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Comparative ~He-„'H binding energy differences for four YXpotential models
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Exact four-body calculations of the ~He-~H binding energy difference 38„have been made using separable

potential approximations to four of the YN potential models of Nagels, Rijken, and deSwart. The results indicate
that two of the potential models are consistent with the YN charge symmetry breaking implied by the experimental

38~ .

[NUCLEAR STRUCTURE ~He, 4~H, AB~, exact four-body calculation. ]

Nagels, Rijken, and deSwart have developed sev-
eral meson theoretic potentials to describe the
available nucleon-nucleon (NN) and hyperon-nu-
cleon (YN) scattering data. ' ' Mass differences
in the isomultiplets, as well as symmetry break-
ing exchanges, were included in a. combined analy-
sis of NN, hP, Z'P, etc. , data. We summarize the
low energy scattering parameters (scattering
lengths and effective ranges) for four of their mod-
els in Table I. In the calculations reported below,
we have used rank-one, s-wave separable poten-
tials designed to reproduce these low energy scat-
tering parameters. We have recently reported
binding energy estimates for the hypertrition using
these potentials. ' It was found that only model A

appeared to overbind hH so much as to be con-
sidered inconsistent with experiment. '

To further test these potential models, we have
used separable potential approximations to the YN
potentials to determine the hHe and hH ground
state energies. The latest experimental estimates
of the A-separation energies for these J' = 0'
ground states are'

B~(4~He) = B(~He) —B( He) =—2.42+ 0.04 MeV,

BA(AH) = B(AH) —B('H) = 2.08~ 0.08 MeV.

Because we do not solve the complete set of ten-
sor force equations (we treat the l'N triplet poten-
tials in a central force approximation and use the
truncated t matrix approximation for the NN trip-
let force), ' we consider the A-separation energy
difference ABJ, = 0.34+ 0.07 MeV to be a better
measure of model consistency. This ABh reflects
true charge symmetry breaking (CSB) in the YN

interaction; simple considerations of Coulomb en-
ergies in the A = 3 and 4 nuclear systems suggest
that ABh, the additional Coulomb energy in hHe
due to compression of the "'He core, " is small
and of opposite sign. ' lt is this Coulomb corrected
quantity ABh =- 0.36 MeV that we estimate for each
of the YN potential models defined by the low-en-
ergy scattering parameters in Table I.

The exact coupled two-variable integral equa-
tions that must be solved for the A = 4 hypernuclear
problem when the VN and YN interactions are re-
presented by separable potentials are described
in detail in Ref. 7. The integral equations are
solved numerically without resort to separable ex-
pansions of the kernels. The resulting solutions
possess the characteristics of true few-body cal-
culations: for an attractive potential with a nega-
tive scattering length, ~a~ & ~a'~ implies that V is

TABLE I. The AÃ scattering lengths and effective ranges in fm for the KV potential models
of Refs. 1-4.

Model Ref. ahp
S

hp ahp hP
t 8

ahn S
+hn

t
ahn

A
B
D
F

-2.16
-2.11

1 ~ 77
-2.18

2.03
3.19
3.78
3.19

-1.32
-1.88
-2.06
-1.93

2.31
3.16
3.18
3.35

-2.67
-2.47
—2.03
-2.40

2.04
3.09
3.66
3.15

-1.02
—1.66
-1.84
-1.84

2.55
3.33
3.32
3+37
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TABLE II. Potential parametrizations and their low
energy properties for those interactions appropriate to
the A =4 hypernuclei.

p a
Model System Spin (fm 3) (fm ) (fm) (fm)

Vs
Vs AN

YN

-3VXN

s
3 VxN Vs

AN

VZN

Since V~N =—0 in the singlet interaction,

AV(4He) s
t

AX(~4H) s
t

~(~4He) s
t
s
t~ (&He) s
t

~(~4H)
t~ (~He) s
t

~(~4H)
t

0.4787
0.4348
0.4957
0.3819
0.1578
0.1670
0.1532
0.1542
0.1099
0.1581
0.1093
0.1484
0.1532
0.1421
0.1525
0.1428

1.8891
1.9660
1.9217

1.9608
1.3634
1.4229
1.3527
1.4128
1.2549
1.3846
1.2607
1.3785
1.3527
1.3531
1.3558
1.3632

-2.48 2.04
-1.32 2.31
-2.31 2.03
-1.02 2.55
-2.34 3.12
-1.88 3.16
-2.32 3.16
-1.66 3.33
-1.94 3.70
-2.06 3.18
-1.85 3.74
-1.84 3.32
-2.32 3.16
-1.93 3.35
-2.25 3.18
-1.84 3.37

is also a good approximation. ' Thus the effects
of A-Z coupling upon the AN potential parameters,
including charge symmetry breaking due to me-
son mixing, Z" mass differences, etc. , are taken
into account implicitly, but there are no explicit
Z channels in the calculation.

