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Three-body calculation of the structure of 3 Be
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The hypernucleué’,Be is investigated using the+ A + « cluster model. The corresponding Faddeev equa-
tions are solved for different- and A -« interactions that describe botBe and3 He energy spectra. For the
ground state)”= 3" and excited state3* and3* we include the Coulomb repulsion between this and
calculate, in addition to the energy eigenvalues, the Coulomb energw-taad A -particle mean radius, the
rms charge radius, the electric quadrupole mom@&)t @s well as the magnetic dipolg) and octopole f3)
moments. To the best of our knowledge these observables have not yet been measured and, therefore, our
calculation constitutes the first prediction. Structural differences bet\RBerandiBe lead to values o and
w that have opposite sign. Unlike previous theoretical work we find only two degenerate negative parity
resonanceé’(%’) but, in addition, we get two degenerate positive parity resonancesJW#ﬁ%*(%*) at
higher energy which, together with the bound states, complete the positive parity rotational band.
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[. INTRODUCTION origin or underlying concept, are fitted to the spectra of both
3He and®Be. Our calculations are based on the solution of
As pointed out by Feshbadii] a number of years ago, the Faddeev equatiof8] that have been modified to include
one of the main purposes of hypernucleon physics is to studihe Coulomb forcd 9] between thex’s. This is one major
new many-body spectroscopy through the implant of an “im-difference relative to the recent work by Oretial. [4].
purity” in the condensed matter sense to unveil dynamical In Sec. Il we describe thd-a and a-« potential we use
symmetries that are forbidden in ordinary nuclei by the Paulnd in Sec. Il we show the main results for the ground state
principle. One nucleus where this phenomenon plays an imand excited states d{Be. In Sec. IV we present our main
portant role isSBe that,vis-avis °Be, presents, not only a findings for the continuum states and how they may be in-
very different spectra of bound states and resonances, biftrpretedvis-avis the existing data. Finally in Sec. V we
also different dynamical structure, possibly leading to surPresent the conclusions.
prising results for observables such as the rms charge radius,
the quadrupole momeR, and the magnetic momept This
investigation, together with a new search for resonances in
the continuum, is the main goal of the present work that Three- and four-body studies (ifH [10] and iHe [11]
follows the traditional three-body-cluster approach that has are now possible based on realisidN and AN (AN-2N)
been used before by some of us to stie [2,3] and also  interactiong 12]. Nevertheless foA>4 one is still required
by otherg4,5] for $ Be. A review on this and related subjects to use quantum many-body methods based on mean field
may be found in Refd.6,7]. theory or attempt to describe the system in terms of fewer
Unlike °Be, which is typically a Boromean nucleus due to degrees of freedom by using clusters and effective interac-
neither *He nor 8Be being stable nuclei,%Be may be tions between them. F(ﬁrBe, given the small binding energy
thought asiHe+ a due to the existence of{He as a stable of f’\He relative to thex-particle binding and the large en-
hypernucleus with B= 3.12 MeV. TheA, being distinct ergy gap between +“He and4He+ n, the natural choice is
from the other nucleons, can occupy tashell, unlike the  a three-body cluster model based on twgarticles and the
fifth nucleon in °He. Therefore the\-« interaction is pre-  hyperonA. The difficulty now lies on the choice ef-a and
dominantly attractive irs wave, while in that same partial A -« interactions that are required to map the low lying spec-
wave then-« interaction is effectively repulsive. One imme- tra of 8Be andiHe and provide, in the case afa, a rea-
diate consequence of this is that the binding force that makesonable description of Pauli blocking between nucleons in
°Be a stable nucleus comes from fheaven-« interaction, separate clusters.
while in }Be comes from the wave A-a interaction, pos- A number of a-« interactions already exist; some treat
sibly leading to structural differences in the observables asPauli blocking by means of a short range repulsion, others by
sociated with their respective bound state wave functionsincluding Pauli forbidden states that are subsequently re-
Although the small binding of, He remains an enigma in moved. Although the latter approach seems to lead to a better
terms ofab initio calculations based on theN interaction,  description of the spectra dfC as a bound system of three
our three-body model takes the conventional wisdom of aser particles[13], we have tried both methods i?Be and
suming that bot\ -« and a-« interactions, no matter their found no great differences. Therefore, in the present work,

Il. CLUSTER MODEL OF iBe
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TABLE |. «a-a states(MeV) for all threea-a potentials in the
absence of Coulomb repulsion.

