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Effects of Final-State Interactions on the Decay Rate, H' ~ &-+He4
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The eRects of 6nal-state interactions on the hyperfragment decay rate qH'~ 7f- +He' have been cal-
culated, using a recent measurement of the s-wave phase shift from elastic z.-He4 scattering at 139 MeV/c.
The repulsive nature of the s-wave interaction leads to a 21/o lowering of the partial decay rate calculated
by Dalitz and Liu using noninteracting (plane-wave) particles in the 6nal state. A new total lifetime estimate
r(sH4) =1.75X10 "sec is made.

'HE partial decay rate sH4 —+sr +He' has been
calculated by D alitz and Liu, ' who assume a plane

wave for the final pion —o.-particle system. This is, of
course, the same as the assumption that there is no
interaction between the pion and the n particle. The
point of this note is to modify the Dalitz-Liu calculation
in order to estimate the effects of the strong final-state
interaction on the decay channel sH4 —+ 7r +He4.

Dalitz and Liu start with the premise that the hyper-
fragment ~H4 is describable as a composite of a bound
A. and a triton, where the bound A. decays essentially as
a free particle (the impulse model). The n-particle wave
function is taken as a Gaussian, whose size parameter
is matched to the electron-He scattering experiments.
They then calculate a "sticking factor, " the overlap
integraP G(q), where

G(q) =
Sin 43qr

exp( ——,'n4r') ua(r)der. (1)
3

gp

We calculate (2) at q= 136 MeV/c, in order to compute
the eGects of final-state interaction on the partial rate
gH4~ sr +He4.

' R,. Dalitz and L. Liu, Phys. Rev. 116, 1312 (1959).' R. Dalitz and B. Downs, Phys. Rev. 111, 967 (1958).' M. M. Block, L. Lendinara, and L. Monari, in I'roceed&sgs of
the International Conference on High-Energy Physics, Geneva, 196Z,
edited by J. Prentki (CERN Scientific Information Service,
Geneva, 1962), p. 371.

In (1), the n-particle wave function is taken to be
ProPortional to exP( —'zn4+r;ss), where n4 sos R4s, w——ith
E4 the He4 nuclear radius, q the momentum transfer,
and u~(r) the hyperfragment wave function. The wave
function uz(r) was numerically evaluated' as a function
of the binding energy, and G(q) computed s Since qH4

has been shown to be spin zero, ' the only partial wave
entering in the decay zH ~sr +He is the s wave. We
note that in (1), the factor (sinsqr)/esqr= je(4sqr)
represents the s-wave portion of the plane wave

exp(isa' r). Therefore, in order to take final-state
interactions into account, we should replace je(gsqr) by
the actual s-wave radial wave function Es(4qr), and
hence define a new overlap integral

3n ) s/4

If(q) =
~

exp( —zn4r')Es(eqr)us(r)der. (2)

In order to estimate Rs in (2), we appeal to experi-
ment. The Northwestern University helium bubble-
chamber group has recently completed measurements
on elastic pion-n scattering, i.e., sr++Hee~sr++He4,
at a laboratory momentum of 139 MeV/c, which
corresponds to the same momentum transfer as the
hyperfragment decay. A preliminary phase-shift analy-
sis4 indicates that the s-wave x-He4 phase shift cor-
responds to a repulsive potential, and that it is given by
fis ——(—8.7+0.7+i0.60&i0.06) deg. The imaginary part
of the phase shift rejects the fact that both O,-particle
breakup and absorption processes (inelastic channels)
occur in ~-He4 scattering. Using the electron scattering
results for the He4 system, ' 6 and suitably modifying it
to take into account the finite proton size, we choose
R4= 1.41 F. With this Gaussian size, we assume
the complex nuclear potential to be given by U(r)= (Ue —iWii)e ~"', with P=3/2R4s. We then solve the
Schrodinger scattering equation for 1=0,

6=0.735,

H =0.650+s0.0051.

(4a)

(4b)

It is clear on physical grounds that the smaller
magnitude of H reflects the repulsive nature of the
final-state interaction. We are 6nally interested in the
ratio G'/

~
li~ ', which gives the change in the rate of the

4 D. Koetke, Northwestern helium bubble-chamber group
(private communication).' R. Hofstadter, Rev. Mod. Phys. 28, 214 (1956).'H. Frank, D. Haas, and H. Prange, Phys. Letters 19, 391
(1965).
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l'o(p)
x,=0,

dp' k qs

where p=qr, xo= pEO, and Vo, the reduced potential, is
given by Vs(r) = 2iu U(r), with u the reduced sr-He' mass.
We integrate (3) numerically on the computer to find
those values of Uo and 8'0 that give rise to the observed
s-wave scattering phase shifts (real and imaginary
parts, respectively). This in turn leads to a choice of a
radial wave function Es, which is then inserted in (2)
to calculate B(q). We have also evaluated the bound-
state radial wave function ug(r) numerically, and hence
the plane-wave integral G(q). We obtain, at q=136
MeV/c,
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hyperfragment decay channel aH' ~ sr +He4. We note
that the imaginary portion of H contributes a negligible
contribution. From (4a) and (4b), we calculate the
ratio of the partial rates I'(aH'~ ir +He4), with and
without final-state interactions, to be

