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The electric and magnetic dyadic Green’s functions

The electric dyadic Green’s tensor  and magnetic dyadic Green’s function tensor   are 𝐺𝑒(𝑟, 𝑟0) 𝐺𝑚(𝑟, 𝑟0)

the free space field susceptibility tensors propagator relating an electric dipole source  at position  in 𝑝𝑒 𝑟0

vacuum to the electric field  and magnetic field H it generates at position  through𝐸 𝑟

𝐸(𝑟) =  
𝑘2

𝜀0
𝐺𝑒(𝑟, 𝑟0)𝑝𝑒   (𝑆1)

𝐻(𝑟) =  𝑐𝑘2𝐺𝑚(𝑟, 𝑟0)𝑝𝑒    (𝑆2)

For the electric and magnetic fields generated by a magnetic dipole , 𝑝𝑚

𝐸(𝑟) =  ‒ 𝑍0𝑘2𝐺𝑚(𝑟, 𝑟0)𝑝𝑚    (𝑆3)

𝐻(𝑟) =  𝑘2𝐺𝑒(𝑟, 𝑟0)𝑝𝑚    (𝑆4)

With

𝐺𝑒(𝑟, 𝑟0) =  
𝑒𝑖𝑘𝑟

𝑟 [(�̂� ⊗ �̂� ‒ �⃡� ) +
𝑖𝑘𝑟 ‒ 1

𝑘2𝑟2
(3 ∙ �̂� ⊗ �̂� ‒ �⃡� )]    (𝑆5)
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𝐺𝑚(𝑟, 𝑟0) =  
𝑒𝑖𝑘𝑟

𝑟 (1 +
𝑖

𝑘𝑟)(�̂� × �⃡� )    (𝑆6)

𝐺𝑒(𝑟, 𝑟0)𝑝 =
1

4𝜋
 
𝑒𝑖𝑘𝑟

𝑟 [(�̂� × 𝑝) × �̂� +
𝑖𝑘𝑟 ‒ 1

𝑘2𝑟2
(3 ∙ �̂�(�̂� ∙ 𝑝) ‒ 𝑝)]    (𝑆7)

𝐺𝑚(𝑟, 𝑟0)𝑝 =  
𝑒𝑖𝑘𝑟

𝑟 (1 +
𝑖

𝑘𝑟)(�̂� × 𝑝)       (𝑆8)

Where ,  and .𝑟 = |𝑟 ‒ 𝑟0| 𝑘 = 2𝜋/𝜆
�̂� =  

𝑟 ‒ 𝑟0

𝑟

The coupled dipole approximation method

Let us consider many three dimensional dipole scatters. 

The local field at each dipole can be expressed as[1]

𝑝𝑒,𝑗 =  𝜀0𝛼𝑗𝐸𝑗,𝑡𝑜𝑡𝑎𝑙 =  𝜀0𝛼𝑗(𝐸𝑗,𝑖𝑛 +
𝑁

∑
𝑘 = 1,𝑘 ≠ 𝑗

(𝑘2

𝜀0
𝐺𝑒(𝑟𝑗, 𝑟𝑘)𝑝𝑒,𝑘 ‒ 𝑍0𝑘2𝐺𝑚(𝑟, 𝑟0)𝑝𝑚,𝑘))    (𝑆9)

𝑝𝑚,𝑗 =  𝑢𝑗𝐻𝑗,𝑡𝑜𝑡𝑎𝑙 =  𝑢𝑗(𝐻𝑗,𝑖𝑛 +
𝑁

∑
𝑘 = 1,𝑘 ≠ 𝑗

(𝑐𝑘2𝐺𝑚(𝑟𝑗, 𝑟𝑘)𝑝𝑒,𝑘 + 𝑘2𝐺𝑒(𝑟, 𝑟0)𝑝𝑚,𝑘))    (𝑆10)

For coupled electric and magnetic dipoles, we have

𝑝𝑒 =  𝜀0𝛼1(𝐸1,𝑖𝑛 ‒ 𝑍0𝑘2𝐺𝑚(𝑟𝑒, 𝑟𝑚)𝑝𝑚)     (𝑆11)

