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Weak decays of medium and heavyA hypernuclei
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We have made a new evaluation of thedecay width in nuclear matter within the propagator method.
Through the local density approximation it is possible to obtain results in finite nuclei. We have also studied
the dependence of the widths on & and AN strong short-range correlations. Using reasonable values for
the parameters that control these correlations, as well as realistic nuclear densitiesvane functions, we
show that it is possible to reproduce the experimental decay rates in a wide range of mass rifrothers
medium to heavy hypernucleihowever, the question related to thg/I";, ratio remains open.

PACS numbgs): 21.80:+a, 13.75.Ev, 25.46:h, 24.10.Lx

[. INTRODUCTION The freeA decay is compatible with thal = 1/2 isospin
rule, which is also valid for the decay of other hyperons and
A hypernucleus is a bound system made of neutrons, prdor kaons(namely, in nonleptonic strangeness changing pro-
tons, and one or more hyperons. Among thesange nu- cessep This rule is based on the experimental observation
clei, those which contain on& hyperon are the most stable that theA— =~ p decay rate is twice th& — 7°n one, but it
with respect to the strong interaction and they are the subjeds not yet understood on theoretical grounds. From theoreti-
of this paper. The study of hypernuclear physics may help ir¢al calculations like the one in RdfZ] and from experimen-
understanding some present problems related, for instance, @ measurement8] there is some evidence that tid
some aspects of weak interactions in nuclei or to the origir=1/2 rule is broken in nuclear mesonic decay. However, this
of the spin-orbit interaction in nuclei. Besides, it is a goodis essentially due to shell effects and might not be directly
instrument to study the role of quark degrees of freedom irrelated to the weak process. A recent estimate bf 3/2
the hadron-hadron interactions at short distances and theontributions to theAN— NN reaction[9] found moderate
renormalization properties of pions in the nuclear medium. effects on the hypernuclear decay rates. In the present calcu-
Nowadays we know some important features of ¥  lation of the decay rates in nuclei we will assume this rule as
interaction[1]. For example, at intermediate distances thevalid. The momentum of the final nucleon ih—mN is
strong AN interaction is weaker than thdN one, and its about 100 MeV forA at rest, so this process is suppressed by
spin-orbit term is very small. Moreover, the former has athe Pauli principle in nuclefparticularly in heavy systems
smaller range than thdN one. From the study of mesonic It is strictly forbidden in infinite nuclear matteiwhere kg
decays of light hypernuclei we have evidence for strongly=270 MeV), but in finite nuclei it can occur because of three
repulsive cores in th& N interaction at short distancé2], important effects(1) in nuclei the hyperon has a momentum
which automatically appears in quark-based modalg]. distribution that allows larger momenta for the final nucleon,
These characteristics of thieN interaction are important, as (2) the final pion feels an attraction by the medium such that
we will see, for the evaluation of the decay rateshohy-  for fixed momentum it has a smaller energy than the free one
pernuclei. and consequently, due to energy conservation, the final
The most interesting hypernuclear decays are those imucleon again has more of a chance to come out above the
volving weak processes, which directly concern the hyperonkFermi surface, an@3) on the nuclear surface the local Fermi
The weak decay of hypernuclei occurs via two channels: thenomentum is smaller thakﬂ and favors the decay. Never-
so-called mesonic channe(~xN) and the nonmesonic theless, the mesonic width rapidly decreases as the mass
one, in which the pion emitted from the weak hadronic ver-numberA of the hypernucleus increasgg. From the study
tex is absorbed by one or more nucleons in the mediunof the mesonic channel it could be possible to extract impor-
(AN—NN, ANN—NNN, etc). Obviously, the nonmesonic tant information on the pion-nucleus optical potential, which
processes can also be mediated by the exchange of monge do not know today in a complete form. In fact, the me-
massive mesons than the pion. The nonmesonic decay $bnic rate is very sensitive to the pion self-energy in the
only possible in nuclei and, nowadays, the study of the hymedium[7].
pernuclear decay is the only practical way to get information The final nucleons in the nonmesonic procads— NN
on the weak procesS§N— NN, especially on its parity con- emerge with large momenta=@420 MeV), so this decay is
serving part. In fact, there are no experimental observationsot forbidden by the Pauli principle. On the contrary, apart
for this interaction using lambda beams. However, the infrom very light hypernucleithe s-shell oneg it dominates
verse reactiorpn—Ap at COSY[5] and RCNP is under over the mesonic decay. The nonmesonic channel is charac-
study[6]. terized by large momentum transfers, so that the details of
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the nuclear structure do not have a substantial influencexperimental ones favork,/I", values around 23 (or
while the NN and AN short-range correlation$SRCs turn  highey, in disagreement with the OPE predictions. However,
out to be very important. There is an anticorrelation betweerthe convenience of measuring the number of protons per de-
mesonic and nonmesonic decay modes such that the toteay event was also pointed out. This observable, which can
lifetime is quite stable from light to heavy hypernuclei be measured from delayed fission events in the decay of
