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Inelastic scattering

Inelastic scattering

Nuclei are not inert orfrozen objects; they do have an internal structure of
protons and neutrons that can be modified (excited) during the collision.

Quantum systems exhibit, in general, an energy spectrum with bound and
unbound levels.

11Be
11Be*

Pb
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Inelastic scattering

Inelastic scattering

Direct reactions→ nuclei make “glancing” contact and separate immediately.

Energy/momentum transferred fromrelativemotion tointernalmotion so the
projectile and/or target are left in an excited state.

Involve small number of degrees of freedom.

The colliding nuclei preserve their identity:a + A→ a∗ + A∗

Typically, they are peripheral (surface) processes.
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Inelastic scattering

Models for inelastic excitations

1 COLLECTIVE: Involve a collective motion of several nucleons which can be
interpreted macroscopically asrotationsor surface vibrationsof the nucleus.

2 FEW-BODY/SIGLE-PARTICLE:Involve the excitation of a nucleon or cluster.

11Be
11Be*

Pb
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Inelastic scattering

Types of collective excitations

The nucleons can move inside the nucleus in a coherent (collective) way.

1 Vibrations(spherical nuclei): small surface oscillations in shape.

2 Rotations(non-spherical nuclei): permanent deformation.
3 Monopole(breathing) mode: oscillations in the size (radius).
4 Isovectorexcitations (protons and neutrons move out of phase) (eg. giant dipole

resonance)
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Inelastic scattering

Types of collective excitations

☞ The type of collective motion is closely related to the kind of energy spectrum.

Rotor: EJ ∝ J(J + 1)

Vibrator: EJ ≈ n~ω
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Inelastic scattering

Microscopic description in the IPM: the11Be case

Ground state (1/2+)
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Inelastic scattering

Models for inelastic excitations

Microscopically, what we describe in both cases are quantum transitions between
discrete or continuum states:

☞Collective excitations can be regarded as a coherent superposition of many
single-particle excitations.
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Inelastic scattering

By doing inelastic scattering experiments wemeasure theresponse of the
nucleus to an external field (Coulomb, nuclear). This response is related to some
structure property of the nucleus.

Example: for aCoulombfield:

B(Eλ; i→ f ) =
1

2Ii + 1
|〈Ψf |M(Eλ)|Ψi〉|2

whereM(Eλ, µ) is the electric multipole operator:

M(Eλ, µ) ≡ e
Zp∑

i

rλi Y∗λµ(r̂i)

The structureΨi,f can be described in a collective, few-body or microscopic
model.
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Inelastic scattering

Energy balance for inelastic scattering

For projectile excitation:a + A→ a∗ + A

Ei
cm+Mac2 +MAc2 = Ef

cm +M∗ac2 +MAc2

Ma∗ = Ma + Ex (Ex=excitation energy)

Q-value:

Q = Mac2 +MAc2 −M∗ac2 −M2
Ac2 = −Ex < 0

Ef
cm = Ei

cm + Q

So

Ex = Ei
cm − Ef

cm
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Inelastic scattering

What do we measure in an inelastic scattering experiment?

☞ In general, one measures thescattering angleandenergyof outgoing particles.

Example: p+7Li → p+7Li*

Target

Li7

proton beam
Outgoing proton (detected)

☞ Eg. energy and angular distribution of the outgoing protons.
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Inelastic scattering

What do we measure in an inelastic scattering experiment?

☞ The proton energy carries information on the7Li excitation spectrum.

Data from Nuclear Physics 69 (1965) 81-102
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Inelastic scattering

What do we measure in an inelastic scattering experiment?

☞ The proton energy carries information on the7Li excitation spectrum.
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Inelastic scattering

What information do we get from an inelastic scattering experiment?

The proton energy spectrum shows peaks which correspond to the states of the
target (7Li)

The heights of peak (∼ cross section) are different for each state⇒ not all states
are populated with the same probability.

Some peaks are narrow, other are broad. Why?...

Above a certain excitation energy, the spectrum becomes continuous and
structureless.
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Inelastic scattering

What information do we get from an inelastic scattering experiment?
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Inelastic scattering

Reminder: single-channel case

K

Source
Target

θ

Detector

Ki

f

K i

qK f

θ

The incident projectile is described by aplane wave→ eiKi·R

The scattered projectile is described at large distances byoutgoing spherical

waves: → eiKf R

R
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Inelastic scattering

Reminder: single-channel case

Wavefunction: Ψ(+)
Ki

(ξ,R) = φ0(ξ)χ(+)
0 (Ki,R)

χ
(+)
0 (Ki,R)→ eiKi·R + f (θ)

eiKiR

R

f (θ)=scattering amplitude

Cross section:
dσ
dΩ

(θ) = |f (θ)|2

☞ f (θ) is the coefficient of the outgoing spherical wave at large distances.

