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Abstract. Simple and coincidence spectra of the NM weak decay of light hypernuclei have been
evaluated in a systematic way for the first time. We have only considered 1N induced processes,
neglecting entirely the events induced by 2N emission, as well as the effects of the FSIt’s. As the
theoretical frameworkwe have used the IPSMwith three different parametrizations for the transition
potential. The comparison with data strongly suggests that the soft π +K exchange model could be
a good starting point to describe the dynamics in the NM weak decays of s- and p-shell hypernuclei.
Keywords: nonmesonic weak decay; one-meson-exchange: independent-particle shell model
PACS: 21.80.+a, 13.75.Ev, 27.10.+h

The Λ-hypernuclei are mainly produced by the (K−, p−) and the (p+,K+) strong
reactions, and disintegrate by the weak decay with the rate

ΓW = ΓM+ΓNM,

where ΓM is decay rate for the mesonic (M) decay Λ → πN, and ΓNM is the rate for
the nonmesonic (NM) decay, which can be induced either by one bound nucleon (1N),
Γ1(ΛN→ nN), or by two bound nucleons (2N), Γ2(ΛNN→ nNN), where N = p,n i.e.,

ΓNM = Γ1+Γ2; Γ1 = Γp+Γn.

In both cases the mass is changed by 176 MeV, and the strangeness by ΔS=−1, which
makes the NM weak process to be the most radical modification of an elementary
particle within the nuclear envarment, and offers the best opportunity to scrutinize
the strangeness-changing force between hadrons. On the other hand, the hypernuclear
physics leads to the extension of the radioactivity domain to three dimensions (N,Z,S),
which, because of the additional binding due to the Λ-hyperon, modifies the neutron
drip line, and is even richer in elements than the ordinary (N,Z) domain. (For instance,
while the one-neutron separation energy in 20C is 1.01 MeV, it is 1.63 MeV in 21Λ C, and
6
ΛHe is bound while

5He is unbound.) Because of this glue attribute of hypernuclei the
ΛN interaction is closely related to the inquiry on the existence of strange quark matter
and its fragments, and strange stars (analogues of neutron stars), which makes the NM
decay also relevant for astrophysics and cosmology.
The schematic representation of the two decay channels, when the pertinent dynamics

is described by OME potentials, is shown in Fig. 1. This is the most frequently used
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FIGURE 1. Schematic representation of a) one-nucleon, and b) two-nucleon induced decays in Λ-
hypernuclei when described by the interplay of weak (W ) and strong (S) interactions through the ex-
changes of nonstrange-mesons π ,ρ ,ω , and η , and strange-mesons K, and K∗.

model for handling the NM-decay, including usually the exchanges of nonstrange-
mesons π ,ρ ,ω , and η , and strange-mesons K, and K∗. It is based on the original idea of
Yukawa that the NN interaction at long distance is due to the one-pion-exchange (OPE),
the dominant role being played by the exchange of pion and kaon mesons.
Our present study involves the transition probability densities SN that can be obtained

from the differentiation of the decay rates ΓN [1, 2], and have been measured at the
KEK [3], BNL [4], and FINUDA [5]. They are: 1) the single-proton spectra Sp(E),
and total neutron spectra Snt(E) = 2Sp(E) + Sn(E), as a function of corresponding
one-nucleon kinetic energies EN , and 2) two-particle-coincidence spectra, as a function
of: i) the sum of kinetic energies En+EN ≡ EnN , SnN(E), ii) the opening angle θnN ,
SnN(cosθ), and iii) the center of mass (c.m.) momentum PnN = |PnN = pn+pN | spectra
SnN(P).
In Ref. [1] the calculated spectra are normalized to the experimental ones. For in-

stance, for Sp(E) the number of protons ΔNexpp (Ei), measured at energy Ei within a fixed
energy bin ΔE, is compared with

ΔNp(E) =
Nexpp
Γp

Sp(E)ΔE, (1)

where Sp(E), and Γp =
∫
Sp(E)dE are evaluated theoretically, and Nexpp =

∑mi=1ΔNexpp (Ei), being m is the number of bins. Here, we are confronting ΔNexpp (Ei)
straightforwardly with the corresponding calculated spectra, defined as

ΔNp(Ep) =
NexpW
ΓexpW

S(Ep)ΔE, (2)

where NW is the number of produced hypernuclei, and [6]

ΓexpW (A) = (0.990±0.094)+(0.018±0.010) A. (3)

Unlike the equation (1), the relation (2) allows us to test not only the kinematics but also
the dynamics.
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FIGURE 2. Comparison between the theory and measurements of Snt(En), and Snp(cosθnp). The
4
ΛHe data are from BNL [4], and those for

5
ΛHe from KEK [3]. Predictions for

4
ΛH are also displayed.

