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Effect of P-wave interaction in ®He and °Li photoabsorption
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The total photoabsorption cross sections of the six-body nuclei are calculated including a complete final state
interaction via the Lorentz integral transform method. The effect of nucleon-nucleon denteate forces is
investigated. Comparing to results with central potentials contai®iwgve forces only, one finds considerable
more strength in the low-energy cross sections and a rather strong improvement in comparison with experi-
mental data, in particular fdfiLi.
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In a recent papefl] we carried out the first microscopic coordinate of theith particle in the center-of-mass frame,
calculation of total photoabsorption cross sectionsAer6 respectively. In the Lorentz integral transfofidT) method
nuclei. Semirealistic centr&wave forces were taken &N  [4], one obtaind(w) from the inversion of an integral trans-
interactions. For the total photoabsorption cross section oform with a Lorentzian kernel
3H and®He such rather simplN forces lead to very similar R()
results as a calculation with realisti®lzand N forces[2]. In _ w AT
fact, in the giant dipole resonance region one finds differ- Lomo) _fdw(w—aR)%olz =), @
ences between the corrresponding three-nucleon cross sec- —
tions of only about 10%. Nonetheless, the obtained croswhere the “Lorentz state¥ is the unique solution of an
sections of 1] were not in good agreement with experimen-inhomogeneous “Schrodinger-like” equation,
tal data in the giant dipole resonance region. On the one .
hand, there is no reason to believe that for the same observ- (H=Eg—or+io)|¥)=D,|Vy), (5)
able realistic A and N forces should be of minor impor-

tance for the three-nucleon systems, but essential for si>3'—vIth asymptotic boundary conditions similar to a bound

nucleon systems; on the other hand, one should take int%tate' Thus one can apply bound-state techniques for its so-

account that different from the three-nucleon systéide  lution. We expand¥, and ¥ in terms of the six-body sym-
and®Li are P-shell nuclei. Thus we suspected|itj that the ~ Metrized hyperspherical harmonigsH) [5]. The expansion
total photoabsorption cross section could show a sensitivitys Performed up to maximal values of the HH grand-angular
to a centralP-wave NN interaction. The aim of the present momentum quantum numbm?nax for Wy and K,y for .
work is to check this conjecture. To this end, we use théNe improve the convergence of the HH expansion using
recently published Argonne V4AV4’) potential[3], which  the effective interaction hyperspherical harmonigsHH)
includesS- and P-wave forces. approach[6], where the bare potential is replaced by an
Our calculation proceeds in the same way aglin Here  effective potential constructed via the Lee-Suzuki method
we summarize the main steps. The total photoabsorptiofi7]. When convergence is reached, however, the same re-
cross section in unretarded dipole approximation is given bults are obtained as with the bare potentsae Ref[6]).
2 As in [1] we evaluate the LIT calculating the quantity
olw) = 4m awR(w), @) @W) directly via the Lanczos algorithii8]. We study the
where« is the fine structure constant, the photon energy, convergence of the LIT as a function &f Our procedure
and consists of increasing,onax until convergence of the ground
state is reached, and then studying the behavior of the LIT
— a 2 _E _ with growing K. In the case of the AV4’ potential, a suffi-
Rlw) = j dW (V| D[ Wo)|*o(Es — Ep— ) @ ciently convergent result for the bound state is reached with
K =12 (yielding binding energie§,=32.90 MeV forHe

the response function; wave functions and energies of "™

ground and final states are denoted |M§;) and Ey, re- and Ep=36.47 MeV for°Li ). %E’E\P depends on¥o, we
spectively, while also check whether the norgW| V), i.e., L(og,0;), con-

verges for K?_=12. Indeed the transformd (og,a,

b= ﬁ 3) =10 MeV) obtained withK%_ =12 and 14 at fixekK differ
z 2 by less than 1%. In the case of a centBalave interaction

