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Gamma strength function

Fig.: The GSF of 56Fe calculated with the Oslo Method. 
First observation of the low-energy enhancement. 
E. Tavukcu, PhD dissertation (2002) doi.org/10.2172/15003346

http://doi.org/10.2172/15003346


Low-energy enhancement

Fig.: The GSF of 56Fe calculated with the Oslo Method. 
First observation of the low-energy enhancement. 
E. Tavukcu, PhD dissertation (2002) doi.org/10.2172/15003346

http://doi.org/10.2172/15003346






• Wavefunctions & operators 

• Wave functions = vectors 

• Operators = matrices



•  

• Wave functions = vectors 

• Operators = matrices 

• Quantum physics is just linear 
algebra! easy peasy 

•  basis states 

• 3600 eigenstates 

• Over two million dipole 
transitions!

Ĥψ = Eψ

6 × 108



E1 or M1?



E1 or M1?
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The M1 operator: M̂1 = glL̂ + gs
̂S



The M1 operator:

0 2 4 6 8
E∞ [MeV]

10°10

10°9

10°8

G
SF

[M
eV

°
3 ]

E∞ = 5.2 MeV

Normal gl, gs

Only gs

Only gl

Only gs + only gl

M̂1 = glL̂ + gs
̂S



The M1 operator: Interference angle
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Fig. 2: Interference angle between S and L as a function of gamma energy.
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 B(M1) =
| (Ψf∥M̂1∥Ψi) |2

2Ji + 1

cos θ =
MlMs

|Ml | |Ms |



One-body transition density

 ρfi(α, β) = ⟨Ψf |c†
αcβ |Ψi⟩

⟨Ψf |M̂1 |Ψi⟩ = ∑
αβ

⟨α |M̂1 |β⟩⟨Ψf | ̂c†
α ̂cβ |Ψi⟩



One-body transition density
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One-body transition density
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•  ⟨Ψf |M̂1 |Ψi⟩ = ∑
αβ

⟨α |M̂1 |β⟩⟨Ψf | ̂c†
α ̂cβ |Ψi⟩

Removing 0f7/2 -> 0f7/2



One-body transition density
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Removing 1p3/2 -> 1p3/2



One-body transition density
Removing the diagonals
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One-body transition density
Removing the off-diagonals

0 2 4 6 8
E∞ [MeV]

10°10

10°9

10°8

G
SF

[M
eV

°
3 ]

E1 + M1

M1

E1

M1 mod

Experimental

0d5
2
0d3

2
1s1

2
0f7

2
0f5

2
1p3

2
1p1

2
0g9

2
0g7

2
1d5

2
1d3

2
2s1

2

a

0d5
2

0d3
2

1s1
2

0f7
2

0f5
2

1p3
2

1p1
2

0g9
2

0g7
2

1d5
2

1d3
2

2s1
2

b

1.8 0 0 0 0 0 0 0 0 0 0 0

0 2.4 0 0 0 0 0 0 0 0 0 0

0 0 6.8 0 0 0 0 0 0 0 0 0

0 0 0 54 0 0 0 0 0 0 0 0

0 0 0 0 6.1 0 0 0 0 0 0 0

0 0 0 0 0 23 0 0 0 0 0 0

0 0 0 0 0 0 2 0 0 0 0 0

0 0 0 0 0 0 0 3.2 0 0 0 0

0 0 0 0 0 0 0 0 0.13 0 0 0

0 0 0 0 0 0 0 0 0 0.31 0 0

0 0 0 0 0 0 0 0 0 0 0.014 0

0 0 0 0 0 0 0 0 0 0 0 0.036

Proton and neutron orbitals

|(ªfJf ||[c†
ac̃b]1||ªiJi)(a||M̂1||b)|

0

10

20

30

40

50

%





0 2 4 6 8
E∞ [MeV]

50

60

70

80

90

100

110

hµ
i[

de
g]

µ = 90±

Constructive interference

Destructive interference

Fig. 2: Interference angle between S and L as a function of gamma energy.
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Fig. 3: Left: Map of reduced one-body transitions densities, f7/2 -> f7/2 removed. Right: The resulting modified M1 strength function.
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Fig. 1: Calculated gamma-strength function in solid lines. 
Experimental data in dots (10.1103/PhysRevC.73.064301). 
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• We have reproduced the low-energy enhancement (LEE) of 
vanadium-50 with large-scale shell-model calculations (fig. 1). 

• The LEE is caused by M1 transitions (fig. 1). 

• Constructive interference between the S and L terms of the M1 
operator enhances the LEE (fig. 2). 

• 0f7/2 -> 0f7/2 proton transitions are the principal driver of the 
LEE (fig. 3).

arxiv.org/abs/2510.23779