The sharp cut of the spectra at high energy is due to the recoil.

Equivalently we compare the calculated spectrum Sp(E) with the experimental one,
defined as:

Sexpp (Eip) =
ΓW
NW

ΔNp(Eip)
ΔEp

∣
∣
∣
∣
∣
BNL,FINUDA

=
ΓNM
NNM

ΔNp(Eip)
ΔEp

∣
∣
∣
∣
∣
KEK

. (4)

The Independent Particle Shell Model (IPSM) is used for the nuclear structure frame-
work, while the Solely one-nucleon-induced (1N-NM) decay is considered, omitting Fi-
nal State Interactions (FSIs), and the two-nucleon-induced (2N-NM) decay. For testing
the dynamics we use three different OME potentials:
P1) The full pseudoscalar (π ,K,η) and vector (ρ ,ω,K∗) meson octets (PSVE), with

the weak coupling constants, and dipole form-factor cutoffs ΛM from Refs. [7, 8],
P2) Only one-(π+K) exchanges (PKE) are considered, with the same parametrization

as in the previous case, i.e., with cutoffs Λπ = 1.3 GeV and ΛK = 1.2 GeV from [8], and
P3) The soft π + K exchange (SPKE) potential with cutoffs Λπ = 0.7 GeV and

ΛK = 0.9 GeV from [1].
In Fig. 2 is shown the comparison between the theory and measurements done at

BNL [4], and KEK [3] of Snt(En), and Snp(cosθnp) spectra in s-shell hypernuclei 4ΛHe,
and 5ΛHe. The predictions for and

4
ΛH are also presented. Similarly, in Fig. 3 is done the

comparison in Sp(Ep) for 5ΛHe,
7
ΛLi,

9
ΛBe,

11
Λ B,

12
Λ C,

13
Λ C,

15
Λ N and

16
Λ O, recently measured

by FINUDA [5]. In the last figure are exhibited as well the Gaussian-function fits of
each proton spectrum from 80 MeV onwards, which have been assumed in Ref. [5]
to correspond to pure 1N-NM induced decay. The consequences of this assumption in
relation to the 2N-NM induced decay will be discussed elsewhere.

With the parametrization P1 the theory greatly overestimates the spectra Snt(En),
Snp(cosθnp), and Sp(Ep) for all hypernuclei considered here, and especially for 7ΛLi.
The discrepancy can not be resolved by simply opening a new 2N-NM decay channel
induced by two nucleons, since this decay mode, is incapable of quenching the total tran-
sition straight. To solve the problem we have to change the parametrization within the
1N-NM channel, or/and consider the FSIs, which can engender the excess of particles
observed at low energies by scattering the high energy particles. Here we explore the
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FIGURE 3. Experimental data [5] for proton kinetic energy spectra for the number of particles ΔNp(Ep)
are compared with the IPSM results for three different OME potentials. Theoretical results have been
evaluated from the relation (2) without considering experimental errors involved in NW and ΓW . Also are
shown the Gaussian-function fits done in Ref. [5].

possibility of modifying the 1N-NM parametrization, assuming that the 2N-NM mode
contributes dominantly at low energies. The agreement improves somewhat when the P1
model is substituted by the P2 one. However, spectra Snt(En), Snp(cosθnp) in Fig. 2, and
the high energy part of the proton spectra in Fig. 3 are reproduced in several hypernuclei
(5ΛHe,

11
Λ B,

12
Λ C,

13
Λ C, and

15
Λ N) only with the parametrization P3. Yet, this is not the case

of 7ΛLi, and
9
ΛBe where discrepancies continue to be significant.

In summary, the theory reproduces correctly the shapes of all spectra at medium and
high energies (Ep>∼ 40 MeV), but it overestimates to a great extent their magnitudes,
when is used the full OME model PSVE with standard parametrization. The agreement
is much improved when is employed the SPKE model, i.e., the same model which
reproduces satisfactorily the NM decays rates Γp and Γn of the s-shell hypernuclei [1].
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