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In a recent publication Zheng, Vary, and Barrett reproduced the negative quadrupole morfigriraf the
low-lying positive-parity states oPHe by using a no-core shell model. In this Comment we question the
meaning of these results by pointing out that the model used is inadequate for reproducing these properties.

PACS numbsgps): 21.60.Cs, 21.10.Ky, 27.16h

Recently, Zheng, Vary, and Barrett have published a num&Li if the full six-body antisymmetrization is properly taken
ber of no-core shell-model calculations for light nuclei in ainto account. This claim was, however, dispufédl and the
series of papers; sé&] and references therein. By reproduc- result was shown to arise from a restriction on the model
ing a vast number of data, they have demonstrated the viabispace(see also[8]). These macroscopic and microscopic
ity and overall validity of this ambitious fundamental ap- e+ p+n calculations revealed that the value of thgi
proach. In this Comment we would like to point out that in quadrupole moment results from a delicate balance between
one respect this approach is not realistic: in treating fewthe contributions coming from configurations of different an-
body dynamics in the asymptotic region of the configurationgular momenta in the-n anda-(pn) relative motiong6,5].
space. Wave-function asymptotics matters for states that li€his indicates that, forQ to be reliable, thep-n and
near or over the breakup thresholds, and the results for these(pn) dynamics must be described correctly.
states should be viewed with extreme caution. This short- In Ref.[1] the model produce®= —0.116e fm?2. How-
coming of the(noncontinuum shell-model approach is not ever, in Table | of Ref[1] we can see that the ground-state
self-evident; it is only revealed when viewed from the per-binding energy of’Li is incompatible with those of the deu-
spective of the complementary cluster-model approachieron and of thea particle. As a consequence, the model
which treats the few-body dynamics properly. 8Li seems to be unstable against e d breakup by 0.21

In their recent articld1] Zheng, Vary, and Barrett pre- MeV, in sharp contrast with realitfThe ground state of
sented results for two long-standing problems of light nuclei.bLj is below the a+d threshold by 1.475 MeV\[2].) The
Namely, they reproduced the negative quadrupole moment afiave function of®Li carries information on these aspects in
®Li and found the previously predicted low-lying positive- its projection onto the product of the intrinsic wave functions
parity states o’He. We shall, however, show that these re-of o andd. This projection involves am-d relative-motion
sults hinge on the treatment of the asymptotic few-body dy{unction, and the falloff of the tail of this function bears the
namics and, in this respect, the shell-model approach used igprint of the a+d separation energy. Since the no-core
inadequate. We first discuss the quadrupole momerfiLof  shell model is intended to be a consistent model for all light
and then the positive-parity states Hfle. nuclei, it is a relevant test to examine whether it reproduces

The experimental value of theLi quadrupole moment is the separation energies. In fact, the separation energy should
—0.083e fm? [2]. It is very difficult to reproduce this nega- be calculated from binding energies obtained in fully consis-
tive value. The failed attempts to reproduce it include variatent state spaces, which is not exactly so in R&f. The
tional three-body calculation3], the hyperspherical har- state space used féL.i is restricted by 2w more than those
monics expansion methdd], the Faddeev approa¢8], and  of « andd; thus the breakup energy implied by thiei wave
a large-space six-body + p+ n three-cluster moddi6]. All function may differ from 0.21 MeV. Nevertheless, it looks
these calculations gave positive values@rin the 0.2-0.6  likely that such a major discrepancy cannot result from such
e fm? range. In Ref[7] it was claimed that a three-cluster a minor mismatch between the state spaces. This value of the
model can reproduce the negative quadrupole moment afeparation energy seems to imply that the model is not real-

istic enough(i.e., it is still too restrictive.
Since the cluster-model wave function 8Ei contains
*On leave from the Institute of Nuclear Research of the Hungarimany configurations belonging to several different separation
ian Academy of Sciences, P.O. Box 51, Debrecen, H-4001, Hunenergies, it would be difficult to demonstrate the strong de-
gary. Electronic address: csoto@nscl.nscl.msu.edu pendence of the quadrupole moment on them. Just to give an
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channel belowE,. If there is a two-body A=B+C)

