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Abstract:
The Pauli blocking effezt con the picnic decay rate of 5“0 is
]
investigated with the X —a poiential obtained from the hard-core A-N
petential. The repulsive core of the A-N irnteractican reduces the
Pauli blocking effect and enharces the pionic decay rate by about
30%. The lifetime of s\kie evaluated is in good agreement with the

experimental one.

1983 PACS number:; 21.80.+a

In recent papErsl we have shown that a central repulsion
appears in the effective A-p potential constructed with the Drlitz

hard-core A-N potential.2 We call the A ~u potential the Isle-type

one for its characteristic form, As shown in Fig.l, the 1sle
potential is very different £from the single Gaussian (S5G) A-u
potential wusually used in studies of 1light hypernuclei.3 The

central repulsion of the Isle potential must strongly affect the
d-density distribution in the light hypernuclei. Fag 11

As discussed by Dalitz and Liu4 , the pionic decay of ?‘He is
largely suppressed by the Pauli blocking effect, which is very
sensitive to the A-density distribution in ;\’He. Here, to clarify
the importance of the central repulsion of the Isle potential, we
investigate the Paull blocking effect on the pionic decay rate of
f\'He and estimate the lifetime of S{\Ha. For cowmparison we also use
the SG potential.

The Isle-type f-a potential is parameterized into the &two-range
Gaussian form;

Uyg (512 Yy exp{—(:/bn)2)~ v, expl-(z/b )%}, (1)

where VR= 450, 4Mev, VI\= 404.%MeV, bR= 1.25fm and b;\= 1.41£fm. The SG

A-o potential is obtained by folding the Dalitz-Downs single
Gaussian A=N potenti315 with the shell-model wave function of the

o particle and represented with parameters V=@, V.= 43.92MeV and
b,= 1.566fm. With these parameters the A-g separation energy is



3.1MeV. 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 7~ momentum q_, the

n~ decay rate of iHe is given by?

R7= 240 s+ (q/g? p2 1Q=ai/ Teu /(580 1, (2)
with w_= | m_zc'1 + E;Z_cz Y2, fere q is the n~ momentum for the
free A decay and s_, p_ are its s and p-wave amplitudes,

respectively. The expression for the no decay rate R can be
obtained by exchanging §_, s_ etc. for the guantities ccrresponding

to the n° decay. The values of sf and pz_ are experimentally

determined to be 8.72'10‘15 and 1.17 xlo"ls, respectively, and sg/sf
2 . ; N . :
{or po/pi) is 0.50B. The correction of the Pauli blocking n _ is

given by

» » =™ o -
n_= S%(2,3,4,5)u‘\(1) exp(iq_-(rlvrz))wa(1,3,4,5)uA(2) dr, (3}
where OQ is the ground state wave function of the g-particle and u

the A-a relative wave function. With the shell-model wave function

of the (05)4 configuration for @u, Eg. (3) is reduced to

- ~3,16,3 | > -~ 2 22,02 072
n_s ‘Zbu\[;) ('1_5) gdx dy exp(-;s?(ﬂx +16x.y+17y°))
a

4 = Y

xexpl 5 iq_-(x-y)) up(x) uyly), 4)
where B {(=1.358fml is the size parameter of the o particle. For
simplicity we omit the suffix - or 0 of all quantities hereafter
when we need not identify the plonic decay mode of IS\He.

The A-a relative wave function v, is given by solving the
Schrddinger equation with the Isle~type and SG A -g potentials. As
shown in Fig.,2, the A-density distribution in SAHe with the Isle
potential is extremely suppressed at the center by the central
repulsion and the A particle is spreaded 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
overlapping between the A and nucleon wave functions, it must be
reduced for the spreaded distribution of the A particle with the
Isle potential.

The values of n and R calculated with i/qmax=0.9, where ax is
the maximum pion momentum in each decay mode, are presented in Table
I. The value of n (=0.32) with the SG potential corresponds to the
result of Dalitz and Liu (‘—;_=0.34).‘1 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 SG potential., This
large enhancement is due to the hard ccre and large intrinsic range
of the elementary A-N potential for the 1sle potential. The

intrinsic range of the Dalitz-Downs single Gaussian potential ir

1.48fm, which is rather shorter than that of the Dalitz hard-core



potential(2.0fm). 1In order to extract the net effect of the A-N
hard core, we evaluate n and R based on the single Gaussian A-N

potential with the intrinsic range of 2.0fm. 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

i@e is enhanced by about 30% as the effect of

the A-N repulsive core, Table 1

As discussed in Ref. 1, the central rise of the A-a potential

piconic decay rate of

is very sensitive to the intrinsic range of the hard-core p-U
potential. As shown in Fig.l, Maeda and Schmid6 have obtained the
A-a potential with a small central rise from the Herndon hard-core
A-N potential,7 of which intrinsic range is 1.5fm. The Maeda and
Schmid (MS} A-a potential is parameterized into a sum of two
Woods-Saxson forms, and is not similar to the Isle potential but 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-a potentials
are mcre favorable experimentally in order to confirm the importance
of the A-N repulsive core on the pionic decay of :He. To do this we
evaluate the lifetime of iHe below.

