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Faddeev calculations are reported foiH, 3 ,He, and§ ,He in terms of twa\ hyperons plusH, *He, and
“He nuclear clusters, respectively, usifigh central potentials considered in past non-Faddeev calculations of
A‘ZAHe. The convergence with respect to the partial-wave expansion is studied and comparison is made with
some of these\ A hypernuclear calculations. TheA-EN mixing effect is briefly discussed.
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[. INTRODUCTION this end, we have followed the formulation and numerical
solution method outlined and tested by Bernabeal. [12]
The recent report of aAHe uniquely identified event in for Faddeev equations in configuration space. The calcula-
nuclear emulsiorf1], with AA binding-energy value,, tions here reported do confirm our earlier estimates. Since

=7.25+0.19'31¥ MeV, has triggered renewed interest in AxH€ Servesin most applications as the primary normalizing

the physics of doubléx hypernuclei, particularly for light datum for extracting phenomenologically theA interac-
species. The previous report &, ,=10.8+0.6 MeV [2] tion, -|t is desirable to improve _as.much as p055|ble.the.cal-
which has been considered dubious by the hypernuclegulational aspects of th%AHe binding-energy evaluation in
community implied a fairly strong\ A interaction potential, order to gain confidence in s.uch extraction. We therefore
considerably stronger than theN interaction potential de- Compare our Faddeev calculations to qthgr non-Faddeev cal-
duced from studying singlé- hypernuclei and at odds with culations of theA=5,6 AA hypernuclei. Finally, we com-
one-boson-exchange modgs. In contrast, the new eventis Ment on the ordSr of magnitude expected for dynamical ef-
compatible with a fairly weak\ A interaction, with scatter- fects due toA A-=N mixing.

ing length ay,~—0.8 fm [4,5], considerably smaller in
magnitude thama,y~—2 fm for the AN interaction[6].
With such a weak\ A interaction, it becomes interesting to
explore the onset oA A binding in nuclei. Our earlier Fad- A. Faddeev equations

H _ 5
deev calculations4,5] of the A=5 AA hypernuclei  \H The bound states of the three-body systems considered in

5 .
and y \He suggested that these species are comfortably pafris work are obtained by solving the differential Faddeev
ticle stable for weak\ A interaction potentials, and this has equationd13]

been recently confirmed by the variational calculation of Ref.
[7]. However, forA=4 the situation is unclear, with conflict-
ing calculational conclusiong,9] for the AApn four-body 1Mot Va(Ua) ~E}Wa(Uq Va) = _Va(ua)[;a W p(ug.vp),
% \H hypernucleus which has been recently conjectured to (1)
exist in the experimental report of Rdfl0]. A three-body
A AN bound state is ruled out on general grouftis]. ) o o

In our earlier work[4,5], the A=5,6 AA hypernuclei whereV, is a sh_ort—raqge pair mtergcnon in the chanr_iel
§ \H, %,He, and§ ,He were considered as three-body SyS-HO: —Ay —A, isthe internal kinetic energy operatéis
tems AAC, where the(assumed inertnuclear clusterC the total energy and the wave function of the three-body
stands for®H, 3He, or *He respectively. The Faddeev equa- System is given as a sudi=3>_, ¥, over the three Fad-
tions were then solved for modalA interactions under an deev components, corresponding to the two-body rearrange-
swave approximatiorito be specified belojwsingAC in-  ment channels. The Faddeev components are functions of
teraction potentials fitted to the observA€ binding ener-  Spin-isospin variables and of the relative Jacobi coordinate
gies. It was argued, by comparing to earlier non-Faddeevectors, here given in terms of the particle coordinates
calculations for§ \He, that the use of this approximation '1,2,s by
incurred an error of roughly 0.2 MeV. In the present work,
we extend our earlier Faddeev calculations relaxing the omam. | 12
s-wave approximation and testing the convergence of these ua:(¢) (rg—r,),
calculations with respect to the partial wave expansion. To mg+m, 7