☞ The square of f (θ) gives the probability that the particle be scattered at an angle
θ.
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Inelastic scattering

Multi-channel case: the coupled-channels method

We need to incorporate explicitly in the Hamiltonian the internal structure of the
nucleus being excited (eg.target).

H = TR + h(ξ) + V(R, ξ)

TR: Kinetic energy for projectile-target relative motion.

{ξ}: Internal degrees of freedom of the target (depend on the model).

h(ξ): Internal Hamiltonian of the target.

h(ξ)φn(ξ) = εnφn(ξ)

V(R, ξ): Projectile-target interaction, eg:

V(R, ξ) =
N∑

i=1

Vpi(rpi)
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Inelastic scattering

Defining the modelspace: d+10Be→ d+10Be* example
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 10
p + n +  Be

p+  Be11
d+  Be10

d+  Be*10

☞ P space composed by
ground states (elastic chan-
nel) and some excited states
(inelastic scattering)

Boundary conditions:

Ψ
(+)
K0

(R, ξ)
R≫−−→ eiK0·Rφ0(ξ)

︸       ︷︷       ︸
incident

+ f0,0(θ)
eiK0R

R
φ0(ξ)

︸              ︷︷              ︸
elastic

+
∑

n>0

fn,0(θ)
eiKnR

R
φn(ξ)

︸                   ︷︷                   ︸
inelastic

Cross sections: (
dσ(θ)

dΩ

)

0→n

=
Kn

K0
|fn,0(θ)|2
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Inelastic scattering

CC model wavefunction (target excitation)

We expand the total wave function in a subset of internal states (the P space):

Ψmodel(R, ξ) = φ0(ξ)χ0(K0,R) +
∑

n>0

φn(ξ)χn(Kn,R)

Boundary conditions for theχn(R) (unknowns):

χ
(+)
0 (K0,R)→ eiK0·R + f0,0(θ)

eiK0R

R
for n=0 (elastic)

χ(+)
n (Kn,R)→ fn,0(θ)

eiKnR

R
for n>0 (non-elastic)
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Inelastic scattering

Calculation ofχ(+)
n (R): the coupled equations

The model wavefunction must satisfy the Schrödinger equation:

[H − E]Ψ(+)
model(R, ξ) = 0

Multiply on the left by eachφn(ξ)∗, and integrate overξ⇒ coupled channels
equations for{χn(R)}:

[
E − εn − TR − Vn,n(R)

]
χn(R) =

∑

n′,n

Vn,n′(R)χn′ (R)

Coupling potentials:

Vn,n′(R) =
∫

dξφn′ (ξ)
∗V(R, ξ)φn(ξ)

☞ φn(ξ) will depend on the structure model (collective, single-particle,etc).
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Inelastic scattering

Optical Model vs. Coupled-Channels method

Optical Model

The Hamiltonian:
H = TR + V(R)

Internal states: Justφ0(ξ)

Model wavefunction:
Ψmod(R, ξ) ≡ χ0(K,R)φ0(ξ)

Schrödinger equation:
[H − E]χ0(K,R) = 0
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Inelastic scattering

Optical Model vs. Coupled-Channels method

Optical Model

The Hamiltonian:
H = TR + V(R)

Internal states: Justφ0(ξ)

Model wavefunction:
Ψmod(R, ξ) ≡ χ0(K,R)φ0(ξ)

Schrödinger equation:
[H − E]χ0(K,R) = 0

Coupled-channels method

The Hamiltonian:
H = TR + h(ξ) + V(R, ξ)

Internal states:
h(ξ)φn(ξ) = εnφn(ξ)

Model wavefunction:
Ψmodel(R, ξ) = φ0(ξ)χ0(K,R) +

∑
n>0 φn(ξ)χn(K,R)

Schrödinger equation:

[H − E]Ψmodel(R, ξ) = 0

⇓
[
E − εn − TR − Vn,n(R)

]
χn(K,R) =

∑

n′,n

Vn,n′ (R)χn′ (K,R)
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Inelastic scattering

Two-potential formula forfβ,α(θ)