_2 T T T T T
breakup channel belo&,, then the correct boundary con-
-3 F . dition is [11]
ot T W o~ exp —Kapa) + DBD[x exp(—ikr)
e r ’ +y exp(ikr)]  for pa, r—oe. ?)
o-g 4
Herer is the distance between the fragmeBtand C, the
7T T functions® are the intrinsic states & and C with binding
8 . . . . . energiesEg and Ec, k=[2u(Ex—Eg— EC)/hz]_ﬂz, and u
-5 -4 -3 1 is the reduced mass in this partition. A scattering “state,” of

-2 -1
Eser(MeV) energyE,, that obeys Eq(2) will be regarded as é&eso-

nand state of the nucleui$ S= —y/x (the “S matrix”) has a
FIG. 1. The quadrupole moment of the ground statéldfas a  pole at the complex energy,—il'/2, wherel is the total
function of itsa+t separation energy in an+t cluster model. The ~ width.
experimental separation energy is 2.47 MeV, and the quadrupole Square-integrable bases, however large they are, are ob-
moment is—4.06 e fm? [2]. viously unable to obey the boundary condition in E2), so
whatever they predict for states above breakup thresholds is

indication of the magnitude of such a dependence, in Fig. fo be taken with reservation. This applies to the low-lying

we show the quadrupole moment of the ground statéLof phositi;‘/el-é)aflitr)]/ States ofHe, WhiChf atr1e i?gove thez+n.
in an a+t cluster model, using the Minnesota effective Nreshold. The main component of the tate, e.g., Is

nucleon-nucleon forck9]. To mimic the situation in Refa], m(05)?v(05)*(1s)*, which has a large overlap with the
the exchange mixture parameter of the interaction is varie® ™" continuum. Thus this state would be very strongly
such that the energy diLi changes, while the binding ener- c0uPled to the continuum, which may have a very strong
gies of @ andt remain fixed. We showW as a function of the effect. .

a+t separation energy. One can see that the quadrupole mo- We have performed a search for Sth states in a large-
ment is very sensitive to this quantity. TH&i quadrupole Space cluster model whose wave function is

moment is likely to behave in a similar way. If so, then one

could easily reproduce théLi quadrupole moment in this v=> (ALPDPM) X ™ (Pan) 1am}

framework by an unphysical artifice: just choose the param- SL

eters so that the energy may exceeddtied threshold by a y

suitable amount, and treat the nucleus as if it were still + AU DY) sx(pad Jana}), &)
bound. This is exactly how the shell model descrilfés

and a quadrupole moment produced in this way cannot pwhere. 7 is the intercluster antisymmetrizer, the cluster in-
regarded as physical. trinsic statesb are translation invariant©harmonic oscil-

In summary, a theoretical value for tHiti quadrupole lator shell-model states for the particle, deuteron, and tri-
moment can only be accepted as physically meaningful if thdon, the vectorg are the intercluster Jacc_>b| coordinates, and
model produces the correct separation energies, especia@/‘ -] denotes angular momentum coupling. In the sum over

a

for the most important+d partition. Without this, a repro- ndL all possible configurations are included. It is impor-
duction of the experimental value can only be fortuitous. &t to note that bound-state-type cluster-model calculations

The problem with the low-lying positive-parity states of Of this type do produce a low-lying 172state[12], just as
SHe is even more acute: while the asymptotics of a system ot\hefhe" model doegand, somewhat higher up, 3/2and
loosely bound fragments can certainly be handled with /2 States as wejl Here, however, we impose on the inter-
square-integrable basis, those of resonant states cannot. If #!Ster relative-motion functiong the correct unbound-state
set the zero point of the energy scale of theucleon sys- asymptotics. To avoid any ambiguity in the recognition of a
tem to the totalA-body disintegration threshold, then any resonance in the phase shift=3argS, we searched for
state below this threshold has a negative energy. This wouldomplex-energy poles of th® matrix directly. Both an ana-
imply an exponentially damped bound-st#tébody asymp- lytic continuation method[13] and the complex scaling
totic wave function10] method [14] were used. The 3/2 and 1/2 states were