II. METHODOLOGY
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where (,,v) is a cyclic permutation of the subscripts 1, 2, 21 52 I(1+1)
and 3 and wher# is the total mass. The Jacobi coordinate - —2+V};l(p,(9)+ 5
vectors for differenix’s are linearly related by an orthogonal dp=  p® I p>coso
transformation
PRSCSE N UM 6)
Uy Ca’B Saﬁ U,B 2 2 p28|n20 4p2 atf
= v CoptSis=1,
Va _Saﬁ Ca,B VB l
=—-V(p,0 h=8, ,UX")(p,0). (9
here 5 Va(p.0) 2 (0% U )(p.0). (O
\/ m,mg To solve the eigenvalue problem in the regipa[0°), 6
Cap=0ap— (1= bap) (M—m,)(M—mj)’ e[0,7/2], Eq. (9) must be supplemented by the boundary
conditions
Sap=(—)P sgn B—a)1—-C2,. 4
2= (=) sgr(B—a)\1-CZ, (@ U.(0.6)=U.(%.6)~0.
The partial-wave analysis of E{l), by separating the angu-
lar variables(see, for instance, Reff14]), leads to a system U,(p,00=U,(p,m/2)=0. (10

of integrodifferential equations, which in the polar coordi-

2.2, 2 -
natesp®=u,+vg, tané=v,/u,, has the form B. Systems with two identical particles

2 19 1 &2 N I(1+1) For a three-body system generic.aléy of the for\C

T T, 2 —+V, (p,0)+ > (C=core), for exampleA hyperons inj \He (AA«), the

dp= PP p®do p*coso coupled set of Faddeev equations simplifies as follows:

n )‘()‘."' 1 Ei(p,0) (Ho+tVar—BE)¥ean)= —Vaa(1=P12)¥a (ac), "
p?sité (

Z‘%Vﬁkp,a); Ly 0. m  ForVacTBEWaiuo = VacWean =Pt ao),

whereP, is a permutation operator for th'e hyperons. The
Here,L is the total orbital angular momentum of the system,total wave function is then given by
L=A+I, wherel is the relative orbital angular momentum of
the paira («=1,2,3) .and?\ is the orbital angular momentum V=Vcan+(1-PR)¥, (rg)- (12)
of the spectator particle relative to the center of mass of the
pair a. Note that the hyper-radiys is independent of the g to14] orbital angular momentum may be represented in
channel labekr. In a bispherical basis, the integral operator . forms
has the form

. L=l + Aoy =lact A ac) - 13
s 1 singooss ., , AT Acan)=lacT A (ac) (13
(h)‘lx)\II’\I,B )(pia): dt H ’ /h)\|.)\’|’(9’0 ) . .
-1 siné’cosé Other three-body systems studied in the present work are
the isodoublet \H, 3,He charge-symmetric hypernuclei,

"’ ’
xWi!'(p,0'), 6)  here considered asA°H and A A *He, respectively. For the

ground state { ) of these systems, after separation of spin

where . .
variables, the Faddeev equations assume the form

oS0’ (t,0) = C2 ,c0S 0+ 2tC,,5S, 5C0S0 Sin §+ S, ;i 6.

(7) (Ho+Var—BE)¥can)= —VarA(L+P) Wy A 1(14)
An explicit representation of the operatbkfff,,,(ﬁ,a’) is
given in the Appendix. In Eq5), the potentiaV}'(p, 6) has (HotVac—E)Wa (s0y= —Vac(ATWc (an)
the form
+BP1,W) (ac)),
Va =MV I\ ®

where the exchange operatBy, acts on coordinates only,

in terms of its matrix elements in the bispherical basis oVax=vis IS the singlet AA  potential, V,c
eigenfunctions of the total angular momentum operator. The=diag{v}c,vc} is a diagonal X2 matrix with v} and
standard substitutio ,= p~ YU, eliminates the first radial v, the singlet and triplef\ C interaction potentials, respec-
derivative, reducing Eq5) to the form tively, and
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1 3
e — Isle s-wave
O R R B I e e
- Ey 7 ) - E 1 l
2 2
S
(]
s =
‘I’A-(AC) =
W (ac)= WY gy (19 2
Note that the squares of elementsfotorrespond then to a
(2J+1) average over thd=0,1 (singlet and triplet, respec-
tively) iH and iHe states. Neglecting the spin dependence
of V¢, i.e., usingVc=vcl, wherel is the 2x2 unit ‘ ‘ ‘ ‘

matrix in spin space, it is possible to reduce Edg) to the 0 1 2 3 4
spinless Eqs(11) where ¥, ¢, in Egs. (11) stands for r (fm)
s t : _1_s
Al;PJt\-(AC)"_’_AZ\I,A-(AC) . This procgdure, fOI’v_AC'— 4vAC_ FIG. 1. A« Isle potentials: solid curve from RefL7] and other
+32vac, Will be compared below with the variational spin- ones from Ref[7].
averaged calculation of Ref7].