Introduce auxiliary potentialUβ(R) and rewriteVβ as

Vβ(R, ξ) = Uβ(R) + [Vβ(R, ξ) − Uβ(R)]

such that the scattering solution ofUβ is solvable:

[T̂β + Uβ − Eβ]χ̃
(+)
β

(Rβ) = 0 Eβ = E − εβ

Then, theexactscattering amplitude can be written as (β , α):

fβ,α(θ) = −
µ

2π~2

∫ ∫
χ̃

(−)∗
β

(Kβ,Rβ)Φ∗β(ξβ)[Vβ − Uβ]Ψ
(+)
Kα

dξβdRβ
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Inelastic scattering

Deriving the DWBA approximation from the exact scattering amplitude

Assume that we can write the p-t interaction as:V(R, ξ) = V0(R) + ∆V(R, ξ)
Apply the two-potential formula taking as auxiliary potential Uβ(R) ≡ V0(R):

f exact
i→f (θ) = − µ

2π~2

∫
dR χ(−)∗

f (Kf ,R) ∆V(R, ξ) Ψ(+)
i (Ki,R)dξdR

with [
T̂R + V0(R) − Ef

]
χ̃

(+)
f (Kf ,R) = 0 (Ef = E − εf )

Make theBorn approximation: Ψ(+)
Ki

(R, ξ) ≃ χ̃(+)
i (Ki,R)φi(ξ), with

[
T̂R + V0(R) − Ei

]
χ̃

(+)
i (Ki,R) = 0

The scattering amplitude becomes (DWBA):

f DWBA
i→f (θ) = − µ

2π~2

∫
dRχ(−)∗

f (Kf ,R) ∆Vif (R) χ(+)
i (Ki,R)

with thetransition potential:

∆Vif (R) ≡
∫

dξφ∗f (ξ) ∆V(R, ξ) φi(ξ)
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Inelastic scattering

Physical interpretation of the DWBA method

DWBA can be interpreted as a first-order approximation of a full
coupled-channels calculation:

a’

a
DWBA CC

a’

a

The auxiliary potentialUβ generating the entrance and exit distorted waves is
usually chosen in order to reproduce the elastic scatteringat the corresponding
c.m. energy.
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Inelastic scattering

Multipole expansion of the interaction: reduced matrix elements

In actual calculations, the internal states will have definite spin/parity:

φi(ξ) = |IiMi〉 and φf (ξ) = |If Mf 〉

The projectile-target interaction can be expanded in multipoles:

V(R, ξ) =
√

4π
∑

λ,µ

Vλµ(R, ξ)Yλµ(R̂)

CC and DWBA calculations require the transition potentials:

〈If Mf |V(R, ξ)|IiMi〉 =
√

4π
∑

λ,µ

〈If Mf |Vλµ(R, ξ)|IiMi〉Yλµ(R̂)

Wigner-Eckart theorem→ reduced matrix elements:

〈If Mf |Vλµ(R, ξ)|IiMi〉 = (2If + 1)−1/2〈If Mf |IiMiλµ〉 〈If ‖Vλ(R, ξ)‖Ii〉︸            ︷︷            ︸
r.m.e

ISOLDE Nuclear Reaction and Nuclear Structure Course A. M. Moro Universidad de Sevilla 24 / 50



Inelastic scattering

Models for inelastic scattering
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Inelastic scattering

Inelastic scattering: Coulomb excitation

Projectile-target Coulomb interaction:

VC(R, ξ) =
Zp∑

i

Zte2

|R − ri|
; ξ ≡ {ri}

ri
R−r

Target
R

i

Multipolar expansion:

1
|R − ri|

=
∑

λµ

4π
2λ + 1

rλi
Rλ+1

Y∗λµ(r̂i)Yλµ(R̂) (R > ri)

Electric multipole operator:M(Eλ, µ) ≡ e
∑Zp

i rλi Y∗
λµ

(r̂i)

VC(R, ξ) =
ZtZpe2

R
+

∑

λ>0,µ

4π
2λ + 1

Zte
Rλ+1
M(Eλ, µ)Yλµ(R̂) ≡

ZtZpe2

R
+ ∆V(R, ξ)
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Inelastic scattering

Coupling potentials for Coulomb excitation

Transition potentials:

∆Vif (R) =
∑

λ>0,µ

4π
2λ + 1

Zte

Rλ+1
〈f ; If Mf |M(Eλ, µ)|i; IiMi〉Yλµ(R̂)

Wigner-Eckart theorem⇒ reduced matrix elements:

〈f ; If Mf |M(Eλ, µ)|i; IiMi〉 = (2If + 1)−1/2〈IiMiλµ|If Mf 〉〈f ; If ‖M(Eλ, µ)‖i; Ii〉BM

Relation to physical quantities

〈f ; If ‖M(Eλ, µ)‖i; Ii〉BM =
√

2Ii + 1B(Eλ; Ii → If )
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Inelastic scattering

DWBA expression for Coulomb excitation

Projectile–target interaction:

V(R, ξ) = Unuc(R) + VC(R, ξ) = Unuc(R) +
ZtZpe2

R︸                ︷︷                ︸
V0(R)

+∆V(R, ξ)

UseV0(R) as auxiliary potential for entrance and exit channels:
[
T̂R + V0(R) − Ei

]
χ̃

(+)
i (Kf ,R) = 0 (Ei = E − εi)

[
T̂R + V0(R) − Ef

]
χ̃

(+)
f (Kf ,R) = 0 (Ef = E − εf )

DWBA scattering amplitude for a transition of multipolarity λ:

f (θ)iMi→fMf = −
µ

2π~2

4πZte
2λ + 1

∫
dR χ̃(−)∗

f (Kf ,R) ∆V (λ)
if (R) χ̃(+)

i (Ki,R)
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Inelastic scattering

Scattering amplitude and cross sections

DWBA scattering amplitude for a transition of multipolarity λ:

f (θ)iMi→fMf = −
µ

2π~2

4πZte
2λ + 1

〈f ; If Mf |M(Eλ,µ)|i; IiMi〉
∫

dRχ̃(−)∗
f (Kf ,R)

Yλµ(R̂)

Rλ+1
χ̃

(+)
i (Ki,R)

Cross sections:

(
dσ
dΩ

)

iMi→fMf

=
Kf

Ki

∣∣∣f (θ)iMi→fMf

∣∣∣2

Unpolarized cross section:,

(
dσ
dΩ

)

Ii→If

=
1

(2Ii + 1)

Kf

Ki

∑

Mi ,Mf

∣∣∣f (θ)iMi→fMf

∣∣∣2
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Inelastic scattering

What can we learn measuring Coulomb excitation?

➩ For a inelastic excitationi→ f of multipolarityλ the differential cross section is
proportional to theelectric transition probabilityB(Eλ; Ii → If ) because

B(Eλ; i→ f ) =
1

2Ii + 1
|〈f If ||M(Eλ)||i Ii〉BM |2

⇓
dσ
dΩ
∝ |〈f If ||M(Eλ)||i Ii〉|2 ∝ B(Eλ; Ii → If )

➩ If the approximations involved in the derivation of the DWBA approximation are valid, the
transition probabilities B(Eλ; If → If ) can be obtained comparing the magnitude of the
inelastic cross sections with DWBA calculations.
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Inelastic scattering

Nuclear collective excitations

The nuclear interaction is of short-range, so it depends on the distance between
the surfaces of the projectile and targets:

Unuc(R) = V(R − R0), R0 = R1 + R2

E.g.: Woods-Saxon parametrization

Unuc(R) = − V0

1+ exp
(

R−R0
ar

) − i
W0

1+ exp
(

R−Ri
ai

)

For spherical nuclei,U(R) will not depend on the orientation of the nuclei.

R2
R1

R1 R2

R

R − −
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Inelastic scattering

Deformed potential

Deformed surface:

r(θ, φ) = R0 +
∑

λ,µ

δ̂λµ(ξ)Yλµ(θ, φ)

δ̂λµ(ξ) =deformation length operator

Deformed potential:V(R − R0)→ V(R − r(θ, φ)) ≡ V(R, ξ)

Multipole expansion of the potential:

V(R, ξ) = V(R − R0) −
∑

λ,µ

δ̂λµ(ξ)
dV(R − R0)

dR
Yλµ(θ, φ) + . . . ≡ V0(R) + ∆V(R, ξ)

Transition potentials for a multipoleλ:

∆V (λ)
if (R) ≡ 〈f |∆V (λ)|i〉 = −dV(R − R0)

dR
〈f ; If Mf |δ̂λµ|i; IiMi〉Yλµ(R̂)
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Inelastic scattering

DWBA amplitude

DWBA scattering amplitude:

f (θ)If Mf→If Mf = −
µ

2π~2
〈f ; If Mf |δ̂λµ|i; IiMi〉

∫
dR χ̃(−)∗

f (K′,R)
dV
dR

Yλµ(R̂)χ̃(+)
i (K,R)

