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Theoretical and experimental investigation
of Λ decay from hypernuclei are struggling to
merge during a long time but they did not suc-
ceed yet [1, 2]. Inside the nuclei the mesonic
decays will be almost forbidden due to Pauli
blocked probability although a small probabil-
ity may be persisted in the local density ap-
proximation [1, 2]. In the present work, we
have gone through a field theoretical analysis
of Λ → Nπ decay, coming from hypernuclei.

To calculate vacuum width of weak decay
Λ → Nπ, let us start with the effective weak
Lagrangian density,

LW
ΛNπ = iGFm

2
πψ̄N (Aπ +Bπγ5)~π·~τψΛ

(

0
1

)

,

(1)
where GFm

2
π = 2.21 × 10−7 is the weak cou-

pling constant; Aπ = 1.05 and Bπ = −7.15
are empirical constants; ψN ψΛ and ~π are re-
spectively nucleon, Lambda baryon and pion
field; ~τ is the Pauli operator. The isospin spu-

rion

(

0
1

)

[2] is included in order to enforce

the empirical ∆I = 1

2
rule.

Owing to the Optical theorem, one can ob-
tain this vacuum decay width of Λ → Nπ pro-
cess from the imaginary part of the vacuum
self-energy of Λ for Nπ loop :

ΓV(q) =
−1

16π~q

∫ ω+

k

ω−

k

dωkL(q, ωk, ~k), (2)
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where

L(q, k) =
(GFm

2
πIN )2

2q
Tr[(q/ +mΛ)(Aπ −Bπγ5)

(q/ − k/+mN )(Aπ +Bπγ5)]

=
2(GFm

2
πIN )2

q
[A2

π(mNmΛ + q2 − q · k)

Bπ2(−mNmΛ + q2 − q · k)] (3)

and ω±

k = R2

2q2 (q0 ± ~qW ), R2 = q2 −m2
N +m2

π,

W =

√

1− 4q2m2
π

R4 . At the center of mass

frame (q0 = mΛ, ~q = ~0), we can get experi-
mentally observed [3] ratio of two decay width
in vacuum i.e.

ΓV(Λ → pπ−)

ΓV(Λ → nπ0)
=

(√
2

1

)2

= 2

=
1.56× 10−6 eV

0.78× 10−6 eV
(4)

because the spurion enforces the isospin fac-
tors IN =

√
2, 1 for Λ → pπ−, Λ → nπ0 chan-

nels respectively. So the total decay width of
Λ → Nπ channels is

ΓV = (
√
2)2ΓV(Λ → pπ−)+(1)2ΓV(Λ → nπ0)

(5)

Now, at finite density decay width of Eq. 2
becomes

Γρ(~q, µN ) =
1

16π~q

∫ ω+

k

ω−

k

dωk{1− θ(ωk − ωth
k )}

L(q0 = ωq, ~q, k0 = ωk, ~k) , (6)

where ωth
k (q0) = ωq − µN and µN =

√

(3π2ρ/2)2/3 +m2
N at density ρ. Due to step
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FIG. 1: ~q dependence of Γρ0/ΓV (dash line) ω+
k

(dash-double-dotted line), ω−

k (dash-dotted line)

and ωth
k (solid line) for Λ → Nπ decay.

function θ, we will get

Γρ = 0 when ω−

k > ωth
k

= ΓV − 1

16π~q

∫ ωth
k

ω−

k

dωkL(q0 = ωq, ~q)

when ω−

k < ωth
k < ω+

k

= ΓV when ω+

k < ωth
k . (7)

In Fig. (1), we have presented the ratio, Γρ/ΓV

as a function of momentum ~q, where µN =
0.975 GeV is taken for the nuclear matter with
its saturation density ρ = ρ0 = 0.16 /fm3.
From the ~q dependence of ω+

k , ω
−

k and ωth
k ,

One can identify the origin of three regions of
Eq. (7).
Now the bound state of Λ inside the nucleus

can be assumed as a complicated quantumme-
chanical many-body system, which may pro-
vide an average momentum 〈~q〉 to Λ, when it is
going to decay into Nπ channel. From the ex-
perimental values of (mesonic) decay widths
for different hypernuclei, we can extract the
〈~q〉 of Λ inside those hypernuclei. Table (I)
shows the numerical band of the 〈~q〉’s for the
experimental values decay widths, normalized
by vacuum widths, inside 5

ΛHe and 12
Λ C hy-

pernuclei. Guided from the simplest relation
〈~q〉 = 1/〈r〉, the quantum mechanical average

radius of Bohr radius 〈r〉 of Λ inside 5
ΛHe and

12
Λ C hypernuclei are approximately 0.5 fm and

TABLE I: Experimental values of (ΓA/ΓV )exp
(second column) and extracted values of 〈~q〉 in
GeV (third column) for different hypernuclei A

ΛX
(first column), having mass number A.

A
ΛX (ΓA/ΓV )exp 〈~q〉 (GeV)
5
ΛHe 0.59+0.44

−0.31 (BNL [4]) 0.3+0.13
−0.06

12
Λ C 0.11 ± 0.27 (BNL [4]) 0.2± 0.06

0.36 ± 0.13 (KEK [5]) 0.255 ± 0.027

1 fm, which are too small. It interprets that
Λ has a tendency to reside very close to the
center of hyper-nucleus, which may be possi-
ble as Pauli repulsion in position will not be
acted between ψΛ and ψN (it will only act
among the ψN ’s). Our future plan is to inves-
tigate the explicit wave functions of Λ inside
the hypernuclei, whose average momenta are
very close to the extracted values, given in Ta-
ble (I).
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