to the observed binding energies for thé,0" ground-state
C. Potentials doublet in 1H-1He, respectively{5,7]. Some of the older

The AA interaction potentials in théS, channel which works used_ purely att_raptivac potentials which are no
are used as input to the Faddeev equations are of a threl@nger considered realistic ones.

range Gaussian form

5 Ill. RESULTS AND DISCUSSION

Vyr= E vMexp(— r2/13i2), (16) In this section, we report binding-energy results of solving

i=1 the coupled Faddeev equations farAC systems withA

) _ =5,6, using a sufficiently large cutoff valug,,=6 for the
following the work of Hiyamaet al. [15] where a phase- angular momenta of the partial two-body systems. Our re-

equivalentA A potential of this soft-core form was fitted to gy|ts are compared to those of several non-Faddeev calcula-
the Nijmegen model OND) hard-core interactiofil6] as-  tions and a brief discussion is offered.

suming the same hard core for tNeN and A A potentials in

the 'S, channel. For other interactions, notably the A 5 He

Nijmegen soft-core model NSC93], we have renormalized AN )
the Strength of the medium_range attractive Componént ( In Table I, we show results of our Faddeev calculations
=2) of this potential fitting as closely as possible the scatfor ;,He using purely attractive Gaussianx and AA po-
tering length and the effective range. The appropriate rangtentials taken from Ref19] and which act in all the allowed
and strength parameters are listed in Tables 1 and 2 of Repartial waves. In particular, the effective-range parameters of
[5]. For the NSC97e interaction, Myiet al.[7] have used a

different parametrization which is denoted &ynd is listed TABLE I By,(RsHe) calculated for the purely attractive
in Table 3 of their paper. Finally, some older works usedCGaussianA @ and A A interaction potentials used by lked al.
purely attractive one-range Gaussian forms or two-rangélg]-

Gaussian forms with inner repulsion and outer attraction
(this kind of potential is also called ‘Islg’ Reference  lmax Ira Laa Bax (MeV)
For the A « interaction potential, we have followed the Fgs 0 0 0 11.15

Isle potential due to Ref.17] which was shown to provide 1 0.1 0 11.19
goosd agreement with the measured mesonic weak decay rate 2 01,2 0,2 11.21
of {He. The resultingA-hyperon density distribution has 4 01,234 02,4 11.21

been shown very recently18] to closely resemble that due 6

0,1,2,3,4,5,6 0,2,4,6 11.21
to a microscopic calculation o} He usingY N interactions
which simulate those of model NSC98]. The parameters [19] a 0 10.3
of this potential are listed in Table 3 of R¢&]. Myint et al. a 0.2.4 10.8
[7] recently have used different parameters for thisave 20] a 0.2.4 11.207
interaction potential and also kept an option for using 1] 0 0 ’0’ 112

weaker p-wave potential. These variousa potentials are
shown in Fig. 1. Similar Isle potentials were constructed for®Sincel , , is not assigned specific values, no definite value holds
the A-3H and A-3He singlet and triplet interactions by fitting for I ,u,=max(y,.l,)-
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TABLE 1I. BAA(gAHe) calculated for the purely attractive
Gaussiam\ « and the IsleA A interaction potentials used in model
B of Khan and Dag$22].

the AA interaction potential area,,=—1.76 fm, ry,
=2.11 fm, indicating a fairly stron@ A interaction aimed at
reproducing the older value for the binding enerBy
=10.8-0.6 MeV [2]. For these central interactions, the

Pauli spin is conserved ar$= 0 generally holds for the 0 Reference  Tmax I ra VS Baa (MeV)
ground state. Hencé,=0 and\ ,.axy=Ixa, With Iy, run-  FGS 0 0 0 10.732
ning over even values in order to respect the Pauli principle. 6 0,1,2,3,4,5,6 0,2,4,6 10.770
Similarly, Ny ra)=!ao- The calculatedB,, values are

listed in order of increasing ., Where Ig.  [22] a 0 9.707
=max(,..lar), @nd are seen to increase monotonically with a 0,2,4 10.687