Cross sections:

(
dσ(θ)

dΩ

)

i→f

=
Kf

Ki

(
µ

2π~2

)2 ∣∣∣〈f ; If Mf |δ̂λµ|i; IiMi〉
∣∣∣2

×
∣∣∣∣∣
∫

dRχ̃(−)∗
f (K′,R)

dV
dR

Yλµ(R̂)χ̃(+)
i (K,R)

∣∣∣∣∣
2

☞ The differential cross section is proportional to the deformation parameters

☞ If the approximations are valid, the deformation parameters can be
obtained comparing the magnitude of the inelastic cross sections with
DWBA calculations.
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Inelastic scattering

Summary of physical ingredients for collective excitations

Coulomb excitation→ electric reduced matrix elements

∆Vif (R) =
∑

λ>0

4π
2λ + 1

Zte
Rλ+1
〈f ; If Mf |M(Eλ, µ)|i; IiMi〉Yλµ(R̂)

Nuclear excitation (collective model)→ deformation lengths

∆Vif (R) = −dV0

dR

∑

λ

〈f ; If Mf |δ̂λµ|i; IiMi〉Yλµ(R̂)
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Inelastic scattering

Strict rotor model

I=total spin (angular momentum) of the
nucleus

K=projection ofI along symmetry axis

The nucleus is described by a permanent deformation ofmatterandcharge.

Thechargedeformation for a multipoleλ is characterized by the Coulomb
intrinsic deformation:Mn(Eλ)

Thematterdeformation for a multipoleλ is characterized by the deformation
parameter (β2) or the deformation length parameter (δλ)

Transitions occur among states with the same value ofK.
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Inelastic scattering

Description of a deformed surface

Spherical nucleus (β = 0)

0r(  )=Rθ

z

x

y

Deformed nucleus (β , 0)

r(  )θ’

y’

z’

x

y

z

x’

r(θ′) = R0
[
1+ β2Y20(θ′, 0)

]

☞ Axial deformed nucleus characterized byβλ (deformation parameters)
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Inelastic scattering

Surface of a permanently deformed nucleus (rotor model)

Deformed nucleus with axial symmetry:r(θ′) = R0
[
1+ β2Y20(θ′, 0)

]

δ2 = β2R0 = (quadrupole) deformation length

Y20(θ′, φ′) can be transformed to the laboratory frame:

Yλ0(θ′, 0) =
∑

µ

√
4π

2λ + 1
Yλµ(Ŝ)Yλµ(θ, φ)

( Ŝ ≡ {θ0, φ0} gives the orientation of the symmetry axis in the lab frame)

Definedeformation length operator:

δ̂2µ(ξ) ≡ β2R0

√
4π

2λ + 1
Yλµ(Ŝ) {ξ} = Ŝ

Deformed surface in LAB frame:

r(θ, φ) = R0 +
∑

µ

δ̂2µ(ξ)Y2µ(θ, φ)
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Inelastic scattering

Reduced matrix elements in the strict rotor model

Coulomb excitation:

〈K If ‖M(Eλ)‖K Ii〉BM =
√

2Ii + 1〈IiKλ0|If K〉Mn(Eλ)

➩ Mn(Eλ)=reduced matrix element of the charge deformation in intrinsic frame.

For nuclear excitation:

〈f ; K If ‖δ̂λ‖i; K Ii〉BM =
√

2Ii + 1〈IiKλ0|If K〉βλR0

βλ= deformation parameter

δλ = βλR0= deformation length parameter

➩ Mn(Eλ) andβλ represent the charge and matter deformation in the intrinsic frame

Mn(Eλ) =
3 Z βλ Rλ

4π
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Inelastic scattering

Coulomb+ nuclear potential

We expect theCoulombexcitation to be more important when:
The projectile and/or target charges are large (i.e. largeZ1Z2 ≫ 1)
At energies below the Coulomb barrier (where nuclear effects are less important).
At very forward angles (large impact parameters).

If both Coulombandnuclearcontributions are important the scattering
amplitudes for both processes should be added:

(
dσ
dΩ

)

i→f

=
Kf

Ki

∣∣∣f coul
if + f nucl

if

∣∣∣2

☞ In this case, interferences effects will appear!

