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ABSTRACT

The complexities of the s-shell A-hypernuclel
(A < 5) are explored. Difficulties associated with
attempts to describe cthe hyperon-nucleon (YN) inter-
action in ail such A-hypernuciei by simple,
effective Ap and An potentials are examined. The
explicit A dependence of the effective YN intier-
action due to AN-IN coupling and isospin differ-
ences among the 'nuclear core' states is investi-
gated. The nccesaity of usirg exact four-body
theory to calculate small charge-symmetry-breaking
effects (in the A=4 gystem) using AN potentials
fitted to free AN scattering data is emphasized.
Fossible use of s-shell hypernuclear binding
energies to heip diatinguish among candidate YN
potential parameterizations is discussed.

I. INTKUDUCTION

The light (s-shell) hypernuclei provide a unique opportunity for the in-
depth wtudy of few-body bound statem of baryons other than just the neutron and
proton as well as « vich scurce of iaformation about the banic hyperon-nucleon
(YN) force. The hypertriton (:H) binding energy places important restrictions
upon the strength of the dominant sepin-singlet component of the AN-IN interaction.



The A=4 isodoublet ground state energles are not consistent with a charge sym-
metry hypothesis for the YN interaction. The A=4 (spin-flip) excited states are
very sensitive to the AN-IN coupling in the spin-triplet chennel. The anoma-
5He provides important information

A
about the strength of the basic AN component of the YN force as well as the

lously small ground state binding energy of

size of the tensor coupling in the triplet channel. (The ground and excited

A16\He, the only tripley closed ls-shell nucleus known, should provide

useful knowledge about the AA force and the possible existence of a di-A;

states of

unfortunately the data are very limited.)

In this brief report, we wish to emphasize a few of the interesting aspects
of 'exact' calculations for the A=2,3,4,5 A-hypernuclei: 1) Simple effective
force models of the AN potential (neglecting explicit A-I conversion) fitted to
free AN scattering data are not valid except (with minor caveats) for the A=3
and 4 ground states. 2) The small size of the charge-symmetry-breaking (CSB)
energy difference in the A=4 ground state isodoublet requires exact 4-body
calculations in order to utilize or extract information about the nature nf the
CSB aspect of the YN force. 3) The tensor nature of the nucleon-nucleon (NN)
spin-triplet force is important and should be included in meaningful hypernuclear
calculations. &) The 'suppression', that results frem the reduced strength of
the AN-IN coupling potential when the trinucleon corc is restricted to lsospin
Tel/2, 18 significent in understanding the excitation erergy between the ground
and first excited states in the A=4 gystem. 5) Extensicon of this idea to the
A=5 hypernucleus, which is built upon a strongly bound T=0 nuclear 'core',
5He binding. 6) A combIna:ion

A
of model calculations for A=3,4,5 A-hypernuclel should help one discriminate

indicates why one should expect An anomaly in the

among various proposed OBE model parametrizations of the YN force.

We discuss first the YN two-body interaction as a simple AN effective torce
model and as a coupled AN-LN ayatem. Our use of the separable potential approri-
mation is explained. We then discuss in order the A=3, 4, and 5 hypernuclear

systema. We close with a brief summary.

IT. THE YN INTERACTION

Lack of precision data on YN scatt.ring im a severe limitation in our
charucterization of that interaction. Courageous efforrs hive been made to
parametrize potentials using 1) a combined analysis of all of the existing YN

dat. and the extensive NN data and 2) various !ymmetry assumpticns concerning
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meson coupling in an OBE potential model of the YN and NN interactions.l_a We
shall consider the consequences of some of these models in the following sections,
but first we examine the mcdel that results when the YN force is assumed to be
independent of explicit AN-IN coupling. This model has been e:xtensively employed
in the literature in s-ahell hypernuclear studies.

