(1971) 53; R.H. Dalitz, A. Gal, Phys. Rev. Le86,
(1976) 362.

H. Bando, Nucl. PhysA\450, (1986) 217c.; H. Bando,
T. Motoba, J. Zofka, Internat. J. Modern PhyX,
(1990) 4021.

4. E. Hiyama, M. Kamimura, T. Motoba, T. Yamada, Y.
Yamamoto, Phys. Re€66, (2002) 024007.



10.

11.

12.
13.

14.

15.

16.

17.

18.

19.

20.

21.
22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.
33.

34.

35.

19" International IUPAP Conference on Few-Body Problems in Physics

Y. Fujiwara, M. Kohno, K. Miyagawa, Y. Suzuki,
Phys. RevC70, (2004) 047002.

O. Portolho and S.A. Coon, J. Phys1@ (1991) 375.
E. Hiyama, M. Kamimura, T. Motoba, T. Yamada, Y.
Yamamoto, Prog. Theor. PhyS97, (1997) 881.

S. Oryu, H. Kamada, H. Sekine, H. Yamashita, M.
Nakazawa, Few-Body Systerig, (2000) 103.

E. Cravo, A.S. Fonseca, Y. Koike, Phys. R&66,
(2002) 014001-7.

I. Filikhin, A. Gal, V. M. Suslov, Nucl. PhysA743,
(2004) 194.

I. Filikhin, V.M. Suslov and B. Vlahovic, J. Phys. G:
30(2004) 513.

M. Shoeb, Phys. Re74, (2006) 064316.

T. Yamada, K. Ikeda, H. Bando, Prog. Theor. Pigs.
(1985) 397.

T. Yamada, K. Ikeda, T. Motoba, H. Bando, Phys. Rev.
C38, (1988) 854.

. Filikhin, V.M. Suslov and B. Vlahovic, Nucl. Phys.
A 790, (2007) 695; arXiv:nucl-tf0610096.

O. Hashimoto, H. Tamura, Progress in Particle and
Nuclear Physic$7, (2006) 564.

L.D. Faddeev and S.P. MerkurigQuantum Scatter-
ing Theory for Several Particle Systems (Kluwer Aca-
demic, Dordrecht 1993) pp. 398.

S. Ali and A.R. Bodmer, Nucl. Phy80, (1966) 99.
Y.C. Tang, R.C. Herndon, Phys. R&138, (1965)
637; R.H. Dalitz, B.W. Downs, Phys. Rell1, (1958)
967.

K. S. Myint, S. Shinmura and Y. Akaishi, Eur. Phys. J.
A16 (2003), 21.

D.J. Millener, Nucl. PhysA754, (2005) 48c.

C. Daskaloyannis, M. Grypeos, H. Nassena, Phys.
Rev.C26, (1982) 702

Y. Kurihara, Y. Akaishi, H. Tanaka, Phys. R&84,
971 (1985).

Y. Fujiwara, M. Kohno, Y. Suzuki, Mod. Phys. Lett.
A24, (2009) 1031.

J. Bernabeu, V.M. Suslov, T.A. Strizh, S.I. Vinitsky,
Hyperfine Interaction101/102, (1996) 391.

H. Akikawa et al., Phys. Rev. Let88, (2002) 082501-
1; H. Tamura, Nucl. Phy#\ 754, (2005) 58c.

V. I. Kukulin, V. M. Krasnopolsky and J. Horacek,
Theory of Resonances (Kluwer, Dordrecht 1989).

C. Kurokawa and K. Kato, Phys. Reu76, (2005)
021301-1.

I. Filikhin, V.M. Suslov and B. Vlahovic, J. Phys. G
31, (2005) 1207.

. Filikhin, V.M. Suslov and B. Vlahovic, Phys. Atom.
Nucl. 72, (2009) 619.

D.V. Fedorov, A.S. Jensen, Phys. L&B89, (1996)
631.

M. Juric et al., Nucl. Phy®52, (1973) 1.

M. Shoeb and Sonika, Phys. Re®. 79, (2009)
054321.

I. N. Filikhin and A. Gal, Nucl. PhysA707, (2002)
491.

I.N. Filikhin, A. Gal, V.M. Suslov Phys. Re\68,
(2003) 024002.

36. S. Sack, L.C. Biedenharn, G. Bret, Phys. ReR,
(1954) 321.

37. D.V. Fedorov, A.S. Jensen, and K. Riisager, Phys. Rev.
C49, (1994) 201; A. Cobis, D.V. Fedorov and A.S.
Jensen, Nucl. Phy#631, (1998) 793.

38. Nuclear data evaluation project,
httpy/www.tunl.duke.edtnucldaté

39. H. Takahashi et al., Phys. Rev. L&®.(2001) 212502.

07004-p.7



