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Introduction

Most of the fundamental tests of weak-interaction theory have involved
nuclei:

It is essential that the nuclear physics of these processes be well
understood.
Weak-interaction processes are also sensitive to the axial-vector
current.
These processes are critical in astrophysical applications→
precise data is required for a large number of nuclei, most of
which are outside the reach of current experimental setups.

Nuclear structure models must be able to describe both stable and
unstable nuclei within a unique theoretical framework.
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Relativistic mean-field theory

σ scalar, isoscalar meson, attractive component of the interaction
ω vector, isoscalar meson, repulsive component of the interaction
ρ vector, isovector meson, isospin component of the interaction
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The model is defined by the Lagrangian density

L = LN + Lm + Lint

Variation leads to the Euler-Lagrange equations

∂L
∂ϕ

= ∂µ

(
∂L

∂ (∂µϕ)

)
Dirac equation for the nucleons

[γµ (i∂µ + Vµ) + m + S]ψ = 0

and the Klein-Gordon equations for the mesons

−∆φm + m2
φm

= ±〈ψ̄Γmψ〉

D. Vretenar, A. V. Afanasjev, G. A. Lalazissis and P. Ring, Phys. Rep. 409, 101 (2005)
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The interaction part of the Lagrangian density reads

Lint = −gσψ̄σψ − gωψ̄γµωµψ − gρψ̄γµ~ρµ~τψ − eψ̄γµAµ
1− τ3

2
ψ.

Dependence of meson-nucleon vertices on baryon density

ρv =
√

jµjµ, jµ = ψ̄γµψ ,

produces the rearrangements terms

ΣR
µ =

jµ
ρv

(
∂gω
∂ρv

ψ̄γνψων +
∂gρ
∂ρv

ψ̄γν~τψ · ~ρν +
∂gσ
∂ρv

ψ̄ψσ

)
.

Parameters of the model are adjusted to reproduce properties of
nuclear matter and finite nuclei.
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Nucleon pairing correlations are treated within the relativistic
Hartree-Bogoliubov model

ρ̂kl = 〈Φ|c†l ck |Φ〉 κ̂kl = 〈Φ|clck |Φ〉

where the generalized density matrix is defined by

R =

(
ρ κ
−κ∗ 1− ρ∗

)
H =

δE
δR
→ i∂tR = [H,R]

which leads to the RHB equations. D1S parametrization of the Gogny
force is employed in the model.

V pp(1,2) =
2∑

i=1

e−
“

r1−r2
µi

”2

(Wi + BiPσ − HiPτ −MiPσPτ )
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Random phase approximation
In an external field oscillating with a small amplitude

F̂ (t) = F̂e−iωt + h.c.

the equation of motion for the density operator reads

i∂t ρ̂ =
[
ĥ(ρ̂) + f̂ (t), ρ̂

]
ρ̂(t) = ρ̂(0) + δρ̂(0)

leading to the final form of the RPA equations(
A B
B∗ A∗

)(
Xλ

Y λ

)
= Eλ

(
1 0
0 −1

)(
Xλ

Y λ

)
Residual interaction is derived from the Lagrangian density

Lρ+π = −gρψ̄γµ~ρµ~τψ −
fπ
mπ

ψ̄γ5γ
µ∂µ~π~τψ

N. Paar, D. Vretenar, E. Khan and G. Colò, Rep. Prog. Phys. 70, 691 (2007)
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Pion-nucleon coupling requires the inclusion of the contact
Landau-Migdal term

Vδπ = g′
(

fπ
mπ

)2

~τ1~τ2Σ1 ·Σ2δ(r1 − r2)

mπ = 138 MeV

f 2
π

4π
= 0.08
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The weak-interaction Hamiltonian

ĤW = − G√
2

∫
dxJλ(x)jλ(x),

with the matrix element given by〈
f
∣∣∣ĤW

∣∣∣ i〉 = − G√
2

lλ
∫

dxe−iqr 〈f |Jλ(x)| i〉 .

Employing the multipole expansion of the leptonic part

eiqr =
∞∑

J=0

[4π(2J + 1)]1/2 iJ jJ(κr)YJ0(Ωr )

it is possible to examine the contribution of transitions with a particular
value of the angular momentum.
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µ− capture
The capture of a negative muon from the atomic 1s orbit

µ− + (Z ,N)→ (Z − 1,N + 1)∗ + νµ

cannot be treated in the long wavelength limit. The capture rate

ωfi =
V 2ν2

2π

∑
lepton spins

1
2Ji + 1

∑
Mi ,Mf

∣∣∣〈f
∣∣∣ĤW

∣∣∣ i〉∣∣∣2
can be written as

ωfi =
2G2ν2

1 + ν/MT

1
2Ji + 1

{ ∞∑
J=0

∣∣∣〈Jf

∥∥∥φ1s

(
M̂J − L̂J

)∥∥∥ Ji

〉∣∣∣2
+

∞∑
J=1

∣∣∣〈Jf

∥∥∥φ1s

(
T̂ el

J − T̂
mag

J

)∥∥∥ Ji

〉∣∣∣2}
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ν capture

Charged-current neutrino-nucleus reaction

νl + (Z ,N)→ (Z + 1,N − 1)∗ + l−,

with the cross section(
dσν
dΩ

)
=

V 2plEl

(2π)2

∑
lepton spins

1
2Ji + 1

∑
Mi ,Mf

∣∣∣〈f
∣∣∣ĤW

∣∣∣ i〉∣∣∣2
Distortion of the outgoing lepton wave function

Fermi function
Effective momentum approximation

peff,l =
√

E2
eff,l −m2

l , Eeff,l = El − Veff,C
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K. Langanke and E. Kolbe, Atomic Data and Nuclear Data Tables 79, 293 (2001)
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