The hp and An potential averages a.ppropria, te
to AHe and AH are

He: VpN= VAp, VpN= 3 Vpp+ 3 Vq„,

V'pN - 3 V'A. + 3 V'Ap.

Vt AN
YN

~XN

~xN ~ Vt
AN ~

~ZN

more attractive than V' in two-body, three-
body, and four-body calculations, whereas r) r'
implies that Vis more attractive than V' in a two
body calculation, but less attractive in three-body
and four-body calculations. Even though this pic-
ture is an oversimplification in terms of scatter-
ing length and effective range, it is possible to un-
derstand AB~ from each of the models in Table I
qualitatively in terms of the low energy scattering
parameters of the various models.

In our numerical calculations, we assume that
effective AN interactions 7~'„' (i.e. , one channel
AN potentials determined from the free AN scat-
tering parameters) can be used to describe the
coupled AN-ZN hyperon-nucleon system. For-
tunately, this can be justified for the J' =0' ground
state (such is not the case for the J' = I' excited
states), where the triplet interaction is unmodi-
fied from its free form

Instead of using the two potential formula to ob-
tain the required potentials, we used the excellent
approximation of scattering length and effective
range averages

-1 I -1 2aAN= 3ahp+ 3ahn )

l
rAN 3rAp+ 3rAn

to parametrize the AN singlet interaction, etc.
The resulting potential parameters a.re listed in
Table II, where we use the Yamaguchi' form

P„„(k,k') = —~ g,. (k)g,. (k ') .

The NN potential parameters" "for the model
calculations are listed in Table III; the triton bind-
ing energy is 'l. 05 MeV in the truncated t matrix
approximation" which is only V% below the com-
plete model result.

The results of our &He-A'H binding energy differ-
ence calculations are tabulated in Table IV. Be-
cause the singlet potentials are averages of An
and Ap potentials, most of the charge symmetry
breaking results from the triplet interaction dif-
ferences (see Table II). It is clear that differences
between triplet scattering lengths and effective

TABLE III. The NN potential parameters and low energy properties for the separable in-
teraction used in the A = 4 hypernuclear calculations (Refs. 10 and 11).

Spin (fm-3)
p

(fm ~)
pz

{fm ) (fm) (fm)

s 0.132 3
t 0.142 97

B( H) =2.225 MeV
PD( H) =0.07
BPH) = 7.59 MeV

1.130
1.2412

0
4.4949 1.9476

-17.0
5.397

2.84
1.722
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Model QB~ (MeV)

A
B
D
F

1.32
0.47
0.43
0.19

ranges for the ~He and ~H systems are very sim-
ilar for models B and D. Thus one anticipates
similar values of AB~ for models B and D, and
these values are not inconsistent with experiment.
Model A has an even larger difference in scatter-
ing length values (ha--0. 3 fm vs -0.2 fm for
models B and D) and effective range values (n,r
--0.25 fm vs -0.15 fm). Hence, n. B~ for model
A is expected to be larger than that for models B
and D, as is the case; it is probably outside the
limits set by the experimental values. The per-
haps surprisingly large model A. value of ~B~ re-
sults from the small values of the effective ranges
in that model, which produce large values of
BA(AHe) and enhance CSB differences. We note
that these small effective ranges of the model A
singlet interactions are primarily responsible for
the value of BA(~H) being inconsistent with exper-
iment. ' It is clear from the effective ranges in
Table I that model F is a much more charge sym-
metric model than models A, B, or D. In fact, the
model E AHe and AH scattering lengths and effec-

TABLE IV. The ~He-~4H binding energy difference 2 B&
for each of the FN model discussed in the text in the
central potential approximation for the AN interaction.

tive ranges in Table II show very little difference
between the two singlet sets or the two triplet
sets. Thus, one anticipates a small value of AB~,
one which is too small to be consistent with the
experimental binding energy difference. Finally,
we note that since we have used a central poten-
tial approximation to represent the AN triplet in-
teraction, we have perhaps overestimated AB~ for
each model'; however, the introduction of explicit
AN-ZN coupling should increase our AB~ esti-
mates. Thus we have two compensating approxi-
mations in our triplet AN channels.

In summary, we have examined separable poten-
tial approximations to four of the hyperon-nucleon
potential models of Nagels, Rijken, and deSwart' '
in an exact four-body calculation of &B~ for the
~He-~H isodoublet. We find model A. , which over-
binds ~H, to overestimate 4B~. Models B and D

appear to be consistent with the experimental val-
ue of GBA (and give reasonable ~H binding ener-
gies). We find model. P', which is consistent with

BA(~H), to underestimate r B~ for the A =4 sys-
tern; this result is understood in terms of the
small differences between the singlet Ap and An

scattering lengths and effective ranges in that
model.
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