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Experimental determination
of some matrix elements of the
effective residual interaction

among particle-hole configurations
in 208Pb [1]

1 Update of the transformation matrice for

the spins 4
−, 5−, 6−

The fit first done in 1973 [1] is sligthly improved for
spins 4−, 5−, 6−. It supercedes the results shown in Ref.
[2]. The method is explained in Ref. [3] where the struc-
ture of generalized neutron particle-hole configurations in
140Ce is studied and compared to other N = 82 isotones
[3–5].

2 Particle-hole states in 208Pb

Most states are described by a superposition of par-
ticle-hole configurations LJ lj,

|Ẽx, I
π〉 =

∑

LJ

∑

lj

cLJ,lj

(

Ẽx, I
π
)

|(LJ ⊗ lj)I〉, (1)

where the particle resides in orbit LJ and the hole in orbit
lj around the doubly magic nucleus 208Pb. The amplitudes
are real, −1 < cLJ,lj < +1. The particle-hole configura-
tions are described by the schematic shell model without
residual interaction (SSM) [6,7].

3 Structure of the 4
−, 5−, 6− states in 208Pb

Tables 1, 2, 3 show the structure of the states in 208Pb
with spins 4−, 5−, 6− obtained by the fit of all experi-
mental data available in 1982, sligthly improved in 2013.

4 Signs of the amplitudes

The final goal of the work is the determination of ma-
trix elements of the residual interaction among particle-
hole configurations in 208Pb. These matrix elements are
deduced [1] from the transformation matrix ||c|| [Eq. (1)]
which is approximately unitary, the experimental excita-
tion energies and the SSM energies [7]. They do not change
if certain signs of the amplitudes are reversed, see the de-
tailed discussion in Ref. [1]. Some signs of the amplitudes
c in the unitary matrix are correlated, however; they are
printed bold face in Tables 1, 2, 3.

Table 1. Amplitudes 100 × cLJ,lj [Eq. (1)] for the five lowest
4− states. Amplitudes (with relative signs, see Sec. 4) deter-
mined by 208Pb(p, p′) via the g9/2 IAR in 209Bi are printed
bold faced. The uncertainty for each amplitude is shown in the
corresponding line below.

keV 3431 3914 4001 4265 4329 5771 : ESSM
x

Ẽx Iπ M g9/2 h9/2 g9/2 h9/2 g9/2 g9/2 : LJ
p1/2 s1/2 f5/2 d3/2 p3/2 f7/2 : lj

3475 4− 1 +97 −05 +08 −03 −28 −03

1 3 4 8 2 2
3947 4− 2 +05 +96 +17 −10 −12 00

2 3 6 3 8 5
3996 4− 3 −12 −09 +98 +09 −07 −04

2 5 1 5 2 5
4262 4− 4 +09 +21 +07 +80 +55 00

4 4 2 3 2 5
4359 4− 5 +10 +10 +04 −58 +84 −12

6 2 2 4 4 8

Table 2. Same as Table 1 but for the six lowest 5− states.

keV 3431 3914 4001 4210 4265 4329 : ESSM
x

Ẽx Iπ M g9/2 h9/2 g9/2 i11/2 h9/2 g9/2 : LJ
p1/2 s1/2 f5/2 p1/2 d3/2 p3/2 : lj

3198 5− 1 +84 −25 +19 −15 +15 +16

5 3 5 2 2 4
3708 5− 2 −48 −52 +41 −30 +40 −15

3 2 4 2 2 2
3961 5− 3 00 +72 +69 00 00 +05

5 3 3 2 2 2
4125 5− 4 00 +33 −34 −44 +61 +27

5 2 2 3 2 2
4180 5− 5 −15 −15 +05 +72 +25 +59

5 5 2 2 2 2
4297 5− 6 −05 −10 +15 −40 −60 +62

5 5 2 3 2 8

Let us consider two transformation matrices for the
wave functions with the size n × n which differ only in
various signs,

t′LJ,lj = ǫLJ,ljtLJ,lj , ǫ2LJ,lj = 1, (2)

then there are 2n different choices of the signs for ǫLJ,lj .
Some of them are fixed by the measured interference pat-
tern.

The angular distributions of 208Pb(p, p′) via some IAR
LJ depend on the relative signs ǫLJ,lj for the outgoing
protons lj, ie. whether the interference is constructive or
destructive. The correlated phases of the configurations
g9/2lj are printed bold faced in Tables 1, 2, 3. However,
the relative signs between configurations LJ, lj for differ-
ent resonances LJ are not determined by the formalism
given in [3,6]. Eventually they can be determined if the
resonances are overlapping [8].

For each of the seven known resonances, the relative
phases are given by the following conventions.



2

Table 3. Same as Table 1 but for the four lowest 6− states.

keV 4001 4210 4265 4329 5771 : ESSM
x

Ẽx Iπ M g9/2 i11/2 h9/2 g9/2 g9/2 : LJ
f5/2 p1/2 d3/2 p3/2 f7/2 : lj

3920 6− 1 +96 +11 +12 −06 +12

2 4 3 2 3
4206 6− 2 −22 +91 −33 −04 00

2 2 2 2 3
4383 6− 3 −25 +24 +87 −34 +02

5 2 4 2 3
4481 6− 4 −08 +23 +38 +89 −04

3 2 4 3 3

– Time reversal invariant formulas [6,3] are used for the
analysis of the angular distribution of 208Pb(p, p′) via
IAR in 209Bi.

– The orbital angular momentum j and the spins s of
the nucleons couple to the total spin j in the order
(l ⊗ s)j.

– The total spin J and j of the particle and the hole
couple to the spin I of the particle-hole configuration
in the order (J ⊗ j)I.

– In extracting the amplitudes cLJ,lj ([Eq. (1)]) from

the measured proton partial amplitudes
√

Γ
s.p.
LJ,lj [6] we

have chosen the phases of the s.p. amplitudes
√

Γ
s.p.
LJ,lj

such that they lie close to the Coulomb phases defined
in [9]. This implies that the radial wave functions of
the neutron hole configurations (which are bound in
the parent state) all have the same sign at infinity.

More correlated phases can be determined from the
study of γ-transitions which is however difficult. Better
accessible to an experimental interpretion are the relative
phases
(i) between the configurations h9/2s1/2, h9/2d3/2 and
g9/2p1/2, g9/2f5/2, g9/2p3/2 from the study of the β-decay

of 208
81Tl127 [10], and

(ii) between the configurations LJ p1/2 and g9/2 lj from

the study of the reactions 206Pb(p, t) and 210Pb(t, p) [10].
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