Such a phenomenological approach is based upon the following spin-isospin
decomposition of the effective AN central potential (neglecting for the moment

any CSB difference between Ap and An interactiors):

AN: vy = TR Ty

2“’ Vyn = % T * % Vi
M Vg m TR TR
XH*’ Vyn ~ % Uiy * % va
ZHe’ Yyn " % Vi * % VXN ’

where it has been assumed that the singlet interaction is strunger than the

triplet interaction. Here, the YN subscript indicates that the potential des-
cribes the general hyperon-nucleon (AN-IN) interaction. Implicit in the above

effective potential description is the assumption7 that the AN-IN coupling in tue
YN interaction 18 identical in each system regardless of the isospin of the (A-1)

nucleons forming the nuclear 'core'; i.e., one has assume” that the 2x2 matrix

potential
i i
VI\N VXN
Vi L] 1-
YN J 8,t
vi ooyl
XN LN

i

can be represented by a unique cffective one-channel potential GAN

for Am2,3,4,5.
Such is aot the case.
Let us define the free interaction to be of the form

8 t t

o of Ve ooof Y Vx
N s 8 ' N t t
Vv VN Vv VN

(We note that the AN elastic scattering is dominated by the triplet interaction,

since o= ( o® + 30t)/4.) For the :H system, where the np pair is restricted to

be in the S=1,T=0 'deuteron' atate, thte relevant potentjals are



i.e., there is no A-I conversion unless one allows for the np T=1l 'excited' state

2H ground state

( the A and the deuteron each being T=0 objects); the I has T=l and must couple

in the formalism. This is a consequence of the T=0 nature cf the

to the T=1 singlet np state to produce a hypernucleus with total T=0. For the
A=4 hypernuclei, the J"-O+ ground state potentials are

8 l .8 t t
VAN "3 Vxn Vi  Vxn
Ve - T
YN P ve vs ' YN vt vt
3 XN IN XN IN
and the J"-l+ excited state potentials are
8 8 t 1l .t
arn Vi Van 5 Vxn
VB vt =
YN Ve "8 ’ YN 1 vt vt
XN IN 5 "XN LN

(see for example. Refs, 8 ard 9). 1In neither case is the coupling of the A-L
system to a composite T=1/2 object the same as is the coupling tuv an elementary
nucleon constituent. The singlet potential differs from the fiee interaction in
the A=4 ground state. The triplet potential differs from the free interaction in
the A=4 excited state. In each case the AN-IN coupling strength ‘s reduced,
weakening the YN interaction relative to its free strength. For tie ZHe system,
the situation is similar to *hat encountered with the hypertriton. A T=0,S=0

assunption for the four-nucleon 'core' (the alpha particle is bound by 28 MeV)

leads to potentials of the pame form as in the case of zH:
(-} t
VAN 0 VAN 0
VEN F ’ vt - ;
™ o\o o W o\o o

i.e., there ia again no AN-LN coupling unless one allows for even parity, T=l

10 (Note that this does

'excited’ aotates of the alpha-like core in the formalism,
not mear that we assume a rigid, non-distorted alpha-core model; however, the
formalism must be extended if coupling of T=l and T=0 four-nucleon states ias to
be permitted.)

It is cl;ar Zhntaig prirciple the YN interactions acting in each of the five

systemg (AN, AH. AH. AH , and ZHe) cannot be represented by smingle, unique V;N



t
A

so that effective potential represertation of the free YN interactions 1is

t 4, -t
3YN(AH1 = Vypn(AN
AH' kH , and RHe

calculations differ from the free case (l1.e., the coefficient of V

and V N effective potentials. In practice, one finds experimentally11 that V2 =0,

XN
'reasonable' when dealing with the A=4 ground states, where V.
scattering). However, the triplet interactions involved in
| is not unity
as in free scattering), and the free effective triplet potential VXN should not
be used in those calculations.7 2H 1s a pnmsible exception since the AN inter-
action in that ground state is 3/4 singlet and V;N=0 experimentally. The im-
portance of including AN-IN coupling in calculations involving these hypernuclei
has been previously noted; see, for example, Refs. 8,9,12,13, and 14.

In the numerical calculations referred to below, we assume that effective

AN interactions ye.t (i.e., one-channel AN potentials determined from the free

AN
AN scattering parameters) can bc used to describe the coupled AN-IN hyperon-
nucleon system. Thus, we are restricted to estimates of the 3H, 4H and AHe

A7 A A
ground-state energies. As just noted, this is not an entirely correct procedure

in the case of :H; however, since the average AN interaction is 3/4 singlet and
only 1/4 triplet, and since the binding is weak, we shall assume that the error
produced by this procedure is small. We shall also neglect in the iH case the
vensor nature of the /AN ctriplet force, which tends to compensate for our neglect
of explicit AN-IN coupling in that channel.la

We use a separable potential representation of both the NN and YN inte. -
actions in all of our numerical calculations in nrder to have a consistent model
with which to carry out the exact 4-body calculations. We use rank one potentlals

of the form

A
i - R
v, = - I gi(k) gi.k') ,1=8,t,
where B, = (k2 4 Bf)-1 if there is no tensor component and whele

S
i
g, = g. + "i 8
t (o I/B T
2 2,-1
g, = (k° +8)
2 -
gy = Gk (k2 + g3)72
+ S = ~ E
511 =3 ai-k oj- k - ci-cJ
in the case of a teusor force in the spin-triplet channel. The quantity u is the
appropriate two-body reducaed mass. The low-energy AN mcattering parameters which

we use to determine our separable-potentiasal paramete¢rs are listed in Table I.