Uim AB CB
L=0 —~1.34 ~1.33 —-1.27

L=2 1.30i(0.29) 1.361(0.30) 1.49+(0.44)
L=4 9.49i(1.54) 9.58(1.18) 10.201.87)

we use, not only Ali-BodmefAB) [14] and Chien-Brown

(CB) [15] potentials, but also one derived in the framework Ref- [4]

of the resonating group methdBGM) through the unitary-
interpolation methodUIM) [16] that is nonlocal due to the

PHYSICAL REVIEW @56, 014001 (2002

TABLE 1l. Convergence of the ground state binding energy
(MeV) with rank “r” in the separable expansion of tisavave A -«
interaction. Thex-a potential is UIM.

TH MS DE DA
r=1 —4.52 —6.02 —5.15 —5.72
r=2 —6.78 —7.01 -7.18 —7.43
r=3 —7.09 —7.02 —7.36 —-7.71
r=4 —7.10 —-7.02 —7.36 —7.49
—7.13 —7.03 —-7.37 —7.47

exchange nature of the RGM core potential. The corresponggrent A -« interactions, and compare the results with those
ing energy spectra is shown in Table | for all three potentialgpizined by Orytet al.[4] for UIM potential when onlyA -

in the absence of the Coulomb force.
For the A-a interaction we use a number of effective

potentials that have been developed over the years using d
ferent folding techniques or phenomenology. They are th

s waves are included. Since the-ap andd waves give a

iI@rge contribution, our calculations include &« partial
vaves up td <2. Thef wave contribution is negligibldess

Tang HerndonTH) [17] that has a simple Gaussian shape,than 15 keV for the binding energyThis is shown in Table

the Dalitz (DA), and the Deloff-type(DE) potentials that
were derived by folding18] based om\ -N interactions with
a hard core proposed by Dali&t al. [19] and Deloff[20],
and the Maeda-Schmif21] (MS) that uses two Woods-
Saxon phenomenological potentials to fit thew interaction
also calculated by folding. All potentials reproduce gr(ide

Il for the ground state of} Be in the absence of Coulomb
repulsion between the’s. The A-a p wave contribution can
be as high as 2.5 MeV for DA potential with UIM between
the a’s, but depends strongly oh-« anda-« potentials one
uses. For AB and CBr-«a potentials theA-a p-wave con-
tribution is considerably small€i0.4—1.4 MeV, but is the

binding energy reasonably well. A more complete compari-Piggest for DA that has the strongest short range repulsion of

son of these potentials may be found in Hdfl. Recently a
more sofisticated\ -« potential model was derivd@2] that

all four A-a potentials. The same may be said about the
d-wave contribution. Although thé -a p andd waves are

seems to favor the Dalitz phase shifts. Nevertheless, giveRot well constrained by either theory or experiment, they
the uncertainty on this issue, for lack of experimental infor-always increase the binding energy {Be, independently of

mation onA-a phases, we feel that the chosen four potenthe A-a potential one uses, and for this reason they should
tials span a sufficiently broad range of possibilities to accobe included so that one may compare the results with other

modate reality.
Although there is sufficient theoretical supppsi for the
existence of a three-body force i+ A + « due to strong

variational calculations where th&-a potential is usually
included in all partial waves. Furthermore the strengh of the
A-a p-wave interaction may be associated with the possible

AN-3N coupling, we find no compelling reason at this time existence of°Be-like states in%Be. This is another reason
to include such force in our calculations, given the largewhy we have included\-a p waves in our calculation, in

theoretical uncertainty on thé -« interaction. The same
may be said about including a spin-orbit forceAnr« since
recent calculationg23] indicate that such term is very small,
leading to 80—200 KeV splitting betweéri” and3 " states.
This has been recently confirmg2#] by experimental work

performed at Brookhaven National Laboratory where the

splitting between thé ™ and3 " states was measured to be
=31.4 keV.

