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Effect of A-N repulsive core on pionic decay of ~He
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The Pauli blocking effect on the pionic decay rate of AHe is investigated with the A-u potential
obtained from the hard-core A-N potential. The repulsive core of the A-N interaction reduces the
Pauli blocking effect and enhances the pionic decay rate by about 30%. The lifetime of ~He de-
duced from this investigation is in good agreement with the experimental one.

In recent papers' we have shown that a central repul-
sion appears in the effective A-a potential constructed
with the Dalitz hard-core A-N potential. %e call the
A-a potential the isle-type one for its characteristic form.
As shown in Fig. 1, the isle potential is very different
from the single Gaussian (SG) A-a potential usually used
in studies of light hypernuclei. The central repulsion of
the isle potential must strongly affect the A-density distri-
bution in the light hypernuclei.

As discussed by Dalitz and Liu, the pionic decay in
&He is largely suppressed by the Pauli blocking effect,
which is very sensitive to the A-density distribution in
xHe. Here, to clarify the importance of the central repul-
sion of the isle potential, we investigate the Pauli blocking
effect on the pionic decay rate in &He and estimate the
lifetime of „He. For comparison we also use the SG po-
tential.

The isle-type A-a potential is parametrized into the
two-range Gaussian form,

UA (r) = Vtt exp[ (r/btt ) —]—Vz exp[ (r/bz—) ], (1)

where Vtt ——450.4 MeV, V~ ——404.9 MeV, bit ——1.25 fm,
and bq ——1.41 fm. The SG A-a potential is obtained by
folding the Dalitz-Downs single Gaussian A-N potential
with the shell-model wave function of the a particle and
is represented with parameters V~ ——0, Vz ——43.92 MeV,
and bz ——1.566 fm. With these parameters the A-a
separation energy is 3.1 MeV. The difference between the
ranges of two A-a potentials is due to that of the intrinsic
ranges of the elementary A-N potentials.

In a closure approximation with the mean m momen-
tum q, the m decay rate in &He is given by

=2q [s' +(q /qx)'p' ](1—g )/[ +to /(5M)],

with co =(m c +q c )'/. Here qA is them momen-
tum for the free A decay and s,p are its s and p wave
amplitudes, respectively. The expression for the m decay
rate R can be obtained by exchanging q, s, etc. for
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FIG. 1. A-a potentials. The solid, dashed, and dashed-dotted
lines denote the isle, SG, and Maeda-Schmid (MS) (Ref. 7) po-
tentials, respectively.
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FICx. 2. A-density distributions in ~He. The solid and dashed
lines denote the density distributions calculated with the isle and
SG potentials, respectively.
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TABLE I. The Pauli blocking correction and ratios of the m and m decay rates in AHe to a free A.
The values are obtained for q /q =0.9 and those in parentheses are calculated for q /q, „=0.95.

A-a potential
type

Isle 0.557
(0.538)

fjo

0.544
(0.524)

0.469
(0.522)

R /RA

0.484
(0.539)

0.681
(0.662)

0.669
(0.649)

0.338
(0.382)

0.351
(0.398)

SCx(2.0}' 0.652
(0.633)

0.640
(0.620)

0.368
(0.414)

0.383
(0.431}

MSb 0.661
(0.641)

0.656
(0.628)

0.360
(0.405)

0.374
(0.421)

SG(2.0) denotes the A-a potential based on the single Gaussian A-N potential with the intrinsic range
of 2.0 fm.
'The Maeda-Schmid A-a potential is obtained from the Herndon hard-core A-N potential with the in-
trinsic range of 1.5 fm.

the quantities corresponding to the m decay. The values
of s and p are experimentally determined to be
8.72)&10 ' and 1.17&&10 ', respectively, and so/s
(or po/p ) is 0.508. The correction of the Pauli blocking

is given by

@* 2, 3,4, 5 u~ 1
* q, r~ q, r2

X& (1,3,4, 5)uA(2)dr, (3)

where @ is the ground state wave function of the a parti-
I

cle and uA the A-a relative wave function. Here P is

generally the distorted wave of m. . However, since the
m-a optical potential is weak at low energies, we approxi-
mate P by a plane wave. Although with this approxi-
mation we may overestimate g by several percents, our
conclusion does not change essentially, and practical cal-
culations become very easy. With the plane wave for P
and the shell-model wave function of the (Os) configura-
tion for 4, Eq. (3) is reduced to

=(2b~v'm/3) ( —,", ) f dxdyexp 2 (17x +16x.y+17y ) exp[ 5iq (x y)]u—A(x)uz(y),
2

a
(4)

where b (=1.358 fm) is the size parameter of the a par-
ticle. For simplicity we omit the suffix —or 0 of all
quantities hereafter when we need not identify the pionic
decay mode in AHe.

The A-a relative wave function uA is given by solving
the Schrodinger equation with the isle-type and SG A-a
potentials. As shown in Fig. 2, the A-density distribution
in AHe with the isle potential is extremely suppressed at
the center by the central repulsion, and the A particle is
spread outside. The rms radii of the A particle for the isle
and SG potentials are 2.43 and 2.12 fm, respectively. As
the Pauli blocking effect is proportional to the overlap-
ping between the A and nucleon wave functions, it must
be reduced for the spread distribution of the A particle
with the isle potential.

he values of g and the ratio of the pionic decay rate in
&He to a free A calculated with q/q, „=0.9, where q,„
is the maximum pion momentum in each decay mode, are
presented in Table I. The value of 1 —g (=0.32) with
the SCx potential corresponds to the result of Dalitz and
Liu (1—g =0.34). With the isle potential the Pauli
blocking effect is reduced by 20% and the pionic decay
rate is enhanced by 40% in comparison with those of the
SCi potential. This large enhancement is due to the hard

TABLE II. Lifetime of ~He calculated with the isle-type,
MS, and SCx A-u potentials. The values are obtained for
q/q, „=0.9 and those in parentheses for q/q, „=0.95. All
values are given in units of 10 ' sec.