TABLE I.

The AN scattering lengths and effective
ranges In fm for the YN potential models A-F.

8 8 at .t ] 8 at rt
Model Ref. ZAp Ap Ap Ap 8 An An An An
A 1 -2.16 2,03 -1.32 2.31 -2.67 2.04 -1.02 2.55
B 2 -2.11 3.19 -1.88 3.16 -2.47 3.09 ~1.66 3.33
D 3 -1.77 3.78 -2.06 3.18 -2.,03 3.66 -1.84 3.32
F 4 -2.18 3.19 -1.93 3.35 =-2.40 3.15 ~1.84 3.37
TABLE 1II.
Separable potential parameters and
properties for the NN interactions.
2 -3 -1 -1
Spin Model(ref.) a,(fm) r, (fm) _EE_ Q(fm<) A (fm ) B, (fm 7) & E?(fm )
t GL(16) 5.423 1,761 GC. - 0.3815 1.406 O, -
t P4(15) 5.397 1,727 0.04 0.282 0.24310 1.3134 1.6894 1.5283
t P7(15) 5.397 1.722 0.07 0.283  0.14297 1.2412 4.4949 1.9476
8 GL(16) -17.0 2.84 - - 0.1323 1.130 - -
TABLE III.
Hypertriton A-separation energy in MeV for YN models
A-F as a function of PD in the np triplet interaction.
YN Model GL Py s
A 0.90 0.56 0.35
B 0.37 0.22 0.13
D 0.12 0.06 0.03
F 0.3/ 0.23 0.13



These are taken from the meson exchange theoretic potentials developed by Nagels,
Rijken, and deSwart.1-4 Mass differences in the isomultiplets as well as
symmetry breaking exchanges were included in a combined analysis of NN, Ap. Zip,
etc. data. The NN low energy scattering parameters as well as resulting po-

tential parameters are listed in Table II.ls’16

ITI. THE HYPERTRITON

iH Q" -0+, T=0) is the lightest of the bound hypernuclei having a A-sepa-
ration energy B, = B(zﬂ) - B(ZH) = 0.13 £0.05 Mev.17 Because the A-binding is
weak, 1t was originally assumed that the loose structure would make B, Zlazensitive
to the short range (high-momentum) character of the YN force and the ;ensor
nature of the triplet component.12 Aes noted above, we also assumed that explicit
AN=-IN coupling could be omitted since it was included implicitly by using the
physical low-energy AN scattering parameters to construct the potentials. It was
later pointed out that, while repulsion in the YN forcc and explicit AN-EIN
coupling were not large effects, neglecting the tensor nature of the np triplet
force was a significant omiasion.18 Because the average AN interaction is 3/4
singlet, we have neglected the tensor nature of the AN triplet interaction. This
tends to slighty overestimate BA but should be compensated for by our neglect of
explicit AN-LN coupling in that channel which tends to underestimate BA.lz'14
The fact that there is little or no AN-IN coupling in the dominant singlet YN
ir.teraction should ensure that our model calculations are reaaonahle.11 We
summarize in Table III values of BA(zH) for the various YN potentials models with
and without including the explicit tensor force nature of the np spin-triplet
force. (For details of the equations used, see Refs. 12 and 19.)

Model A clearly overbinds iH regardless of the np triplet force used. This
is a result of the comparatively small values (< 2.5 fm) for the effective ranges
of the AN potentials in that model, as noted in Ref. 12. Although the value of
BA differs among models B,D, and [ by 0.1-0.2 MeV, none of these models is obvi-

ously incorrect. (BA for P_=C is not considered to be realistic, and we do not

D
cousider BA for model D to lie significantly outside the experimental limits.)