For the chosenr-a and A-« interactions we solve the
bound state Faddeev equatidi® including the Coulomb
repulsion between the’s. The general form of the equations
was first proposed by Lehmaet al. [9] and subsequently
generalized by Cravf3] to study the structure ofBe. The
equations we use here are the same as in[Bgand there-
fore we refer to this publication for details. The« inter-
action is taken as a local interaction in differenio partial
waves 6, d, andg waves or as a finite rank operator in the
case of the RGM-based potentfdl6]. The A-« interaction

is always expanded as a sum of separable terms using the

method developed by Koikg25]. In Table Il we show the
convergence of our calculation in terms of rank for dif-

spite of the uncertainty associated with their strength.

TABLE lIl. Ground state energyMeV) for different a-a and
A-a potentials in the absence of the Coulomb repulsion between
the a’s. The “I” is the relative A-« orbital angular momentum.

UM AB CB
TH I=<0 —-7.10 —7.26 -7.32
I<1 —8.49 —7.65 —7.74
<2 —8.57 —-7.72 —7.82
MS I=<0 —7.02 —7.56 —7.63
I<1 —8.95 —8.39 —8.47
<2 —9.07 —8.49 —8.57
DE I=<0 —7.36 —8.02 —8.10
I<1 —9.50 —9.02 -9.10
<2 —9.66 —9.14 -9.21
DA I=<0 —7.49 —8.51 —8.58
I<1 —9.95 —9.95 —9.92
<2 —10.18 —10.04 —10.00
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TABLE IV. 17 binding energiesMeV) for different a-o and TABLE VI. a-particle rms radius in fermigpoint particlg for
A-a interactions. The Coulomb repulsion has been included in alkll @-« and A-« potentials.
partial waves needed for convergence.

i+ 3+.5+
2 27(37)
UM AB CcB UIM AB CB UlM AB CB
TH —5.96 —5.98 —6.02 TH 1.85 1.89 1.87 1.88 1.95 1.95
MS —6.50 —-6.73 —6.75 MS 1.82 1.84  1.82 1.80 1.84  1.83
DE —7.08 —7.36 —7.37 DE 1.80 182  1.80 1.77 1.80  1.80
DA —7.74 —-8.27 —-8.19 DA 1.83 1.82 1.81 1.80 1.80 181

Expt. [26] -6.71

electric quadrupole moment, and magnetic dipole and octo-
IIl. STRUCTURE OF °Be BOUND STATES pole moments. Although most of these observables have not
A been measured fo%Be, they provide a better understanding
In the absence of & -a spin-orbit force, two of the three of the structure of this hypernucleus and allow a comparison
bound states we find are degenerat®£3* and 37). The  With %Be. All calculations include the Coulomb repulsion
ground state]J”=1", lies 2.3—3.0 MeV below the excited between ther’s. _ _
states. Our results are shown in Table IV §6r= %"' and in In Tab|eS VI and VIl we I|St bOth thex-partlcle and the
Table V for the excited states™(3*). The Coulomb inter- A-particle rms radius calculated in the point-particle ap-
action has been included up to partial waves6 for con- proximation. Although both values are slightly bigger for the

vergence. Experimental values are taken from Re#,26.  €xcited statg *(3 ) than for the ground statg”, they are
The results indicate that the calculated binding energies dé:omparable and almost independent of the choice of poten-
pend more on the choice df-« interaction than on the-«  tials. Therefore we can claim that,=1.83 fm andr,
potential one uses. This is expected given the lack of suffi~2 15 fm. Comparing witt’Be [3] we find thatr_a is about
cient experimental information of(nHe to constrain thé\-a e same, but thaTnZS.l fm. Therefore one may conclude
interaction. Although Fhe calculated bind_ing energies for th,ethat the neutron iPBe moves well outside the average lo-
ground state and excited state span a wide range of energieSyion of thea particles relative to the center of mass of the
fche excitation energy betweep the two states is reqsonab stem, while the\, in Be, shares its position with the's.
independent of.thel combination efa .ahndhA—a potgntlalsl This gives a certain credibility to hypernuclear models that
one uses, and in close agreement with the experimental e%ke ®He as a cluster.