[8,10]: Texp=(0.5—1) Tfrce- heavy hypernuclei, gives a more reliable rdfip/I", and is
Nowadays, the main problem concerning the weak decaless sensitive to details of the Monte Carlo simulation deter-
rates is to reproduce the experimental values for the ratiining the final shape of the spectra.
I',/T', between the neutron and the proton induced widths In this paper we present a new evaluation of the decay
An—nnandAp—np. The theoretical calculations underes- rates for medium to heavy hypernuclei based on the propa-
timate the experimental data for all the considered hypernugator method of Ref.18], which allows a unified treatment
clei[8,9,11-14 of all the decay channels. The parameters of the model are
" oot oxot adjusted to reproduce the nonmesonic widthi® and the
[E] <[E] 0 %[E] 5 1. decay rates of heavier hypernuclei are predicted. We also
r r ' ' r - ' discuss how the new model affects the energy spectrum of
the emitted nucleons, in the hope of obtaining a r&tidl,
In the one-pion exchangeOPE approximation the values more in agreement with the experimental observation.
for this ratio are 0.1+ 0.2. On the other hand the OPE model = The paper is organized as follows. In Sec. Il we present
has been able to reproduce the one-body stimulated nonmthe model used for the calculation of the decay rates. Our
sonic ratesl';=I",+I", for light and medium hypernuclei results are presented and discussed in Sec. Ill. We first study
[11,12,14. In order to solve this problem many attempts the sensitivity of the decay rates to the parameters defining
have been made up to now, but without success. Amonthe NN and AN strong short-range correlations as well as to
these we recall the inclusion in theN— NN transition po- the nuclear density and wave functions. We then obtain
tential of mesons heavier than the pidri, 13,14, the inclu-  the widths for various hypernuclei and discuss the energy
sion of interaction terms that violate thel =1/2 rule[9], distribution of the nucleons from the weak decays. Our con-
and the description of the short-range baryon-baryon interaglusions are given in Sec. IV.
tion in terms of quark degrees of freeddm?2]. This last
calculation is the only one that has found a consistent Il. PROPAGATOR METHOD
not sufficien} increase of the neutron to proton ratio with
respect to the OPE one. However, this calculation is only The A decay in nuclear systems can be studied in the
made fors-shell hypernuclei and their effective quark La- random phase approximatiofRPA) using the propagator
grangian does not reproduce the experimental ratio betwedhethod[16,18. This technique provides a unified picture of
theAl = 1/2 andA| = 3/2 transition amplitudes for thé free the different decay channels and it is equivalent to the stan-
decay. dard wave function methodVFM) [19], used by other au-
The analysis of the ratif, /T, is influenced by the two- thors in Refs[7,9,1;,13,1§1 The calculation of the widths is
nucleon-induced process NN—NNN. By assuming that u_s_ually per_formed in nuclear matter, ar_1d then extended to
the meson produced in the weak vertex is mainly absorbefinite nuclei via the local density approximati¢hDA). For
by a neutron-proton strongly correlated pair, the three-bodyhe calculation of the mesonic rates the WFM is more reli-
process turns out to bAnp—nnp, so that a considerable ablel than the propagator method in the LDA since this chan-
fraction of the measured neutrons could come from thid'el is rather sensitive to the shell structure of the hyper-
channel and not only from th&n—nn and Ap—np ones. nuc!eus, given the small energies involved. Moreover, it is
In this way it might be possible to explain the large eXperi_adwsable_to avoid the use of t_he LDA for very light systems
mentalT /T, ratios, which originally have been analyzed and we will make the calculation starting frofiC. On the _
without taking into account the two-body-stimulated processOther hand, the propagator method in LDA offers the possi-
Nevertheless, the situation is far from being clear and simpleility of calculations over a broad range of mass numbers.
The new nonmesonic mode was introduced in RES] and The method was introduced in R¢fL8] and we briefly
its calculation was improved in Ref16], where the authors Summarize it here for clarity. The.—«N effective La-
found that the inclusion of the new channel would lead tograngian is
larger values of thé",/I", ratios extracted from the experi- _
ment, somehow more in disagreement with theoretical esti- Lon=GCMyn(A+Bys) T by +He., (2.0
mates. However, in the hypothesis that only two nucleons
from the three-body decay are detected, the reanalysis of thehere the values of the weak coupling consta@ts2.211
experimental data would lead to smaller rat{@. These X10 ’/m2, A=1.06 andB=—7.10 are fixed on the fre&
observations show thalf,/T', is sensitive to the energy decay. The constantsandB determine the strengths of the
spectra of the emitted nucleons, whose calculation also reparity violating and parity conserving— 7N amplitudes,
quires a careful treatment of the nucleon final state interacrespectively. In order to enforce thel=1/2 rule, in Eq.
tion. In Ref.[17] the energy distributions were calculated (2.1) the hyperon is assumed to be an isospin spurion with
using a Monte Carlo simulation to describe the final statd ,= —1/2. To calculate the\ width in nuclear matter we
interactions. A direct comparison of those spectra with thestart with the imaginary part of th& self-energy:
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FIG. 1. A self-energy in nuclear matter.
(& (0 (@

Iy=-2ImZ,. (2.2) FIG. 2. Lowest order terms for thA self-energy in nuclear

. . . matter. The meaning of the various diagrams is explained in the
By the use of Feynman rules, from Fig. 1 it is easy to obtaingy;

the A self-energy in the following form:

In (b) and(c) the pion couples to a particle-hdlp-h) and

* S P_Zqz] a A-h pairs, respectively. Diagrand) is an insertion of

dq
2m)* m?2, swave pion self-energy at lowest order. In diagréeh we
show a 2p-2h excitation coupled to the pion throgghiave
XF2(q)Gn(k—0)G,(q). (2.3) =N interactions. Other 2p-2h excitations, couplegiwave,
are shown in(f), while (g) is a RPA iteration of diagrartb).
Here,S=A and P=m_B/2my, while the nucleon and pion It is possible to evaluate the integral owgyin Eq.(2.3), and

EA(k)zsi(Gmf,)Zf (

propagators in nuclear matter are, respectively, the A self-energyEqg. (2.2)] in nuclear matter becomé8]
Ga(p)= o(|pl—kg) O(ke—1p|) , dq
NP pO_EN(p)_VN+iE pO_EN(p)_VN_iG 1—‘A(kip):_B(Grnﬂ')ZJ\—36(|k_q|_k|:)0(k0_EN
(2.4 (2m)

X (k=g)=Vy)Im a(q)|qo:ko*EN(k*Q)*VN’

2.7
1

9o—P—mi—3%(q)

G.(q)= (2.9 where

In the abovep=(py,p) andq=(qq,q) denote four-vectors, 2 S(q)U(a)

— 2 2 2 0
ke is the Fermi momentumEy is the nucleon total free a(q)—|S +Fq ]F“(q)GW(qH 1-Vi(q)U(q)
energy,Vy is the nucleon binding energy, ad is the pion T
pro%er se_lf—?ngr%y in nuclealr rr;atterf. l\/![orefov?;&ir&laﬁ) . P2(q)U(q) o P2(q)U(q)
){/(\;i: ave included a monopole form factor for ver- 1V (U(Q) " “T-VH(qU(q)"

(2.9

In Eq. (2.7) the first 6 function forbids intermediate nucleon
T T (2.6 momenta(see Fig. 1 smaller than the Fermi momentum and
Afr—q(zﬁ o the second one requires the pion eneggyto be positive.

Moreover, theA energy,ko=E,(k)+V, , contains a bind-

(the same is used for theNN strong vertex, with cutoff  ing term. In Eq.(2.8),
A ,=1.2 GeV. In Fig. 2 we show the lowest order Feynman
graphs for theA self-energy in nuclear matter. Diagrai@
represents the bare self-energy term, including the effects of G?T(q)= o 3
Pauli principle and of binding on the intermediate nucleon. Qo— g —my

AZ _ m2
FAQ)= 55—

(2.9
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is the free pion propagator, whil&J(q) contains the
Lindhard functions for p-h and-h excitationd 20] and also
accounts for 2p-2h excitations:

U () =Upn(a) +Uan(q) +Uzpan(a). (2.10

It appears in Eq(2.8) within the standard RPA expression.
Equation(2.7) depends explicitly and througt(q) on the
nuclear matter density=2k2/372. The Lindhard functions
Uph, Uan are normalized as in Reff21] andU ;.5 is evalu-

ated as in[16], that is, by calculating the available phase
space for 2p-2h excitations and by taking into account the

experimental data on pionic atomd,(q) is related to the
pion proper self-energy through

S (q)=3P*(q)+39*(q),
.11

f2

m—Zqui(q)U(q)

SP* ()= —F = :
1—m—ZgL(q)U(q)

w

where the Landau functiog, (q) is given in the Appendix
[see Eq.(A12)], and3® * is the swave part of the self-
energy. We will use the parametrization of RgR2]:
3O *(q)=—4m(1+m,/my)bep, with by=—0.0285,,.
The function3(® * is real (constant and positiyetherefore
it contributes only to the mesonic decdiagram(d) in Fig.
2 is the relative lowest ordgrOn the contrary, the-wave
self-energy 3P * is complex and attractivethat is,
Re (P *(q)<0].

The pion lines of Fig. 2 have been replaced in &58) by
the interactionsS, P, , P1, V,, andV;, whose expressions
are given in the Appendix. The functiong andV+ repre-
sent the(strong p-h interaction, includingr andp exchange

modulated by the effect of short-range correlations, de-

scribed by the Landau parametgt, while S, P, , and Pt

PHYSICAL REVIEW &1 044314

In view of the moderate effect of additional mesons in the
weak Lagrangian and of the many poorly known parameters
they would bring into the calculation, in this paper we prefer
to focus on a simpler but controlled model, such as the OPE
one, and defer for a future work the study of the influence of
the p and other mesons.

The decay widths in finite nuclei are obtained in the LDA.
In this approximation, the Fermi momentum is madde-
pendentthat is, a local Fermi sea of nucleons is introduced
and related again to the nuclear density by

3 1/3
kp(r)=[§w2p(r)] : (212
Besides, the nucleon binding potentMy, also becomes
dependent in the LDA. In the Thomas-Fermi approximation
we assume

KE(r)

er(n+Vy(r)= 2mn

+V(r)=0. (2.13

For the A binding energy we use instead the experimental
value[24,25|.