= only, as for Malfliet-Tjon I-lll (MTI-111') [9] and Minnesota

is the unretarded dipole operator. Herfteand z represent (MN) [10] potentials, convergence is already reached at
the third component of the isospin operator and of the spatiaKOmaX: 10.
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FIG. 1. (a) LIT for SLi (¢;=10 MeV) with Av4’ and MTI-IlI
potentials; HH convergence of LIT as a function Kf,,, and K, FIG. 2. (a) LIT for ®He (0;=10 MeV) with Av4’ and MN po-
[see Eq(6)] for (b) AV4’ and (c) MTI-II potentials. tentials; HH convergence of LIT as a functionkf,,, andK, [see

Eq. (6)] for (b) AV4’ and (c) MTI-III potentials.
In Fig. 1 we show the convergence of the LIT i for number of basis functions one has to multiplyoy the num
the AV4’ and the MTI-III potentials. In the er panel the . i
P ! upper p berN, of hyperradial state€N,~30). Thus the total number

two LIT results obtained with the highest considet€g,, e - . .
are presented, while in the two lower panels we show th&f states becomes quite high and it is desirable to discard HH

relative errorR in percentage, for the two potentials Sepa_states which give only negligible contributions to the LIT. To
rately. The quantityR(%) is defined as this end we study the importance of the HH states according

to their spatial symmetries. We find that quite a few of them
[L(Kmax) = L(Kre))] can be safely neglected beyond giwép,, values(see Table
R(%) = L(Ko) x100. (6) 1. In this way forK =13 we accomplish a reduction from
rel N=18402 toN=6362. As one can see in Table II, the sym-
One can clearly see a rather nice convergence pattern withetries labelled 111117, [21111, and[3111] are not in-

increasingk. cluded at all, and others, namgl211] and[321], are con-
In Fig. 2 we present an analogous picturefide with the  sidered only up t&K¥m=7 andK?T=11, respectively. We

AV4' and the MN potentials. One finds rather satisfactoryhave checked the quality of our approximation, performing
results, but compared i the Av4’ case exhibits a slower full calculations without cuts for loweK values and com-
convergence, e.g., in the lowergy range, where mainly paring the obtained LIT results with those of a truncated
strength from the threshold region is sampled, one hasalculation. When differences are negligible we conclude
RKmna=11)=1% in the case ofLi, and R(Ky=11) that omitted states also have no influence in calculations with
=3% in the case ofHe. Figures 1 and 2 also illustrate that higher K. The omission of the<=13 states of symmetry
the convergence is better for pusavave potentials. Thus an [321] could not be checked in such a way, but already its
addition of P-wave interaction seems to lead to a slightly K=11 contribution is almost negligible and thus Ks=13
weaker convergence of the HH expansion. In fact, perform- _ ) _
ing LIT calculations with a modified AV4’ potential, namely ~ TABLE I. Number N of °Li HH basis states for varioutma
with switched offP-wave interaction, we get a convergence Yalues
pattern similar to those of MN or MTI-1l potentials.
In the following we want to describe in more detail the Kmax ° 7 9 11 13
LIT calqulation v_vith Kmax=13. In Taple I we list the number 52 323 1489 5665 18402
N of °Li-HH basis states as a function &f,,,. For the total
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TABLE Il. Cut of symmetries for théLi calculation withK,,,=13. For a given symmetri)®Y™ denotes
the number of included basis states &R is the maximal considered value of the grand-angular momen-
tum quantum number for this symmetry.

Symmetry [11111] [21111 [2211] [3111] [321] [411) [33]
Nsym 0 0 50 0 2382 2598 1332
K™ - - 7 - 11 13 13