found, but the next level was the 3/Xtate at 16 MeV ex-
citation energy. No sign of any low-lying 1/2 3/2", or
Wa~exp(—Kapa)  for pp—oo. (1) 5/2" states was found. The inclusion of a few monopole
breathing excitations ot did not change the situation either.
This rules out even the exotic possibility that the low-lying
Herep, is the hyper-radiugysa==r?, wherer; are the one-  positive-parity states are Pauli resonanf#s], since with
particle position vectors, anéi,=(2myEx/%%)Y? where the departure from the single oscillator description of ¢he
E, is the binding energy of th&-body system, anthy isthe  cluster the configurations that might produce Pauli reso-
nucleon mass. Such'#, can really be expanded in terms of nances get automatically included.
square-integrable functions, as in a shell model. However, To produce a low-energy 1f2state artificially, we made
the boundary conditiofil) only applies if there is no breakup the intercluster binding stronger, while keeping the cluster
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binding energies fixed, by changing a mixing parameter of Just to give an example that the incorrect boundary con-
the N-N interaction. Then we let the mixing parameter tenddition can incur spurious states, here we show the case of
toward its physical value, and followed the position of the 8. This nucleus is described in a three-cluste#t+n
1/2" pole. The pole moved rapidly towards higher energiesmodel with the basis containing a number of different angu-
and, for example, it was found at 19 MeV excitation energylar momentg18]. Expanding all intercluster relative-motion
with a width of 34 MeV while the mixing parameter was still fynctions in terms of square-integrable functions, one gets,
highly nonphysical; indeed, the same parameter value prarom the diagonalization of the Hamiltonian, twd 2states
duced deeply bound 372and 1/2 states. Further change of pajow thea+t+n threshold, at binding energies 4.2 MeV
the mixing parameter in the direction of its correct valueand 1.1 MeV(relative to the three-cluster threshpldespec-
pgshed this 1/2 state to even higher energies with Iargertively. Experiment has only produced oné€ Ztate in this
W'dths.' . . region, the ground state. The square-integrable basis is seem-
All'in all, in a_model 'ghat han_dles the asymptotics cor- ingly adequate, because we are below the three-cluster
rectly, the low-lying positive-parity states o?He_do Ot threshold. However, the 1.1 MeV energy state is above the
show up. Although the basis used by Zhet@l.[1]is prob- 7)1 yo.hody breakup threshold, which means that the
ably more flexible than ours to describe the correlated Shortéorrect boundary condition has to contaifla+n scattering
range motion of the nucleons, it is very difficult to imagine term. Supplementing our wave function by such a term, the
th‘?t an impro_veme_\nt of our mOd‘?' in this direction would 1.1 MeV 2* state disappears immediately, showing that,this
bring down high-lying positive-parity states from the UPPET s1ate was an artifact brought about by the incorrect boundary

region of the continuum. On the other hand, with a bound'condition.

state treatment, it is straightforward to lower any high-energy By this analogy, we suggest that the low-lying positive-

reﬁonant Sta?ﬁ’ tclosbe to the Ilowesé-l);lr?g threzh?)ld. Igdeietdgarity states oPHe could also disappear if the proper bound-
when an osciliator basis 1S eniarged, the pseudobound sta condition were taken into account. Be that as it may, we
will converge to this threshold, and not to the correct reso-

nance energy, even if there exists a resondéé Never- cannot claim that this would disprove the existence of the
nergy, even | Xl Ve states in question. But certainly, before further efforts are

theless, itis St'l.l .to be proven whether or not the nonphysica ent on understanding the nature of these states, the empiri-

boundary condition results in the appearance of these stat% | evidence for their existence should be reconsidered

in the calculations of Zhengt al. The direct way to check ; : - .

this would be to supplement the wave function of Rel.by In conclusion, the reproduction of the negative quadru

. . pole moment ofSLi and the low-lying positive-parity states
ana+ n.cluster term which describes the correct asymptot-¢'s, by Zhenget al. [1] in a shell model cannot be re-
ics. This could be done, for example, in a cluster-

) . L L garded as well founded because the aspects of few-body dy-
configuration shell moddl17]. An indirect indication as to . . . '
Whetﬁer these states ag rgal or spurious could be obtaindgmics underlying these effects are treated improperly in that

more simolv by examining the stability of their eneraies odel. We think that the no-core shell model has been a
. Ply Dy € 9 Y . 9 significant advance towards understanding nuclear structure,
against changes in the size of the square-integrable bas

: aS13nd it is all the more important to understand its limitations
Resonant states produced by a square-integrable basis e well

distinguishable from spurious statése., bound-state ap-

proximants to plain continuum stajesy their energies being This work was supported by NSF Grants No. PHY92-
stable against enlargements of the bagtbin some interval 53505 and No. PHY94-03666, and by the OTKA Grant No.
of basis sizesThe resonance energies are then given by th817298. We wish to thank Dr. A. T. Kruppa for useful dis-
energies corresponding to the centers of these inteftéls  cussions.
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