I max- Convergence is reached already f@p,=2, merely a 0,2,4,6 10.767
0.06 MeV higher than th®,, value corresponding to the a 0,2,4,6,8,10 10.816

lmhax=0 Swave approximation. Our Faddeev calculations
(marked FG$ are compared in the table to the Ikeetaal. aSincel ,, is not assigned specific values, no definite value holds
[19] Schralinger-equation calculations which were restrictedfor | na=max(aq laa)-
to the a-(AA) rearrangement channel, disregarding the
A-(A «) rearrangement channel. Therefore, calculations of
this latter type offer neither a way to sort out a range of
values forl , , nor a meaning fos-wave approximation; in-
deed, improving over what would have been perceived as
s-wave approximationl( , =0) amounts in Refl19] to 0.5
MeV, about eight times the corresponding improvement fo
our Faddeev calculation. More importantly, our Faddeev cal
culations demonstrate that the Ikeelaal. calculation misses
our converged value d8, , by about 0.4 MeV(which is a
sizable miss in this three-body trade

A comparison is also offered in Table | with the varia-

purely attractiveA « interaction potential, both taken from
the work of Khan and Dag22]. These potentials, again, act
A} all the allowed partial waves. Ogrwave approximation,
here too, works very welito order of 0.04 MeYV, in contrast

'with the hyperspherical harmoni@ldH) calculation by Khan

and Das which falls short of 1 MeV in its first round. Nev-
ertheless, the HH calculation is a systematical one, treating
correctlyall the three-body degrees of freedom in the limit of
going to infinitely large values of the hyperangular momen-

. ) : tum K which serves as a measure of the size of space in
tional calculation by Portilho and Codi20], extrapolated which the coupled three-body equations are solved. For

from | ,.x=4. The agreement with our exact Faddeev calcu] =6 where comparison is possible, the agreement be-

lation is remarkable. This variational calculation uses a Iarge( een the Faddeev calculation and the HH calculation is ex-

. . : . : . W
ba§|s of harmom(; oscillator wavefunctions, with a vanablece"em_ However, the HH calculation may suggest that
spring constant, in thex-(AA) rearrangement channel. It

works well because these wave functions within a given di higher values of ay beyondi ma,=6 are needed in our Fad-
. . T : 9ven Aiyeey calculation in order to reach convergence, whereas this
mension may be cast into a similar basis of the same dime

. o "Eaddeev calculation appears already convergeg at6.
which 16 exclusively Specifc to. harmoni. oscllator wave. Ve oW switch to a more realistewave Aa Isl inter- -
functions. Finally, we quote in the table the result of thea(.:tlon’ with a rgpulswe_ core as ;hown by the S.Ohd eurve in
pioneerin.g Dalitz'and Rajasekarg2l] variational calcula- Fig. 1. TheA A Interaction which s of the generic form Eq.

. . 6 . (16) also has a repulsive core. Thesavave interactions
tion, using a, ,He ansatz wave function were recently used within aswave Faddeev calculation by
Filikhin and Gal[4,5]. Here, we report on direct solutions of
the coupled Faddeev equations for three spedific inter-
action potentials, NSC97b, NSC97e, and ND, with param-
eters specified in Tables 1 and 2 of Ré&f. TheAa andA A
which accounts through its variational parameters for shortpotentials act in all the allowed partial waves. The resulting
range correlations as well as for obvious long-rangeB,.($,\He) values are shown in Table Il foll
asymptotic requirements. In this outstanding calculation=0,1, ...,6. It isseen that the deviation &, , for a given
Dalitz and Rajasekaran used the sakd interaction as value ofl,,, from its swave approximationl(,,,=0) grows
used in the subsequent calculations listed in Table I, but theimonotonically withl .., reaching about 0.2 MeV fok,,,

A« interaction was slightly different, although it was con- =6. While it is still reasonably small, of the order of magni-
strained by fitting to the observelHe binding energy. For tude of the experimental errt] derived from the observed
this reason, we hesitate to claim that their 40 years old variaemulsion tracks for$ ,He, this deviation is several times
tional calculation matches today’s Faddeev techniques, ydiigger than for the calculations summarized in the previous

V=F(r ) F(rp,0)G( s, (17)

even if they missed the exact result by only 0.1 M&

tables which shared purely attractiver potentials in com-

less it is a tribute to the essential physics requirements im-mon. This is due to the contribution &f ,=1 getting en-

posed on the parametrization of the functidhsand G of
which the wave functiont' in Eq. (17) consists of.

