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Our definition:

Low-energy E1 peaks sharing a 
common structure, which should be 
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 Paradigmatic example of a purely collective 
state: reference point for collectiveness. 

 All states above 13 MeV are similar. 

 Many nucleons participating coherently. 
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 Mostly IV

 Not typical GDR

 Weak coherence 

 Many different modes

⟶

⟶

⟶

⟶

0 2 4 6 8
r (fm)

-0.1

0.0

0.1

r
2
±
Ω
(r

) 9.72 MeV

0 2 4 6 8
r (fm)

-0.1

0.0

0.1

r
2
±
Ω
(r

) 10.15 MeV

0 2 4 6 8
r (fm)

-0.1

0.0

0.1

r
2
±
Ω
(r

) 10.35 MeV

0 2 4 6 8
r (fm)

-0.1

0.0

0.1

r
2
±
Ω
(r

) 10.79 MeV

0 6 12 18 24
ph label

-0.6

0.0

0.6

X

9.72 MeV

0 6 12 18 24
ph label

-25.0

0.0

25.0

X

10.15 MeV

0 6 12 18 24
ph label

-0.6

0.0

0.6

X

10.35 MeV

0 6 12 18 24
ph label

-0.6

0.0

0.6

X

10.79 MeV



Analysis of the dipole response in 26Ne

0.00

0.05

0.10

0.15

B
IV E

1
(e

2
fm

2
) Isovector

Isoscalar

4 6 8 10 12 14 16

Eexc (MeV)

0

20

40B
IS E

1
(f
m

6
)

Between 9.7 and 13 MeV: GDR tail

14

 Mostly IV

 Not typical GDR

 Weak coherence 

 Many different modes

⟶

⟶

⟶

⟶

0 2 4 6 8
r (fm)

-0.1

0.0

0.1

r
2
±
Ω
(r

) 9.72 MeV

0 2 4 6 8
r (fm)

-0.1

0.0

0.1

r
2
±
Ω
(r

) 10.15 MeV

0 2 4 6 8
r (fm)

-0.1

0.0

0.1

r
2
±
Ω
(r

) 10.35 MeV

0 2 4 6 8
r (fm)

-0.1

0.0

0.1

r
2
±
Ω
(r

) 10.79 MeV

0 6 12 18 24
ph label

-0.6

0.0

0.6

X

9.72 MeV

0 6 12 18 24
ph label

-25.0

0.0

25.0

X

10.15 MeV

0 6 12 18 24
ph label

-0.6

0.0

0.6

X

10.35 MeV

0 6 12 18 24
ph label

-0.6

0.0

0.6

X

10.79 MeV

 Transitional region: from 
PDR to GDR  Tail of the GDR
⟶

≡



Analysis of the dipole response in 26Ne
Below 9.7: PDR and more
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 The PDR is a collective mode. 
 Neutron skin interpretation valid.
 New definition of a PDR in a CI-SM picture.
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Analysis of the dipole response in 26Ne
Isospin-splitting of the PDR
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New theoretical definition of a PDR
Low-lying  resonance appearing in neutron-rich 
nuclei with the following characteristics:

 pronounced neutron response
 neutron-skin oscillation
 isospin mixing
 significant coherence

E1

⟶
⟶
⟶
⟶

16

 Isospin-splitting of the low-energy dipole 
response but not of the PDR
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Provide reliable PSFs for applications in 
reaction modeling

Conclusion 

Give a shell model view on the PDR

  and -shell  PSFs for all isotopes (first systematic 
prediction of dipole response using the CI-SM framework). 
Included in TALYS database. [1][3]

 Results are competitive with state-of-the-art microscopic 
linear-response models (without empirical adjustments on  
and ). [1][2]

 Different centroid trend prediction for exotic isotopes 
between CI-SM and QRPA based models [1][2]

 Moderate impact on the propagation of a  UHECR 
seed. [2]

 First investigation of E1 isoscalar excitation in CI-SM. 
[4]

⟶ p sd E1

⟶
S

ΔS

⟶

⟶ 40Ca

⟶

 Good agreement with the available experimental value. 
[1]

 Clear description of the transition from PDR to GDR. [5]

 Several distinct dipole state types:  quadrupole-octuple 
coupled state, IS-LED and PDR. [1][5]

 Confirmed the interpretation as a neutron-skin oscillation. 
[1][5]

 The PDR is a collective mode in a CI-SM point of view 
[1][5]

 Isospin splitting observed but this concept is questioned 
[4][5]

⟶

⟶

⟶

⟶

⟶

⟶
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[3] R. W. Fearick, O. Le Noan, H. Matsubara, P. von Neumann-
Cosel, K. Sieja, and A. Tamii, Physical Review C 113, 064311 (2026)

[1] O. Le Noan and K. Sieja, Physical 
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[4] O. Le Noan and K. Sieja, Isoscalar E1 excitations in the 
configuration-interaction shell model framework. In preparation (2026)
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Provide reliable PSFs for applications in 
reaction modeling

Perspectives

Give a shell model view on the PDR

 CI-SM E1 predictions for -shell isotopes.

