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The electric and magnetic dyadic Green’s functions

G(_;(T, TO)

The electric dyadic Green’s tensor and magnetic dyadic Green’s function tensor G_r)n(r' o) are

the free space field susceptibility tensors propagator relating an electric dipole source Pe at position "0 in
vacuum to the electric field £ and magnetic field H it generates at position 7 through

K.
E(r) = g—Ge(r, ro)p, (S1)
0

H(r) = ck*G,(r,ro)p, (52)

For the electric and magnetic fields generated by a magnetic dipole Pm,
E(r) = - Zok*G, (1, 1), (53)

H(r) = K2G,(r,1)p,, (54)

With

eik

G(r, 7o) = Tr (;l®;l—7)+ikr_1
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G (rry) = e—(l + )(n xT) (56)
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(r ro)P = 67(1 + )(n xp) (58)
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Where " =" =70l k=2m/2 3nd 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]

N

k2
Ej,in + Z (g_og;(rj' rk)pe,k - ZOkzé_r)n(r’ rO)pm,k)) (59)
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Pe; = San total — €0%;

pm,j = H} total —

H . Z ck ( rk)pe'k+kZGHe(r,r0)pm’k)) (510)
k=1k=+j

For coupled electric and magnetic dipoles, we have

pP.= £0‘371(15'1,171 - ZOkZG_‘r)n(re' rm)pm) (511)

D = @(Hz_m + ckZG_;n(rm, re)pe) (512)

We can easily get the self-consistent form of dipole moments
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P = = — (514)
T + cZyk*eqiyG, (1, )@ G (r, T
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The extinction is



A—Elm(E ‘P, +B"p,) (515

Radiation power of the dipoles

The radiation power expressions of the electric dipole Pe and magnetic dipole Pm are

4
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Qe = —3|pe| (516)
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Qn= [pl" (517)
" 12rct "

The polarizability of the ellipsoid dipole

For an ellipsoid the polarizability tensor is

a(rw) = ay(rw)[T - (g)ikgfia(r,w) -Kk*/ag) ™t (S518)

where %@ is the Clausius-Mossotti polarizability
a, 0 o
- 0 % 0 (519)
An =
o710 0 a,

a. = 4nabe (gparticle - Emedium) (520)

]
(3£particle + 3Lj(sparticle - Emedium))

abc dq
Li=— ) — (521)

T2 8 P+ f @
withj = a, b, ¢, f(@) = [(q + a®)(q + b*)(q + D1"* and @ b, ¢ are the axis of the ellipsoid[2].

i 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 Uparticle value to yield the magnetic resonance in optical wavelength range, which is from £4u but
with imaginary part divided by 1.5 (the magnetic mode is dark, so the spectrum profile is narrower).
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Figure S1. The magnetic field distributions in z direction for the simulations in Figure 2.
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