The BA from model D are systematically smaller than those of models B and F,
because the average (3/4 singlet plus 1/4 triplet) cffective range is larger;
ry > 10' implies B3 < 53'.20 Models B and F produce very similar values of BA
becausa their average singlet scattering ] ngths and effective ranges are

in the aHe-aH isodoublet

similar; they would produce different vaiues of ABA AHe=,



system where differences in the Ap and An triplet scattering lengths and effective
ranges are sigrificant. '

A recent estimate of BA using a sum of local Yukawa forms (including short
range repulsion) to represent the model F AN interaction and the Reid-soft-
core potential for the np triplet interaction by Narumi, Ogawa, and Sunami gave a
value of 0.17 MeV.21 This agrees very well with our 0.13 MeV estimate for model

F using an np potential model with P, = 7%, and it lends credence to the accepted

use of rank one separable potentialsDto represent baryon-baryon interactions
phenomenologically. The agreement here and for the well known case of the triton
illustrates the point that the important aspects of the interactions for relative-~
ly weakly bound systems are the low-energy scattering parameters and not the

short range behavior of nor the off-shell behavior generated by the potentials.

IVv. THE A=4 ISODOUBLET

The latest experimental estimates of the A-separation energiles for these

J' - 0+ ground states are17

B, (“He) = B(ZHe) - B(3He)

3
BA(AH) - B(AH) - B("H)

14

2.42 *+ 0.04 Mev
2.08 + 0.06 Mev .

n

Because we do not solve the complete set of tensor force equations for each model
(wve treat the YN triplet potentials in a central force approximation and use the
truncated t-matrix approximation22 for the NN triplet force), we consider the

A-separatinn energy difference AB, = 0.34 * 0.07 MeV to be a better measure of

A
mrdel consistency. This AB, reflects true charge symmetry breaking in the YN

interaction; simple considegations of Coulomb energies in the A=3 and 4 nuclear
systems suggest that AB%, the additional Coulomb energy in XHe due to compression
of the '3He core' is small and of opposite sign.23 It is this Coulomb corrected
quantity ABA > 0.36 MeV that we estimate for each of the YN potentials defined by
the low-energy scattering parameters in Table I.

The exact coupled two-variable integral equations that must be solved for
the A=4 hypernuclear problem when the NN and YN interactions are represented by
separable potentials are described in detail in kef. 24. The integral equations
are solved rumerically without resort to separable expansions of the kernels.

The resulting solutions possess the characteristics of true few-body calculations:
for an attractive potential with a negative scattering length, |a| > |a'| implies

that V is more attractive than V' in two-body, three-body, and four-body



calculations, whereas r > r' implies that V is more attractive than V' in a two-
body calculation, but less attractive in three-body and four-body calculations.
Even though this picture is an oversimplification in terms of scattering length

and effective range, it is possible to understand AB, from each of the models in

Table I qualitatively in terms of the low-energy scaﬁtering parameters of the
various mode. 3.

In our numerical calculations, we assume that effective AN interactions Viﬁt
(i.e., one channel AN potentials determined from the free AN scattering parame-
ters) can be used to describe the coupled AN-IN hyperon-nucleon system. As noted
above, this can be justified for the J' = 0+ ground state (but not for the J" =

1+ excited states), where the triplet interaction is unmodified from its free

form
t t
Yam Vxn
vt - = vt
YN AN )
vt vE
XN N
Since v;N = 0 in the singlet interaction,
s l s
. YAn 73 Vxn o
Vyn = * Van
1 vE ve
3 XN IN

is also a good approximation. Thus, the effects of A-I conversion upon the AN

potential parameters, including charge symmetry bhreaking due to meson mixing,

+
Z"o mass differences, etc., are taken intc account implicitly, but there are no

explicit I-channels in the calculation.za

The Ap and An potential averages appropriate to XHe and :H are
He: v =yt “H: o vE e vt
A AN Ap A AN An

8 1l .8 2 .8 s 1,8 2 .8
VAW "3V T3 Via W 3V T3V
Instead of using the two potential formula to obtain the required potentials, we
used the excellent approximation of scattering length and effective range averages

-1 -1

- 2,
85N J "An

Wi
]
+

Ap

1 2
- - -+ =
AN T3 Tap T3 Thn

to parametrize the AN singlet interaction, etc. The resulting potential



parameters are listed in Table IV. The NN potential parameters for the model
calculations were chosen to be the P7 model; the triton binding energy is 7.05
MeV in the truncated t-matrix approximation which 1is only 7% below the complete
model result.2

The results of our XHe-XH binding energy difference calculations are tabu-
lated in Table V.25 Because the singlet potentials are averages of An and Ap
potentials, most of the charge symmetry breaking results from the triplet inter-
action differences (see Table IV). It 1s clear that differences betweer triplet

scattering lengths and effective ranses for the AHe and xH systems are very

A
similar for mndels B and D. Thus one anticipates similar values of AB, for

models B and D, and these values are not inconsistent with experiment.A Model A
has an even larger difference in scattering length values (Aa -~ -0.3 fm vs.