citation energy_(3.1 M_e\/). The best re_sul_ts, compare_d 0 Next we show in Table VIII the values for the charge
data, are obtained with M3.-a potential in combination : 9 . . N .
. : . radius of y Be including the contribution of ther particle
with AB (or CB) a-a interaction. form factor. The result is also almost independent of th
It is perhaps worth mentioning at this time that the Cou_pootent?j Oc.hoicz gfustastea Sl?aa?jings to aep\(/aalui fcc))g €
lomb energy is strongly dependent on thea interaction ~2.48 fm. This value compares with—2.48 fm for °Be

i Its i h Tables I V. . . X A
\c;\?r?ilelzj;e;,a?é (:Coénggtr;%éesssi\t,se Irrilslgott) Cgl?lgrsnb e?g?giescalculated with AB potential. This clearly indicates that the
on the order of=1.8 MeV. UIM leads to about 2.6 MeV. size of both nuclei is about the same from the view point of

This is the result of the nonlocal character of the UIM inter—}heﬁ‘ subclu;tersht;}it _th%tBtheTnhe_ut_ron e hSt'CkS muchd
action at short distances that allows theparticles to get UFmesouthant In 3Be. This is somehow expecte

closer to each other than with any of the other two potentiald’om our knowledge ofA-a andn-« interactions, but it is
due to their repulsive cores at short distances in sathdd nevertheless interesting to know that, under the combined
waves. effect of the twoa’s, the neutron in°Be still behaves as a

Next we proceed to characterize these two states in term2€utron halo, while the\ remains close to eithefHe clus-

of a-particle andA-particle point rms radius, charge radius, €S- In addition we find no evidence of contraction of the
' ' 8Be core due to the substitution of the neutron by the

. + §+ . . .
TABLE V. Same as in Table IV fo% (27) binding energies TABLE VII. Same as in Table VI for thé\ -particle rms radius

(Mev). in fermis (point particle.
UIM AB CB
2" M)
TH —3.44 —-3.25 -3.17 UIM AB CB UIM AB CB
MS —4.05 -3.97 —-3.80
oc asas ea M 2z a2
DA —5.18 —-5.35 —5.05 ' ' ' ' ' ’
DE 2.12 2.14 211 2.09 211 211
Expt. [24] —3.67 DA 2.17 2.14 2.14 2.16 2.14 2.15
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TABLE VIII. Same as in Table VI for the charge radius in fm, TABLE X. Magnetic momentu (in uy) of the 3% and 3+

including the effect of thex particle form factor. excited states for alk-a and A-a potentials. We also show, for
comparison, the calculated magnetic moment®Be [3] and, in
%* §+(§+) parentheses, the corresponding value one gets when the intrinsic
UIM AB CB UIM AB CB magnetic moment of the neutron is the sameé\aand one neglects
the contribution from the neutron form factor.
TH 2.49 2.52 251 251 2.57 2.57
MS 2.47 2.49 2.47 2.45 2.48 2.48 3+ 3+
DE 2.46 2.47 2.45 2.43 2.46 2.45 uiM AB CB UIM AB CB
DA 2.48 2.47 2.46 2.46 2.46 2.46
TH 1.26 1.25 1.25 0.38 0.37 0.37
MS 1.26 1.26 1.26 0.38 0.38 0.38
. . . - E 1.27 1.27 1.27 0.39 0.39 0.39
particle as pointed out by others. This may indicate that théD 127 197 127 039 039 039

Pauli repulsion between the’s is strong enough to block
any additional binding effect created by theparticle. 9Be -1.15 (-0.15)
Further understanding is obtained by calculating the non

vanishing electric and magnetic moments. The electric quad-

rupole momentO is zero for thel™ state due to Wianer rglative to.the center of mass of thés. TheL=0 contribu-
b Q 2 g tion to Q is zero and fromL=2 we have three termsi(

Echart theorem, but foj * and3 ™ states we show in Table "~ *°° : s e . bt
IX the corresponding results for different potential models._z"vI =0) with m; = 2 (L=2M=1) with m;=3, and L