Isle

3.02+0'(')09

(2.71+0.09)

'See Ref. 11.

3.93 0'
&2

(3.49+0.11)
4.18+0 rz

(3 70+0.12)

Expt. '
2.74 0'5

l

core and large intrinsic range of the elementary A-N po-
tential for the isle potential. The intrinsic range of the
Dalitz-Downs single Gaussian potential is 1.48 fm, which
is considerably shorter than that of the Dalitz hard-core
potential (2.0 fm). In order to extract the net effect of the
A-N hard core, we evaluate q and E. based on the single
Gaussian A-N potential with the intrinsic range of 2.0 fm.
As presented in Table I, the difference of the intrinsic
ranges in the single Gaussian A-N potential affects the
pionic decay rate by only 10%. Therefore the pionic de-
cay rate in +He is enhanced by about 30% as the effect of
the A-N repulsive core.

As discussed in Ref. 1, the central rise of the A-a po-
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tential is very sensitive to the intrinsic range of the hard-
core A-N potential. As shown in Fig. 1, Maeda and
Schmid have obtained the A-u potential with a small
central rise from the Herndon hard-core A-N potential,
of which the intrinsic range is 1.5 fm. The Maeda and
Schmid (MS) A-a potential is parametrized into a sum of
two Woods-Saxson forms, and is not similar to the isle
potential but rather to the SG potential with respect to the
overall range. With the MS potential we get small
enhancement of the pionic decay rate as presented in
Table I. So we should examine which A-o. potentials are
more favorable experimentally in order to confirm the im-
portance of the A-N repulsive core on the pionic decay in
A5He. To do this we evaluate the lifetime of ~He in the
following.

The lifetime r is given with the sum of the pionic decay
rate and nonmesic decay rate R

L

The ratio R~ /R is experimentally given to be
1.3I+0.09 by Coremans et a/. There are several experi-
mental estimates of the lifetime of ~He (Ref. 10) and the
newest one is (2.74+o'5O)X10 ' sec, which is estimated
with 1640 events by Bohm et aI."

The lifetime calculated for q/q, „=0.9 is shown in
Fig. 3 with the error bars coming from that of R„ /R
and we also present the values for q/q, „=0.9 and 0.95
in Table II. As seen in Fi~. 3, the lifetime evaluated with
the isle potential, (3.02+o O9) )& 10 ' sec, is in good agree-
ment with the experimental one. On the other hand, ~*s

with the MS and SG potentials are too long, even if we
take a somewhat large value of q/q, „(=0.95). This
discrepancy between the experimental and theoretical esti-
mates with the MS potential does not seem to be resolved.
Neglect of the real pion absorption in the experimental
analysis and use of the closure approximation in the
theoretical calculation may lead to overestimates of the
nonmesic and pionic decay rates, respectively. And the
reduction of the Pauli blocking correction by pion distor-
tion also seems too small to resolve this discrepancy.
Furthermore, the N-N correlations in the a particle make
the lifetime of ~He longer since the overlapping between
the A and nucleon wave functions becomes large for the
effect of the N-N correlations. Therefore the present
analysis supports the idea that the effective A-a potential
has a central repulsion like the isle potential and the A-N
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FIG. 3. Lifetime of ~He. The solid circles and triangles are
the experimental and theoretical estimates, respectively.

potential has a large intrinsic range. This result is con-
sistent with the idea that the Dalitz hard-core A-N poten-
tial is more favorable meson theoretically than that of
Herndon. '

Finally, we notice that the present result is independent
of the peculiarity of the hard-core potential. We con-
struct the A-a potential with the soft-core A-N potential
whose core height is about 1.4 GeV and whose effective
range and scattering length are equal to those of the Dal-
itz hard-core potential. The resultant A-o. potential is
very similar to the isle potential and is also represented
with the two-range Gaussian form whose parameters are
Vz ——228. 1 MeV, V~ ——204.4 MeV, b~ ——1.21 fm, and
b„=1.52 fm. The lifetime of „He calculated with this
potential for q/q, „=0.9 is (3.07+0.10))&10 ' sec,
which is almost the same as that calculated with the isle
potential.

In conclusion, the central repulsion of the effective A-a
potential which is obtained from the hard-core A-N po-
tential with the intrinsic range of 2.0 fm strongly affects
the pionic decay in &He and is very favorable for repro-
ducing the lifetime of ~He.

In order to confirm quantitatively the central repulsion
of the effective A-a potential, we need a more accurate
measurement of the lifetime of +He, and a detailed
theoretical calculation, for example, inclusion of pion dis-
tortion and the final state interaction, of the N-a system.
We also should investigate the effect of the central repul-
sion of the effective A-a potential on such light hypernu-
clei as ~AHe and ~Be.

The authors thank Prof. H. Bando for a valuable sug-
gestion.
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