With these prescriptions we can then evaluate the decay
width in finite nuclei by using the semiclassical approxima-
tion, through the relatioh26,18§

FA(k):f dr| ¢ (D]?T [k, p(N)], (2.19
where i, is the A wave function and”,[Kk,p(r)] is given

by Egs.(2.7) and (2.8). I',(k), which is not an observable,
can be regarded as thkecomponent of thé\ decay width in

the nucleus with density(r). One can use this relation to
estimate the decay rate by introducing an average momen-
tum for the hyperon. More accurately, a further average over
the A momentum distribution gives the following width:

I'y\= f dk| P (K)|2T 5 (K), (2.19

correspond to the lines connecting weak and strong hadronic
vertices: they contain the pion and another Landau parametgshich we shall compare with experimental results. On this

g, which is related to the strond N short-range correla-
tions. Note that in this model exchange enters only in the

point we must say that the nonmesonic decay rate is rather
independent of the average momentum used in (Bd.5

p-h interaction, but not in the weak vertex. Indeed, it was(the variation of this momentum affects the nonmesonic rate

explicitly shown in Ref[23] that adding thep meson to the
pion leads to a reduction of the rate of about-115 %. It

by at most 2% In fact, the nucleons emerging from the
nonmesonic processes are very energetic and easily over-

was also shown there that the neutron to proton induced raticome the Pauli blocking. However, the mesonic channel is
I',/T", barely changed from the pion-exchange value. Actu~very much affected by variations é&fbecause the emerging

ally, in a later work{ 11], which used more realistidN final

nucleon can more easily overcome thecal) Fermi momen-

state wave functions, it was found that the effect of includingtum if the decaying\ has a larger momentum. For instance,

the p meson in the weak vertex was3%. Even the full

in %C, setting theA momentum tok=0 we obtain a me-

model employed in that paper, which considered the exsonic rate which is practically zero, while we know from

change of all pseudoscalatr( K, z) and vector mesong(
K*, w), yielded a rate that was 15% smaller or larger than

experiment that™y, is not negligible in this hypernucleus.
Therefore, the further average ovemnf Eqg. (2.15 is more

the OPE value, depending on the coupling constants used gonsistent with the physics of the decay.

the strong vertices. It is important to stress that the weak The propagator method provides a unified picture of the
couplings, except the ones for the pion, are not known exelecay widths. The imaginary part of a self-energy diagram
perimentally; in those works they were estimated from softrequires placing simultaneously on shell the particles of the
meson theorems and SU(Symmetry. considered intermediate state. For instance, diagianin
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Fig. 2 has two sources of imaginary part. One comes fronthe refined model influences the energy distribution of the
cut 1, where the nucleon and the pion are placed on shelemitted particles, following the Monte Carlo procedure of
This term contributes to the mesonic channel: the final piorRef. [17].
interacts with the medium through a p-h excitation and then In order to evaluate the widtt2.14) one needs to specify
escapes from the nucleus. Diagr@m and further iterations the nuclear density and the wave function for the The
lead to a renormalization of the pion in the medium whichformer is assumed to be a Fermi distribution:
increases the mesonic rate by about two orders of magnitude
in heavy nucle{18]. Cut 2 in Fig. Zb) places a nucleon and po(A)
a p-h pair on shell, so it is the lowest order contribution to pa(r) = 1+elr—RAYa
the physical procesAs N— NN.

The mesonic widtl", is calculated from A

A)=
p2 P R R |

a(q) =1 S+ — 0  FA(a)G.(q), (2.16

m2 (3.9

with radiusR(A)=1.12AY3-0.86A" % fm and thickness

=0.52 fm. We recall that the present calculation is per-

ImG,T(q)—>—775(qg—q2—m,27— ReS*(q)). (2.17) fprmed in symmetric nuclear matter, without dlstmgmshmg
(in heavy nuclei between the proton and neutron density

The one-body-induced nonmesonic decay Fatés obtained ~ distributions. Moreover, the LDA is a good approximation to

by omitting ImX* in G, namely, by replacing

by substituting in Egs(2.7) and (2.8) obtain the general trend of th& dependence, but will not
account for any shell-structure effect. Concerning the
U(q) Im U pr(a) wave function, it is obtained from a Woods-Sax@S) well
Im (2.189  which exactly reproduces the first two single-particle eigen-