: =2 M=2) with m,=—3 wherem;=m+m, such thatm is
The quadrupole moment, as expected, is large but of nega- ' I . ) n== o
tive sign: on the average we g@t=—5.28 efm? for the 3 * the z component oft andm,, is the neutron spin projection.
state andQ=—7.55 efm? for the 3* state. Here we ob- The angular distribution function fof,o(R), which stretches
serve an important structural difference relative®®&e that ~ &long thez axis gives rise to a large positive contribution to
value is 5.2 0.3 efm? [27]. This is a direct consequence of Of 4.79 efm® [3] for the AB a-« potential. Therefore one
the underlying differences in the dominant partial waves thatmportant conclusion is tha}Be is an oblate nucleus while
bind {Be and °Be as three-body cluster nuclei. In t§é  °Be is prolate. This behavior is further enhanced Be 3+
state ofiBe the dominant channel in the wave function in- state becausd,=3 implies the contribution of I(=2,M

volves the twoa’s in relative orbital angular momentuin ~ =2) with m,=3 alone, leading to a single large negative
=2 while theA carries orbital angular momentun¥0 rela-  contribution fromY ,,(R).

tive to the center of mass of the's. Since the matrix ele- Since the ground state dfBe is 3 the dominant chan-
ment forQ involvesJ=J,= 2, there are two possible contri- nels involve |=L=0. Therefore the magnetic moment
butions toQ coming from (=2M=2) together withA  — , for such state. Nevertheless the same sign change ef-

spin projectionmy=—3 and (L=2M=1) with my=3.  fect relative to°Be takes place in the magnetic momenof

The well known angular distribution function,(R) for the  $Be excited states that are shown in Table X: again, on the
R vector between ther's is an elongated torus revolving average, we findu=1.26 u, for the 3* state andu
around thez axis but sitting on thexy plane, leading to a =0.38 uy forthe 3" state. Although the\ -particle and the
large negative contribution to the quadrupole moment whichneutron have magnetic moments of the same sign, once em-
is not compensated by the smaller but positive contributiorbeded in®Be, one gets magnetic moments of opposite sign
from Y.,,(R). Comparing with®Be we find instead that the for reasons similar to the ones explained @rEven if we
dominant 3~ wave function components ale=0 andL ~ Make the intrinsic magnetic moment of the neutrpp

—2 with [=1 for the neutron orbital angular momentum = #x in °Be we get a smaller but negative value as shown in
Table X in parenthesis. The difference between this new re-

sult and the value obtained fdBe is solely due to structural
differences between the two nuclei.
Finally, in Table XI we show the octopole momet as

TABLE IX. Electric quadrupole momer® in e fm? of the 3+
and3* excited states for alt-a and A-« potentials. For compari-
son we also show the calculated quadrupole momentBef %‘

state[3]. 2 result of our calculations for diffgrent force models: for the
5T state one may still estimate an average;
3+ 5+ =—0.35uy fm? but for the3 * state the calculated; span
UIM AB CB UIM AB CB a wide range of values between0.38< u;<0.17uy fm?.
Both values are much smaller than those obtained Ber as
TH -553 -598 -6.00 -7.89 -—-854 —857 shown in the same table. The difference reveals again struc-
MS —-5.06 —527 -526 -—-724 —-754 -—752 tural differences between the two nuclei.
DE —-491 -508 -—-505 -—-702 -—-726 -—-7.21
DA  -507 -507 -512 -724 -725 -7.32 IV. RESONANCES IN {Be
Be 4.79 Much like what is found in°Be and already experimen-

tally observed iniBe, this hypernucleus presents a number
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TABLE XI. Same as in Table X for the magnetic octopole mo-  TABLE XIIl. Position and width of theZ*(3*) resonance

3 .
mentus (uy fm?) of the 3% and§* excited states. (MeV) for different a-o and A-a potentials in the absence of the
Coulomb repulsion.

+ +

Nlw
Njo

UM AB CB
UIM AB CB UM AB CB £ o2 E I E o
™ ~039 ~043 -043 0.17 0.23 023 o, 129 0.14 059 0.06 166 0.20
MS —-034 -035 -035 -007 -0.06 -0.05
MS 051  0.06 006 003 109 0.12

DE -032 -033 -033 -014 -013 -0.13
DA -031 -031 —031 -0a7 —039 _oass PE -0.06 004 -051 002 051 009

: : : : : : DA -0.30 004 -064 002 029 0.09
°Be 6.01 (2.0

: iel—r3— ; L+ 9+

of resonances in the continuum, whose location, width, an%he first one is; (3 ) yvh|le the second one 5" (3 )

spin assignment is not always well established. Therefore w&N€ results are shown in Table XiI and XIll, respectively.