In Table II, we showB, , values calculated by usnarked
FGS, this time using aA A Isle potential together with a

02400

hanced forA « interactions of an Isle form, compared to
such contribution for a purely attractive potential. However,
since it is unrealistic to use the sam&ave A « interaction

for all A « partial waves, one should expect the above devia-
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TABLE Ill. B,,(§,He) (in MeV) calculated for the Isle\ « potential and for several simulations of Nijmegen models for Ahte
interaction used by Filikhin and G§4,5]. Theseswave A« and AA potentials act in all the allowed partial waves.

Reference | max I Aa VY B, A(NSC97b) B, A(NSC97e) B A(ND)

FGS 0 0 0 6.491 6.710 8.947
1 0,1 0 6.593 6.793 8.982
2 0,1,2 0,2 6.653 6.853 9.061
3 0,1,2,3 0,2 6.676 6.879 9.123
4 0,1,2,3,4 0,2,4 6.690 6.894 9.148
5 0,1,2,3,4,5 0,2,4 6.695 6.900 9.167
6 0,1,2,3,4,5,6 0,2,4,6 6.698 6.903 9.176

[5] 0 0 0 6.60 6.82 9.10

[7] 0 0 0 6.70

>0 >0 >0 6.90
A max=Max(q I 4n)-
tion to be smaller once a more realis(iweakej p-wave B. {aHe and } \H-} \He

potential component is introduced. For example, using for |n Taple IV, we show our Faddeev calculation results
lre=1, the p-wave Isle potential due to Myinetal. [7]  (FGS for §,He and also for theA=5 charge symmetric
which is shown by the short-dash curve in Fig. 1, we g€t H-3,He hypernuclei, using-wave Aa and AA poten-
within the NSC97e calculatiorB,,=6.74 MeV for I,  tials due to Myintet al. [7]. Theses-wave interactions are
=1 (1a2=0l4,=0,1) compared to 6.79 Me\f. Table Il ysed inall partial waves. The results fof ,He are very
when the standargwave Isle potentia(solid curve in Fig.  similar in character to those of the previous table, indicating
1) is used forl ,,=1 as well as fol , ,=0. again that theswave approximationl(,,,=0) holds to order
Also shown in Table Il are the results of the Filikhin and of 0.2 MeV. For 3 ,H-3 ,He, we have a similar pattern of
Gal[5] swave calculations which exceed by 0.11-0.15 MeVresults, where the-wave approximation holds to about 0.13
the correspondind =0 present(FGS results. This dis- MeV. Here, in order to provide direct comparison with the
crepancy is due to the slow and nonmonotonic convergenceariational results of Myinet al, we have solved the spin-
in the cluster-reduction method used in Ré#&5], particu-  averaged form of the Faddeev equations as described here in
larly for interactions, such as here, consisting of a repulsivesec. Il A, using thespin-averaged\->H and A -*He interac-
core plus an attractive tail. Finally, we compare our Faddeevions listed in their papé€i7]. The results of Myintet al. are
calculation with the recent variational calculation by Myint given in the last row of the table and are in very good agree-
etal. [7] for the AA interaction potential NSC97e. Their ment with ours-wave approximation results. It appears that
method is based on using Gaussian wave function expansidsy limiting the variational calculation tb, ,=0, as might be
and allowing for all the rearrangement channels in the triaunderstood from the discussion at the beginning of their Sec.
three-body wave function. The agreement between our caB, the whole evaluation turned out to be limited to $h@ave
culation and their calculation is excellent both for ta@ave  approximation. We have also pursued fak spin-dependent
approximation [(i,,,=0) as well as for the full calculation, calculation for theA=5 A A hypernuclei and found out that
assuming that our Faddeev calculation is very close to corit yields 0.08 MeV higher binding than for the spin-averaged
vergence foll ;,,,=6. results shown in Table IV.

TABLE IV. By, (in MeV) calculated for théd=5,6 AA hypernuclei using the-wave IsleA C potentials and two\ A potentialse and
el due to Myintet al.[7]. Theses-wave potentials act in all the allowed partial waves.