| — y
1=Vir(@U@@  [1-V «(@)U(q)|? values & andp levels measured im hypernuclei.
that is, by omitting the imaginary parts ofy,, andU 5, in
the numerator. Indeed li,, accounts for the\ — 7N de-
cay width, thus representing a contribution to the mesonic A crucial ingredient in the calculation of the decay widths
decay. There is no overlap betweenUy,(q) and the pole is the short-range part of the stroNdN and AN interactions.
go=w(q) in Eq.(2.17), so the separation of the mesonic andThey are expressed by the functiogs+(q) and ng(q),
two-body nonmesonic channels is unambiguous. The renowhich are reported in the Appendix and contain the Landau
malized pion pole in Eq(2.16 is given by the dispersion parameterg’ andg} . No experimental information is avail-
relation able ong, , while many constraints have been setgdnfor
example, by the well-known quenching of the Gamow-Teller
0X(Q—P-mi—Re3*[w(g),q]=0, (2.19 resongnce.yRealistic vaIuesclyf, withirﬁJ the framework of
the ring approximation, are in the range ©.6.7 [27]. How-
ever, in the present contegt correlates not only p-h pairs
0o=Ko— En(k—0) — Vy. (2.20  but also p-h with 2p-2h states. In order to fix these param-
eters we shall compare our calculations with the experimen-
At the pion pole ImJ,,,,#0; thus the two-body-induced tal nonmesonic width oikZC.
nonmesonic widthl, cannot be calculated using the pre- In Fig. 3 we see how the total nonmesonic width for car-
scription (2.18 with Uy, instead ofU,j, in the numerator  bon depends on the Landau parameters. The rate decreases as
of the right-hand sidéRHS). Part of the decay rate calcu- g’ increases. This characteristic is well established in the
lated in this way it is due to excitations of the renormalizedRPA. Moreover, fixingg’, there is a minimum fog) =0.4
pion and contributes tb, . The three-body nonmesonic rate (almost independent of the value gf). This is due to the
is then calculated by subtractifg, andI'; from the total  fact that forg) <0.4 the longitudinap-wave contribution in
rateI'ror, which we get via the full expression far [Eq.  Eq.(2.8) dominates over the transverse one and the opposite
(2.8)]. occurs forg)>0.4. We also recall that thewave interac-
tions are independent of, [Eq. (A10)]. Moreover, the lon-
lll. RESULTS AND DISCUSSION gitudinal p-wave AN—NN interaction[Eq. (A8)] contains
the pion exchange plus SRCs, while the transverseave
Let us now discuss the numerical results one can obtailh N— NN interaction[Eq. (A9)] only contains repulsive cor-
from the above illustrated formalism. We shall first study therelations, so with increasingj, the p-wave longitudinal con-
influence of short-range correlations and thewave func-  tribution to the width decreases, while thevave transverse
tion on the decay width of;’C, which will be used as a part increases. From Fig. 3 we see that there is a broad range
testing ground for the theoretical framework in order to fix of choices ofg’ and g} values which fit the experimental
the parameters of our model. We will then obtain the decayand. The latter represents the nonmesonic decay width
widths of heavier hypernuclei and we will explore whetherwhich is compatible with both the BN[28] and KEK [29]

A. Short-range correlations and A wave function

with the constraint
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TN T T T A that reproduces the and p levels, we also use a harmonic
\ \ /// oscillator wave function with an “empirical” frequency

ENL [24,25], again obtained from the-p energy shift, the WS
wave function of Doveret al. [30], and the microscopic
wave function calculated from a nonlocal self-energy using a
realisticY N interaction in Ref[31]. The results are shown in
Table I, where they are compared with the experimental data
from BNL [28] and KEK[29,32,33.

By construction, the chosey' andg) reproduce the ex-
perimental decay widths using the WS wave function which
gives the rights and p levels in }*C. We note that it is
possible to generate the microscopic wave function of Ref.
[31] for carbon via a local hyperon-nucleus WS potential
with radius 2.92 fm and depth-23 MeV. Although this
potential reproduces fairly well the experimensdevel for
S 0|2 — '0.'4' — 0'6 i the A in izc, it does not reproduce thgelevel. In this work

we prefer to use a completely phenomenologitahucleus
potential that can easily be extended to heavier nuclei and

FIG. 3. Dependence of the nonmesonic width on the Landaueproduces the experimental single particle levels as well
parametergy’ andg) for 3°C. The experimental value from BNL as possible. Except fos-shell hypernuclei, where experi-
[28] (KEK [29]) lies in between the horizontal solidashedllines.  mental data requiré\-nucleus potentials with a repulsive
core at short distancég], the A binding energies have been

experiments. One should notice that the theoretical curveg reproduced by WS potentials. We thus use a WS poten-

reported in Fig. 3 contain the contribution of the three-bodytial with fixed diffusenessd=0.6 fm) and adjust the radius

process; should the latter be neglectedg ﬁpproximatiom and depth to reproduce tis&ndp A levels. The parameters
then one could get equivalent results with values smaller ; _ ' —
than the ones reported in the figutgpically Ag’~ —0.1). of the potential for carbon arR=2.27 fm andVy=—32

The phenomenology of theefe’) quasielastic scattering
suggests, in the ring approximation, typical valuegbfin
the range 0.6 0.7. Here, by taking into account also 2p-2h
contributions, we have to adopt “equivalentyj’ values
larger than in ring approximation. From Fig. 3, the experi-

mental band appears to be compatible vgthin the range extended than the new WS one but is very similar to that

0.75-0.85 andgj, in the range 0.3 0.5. On the other hand, hiained from a harmonic oscillator with a frequency of 10.9
the new and more accurate KEK resuyli2,33 set an upper ey adjusted to thes-p energy shift in carbon. Conse-
limit of =1.03 for the nonmesonk_: width, which pra(_:tically quently, the nonmesonic width from the Dover's wave func-
forces us to chosg’=0.8 andgj in the above-mentioned (jon is very similar to the one obtained from the harmonic
interval. Considering that the decay rate does not changgscillator and slightly smaller than the new WS one. The
dramatically in this range, the valigg, =0.4 seems to be a mijcroscopic wave function predicts the smallest nonmesonic
good choice. widths due to the more extended wave function, which