I'oi.„„,. (aH' —+ sr +He')
= 1.21+0.04. (5)

I';,,t,„(aH'~ sr +He')

lambda P-decay, since the P decay is a 0 ~ 0 transition.
Of course, it is necessary to have a reliable theoretical
estimate of the partial rate aHe —& sr +He4; thus, the
21'Po lowering due to final-state effects plays a critical
role in the interpretation of the above experiment.

In conclusion, we modify the estimate of the ~H4

lifetime r(aH')=0. 65 r(h) calculated by Dalitz and
Rajasekaran, ' to be

%e note a substantial lowering of the partial decay
rate. The error above rejects the uncertainty in the
experimental value of 8O. The calculation is quite in-
sensitive to the nuclear size parameter. Further, since
in (5), the same hyperfragment wave function is used
in both the numerator and denominator, the result is
also insensitive to the details of the hyperfragment wave
function used.

It has been pointed out7 that a measurement of the
branching ratio (qH'~ e +p+He')/(aH'~ sr +He')
allows one to measure the pure Fermi coupling for

& M. M. Block (to be published).

r(aHe) =0.73r(A) =1.75&&10 "sec, (6)

where the lifetime in (6) reflects the effects of final-state
interactions. Unfortunately, no comparison with experi-
ment is possible, since no accurate experimental mea-
surement of r(eH4) has as yet been performed.
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' R. H. Dalitz and G. Rajasekaran, Phys. Letters 1, 58 (1962).
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A QQQ model of beson-baryon scattering and production of both positive- and negative-parity mesons
is developed as a generalization of the "elementary meson" model proposed earlier by the authors. The
model is based on the assumption that mesons are tighter structures than baryons, which allows the former
to "see through" the latter, but not vice versa. The formalism allows the full inclusion of multiple-scattering
effects within the meson-quark system via the QQQ structure, and leaves scope for the inclusion of similar
effects between the meson and the quarks in the baryon, as a second-stage process. The model is more
restricted than the usual quark models (based on additivity), which in general enable correlations of meson-
baryon, baryon-baryon, and baryon-antibaryon amplitudes. The model makes little use of dynamics, except
for the method of "spectator functions" to calculate the amplitudes for the various processes in terms of
residues at the appropriate poles of the relevant spectator functions. However, the possible uses of simple
dynamical considerations are indicated, by which the larger amplitudes could be distinguished from the
smaller ones. The amplitudes are evaluated in a two-stage process, the erst step indicating the "SU{3)
level" of predictions, involving only one spin-parity type at a time, while the second step gives SU(6)-type
predictions which in principle connect mesons of different spin-parity assignments. For the negative-parity
mesons (P gild 1 ), the results are similar to those obtained by previous authors. However, the model
provides, with no extra physical assumptions but considerably more algebraic manipulations, amplitude
relations for the production of positive-parity mesons (0+, 1+, and 2+) which, according to the quark picture,
are structures of the form 'P& and 'P0, I, &, and are expected to simulate mesons of the type 8, AI, and A2
(and perhaps also the scalar mesons). No attempt is made in this paper to confront the predictions with
experiment, which will be the subject of a subsequent communication.

I. INTRODUCTION

S INCE the additive quark (Q) rodel for hadron

scattering was first proposed by Levin and Frank-
furt. ' as well as by Lipkin and Scheck, there have

* Permanent address: Department of Physics, University of
Delhi, Delhi-7, india.

I K. M. Levin and L. L. Frankfurt, Zh. Kksperim. i Teor. Fiz,

been a number of investigations on its more detailed
effects which included inelastic processes. ' ' Thus the

Pis'ma v Redaksiyu 2, 105 (1965) Lznglish transl, :Soviet Phys. —
JETP Letters 2, 65 (1965)g.

~ H. J. I ipkin and F. Scheck, Phys. Rev. Letters 16, 71 (1966);
H. J.Lipkin, ibid. 16, 71 (1966}.' J. L. Friar and J, S. Trefil, Nuovo Cimento 49A, 642 {1967).

4 JQ. Jacob and C. Itzykson, Nuovo Cimento 48K, 909 (1967).