𝑝𝑚 =  𝑢2(𝐻2,𝑖𝑛 + 𝑐𝑘2𝐺𝑚(𝑟𝑚, 𝑟𝑒)𝑝𝑒)    (𝑆12)

We can easily get the self-consistent form of dipole moments

𝑝𝑒 =  
𝜀0𝛼1𝐸1,𝑖𝑛 ‒ 𝑍0𝑘2𝜀0𝛼1𝐺𝑚(𝑟𝑚, 𝑟𝑒)𝑢2𝐻2,𝑖𝑛

�⃡� + 𝑐𝑍0𝑘4𝜀0𝛼1𝐺𝑚(𝑟𝑚, 𝑟𝑒)𝑢2𝐺𝑚(𝑟𝑒, 𝑟𝑚)
    (𝑆13)

𝑝𝑚 =  
𝑢2𝐸2,𝑖𝑛 + 𝑐𝑘2𝜀0𝑢2𝐺𝑚(𝑟𝑒, 𝑟𝑚)𝛼1𝐸1,𝑖𝑛

�⃡� + 𝑐𝑍0𝑘4𝜀0𝑢2𝐺𝑚(𝑟𝑒, 𝑟𝑚)𝛼1𝐺𝑚(𝑟𝑚, 𝑟𝑒)
     (𝑆14)

The extinction is



𝐴 =
𝜔
2

𝐼𝑚(𝐸 ∗ ∙ 𝑝𝑒 + 𝐵 ∗ ∙ 𝑝𝑚)      (𝑆15)

Radiation power of the dipoles

The radiation power expressions of the electric dipole  and magnetic dipole  are𝑝𝑒 𝑝𝑚

𝑄𝑒 =
𝜔4

12𝜋𝜀0𝑐3
|𝑝𝑒|2      (𝑆16)

𝑄𝑚 =
𝜔4𝑍0

12𝜋𝑐4
|𝑝𝑚|2      (𝑆17)

 The polarizability of the ellipsoid dipole

For an ellipsoid the polarizability tensor is

�⃡�(𝑟,𝜔) =  𝛼0(𝑟,𝜔)[ �⃡� ‒ (2
3)𝑖𝑘3

0𝛼0(𝑟,𝜔) ‒ 𝑘2/𝛼0] ‒ 1     (𝑆18)

where  is the Clausius-Mossotti polarizability𝛼0(𝑟,𝜔)

𝛼0 = (
𝛼1
0
0

   

0
𝛼2

0
   

0
0

𝛼3)      (𝑆19)

 𝛼𝑗 =  4𝜋𝑎𝑏𝑐
(𝜀𝑝𝑎𝑟𝑡𝑖𝑐𝑙𝑒 ‒ 𝜀𝑚𝑒𝑑𝑖𝑢𝑚)

(3𝜀𝑝𝑎𝑟𝑡𝑖𝑐𝑙𝑒 + 3𝐿𝑗(𝜀𝑝𝑎𝑟𝑡𝑖𝑐𝑙𝑒 ‒ 𝜀𝑚𝑒𝑑𝑖𝑢𝑚))
    (𝑆20)

𝐿𝑗 =
𝑎𝑏𝑐

2

∞

∫
0

𝑑𝑞

(𝑥2 + 𝑞)𝑓(𝑞)
     (𝑆21)

with   and  are the axis of the ellipsoid[2].𝑗 = 𝑎, 𝑏, 𝑐, 𝑓(𝑞) = [(𝑞 + 𝑎2)(𝑞 + 𝑏2)(𝑞 + 𝑐2)]1/2 𝑎, 𝑏, 𝑐

 is obtained in the same way. Because nature material has bad magnetic response in optical frequency �⃡�

and the magnetons in our paper are yield by the plasmon resonance with circular current, we used a 

fake  value to yield the magnetic resonance in optical wavelength range, which is from  but 𝑢𝑝𝑎𝑟𝑡𝑖𝑐𝑙𝑒 𝜀𝐴𝑢

with imaginary part divided by 1.5 (the magnetic mode is dark, so the spectrum profile is narrower).



Figure S1. The magnetic field distributions in z direction for the simulations in Figure 2.
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