 Microscopic dressing of E1 operator

⟶ pf

⟶

 Toroidal nature of the PDR ?

 Possibility of building PDR on top of excited states ?

 Effect of ground-state deformation on the PDR ?  

⟶

⟶

⟶
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Theoretical framework: CI-SM
Lanczos Strength function

Step 1: compute the GS
<latexit sha1_base64="OEGFs5MC57B4t3bkncBhqlFGuGM="></latexit>

For a 0+ GS we diagonalize He! in the M = 0 subspace
<latexit sha1_base64="MBqP+o9ocGR/s3N1WIZ8ZWIJ9wo="></latexit>

using Lanczos algorithm

<latexit sha1_base64="qqBtBoBQsMgGwBjlbmXjjv82gPc="></latexit>

=→ |0↑

Step 2: compute the sum 
rule state
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˜|O→ = 1↑
S0
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Sq =
∑

ω

E
q
ω |→ω|O|0↑|2where the sum rule of order  readsq

Step 3: Lanczos calculation 
using 
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|L0→ ↑ ˜|O→
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Uωn = →ω|Ln↑After  Lanczos iterations, we 
obtain the transformation matrix

k

First column of this change of 
basis matrix 
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→ω|L0↑ =
1↓
S0

→ω|O |0↑

Building the strength function

Theorem: The first  moments of 
the strength function are exact, even 

though all eigenstates are not converged

2k − 1
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Theoretical framework: CI-SM
Renormalization of the isovector  operator E1

Observation: systematic 
overestimated PSFs in 
the CI-SM framework 
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Conceptually, we need a 
mapping for operators. 

 Lee-Suzuki, IM-SRG⟶
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S1 = STRK(1 + ω)
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In practice: determine a 
reduction factor (effective 
charge) Q
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LSF convergence
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S(E) =
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ω=1

S0U
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ω0ω(E → Eω)

Theorem: The first  
moments of the strength 

function are exact, even though 
all eigenstates are not converged

2k − 1
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E1 effective charge trend
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|0→ = ω0 |0→0⊋ω + ω2 |0→2⊋ω
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Q2 → |ω0|2
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Since the contribution of 2⊋ω configurations in the ground state is expected
to be more significant for N = Z nuclei, one has |ε2(N = Z)| > |ε2(N →= Z)|,
which in turn implies Q2(N = Z) < Q2(N →= Z).
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Application to UHECR propagation

TALYS
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CI-SM 
PSFs
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Image credit: Atsushi Tamii, 9th Workshop on Nuclear Level 
Density and Gamma Strength, 2024, Oslo.

O. Le Noan, S. Goriely, E. 
Khan, and K. Sieja, Physical 

Review C 113, 044319 (2026)0 1 2 3 4 5 6 7 8 9 10
D (Mpc)

1

2

3

4

5

σ
A

RQFAMz
D1M+QRPA
SMLO
CI-SM

0 1 2 3 4 5 6 7 8 9 10
D (Mpc)

10

20

30

40

<A
>

RQFAMz
D1M+QRPA
SMLO
CI-SM

40Ca seed



Eexc (MeV)

0.6

0.4

0.2

0.0

0.2

0.4

0.6

S
IS E

1
(1

0
°

2
fm

6
M

eV
°

1
)

S
IV E

1
(e

2
fm

2
M

eV
°

1
)

20Ne

Eexc (MeV)

21Ne

Eexc (MeV)

22Ne

Eexc (MeV)

23Ne

0 10 20 30
Eexc (MeV)

0.6

0.4

0.2

0.0

0.2

0.4

0.6

S
IS E

1
(1

0
°

2
fm

6
M

eV
°

1
)

S
IV E

1
(e

2
fm

2
M

eV
°

1
)

24Ne

0 10 20 30
Eexc (MeV)

25Ne

0 10 20 30
Eexc (MeV)

26Ne

0 10 20 30
Eexc (MeV)

27Ne

Isovector

Isoscalar



-0.1

0.0

0.1

r
2
±
Ω
(r

) 4.8 MeV 5.54 MeV 7.2 MeV 7.52 MeV 7.96 MeV

-0.1

0.0

0.1

r
2
±
Ω
(r

) 7.99 MeV 8.49 MeV 8.66 MeV 8.83 MeV 8.99 MeV

-0.1

0.0

0.1

r
2
±
Ω
(r

) 9.06 MeV 9.48 MeV 9.72 MeV 10.15 MeV 10.26 MeV

-0.1

0.0

0.1

r
2
±
Ω
(r

) 10.35 MeV 10.71 MeV 10.79 MeV 11.27 MeV 11.37 MeV

-0.1

0.0

0.1

r
2
±
Ω
(r

) 11.46 MeV 11.57 MeV 12.13 MeV 12.36 MeV

0 2 4 6
r (fm)

12.5 MeV

0 2 4 6
r (fm)

-0.1

0.0

0.1

r
2
±
Ω
(r

) 12.56 MeV

0 2 4 6
r (fm)

12.67 MeV

0 2 4 6
r (fm)

12.78 MeV

0 2 4 6
r (fm)

12.94 MeV

Neutrons

Protons

33