-0.2 fm for models B and D) and effective range values ( r ~ -0.25 fm wvs. =0.15
fm). Hence ABA for model A is expected to be larger than that for models B and D,
as 1s the case; it is probably outside the limits set by the experimental values.
The perhaps surprisingly large model A value of ABA results from the small values
of the effective ranges in that model, which produce large values of BA(XHE)

and enhance CSB differences. We pointed out above that these small effective
ranges of the model A singlet interactions are primarily responsible for the
value of BA(iH) being inconsistent with experiment. It is clear from the ef-
fective ranges in Table 1 that model F is a much more charge symmetric model than
4H scattering lengths and ef-

A
fective ranges in Table IV show very little difference between the two singlet

models A,B, or D. In fact, the model F 2He and

sets or the two triplet sets. Thus, one anticipates a small value of ABA, one
which 18 too small to be consistent with the experimental binling erergy differ-
ence.

Since we have used a central potential approximation in representing the AN
triplet interaction, we have overestimated ABA for each ogﬁthe models. Although
this 18 a non-negligible effect, we have previously shown that it would not
alter the conclusions drawn above and that 1t would bring our model D result into
closer agreement with the experimental value of ABA = 0.36 MeV. We constructed
a tensor force YN triplet potential (of the same form as that of our np triplet
potential) fitted to the model D triplet phase shift and mixing parameter up to
laboratory momerta of 300 MeV/c. We made the same truncated t-matrix approxi-
mation in the complete set of 4-body equations as noted above for the NN channel.

Our estamate of ABA for model D was reduced from 0.43 MeV to 0.37 MeV; see Ref. 24

10



TABLE 1IV.

Potential parametrizations and their low energy properties
for the interaction averages appropriate to each A=4 hypernucleus.

Model _System  Spin Aggm'3g Bgfm-l) a(fm) r(fm
A AN(ﬁHe) 8 0.4787 1.8891 -2.48 2.04
¢ 0.4348 1.9660 -1.32 2.31
AN(XH) 5 0.4957 1.9217 -2.31 2.03
¢ 0.3819 1.9608 -1.02 2.55
B AN(XHe) s 0.1578 1.3634 -2.34 3.12
t 0.1670 1.4229 -1.88 3.16
AN(iH) s 0.1532 1.3527 -2.32 3.16
t 0.1542 1.4128 -1.66 3.3%
D AN(XHC) s 0.1099 1.2549 -1.94 3.70
t 0.1581 1.3846 -2.06 3.18
AN(XH) s 0.1093 1.2607 -1.85 3.74
t 0.1484 1.3785 ~1.84 3.32
F AN(ZHe) 5 0.1532 1.3527 -2.32 3.16
t 0.1421 1.3531 -1.93 3.35
AN(:H) 5 0.1525 1.3558 -2.25 3.18
t 0.1428 1.3632 ~1.84 3.7
TABLE V.

Tne A=4 binding energy difference 4B, for each of the YN
models discussed in the text in the central potential
approximation for the AN interaction,

Model 4B,
A 1,32
B 0.47
D 0.43
F 0.19



for details.

:H and :He-zﬂ calculations discussed, we have used exact few-body

equations based upon separable potential approximations to the YN and NN inter-

In the

actions. Could one have done as well for ABA with & simpler effective 2-body
model? The answer is no. Ve have explicitly demonstrated this for one standard
2-body formalism:24 in the procedure outlined by Dalitz and Down526 the 2-body AN
potentials are f.lded with the nuclesar core density to produce a A-3He (or A—3H)
effective 2-body prtential which 1s then inserted into the Schrodinger equation
to determine the A-separation energy. (Radial compression of the nuclear ccre
is easily accommodated by altering the radius of the core density.) Using this
formaliasm, we found AB (2-body) to be between 0.21 and 0.24 MeV, depending upon
the core compression permitted. for model D. 24 This 1s about 1/2 that obtained
(0.43 MeV) for model D using the exact 4-body theory and the identical AN
potentials, This can be understood in terms of the characteristics of true few-

body calculations outlined above and the scattering lengths and effective ranges

liszed in Table IV. Tor model D the XHe and XH singlet scattering lengths and
effective ranges are very similar end contribute little to the CSB difference.
On the other hand, ]a ( He)] Ia ( H)I implies that 8B, (with Ar N0 >0,

whereas r ( He) <r, (4H) implies that AB (with Aa -O) < 0 in an effective 2- body
formalism but >0 in an exact 4-body formalism. Thus, the model D AaAN and ArAN
produce compensating effects in an effective 2-body calculation but reinforce
each other in a true 4-bndy calculation,