The lifetime ¢ is given with the sum of the pionic decay rate

and nonmesic decay rate an;

The ratio of an/R_ is experimentally given to be 1.,31%0.09 by

Coremans et al.B There are several experimental estimates of the
lifetime of ?\Me9 and the newest one is (2.74tg‘gg)x10_10 sec. which

is estimated with 1640 events by Bohm et a1.10 \ Fig 3 Teble T

The lifetime calculated for ﬁ/qmax=0.9 are shown in Fig.3 with
the errorbars coming from that of an/R- and we alsa present the
values for a/qmax=0'9 and 0.95 in Table II. As seen in Fig.3, the
lifetime evaluated with the Isle potential, (3!.02*’0’10)"‘10_10

-0.09
is in good agreement with the experimental one. On the other hand

sec.,

1's with the MS and SG potentials are too long, even if we take
somewhat large value cf §/qmax(=0.95). This discrepancy between the
experimental and theoretical estimates with the MS potential daes
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 the over-estimates of the
nonmesic and pionic decay rates, respeczively. Furthermore the N-N
correlations in the o particle make the lifetime of iHe longer since
the overlapping betwaen the A and nucleon wave functions becormes
large for the effect of the N-N ccurrelations. Therefore the present
analysis supports that the effective A-x potential has a central
repulsion like the Isle potential and the A-N potential has a large
intrinsic range. This result is consistent with that the Dalitz
hard-core A-N potential is more favorable meson-theoretically thar

the Herndon‘s.l



Finally we notice that the present result is independent of the
peculiarity of the hard-core potential. We construct the A-u
potential with the soft-core A-N potential whose core height is
about 1.4Gev and whose effective range and scattering length are
equal to ‘lLose of the Dalitz hard-core potential, The resultant A
potential is very similar to the Isle potential and is also
represented with the two-range Gaussian form whose parameters are

VR=228.1MeV, VA=204.4MEV, bR=l.21fm and bA=l.52fm. The lifetime of

ZHe calculated with this potential for a/qmax=0'9 is (3.07%0.10)

x10710 sec., which is the almost same as that with the 1sle

potential.

In conclusion. the central repulsion of the effective A=
potential which is obtained from the hard-core A-N potential with
the intrinsic range of 2.0fm strongly affects the pienic decay of

iHe and is very favorable to reproduce the lifetime of iHe.

In order tc confirm quantitatively the central repulsion of the

effective A-ax potential we need more accurate measurement of the

lifetime of EHE and detailed theoretical calculation. We also
h

should investigate the effect of the central repulsion of the

effective A-a potential on such light hypusnuclei as Aiﬁe and iBe.

The authors thank Prof. H. Bandd for a valuable suggestion.
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Table I. The Pauli hlocking correction and the w and 19 decay

rates of :He. The values are obtained for H/qmax=0.9 and those in

parentheses are calculated for a/qmax=0.95.
A-c pot. n_ Ny R™ &°
type llO—laneV/c) (lO—llMevlc
Isle .557 -544 7.64 4.15
{.538) (-524) {8.51) (4.62)
SG .681 669 3.50 3.01
(.662) (.649) (6.22) {4.41)
sc2.002 sz .640 §.00 3.28
(.633) (.620] (6.75] {3.69])
Msb) .661 .656 5.86 3.20
{.641) 1.628) 16.60) {3.61)

a) SG(2.0) denotes the p~aq potential based on the siagle Gaussian
4-N potential with the intrinsic range of 2.0fm.
v} Maeda-Schmid p-y potential is obtained frcm the Herndon hard-core

4-~N potential with the intrinsic range of l.5fm.

Table II. Lifetime ot iHe calculated with the Tsle-type, MS and SG

A-a  potentials. The values are obtained for a/q

in parentheses for E/qmax=0.95. All

10710 sec.

max

values are given

=0.

9 and those

in unit of

Isle MS 5G exp.")
+0.10 +0.13 +0.14 +0.60
. .9 .18 2.74
302 4709 3935010 18 012 -0.50
L7140, L49%0.11 3.70%0-12
(2.71£0.09) {3.49 ) (3.7077°0%

a) See ref.9.



Figure captions

Fig.1 A- a potentials. The solid, dashed and dashed-dotted lines

denote the Isle, SG and MS potentials, respectively.

Fig.2 A-density distributions in ?‘He. The solid and dashed lines
denote the density distributions calculated with the Isle and SG

potentials, respectively.

Fig.3 Lifetime of ,s\He‘ The solid circles and triangles are the

experimental and theoretical estimates, respectively.
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