Reference | ma AaHe (@) AaHe (@ AwH @ AaHe (e1) AaHe (e1) AaH (e1)

FGS 0 6.880 3.527 3.002 7.254 3.810 3.261
1 6.987 3.608 3.061 7.341 3.882 3.311
2 7.045 3.640 3.088 7.405 3.918 3.343
3 7.078 3.657 3.103 7.443 3.939 3.360
4 7.095 3.665 3.111 7.463 3.451 3.370
5 7.103 3.669 3.114 7.473 3.954 3.374
6 7.107 3.671 3.115 7.477 3.956 3.376

[7] 0 6.88 3.51 2.99 7.25 3.80 3.26

A max=max(q I 4n)-
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TABLE V. Low-energy parameterén fm) andB (3 \He) val-  where it was derived. Myingt al. [7] estimated the corre-
ues(in MeV) calculated for several interaction models dependingsponding suppression for potentialandel to beat leastas

on whether or not or how thA A-EN coupling is incorporated. large as 0.43 MeV, almost saturating thatal 0.5 MeV
AA-EN coupling effect calculated for these same potentials.
Reference  V(mode) a AN Baa(RaHe) This casts doubts on the validity of their method to estimate
FGS Va(€) —027 1907 6.664 the Pauli suppression effect. We note that the contribution
Ve (e) — 050 851 7107 _due to what they_ perceive as the Payh blocked transition is
V;,;(el) 043 10.40 6.964 |nv<a_r§(e_ly é)roportmnal to the mass d|ffere_nA(M be_tween
V%fj\(el) 073 5.59 7477 the !n|t|al AAHe(Oﬂ ground state and _the mtermedw@ﬂe
(23] V; .(ND) 9.508 forbidden state. Thl_s mass difference is e_stlmgted by them to
ngé (ND) 101 3.36 10.007 pe AM~32 MeV, ignoring the substantlallmemQ th?lt a
\A/f(‘ND) ' ' 9738 fifth nucleon in the % shell would have acquired in the field
[25] V,,(ND) 9'4 of the *He core. Estlmatmg.thls extra binding to be of the
AN : order of 25 MeV, the mass difference would reduce to merely
V\%S\E‘)l)j) —191 3.36 08 AM~7 MeV, resulting in an unacceptably large Pauli sup-

pression effect of the order of 2 MeV which exceeds substan-
tially the total 0.5 MeVA A-EN coupling effect. The strong
dependence oA M makes the whole approach questionable.
C. AA-EN coupling effects in § y\He Similar objections hold for the estimates given in R&.for

The inputA A interaction potentials to the Faddeev cal- medium effects in theA=5 isodoublet} ,H-3 \He. For a
culations summarized in Tables Il and IV aeffective realistic account of the Pauli suppression effect and other
medium effects, the explicit introduction of t&N channel
is unavoidable, as applied by Catral.[23] and by Yamada

slight variation on NSC97e V", represents the combined and Nak(_amoto[2_5] .who used a pro_perly def'!"ed Pauli-
suppression projection operator within a genuine coupled-

Eg?v(\;;g; tmaej;é\ carllr;iﬁel\llscgignﬁlsi’s I%ngglg%trrcii\fg utf]gr:]gth%hannel calculation. Camt al. [23] calculated the suppres-
A A single-channel poten'éial which does not include the 21 effect to be 0.27 MeV out of a total of 0.50 MeV, as

- AA i i i -
effect of the AA-EN coupling. In Table V, we give the shown in Table V, for the considerably stronger ND interac

| . d fﬂe He(0+ tions. The table also shows similar results from Réb].
ow-energy scattering parameters and (g, He(0 ™) The Pauli-suppressed coupled-channel potential is denoted
binding-energy values calculated by (marked FG$ for

; . \ \ by V(ND).

potentialse andel of Myint et al.[7], using their parametri-
zation of the corresponding potentidls, , and Vifﬁ\ It is
seen that the inclusion of a coupling potential, motivated by
the NSC97e free-space interaction, increases the calculated In this work, we have studied lighh A hypernuclei A
binding energy by 0.480.04 MeV. We note that the simu- =5,6) which may be described in terms ofAC
lation of theAA-EN coupling potentiaV , ,_zn in Ref. [7] (C=clustep systems and treated by solving the three-body
consists exclusively of an attractive component, unlike théFaddeev equations. Our calculations confirm the estimates
common practice for thd A diagonal potentials, and this is made by Filikhin and GaJ4,5] that thes-wave approxima-
likely to inflate the effect calculated for th& A-EN cou-  tion (I ,,,=0) works fairly well and that the contribution of
pling. The AA—EN coupling potentials due to model higher partial waves is smalk(0.2 MeV) if ordered accord-
NSC97 involve a subtle pattern of cancellations betweering to increasind ,.«. This is not necessarily the case for the
pseudoscalar K), vector (K*), and scalar £) meson- other, non-Faddeev methods chosen for comparison in which
exchange contributions, the net result being considerablyhe partial-wave ordering of successive approximations is de-
weaker than assumed by the parametrization in Tables 2 arfihed only vial , , , irrespective of , ,. A direct comparison
3 of Ref.[7]. Carret al.[23], for stronger potentialgdiago-  between these two classes of calculation becomes fully
nal as well as off-diagonal, each consisting of a short-rangeneaningful only in the limit max(\)—oe.
repulsive component plus a longer-range attractive compo- For iAHe, we have also studied the model dependence on
nent motivated by model ND found that by including the the partial-wave composition of thea interaction potential,
AA-EN coupling one adds 0.50 MeV as shown in the tablein particular, when weakening this interaction in odd states
too. A consequence of their methodology is that for the conrelative to the even-state strength. This model dependence
siderably weaker NSC97 interactions, the total effect of in-ntroduces as big uncertainty into the binding-energy calcu-
cluding theA A-EN coupling would amount to much less, as lation as incurred by sticking to trewave approximation. A
argued recently by Afnan and Gibs{24]. proper microscopic construction of thex interaction poten-