The spin-flip J“-l+ state energies are not calculable in terms of th: free
interactions unless one has coupled AN-IN potentials with which to work. While

the singlet potential is the same in this case as the free ve (whether or not

YN
V;NHO). the equality does not hold for the triplet potential where
t 1 .t
. a5 Vxn
Yyn - = Ty (Ama)
1 vt vt
5 XN LN

One must explicitly alter the coefficient of the V., coupling potential and

t
XN
recompute the effective V (A-A ) potentlal to use in our one-channel, effective
potential formaliam. The resultinp V (A-4 ) wiil be considerably weaker than

=t
the free VAN' In fact, the use of VAN

J =1 states would result in the conclusion that these were the ground states of

ir calcvlating the binding energy of ihe

the A=4 system and not the 0+ states. Therefore, it is not pomsible in simpnle

12



model calculations to use the 0+ -+ 1+ transition energies to determine the spin
dependence of the effective AN potential; a unique single-channel potential
representation is not an adequate aescription of the physics. LI-suppression in
the A=4 excited states is a very important effecc.

5

V. THE AHe ANOMALY

The possibility that I-suppression (actually suppressiun of the A-I con-

version) is responsible for the anomalcusly smell ’-separation energy in iHe has

-
been the subject of speculation for some time.z' Shell model and variationals'6
estimates nf BA(ZHG) are of the order of 5-6 MeV conpared to an experimentall7
value of appro:imately 3.1 MeV when nne uses effective AN spin-depedent potentials

aHe and XH. However, the

fitted to the binding energy of 2H and the average of A

vave function is actually of the form10

T=0 I‘O

af l“He,T-o> x |A ,Tu0> ) + bl T=0

*
He ,T=1> x |I,T=1> }

The even parity T=]1 states of aHe have large excitation energies relative to the
ground state which should strongly supprris the AN-IN coupling. The isospin
structure is very reminiscent of the hypertriton, where conversion of the A to
a L requires that the I couple to the d*(1-1) state of the np pair and not the
d(T=0) state in order that the total isospin of the 2H system be T=0.

A first estimate of this is possible in a simple A=5 calculation. If one
assumes that the T=0, four-nucleon core is the only allowed isospin state, then

t

AN element of V;N in the calculation. The difference in

BA(iHe) in that approximation compared to the same calculation using the ef-

one need only use the V

fective potential approximation of the free interaction OXN would provide an

upper 2.mit on the etfect of L-suppression for a given potential model.

VI. CONCLUSIONS

In summary, we have tested separable potential approximations to four of the

hyneron-nucleon potential models of Nagels, Rijken, and deSwart in exact 3-body
4 4
A for the AHc - AH

calculations of BA(iH) and exact 4-body calculations of AB
zH. to overeatimate ABA. Models B

isodoublet. We find model A, which overhinds

aud D appear to be consistent with the experimental value of AB, (and give reason-

A
able XH binding energies). We find model F, which is consistent with BA(iH). to

underestimata ABA for the A=4 system; this result is undorstood in termms of the

13



small differences between the singlet Ap and An scattering lengths and effective
ranges in that model.
We emphasize that exact formalisms are required when dealing with small

quantities such as AB,; effective 2-body calculations have been shown to under-

A;

estimate exact 4-body results by a factor of 2. Formalisms which treat properly

the AN-IN coupling are required to account for the IL-suppression that separates

the J"-l+ states from the 0+ ground states by an MeV and that produces the anoma-
(SHe).

ACA

Finally, we point out that similar AN-IN coupling effects should be apparent

lougly small A-. :paration energy B

in the gHe and gHe decay widths. The A-I conversion should be uninhibited in the

former case leading to a broad width, whereas the T=l nature of 5He will require

I
a 'core' state transition from T=0 to T=l when the I converts to a A which should

.ead to an inhibited transition and correspondingly na:rower width.
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