We note that the values used in Rgi6], namely,g"  explores regions of lower density and thus has a smaller
=0.615 andy, =0.62, would yieldl';=1.26 andl',=0.25,  probability of interacting with one or more nucleons. From
adding to a nonmesonic widthyy,=1.51, which is 50% Table | we also see that, against intuition, the mesonic width
larger than the experimental one. Thus the analysis pelis quite insensitive to thd wave function. On this point we
formed here shows that the present data f4€ favor a  recall that the more extended the wave function is inr
somewhat different but still reasonalgé value. space, the larger is the mesonic width, since the Pauli block-

We shall now illustrate the sensitivity of our calculation ing effects on the emitted nucleon are reduced. However, the
to the A wave function in3°C. In addition to the WS well integral over momenta in Eq2.15 is weighted by the mo-

14

1.2

FNM/Ptree

1.0

0.8

0.6

(=4 T T
o
©

g'a

To analyze the results of Table I, we note that the micro-
scopic wave function is substantially more extended than all
the other wave functions used in the present study. The Do-
ver parameterg30], namely, R=2.71 fm andV,=—28
MeV, give rise to aA wave function that is somewhat more

TABLE |I. Wave function sensitivity.

}\ h.o. Dover New WS Microscopic BN[28] KEK [29] KEK new|[32,33
'y 0.26 0.25 0.25 0.25 0.110.27 0.36:0.15 >0.11

r, 0.78 0.77 0.82 0.69

r, 0.15 0.15 0.16 0.13

I'um 0.93 0.92 0.98 0.81 1.140.20 0.89-0.18 <1.03
lor 119 117 1.23 1.06 1.250.18  1.25-0.18 1.14-0.08
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TABLE Il. WS parameters. 20 [T ' T T Te_]

Atlz R (fm) Vo (MeV) I 11 ]
L 2.27 ~32.0 I of |
s 3.33 —295 15
40, —
QGCa 4.07 28.0 /T,
Fe 4.21 -29.0
& 5.07 -285
189 a 6.81 —27.5 S E
2%pp 5.65 -32.0

o~ 5 . . 0.5
mentum distributior{ , (k)|*, which correspondingly tends
to cancel the above-mentioned effect: as a reByjtis in-
sensitive to the different wave functions used in the calcula-
tion. In summary, differentbut realistig A wave functions 0.0
give rise to total decay widths which may differ at most by
15%. A+1

FIG. 4. A decay widths in finite nuclei as a function of the mass
B. Decay widths of medium-heavy hypernuclei numberA.

Using the new WS wave functions and the Landau param- ) )
etersg’ =0.8 andg) =0.4 we have extended the calculation agreement with the datéwhich, on the other hand, have

to heavier hypernuclei. We note that, in order to reproduc%‘rgleo rigog\ﬂg";‘gzogrer tzea\lggoéieh)r/]%emtlges;t T:tsgnri?%ﬁe
the experimentas andp levels for the hyperon, we must use xp : Ver, W w uratl

potentials with nearly constant depth, around-22 MeV, AN—NN interaction in nuclei is well reproduced.

from medium to heavy hypernucléiadii and depths of the One of the open problems in the study of V\_/eak hyper-
used WS potentials are quoted in Tablg Il nuclear decays is to understand the large experimental value

our results are shown in Table Ill. We observe that theof the ratiol", /I", which most of the present theories fail to

mesonic rate rapidly vanishes by increasing the mass numbé‘?pmduce' iny the qua'rk model of RéttZ] predicts an
A This is well known and it is related to the decreasingenhanced ratio, although it cannot describe both mesonic and

phase space allowed for the mesonic channel and to small nmesonic decays from the same basic quark Hamiltonian.

overlaps between thd wave functiony, and the nuclear | OWEVeT, V‘{e. htave aotrr]ecarI]I thatbthe datal wérp.tmavi ta ki
surface, asA increases. The two-body-induced decay is,arJ€ uncertainty and th€y have been analyzed witnout taxing

rather independent of the hypernuclear dimension and it igto account the three-body decay mechanism. The study of

o ; : ef.[16] showed that, even if the three-body reaction is only
?nboorgt elgs)hg;ghirfcﬁlsvﬂg\t/c .cE;iﬂgrswﬂﬁ;ﬁS'rl]gwgei\g re<§1bout 15% of the total decay rate, this mechanism influences
producing the experimental results. The total width is alsg'€ @nalysis of the data determining the ralip/T', . The

nearly constant witt\, as we already know from the experi- gnergy Speﬁtra. of neutrons ?n? [t)rgtpn%;r?(jm_r:]he nonmesonic
ment. In Fig. 4 we compare the results from Table 11l with i ecaé/.nsgtc): tamsmsfvtvr(]are calculate Iln J. 1he r(;mtmen_- d
recent(after 1990 experimental data for nonmesonic decay UM @istrioutions o the primary nucieons were determine
[28,29,32,34—3F fr'om the propagator method and a subsequent Mon'te Carlo
Nevertheless, we recall that the data for nuclei frﬁﬁﬁi simulation was used to account for the final state interac-