An important consideration in the discussion of thetial leads necessarily to a nonlocal potentialy., Ref[15])
AA-EN coupling effect is the extent to which this coupling and is beyond the scope and aim of the present work.
is Pauli suppressed. For example,Gi;\]He transitions creat- For theA=5 A A hypernuclei, we have tested the accu-
ing a fifth nucleon in the & shell are Pauli forbidden. This racy of averaging over the spins of theC subsystems
means thav$"\ is less attractive irf ,He than in free space which was found to miss by somewnhat less than 0.1 MeV the

single-channel simulationy/$" of the Nijmegen meson-
exchange models ND and NSC®&¥cept forel which is a

IV. SUMMARY
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binding energy due to the full, spin-dependent calculation. exchange which underlies thleA-=N coupling inAA hy-
Finally, we commented on the size expected for thepernuclei. Further work oA A-EN mixing is necessary in

AA-EN mixing effect in these lighi\ A hypernuclei. For  order to tell whether or not the above argument is supported

models such as NSC97e which are close to describing wely a solid calculation.

the AA interaction as deduced froBAA(AAHe) we have

argued that theA\ A-EN coupling effect should not exceed

0.2 MeV in § ,He, and a similar order of magnitude is ex-

pected for this and other medium effects in the5 AA This work was partially supported by the Israel Science

hypernuclei. For comparison with the better studgd—1  Foundation(Grant No. 131/0L The work of I.N.F. and

sector, we mention the 31" binding-energy difference in V.M.S. was partially supported by the RFFI under Grant No.

1 He, calculated recently by Akaiskt al.[26] using a simu- ~ 02-02-16562.

lation of model NSC97e with and without including the pow-

erful AN—3N coupling which arises primarily from one- APPENDIX

pion exchange. Compared to the 0.57 MeV effect of the

AN-3N coupling which these authors calculated, we antici- The expression for the integral operah)kr,”ff,,, is well

pate a considerably smaller effect for the lighA hypernu-  known [14]. For particles of unequal masses this function

clei considered in the present work, due to strange-mesohas the form
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h @8 (6,07 )=(—)""" (2N + 1) (21" + D)[(2N)(217)1(2h+ 1) (21 + 1) ]2

UNBUL
sim1t19 cod2tl29 chitlzghzth DU PR
x X e L_f = @@y oo
Airp=n'  SIMA'cos 6" [(2N1)1(2Np)!(214)1 (21 )1 M2 0 0 O
I +lp=1"
1 A N
Azlz”z okt 1)p kx”xkl”llelll, AL
X +
0 0 o0& ) POo o oflo o o[ 1m k]t 2 - (AD
)\/I I// L
|
in terms of Legendre polynomials and,36j, and § sym-  where
bols. The indexk runs in Eq.(Al) from zero to {'+1’
+A+1)/2. TheC,pz, S5, and cod¢’ are defined in the
main text. For zero total orbital angular momentirs-0 —cos(20)+(CiB—Siﬁ)cos(20’)
(A=I,\"=1"), all the summations in the expression above t'= - ; (A3)
may be carried out to obtain a simpler expression of the form 2C pS,pSIN(206")

hi?(6,6")=(—)"""V(2I+1) (21" + D)P,(H) (1),
(A2) s the cosine of the angle between the vectgrandv,,.
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