proceed to study the resonances of the A +a system in  The3 (3 ~) resonance is located just above thex thresh-

the framework of the present potential model calculations. old and has a large decay width. Nevertheless, unlike the
The method we use to search for resonances requires tiwork in Ref. [4], we find no negative parity states above

solution of the three-body Faddeev equations in continuunbreakup threshold, but unveil instead a positive parity state

for three-body complex energies. It is knowa8] that the 1+(2+) that relies on ther-a g-wave interaction. This last

use .Of contour rotatlon_for the momentum variable INtegraeqonance has not been found before by other continuum
tion in the kernel of the integral equations allows the analytic

. i . calculations but, together with the" bound state and the
continuation to complex energ¥ in the fourth quadrant of 9 he

the E plane. This is a very powerfull method that is appli- 37(37) excited state, complete the even parity rotational

cable even above three-body breakup threshold. Neverthele88nd. These three energy states become five in the presence
this procedure is not well established for two-variable inte-Of @ A -« spin-orbit force and are in some sense related to the
gral equations that emerge whenever the potentials are locHve positive parity states observed fiBe in this same en-
and breaksdown in the presence of the Coulomb force.  €rgy region[29]. On the contrary, the absence of a large
Therefore, in order to expedite this procedure we expand@umber of negative parity states ftBe is twofold: (a) a
the local potentials AB and CB in a separable form using thdlirect result of the Pauli principle that allows theto stay
method of Ref.[25] and neglect Coulomb between tle  predominantly ins-state while keeping the fifth neutron in
particles. From the technical view point our calculation dif- °Be in ap state;(b) proper coupling to the decay channel
fers from Ref[4] in that we use a different separable expan-a+ A +a and correct location of all underlying branch cuts
sion method based on orthogonal polynomials, while theyf the a-a system in the complex energy plane. We have
use the Ernst, Shakin, and Thal@ST) expansion that re- tried to search fog (£ ~) resonances corresponding to total
quires the numerical solution of two-body equations. Thisorhjtal angular momenturh =3 but could not find any. In
together with a different contour rotation methi®8] leads  Taple X1V we show the excitation energg, relative to the
to a very stable numerical procedure for the calculation ofy + ground state for bothy ~(2) and 2*(2*) resonances.

resonances. As for the accuracy of the separable expansio . " . .
for AB and CB potentials, we repeated the calculations forwe find that 5. % E,<8.3 for the negative parity state, while

the ground state and excited state and compare with the r&gSEXg 10.3 for the positive parity resonance. If we con-
sults obtained in Tables IV and V. On the average we finos'der’ for example, the M3 -a potential together with CB
that the finite rank representation of the ABnatrix leads to ~ @-a interaction the 37(37) resonance corresponds to
an accuracy 030 keV for the ground state and2 keV =69 MeV excitation and thé *(3%) to =9.7 MeV.

for the excited state. So far the most accepted understanding of the level struc-

In the present work we find two pairs of resonances: ongre Of?\Be is the work of Yamadat al.[30], where a varia-
below breakup threshold and one above breakup thresholgona| (@+3N+N) + A cluster model that includes

TABLE XII. Position and width of the3 (37) resonance s 79y o _
(MeV) for different a- and A-a potentials in the absence of the ~ TABLE XIV. 37(37) and37(3") excitation energiesMeV)
al

(
nd a-a potentials.

Coulomb repulsion. for different A-«
UIM AB cB G EMC)
E Iz E I'/2 E I'’2 UM AB CB UIM AB CB
TH —2.00 0.62 —1.98 059 -2.03 0.68 TH 6.57 5.74 5.79 9.86 8.31 9.48
MS —1.69 056 —1.65 055 —1.67 0.64 MS 7.38 6.84 6.90 9.58 8.55 9.66
DE —1.89 0.58 —1.84 0.57 —1.86 0.66 DE 7.77 7.30 7.35 9.60 8.63 9.72
DA —-1.92 0.41 —-1.89 0.40 —1.87 0.47 DA 8.26 8.15 8.13 9.88 9.40 10.29
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a-particle breakup modes is applied to achieve a unified untions one uses, the energy difference between the two states
derstanding of this hypernucleus in the energy region up tdies between 2.3 MeV and 3.0 MeV. This compares with the
20-MeV excitation. They find a very rich spectra of rota- experimental excitation energy ef3.1 MeV.