. tions. It was shown that the shape of the proton spectrum
on refer to the total width. However, as can be seen fromWas sensitive to the ratib. /T In fact. the protons from
Table II, Ty, (3Si)/T yw(38Si)=6x 102 and this ratio rap- noP ’ b

. : . . the three-nucleon mechanism appeared mainly at low ener-
idly decreases withA. The theoretical results are in good gies, while those from the two-body process peaked around

TABLE Il D 75 MeV. Since the experimental spectra show a fair amount
- Decay rates. of protons in the low energy region, they would favor a
relatively larger three-body decay rate or, conversely, a re-

A+1

Az P s > Tror  guced number of protons from the two-body process. Con-
X 0.25 0.82 0.16 1.23 sequently, the experimental spectra are compatible with val-
g 0.07 1.02 0.21 1.30 ues foan/Fplaround 2- 3, in strong contradiction with the
“Ca 0.03 1.05 0.21 1.29 present theories.

%Fe 0.01 112 0.21 1.35 The exce'llent agreement with the experimental decay
8 6x 103 1.16 0.22 138 rates of medium to heavy hypernuclei obtained here from the
139 o 6x 103 114 0.18 1.33 prr?Fa?ator r;”neth;)hd W|thdm?_d|f|e<}l patLametelrs makes ;t wo#]h-
208, 1% 104 191 019 140 While to explore the predictions for the nucleon spectra. The

question is whether this modified model affects the momen-
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towards a clean extraction of the rafig /T", would be ob-
tained if the nucleons from the different nonmesonic pro-
- %”:% cesses AN—NN and ANN—NNN were disentagled.
. ;;ﬁiﬁg Through the measurement of the coincident spectra of the
.g 20 | ’ 1 outgoing nucleons, it could be possible, in the near future, to
> split the nonmesonic decay width into its two componéhts
o . .
kS A A andI', [38] and obtain a cleaner measurement of the ratio
2 L T “"a\;\A rL,/r,.
310 | T
&) N
Y IV. CONCLUSIONS
I Y Using the propagator method in the local density approxi-
. 3 s mation, in this paper we made a new evaluation of the
% 50 100 150 decay widths in nuclei. Special attention has been devoted to

T, (MeV) the study of theNN and AN short-range interactions and
realistic nuclear densities and wave functions were used.
We have adjusted the parameters that control the short-range

correlations to reproduce the experimental decay widths of

tum distribution of the primary emitted nucleons strongly 'C. Then, the calculation has been extended to heavier hy-
enough, such that good agreement with the experimental préermuclei, up to3*Pb. We reproduce for the first time the
ton spectra is obtained without the need for very large valuegxperimental nonmesonic decay widths from medium to
for I',/T',. We have thus generated the nucleon spectr&€avyA hypernuclei and saturation of theN—NN inter-
from the decay of several hypernuclei using the Monte Carl@ction IS obseryed. .
simulation of Ref.[17] but with our modifiedg’ andg}, The energetic spectra of emltted nL_J(;Ieons calculated us-
parameters and our more realistic nuclear density and iNg the propagator method with modified parametete-
wave functions. The spectra obtained for various values ofCribing the energy distributions of primary nuclepesd
I'/T,, used as a free parameter in the approach of RefVlonte Carlo simulatior{accounting for the final state inter-
[17], are compared with the BNL experimental df28] in  actions do not change appreciably with respect to those cal-
Fig. 5. culated in Ref[17]. The reason is that, in spite of the fact
We observe that, although the nonmesonic widths aréhat the nonmesonic decay widths andI'; are sizably
smaller by about 35% than those of Rdfs6,17), the result- ~ reduced(by about 359 with respect to those of Ref17],
ing nucleon spectra, once they are normalized to the saniB€ ratiol’; /T'; is not altered, and the momentum distribu-
total width, are practically identical. The reason is that thefions of primary nucleons are very similar to the previous
ratio I', /T, of two-body-induced versus one-body-induced c@lculation. So the conclusion drawn in REE7] still holds:
decay rates is essentially the same in both motleveen & comparision of the calculated spectra with the experimental
0.2 and 0.15 from medium to heavy hyperugleind the ©one favorsI',/T'y ratios around 23 (or highe), in dis-
momentum distributions for the primary emitted protons are2greement with the OPE predictions. On the other hand, we
also very similar. As a consequence, the conclusions drawfave to recall that for a clean experimental extraction of the
in Ref. [17] still hold and the present calculation would also I'n/T'p ratio it is very important to identify the nucleons
favor very large values df ,/T . which come out from the different nonmesonic processes
Therefore, the origin of the discrepancy between theor)[39]-
and experiment for the ratid, /I",, still needs to be resolved.
From the theoretical side, there is still room for improving
the numerical simulation of final state interactions. In par-
ticular, Coulomb distortions and the evaporating processes We would like to thank Prof. E. Oset for fruitful discus-
need to be incorporated. We think that the evaporating prosions and H. Noumi and H. Outa for giving us detailed in-
cess is an important ingredient which increases the nucleoi@rmation about the experiments. We acknowledge financial
spectra at low energies. Maybe this contribution is so imporsupport from EU Contract Nos. CHRX-CT 93-0323 and
tant that there is no need for high,/T', values. On the FMRX-CT98-0169. This work was also supported by the
experimental side, although new spectra are now availablMURST (ltaly) and DGICYT Contract No. PB95-1249
[29,32], they have not been corrected for energy losses insideSpain.
the target or detector, so a direct comparison with the theo-
retical predictions is not yet possible. Attempts to incorpo-
rate these corrections by combining a theoretical model for
the nucleon rescattering in the nucleus with a simulation of
the energy losses in the experimental setup are now being In this appendix we show how the repulsiMiN and AN
pursued 37]. These efforts call for newer improved theoret- short-range correlations are implemented in NiE— NN
ical models that incorporate those final state interaction efand AN—NN interactions. The proces§N—NN can be
fects missing in Refl17]. On the other hand, a forward step described through an effective potential given by