contribution should be of no importance. In an analogoughat the data of12] have been taken via a semi-inclusive
way we carry out the calculation of the LIT féiHe. We  (y,n) measurement. The obtained results correspond to the
would like to mention that for this nucleus one has two sepainclusive cross section up to an energy of about 15.7 MeV,
rate HH expansions fdA[;, namely for the two isospin chan- Where additional channels open up. The cross section due to
nels withT=1 and 2(see alsd1]). those additional channels have been measured in further ex-
After having discussed the convergence of the LIT wePeriments[13,14. In order to have an estimate for the total
turn to the photodisintegration. In order to obtain the totalCross section we have simply summed tiyen) data of[12]
photoabsorption cross sectiofiw) one has to invert the LIT to the cross sections ¢i.3,14. The data of Fig. 4 cited as
of Eq. (4) (for details seg/11]). This leads to the response [13,14 are these sums.
function R(w) and thus tao(w), Eq. (1). Figure 4 shows that for the AV4’ potential one finds an
In Fig. 3 we show the results for the total photoabsorptionenhancement of strength in the threshold region compared to
cross section ofLi and ®He with the AvV4’ potential. In the Swave potentials. It is evident that the inclusion of the
comparison, we also present our previous results fiagjn ~P-wave intere_lction impro_ve_s the agreement with experimen-
with MN and MTI-IIl potentials. One notes that the general tal data considerably. This is particularly the case®dr In
structure of the cross section is similar for the various potenfact, with the Av4’ potential, one has a rather good agree-
tial mode'S, in particu'ar the presence of two peaks%, ment W|th e.Xpe”mental data Up to about 12 MeV In the F:a.se
but one also finds potential dependent results for peak posRf °He the increase of low-energy strength is not sufficient;
tions and peak heights. The double peak structufédefcan  there is still some discrepancy with data. Probably, in order
be interpreted as a response ohalo nucleus, where the 1O describe théhalo structure of this nucleus in more detail
low-energy peak is due to thealo-« core oscillation(soft 4
dipole responseand the peak at higher energies due to the AVA —  MN ——-  MTIlll —
neutron-proton spheres oscillatig@amow-Teller mode or | Berman[12] =
hard dipole responge 3 [ Junghans [14] o
In Fig. 4 we show the theoretical results together with - Shin [13] &
available experimental data. Here we would like to mention
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FIG. 3. Total photoabsorption cross sections for the six-body[12—14 and(b) ®He with data fron[15,16 (theoretical results con-
nuclei with Av4’, MN, and MTI-IIl potentials:(a) 6Li and (b) ®He.  voluted with instrumental response functjon
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additional potential parts are needed. In particular, the spinexperiment, are needed. As already pointed ouflin ex-
orbit component of th&N potential could play a role in the perimental data are too feyfHe) or do not present a clear
determination of the soft dipole resonance. In fact, in a singlgjcture (6Li). On the other hand, from a theoretical point of
particle picture ofHe the twohalo neutrons will mainly stay view, more effort has to be addressed to the inclusion of

in ap state and can interact with one of the core nucleons vi S . . .
the NN spin-orbit force. Another reason for the discrepanc:y%gd't:gr:aI OIIJ?”S Ln ttthd\lNdet?m'S!s' Suih fu;ﬂu;ﬁ S;EUd'eS
could be the convergence. As already pointed out, our HFp 04! 1€ad 1o a betier understanding as to wiNbhpoten-
convergence is quite satisfactory félri, whereas it is still tial parts are relevant in the six-nucleon photodisintegration.

halo structure of this nucleus could make the HH expansiorcapable of treating a generBIN interaction. In fact, such

more difficult. Nevertheless, we would like to emphasizecalculations have already been carried out for the ground

again that for all three potential models a typi€ble halo  state of*He with realisticNN forces[17], and first steps have

response appears automatically from a microscopic six-bodglso been undertaken féki [18]. Thus there are rather good

calculation, while other details of the response are very serperspectives for the calculation of the total photoabsorption

sitive to the interaction model. cross section of the six-nucleon systems with more realistic
In conclusion, we can say that tieewave interaction has forces.

an important impact on the low-energy total photoabsorption

cross section of the six-body nuclei. It enhances the low- S.B. thanks H. Arenhdvel for helpful discussions. The

energy strength quite significantly. It also leads to a considwork of N.B. was supported by the Israel Science Founda-

erable improvement in the comparison of theoretical and extion (Grant No. 202/02 A great part of the numerical calcu-

perimental results, even if a fully satisfactory agreement idations were performed at the computer centre CINEB#&-

not yet reached. Further investigations, both in theory andogna).
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