ISOLDE Nuclear Reaction and Nuclear Structure Course A. M. Moro Universidad de Sevilla 39 / 50



Inelastic scattering

Collective excitations: example

Physical example: 16O+ 208Pb→ 16O+ 208Pb(3−,2+)

  Pb
   208

3

2

0

−

+

+

2.61 

4.07

g.s.

i=2

i=3

i=1

Nucl. Phys. A517 (1990) 193

Outgoing16O energy:
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Inelastic scattering

16O+208Pb effective interaction
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Coulomb pontential
Nuclear
Coulomb + Nuclear

16
O+

208
Pb effective potential

Vb ~78 MeV

☞ Coulomb barrier:

Vbarrier≈
ZpZte2

1.44(A1/3
p + A1/3

t )
≃ 78 MeV
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Inelastic scattering

Collective excitations: example
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Inelastic scattering

Collective excitations: example

☞ Coulomb barrier:

Vbarrier≈
ZpZte2

1.44(A1/3
p + A1/3

t )
≃ 78 MeV
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Inelastic scattering

208Pb(16O,16O)208Pb inelastic scattering

Coulomb and Nuclear excitations can produce constructiveor destructiveinterference:
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Elab=78 MeV
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Inelastic scattering

208Pb(16O,16O)208Pb inelastic scattering

Below the barrier, the Coulomb excitation is dominant, and the interference is smaller:
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Inelastic scattering

208Pb(16O,16O)208Pb inelastic scattering

Effect of the incident energy:
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Inelastic scattering

Extra stuff...

ISOLDE Nuclear Reaction and Nuclear Structure Course A. M. Moro Universidad de Sevilla 46 / 50



Inelastic scattering

DWBA approximation as 1st order CC

Two-states modeln = 0, 1:

Ψ(R, ξ) = φ0(ξ)χ0(R)︸       ︷︷       ︸
elastic

+ φ1(ξ)χ1(R)︸       ︷︷       ︸
inelastic

Coupled-channels equations:

[E − ε0 − T0 − V00(R)] χ0(R) = V01(R)χ1(R)

[E − ε1 − T1 − V11(R)] χ1(R) = V10(R)χ0(R)

Iterative solution of the CC equations (DWBA):

[E − ε0 − T0 − V00(R)] χ0(R) ≈ 0

[E − ε1 − T1 − V11(R)] χ1(R) ≈ V10(R)χ0(R)
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Inelastic scattering

DWBA approximation as 1st order CC

Asymptotically:

χ
(+)
1 (R)→ f10(θ)

eiK1R

R
with (not proven here!)

f10(θ) = −
µ

2π~2

∫
dRχ̃(−)∗

1 (K1,R)V10(R)χ̃(+)
0 (K0,R)

whereχ̃0(K0,R), χ̃1(K1,R) are solutions of:

[E − ε0 − T0 − V00(R)] χ̃0(K0,R) = 0

[E − ε1 − T1 − V11(R)] χ̃1(K1,R) = 0

☞ The DWBA approximation amounts at solving the CC equations to 1st order (Born
approximation)

a’

a
DWBA
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Inelastic scattering

Reminder of Wigner-Eckart theorem: reduced matrix elements

〈If Mf |Ôλµ|IiMi〉 = C(Ii, If , λ)〈If Mf |λµIiMi〉 〈If ‖Ôλ‖Ii〉︸     ︷︷     ︸
r.m.e

Two popular conventions in Nuclear Physics:

1 Bohr-Mottelson (BM)convention:C(Ii, If , λ) = (2If + 1)−1/2

〈If Mf |Ôλµ|IiMi〉 = (2If + 1)−1/2〈If Mf |λµIiMi〉〈If ‖Ôλ‖Ii〉BM

2 Brink-Satchler (BS)convention:C(Ii, If , λ) = (−1)2λ

〈If Mf |Ôλµ|IiMi〉 = (−1)2λ〈If Mf |λµIiMi〉〈If ‖Ôλ‖Ii〉BS

So, the r.m.e. are related by:

〈If ‖Ôλ‖Ii〉BM =

√
2If + 1〈If ‖Ôλ‖Ii〉BS
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Inelastic scattering

Reminder of the independent particle model (IPM)
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Inelastic scattering

Microscopic description in the IPM: the10Be case

Extreme IPM model:

Ground state (0+)
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1p1/2

n p
1d5/2
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First excited state (2+)
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n p
1d5/2
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1p

1p

1s

1/2

1/2

3/2

1/2

3/2
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Inelastic scattering

Microscopic description in the IPM: the10Be case

But life is not that simple. . .

Ground state (0+)
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First excited state (2+)
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...
+ +10 *|  Be (2 )>=+
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