FIG. 5. Proton spectrum from the decay ¥iC for various
values ofl',/T",. The experimental data are taken from HeB|.
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G(r)=g(r)V(r). (A1) and ans-wave part
Hereg(r) is a two-body correlation function, which vanishes - .t ) 0 ~», =0
asr—0 and goes to 1 as—o, while V(r) is a meson- S(Q)—m—wS{FW(Q)Gﬁ(Q)—Fw(Q)GW(Q)HQL

exchange potential which in our case containgndp ex- (A10)
changeV=V_+V,. A practical form forg(r) is [27]
. Note that in the absence efrong AN correlations thaveak
g(r)=1—jo(qcr). (A2)  potential inp wave is that of Eqs(A7), (A8), and (A9)
With q.=780 MeV one gets a good reproduction of realisticsettmgg”(q) 0. Thes wave would be given by EqA10)
) . - . omitting the second term on the RHS. As stated after Eq.
NN correlation functions obtained fror®-matrix calcula- : ) .
(A2), we include thestrong AN correlations using the same

tions. The inverse of|. is indicative of the hard-core radius ; . .
of the interaction. Since there are no experimental indicagorrelatlon functiorg(r) of Egs. (A1) and(A2) used in the

tions, we use the same correlation momentum for Af¢ NN case. Moreover, we .point out that the meson-exchange
interaction. On the other hand, we recall tigatis not nec- potentialV(r) of Eq. (AL)is V=V, + Vp_when we calculate
essarily the same in the two cases, given the different naturgfe effective potentiaGyy while it is V=V, for Gyn_nw-

of the repulsive forces. Using the correlation functi@®) it orm factors and propagators \.N'th a t||2de '2 E410) imply

is easy to get the effective interaction, E4.1), in momen- that they are calculated changig— ¢’+q¢. The param-
tum space. It reads eterC,, in Eqg. (A6) is given by

2 [ 2]
Gan(@) =V (@) TV, (@) + {9 (@)GiG Cp:m_5 me (A11)
+g7(0) (8 _aiaj)}gioj T (A3)  The expressions for the correlation functions are the follow-
ing:

where the SRCs are embodied in the correlation functipns
andgr. The spin-isospifNN— NN interaction can be sepa- 5 1 5l=s, =0 2 5~ =0

rated into a spin-longitudinal and a spin-transverse parts, ad.(9)= =1 a" + 30 Fa(D)G(a) — 34:C,F,(Q)G,(a),
follows: (A12)

Gan(@) ={VL(@)aiG; + V(Q) (8 — q;a)) } oo 7 7
X(qi=q;/|d)), (A4)

1 - ~ 2 ~ ~
gr(Q) =~ 3AF7 (@G (@) — | o+ gqﬂ C,Fo(@)Gpla),

(A13)
where L
2 gl(@)=- q2+§q§}ﬁi<q>éi(q>, (A14)
V@)= {eFUaG@+a @) (AS)
" 1 ey
2 gr(a) =~ 39F (@) G3(a). (A15)

f7T
Vr(0)= —{PC,FA(q)GY(a) +ar(a)}.  (A6)
my Using the set of parameters

In the aboveF , is thepNN form factor[Eq. (2.6) with cutoff
A,=2.5GeVl, andG)=1/(g5— ¢ —m?) is thep free propa-
gator.

The AN— NN transition potential, modified by the effect
of the strongAN correlations, splits into g@-wave (again
longitudinal and transvers@art

qc.=780MeV, A,=12GeV, A,=25GeV,
f2/47=0.08, C,=2, (A16)
at zero energy and momentum we have

9.(0)=gr(0)=0.615, g;'(0)=g7(0)=0.155.

GANﬁNN(Q):{ﬁL(Q)aiaj +~PT(q)(5ij —&i&j)}airr; 7'(7, (A17)

A7)
with However, we wish to keep the zero energy and momentum
limit of g, 1 andgf_\,T as free parameters; thus we replace the
~ fr P, 0 A previous functions by
Pu@)= " ——{dFL(@)GY M +al (@)}, (A8)
PN (C I g 7(a)
- f. P LT 0)’ LT AT A :
Pr(@)= = ——a7(a), (A9) 9.1(0) 9w e
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