tional bands of which we can only find the lowest one made In the framework of this model we predict that the electric
upof3*,37(3%), ands " (3") states. The two negative par- quadrupole moments of th¥"and 3* states are negative.

ity bands are absent from our calculation except for the low-The  calculated Q(2*)~—-5.28 efm? while Q(:+)

est state; (3 7) in the first band that carries total orbital ~—7.55 efm?2. ThereforeBe is an oblate nucleus much
angular momentuni =1. Two reasons may explain such like ®Be, while °Be is prolate with an experimenta)
disagreementa) lack of internal structure of the particle  =5.3+0.3 efm?. The same sign change takes place if one

in our calculation;(b) lack of appropriate coupling '530 the compares the magnetic moments of bde and °Be nu-
continuum in their calculation. As shown in the study’®e 1o \while °Be 3= ground state has a negative=
nucleug 29], it is the coupling to the continuum, through the i - 5.
appropriate location of the underlying analytical structure of ~ 1-18un, we predict thatu(z")=1.26uy and u(z")
two-body bound states and resonances in the kernel of tte0.38xy. The 37 ground state hag=pu, . It should be
Faddeev equations, that ultimately decides the position an@xtremely interesting to find out if shell-model calculations
width of three-body resonances. If the width is large one mayf 3 Be and’Be would reproduce this sign change for b@h
not be able to find it numerically, and, even if we do, it mayand .
not show up experimentally. In addition, we calculate the charge radius for 3Be

As far as we know, the experimental evidence for thestates and find it to be the same as’Be. Therefore we do
spectra ofiBe comes from Refd31,32. In Ref.[31] only  not find any contraction of the system due to the strdng
two peaks are found above thaer A + « threshold. The sec- swave attraction, but find instead that theshares its loca-
ond peak, at about 20 MeV above breakup threshold, ision with thea’s (ry=r,~2 fm) while the fifth neutron in
clearly out of the domal_n of appllc_:ablllty of our calculation ogq sticks much further our(=3 fm).
due to lack of structure in the particle. The first peak, also In the resonance region we locate the even parity states
centered at about 5 MeV above breakup, may not corresponﬁg + 94 . o
to any of the states we have found because of both locatior? _*2 ) corresponding to an excitation energi,

. 3 . . . =9.6 MeV above the ground state, that complete the
and width; the; ~ (3 ) has the right width but is located very 8Be-like rotational band. Given the similarity between the

close to the breakup threshold once we add about 1.8 MeYen parity states iriBe and 8Be we find it plausible to
for the Coulomb energy, while the"(2") has the correct assume these to béBe-like states as discussed in Refs.
position but is too narrow to correspond to the experimentaj7, 30].

peak. Instead the experimental work of REd2] finds two Close to breakup threshold we find a single pair of nega-

resonance peaks corresponding to excitation energi&s, of o parity states {~,27) that depend strongly on the

=6 and 10 MeV above the ground state, which may Corre'strengh of theA -a swave interaction. Therefore we cannot

spond to the states Wef find. The first one corresponds to tr‘l?enote this state as *Be-like resonance but instead as part
37 (37) state (1), while the second to thé *(3) state  of a genuine hypernuclear band.

(47). In Ref.[32] this last state has been denoted asi Given the strengh of tha -« effectivep-wave interaction
accordance with the theoretical predictions of R&80] but, we cannot find°Be-like states independently of the-«

as we mentioned above, we find no additional negative paritynteraction we choose. If they exist they have such a large

resonance to justify such assignment. width that we cannot find them numerically in our three-
body cluster model. Presumably they were found by Yamada
V. CONCLUSIONS et al. [30] due to lack of coupling to the continuum in their

calculation.
In the present work we studyBe as a cluster of twar

particles and a\ and calculate the structure of bound states

and resonances. As already found by otHdiswe confirm ACKNOWLEDGMENTS
the existence of three even parity bound statge3 ™3+ One of us(Y.K.) would like to thank the Center for
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