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Abstract. The admixture effect of dipole and quadrupole type atomic transitions on the Stokes param-

eters characterizing the emitted radiation in the presence of an external magnetic field is studied. The

transition from an upper level with angular momentum Ju = 3/2 to a lower level with angular momen-

tum Jl = 1/2 is considered to take account of the admixture effect. The analytical expressions showing

the emitted Stokes parameters for the case of upper and lower levels have same parities are derived.

It is shown that the radiative transition probabilities of magnetic dipole M1 and electric quadrupole

transition E2 are more intense than those of electric dipole transition E1 and magnetic quadrupole

transition M2. The polarization components that are not usually seen in the Stokes I,Q and V profiles

appear due to the admixture effect. The interference of the polarization components with opposite signs

is responsible for the smaller strength of Stokes I,Q,V in admixture transition compared to those ob-

served in pure transition. In pure dipole transition case, U Stokes profile is always zero for all emitted

radiation directions. However, the Stokes U profile arises only due to the admixture effect.

1 Introduction

An atom makes a transition between two atomic states by absorbing or emitting radiation.

If the atomic states have same parity, the magnetic dipole transition M1 and the electric

quadrupole transition E2 are possible. On the other hand, if the atomic states have different

parities, the electric dipole transition E1 and magnetic quadrupole transition M2 are possi-

ble. So far, only the electric dipole transitions were being considered in the early days of

spectroscopy, and all other were referred to as forbidden (Walker & Straw 1962). However

such forbidden transitions are perfectly possible (Megha et. al 2017), but they just occur at

a slow rate with very low probability and still with non-negligible intensity. On earth, the

probability of most gaseous atoms radiating by such means is very unlikely, because even in

the highest vacuum attainable, the atoms would be losing their excess energy by collisions

with other atoms, before they had the opportunity to emit. At extremely low densities pre-
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Figure 1. The possible transitions between upper energy state Ju = 3/2 to lower energy state Jl = 1/2.

The symbol M1 represents the magnietic dipole transition, E2 is the electric quadrupole transtion and

M1E2 is the admixture effect of forbidden transition. The asymmetry nature of admixture effect can

be clearly seen in the figure.

vailing in the gases and plasmas of solar and stellar atmospheres (Duric 2004; Ryde 2006)

atomic collisions are very infrequent, occurring for a given atom at an average interval of

several hours or even days. Under these conditions, the scattering transition may take place

by M1 and E2 transitions, giving rise to an admixture effect of forbidden lines.

2 Transition Matrix

In a scattering transition process, the energies of the upper state with angular momentum

Ju and lower state with angular momentum Jl of the atom are denoted by Eu and El. The

scattered photon carries momentum k, and left and right polarized states of radiation µ = ±1

for an arbitrary direction of propagation (Yee Yee Oo et al. 2007) are expressed as

A(r, t) =
[

(2π)1/2
∑

L=1

L
∑

M=−L

(i)L(2L + 1)1/2DL
Mµ(φ, θ, 0){ǫLM(m) + iµǫLM(e)}

]

e(−iωt), (1)

where ǫLM(m) represents the magnetic multipole field and ǫLM(e) is the electric multipole

field. Using the above equation, the transition matrix is given by
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T (µ) =< Jl,mL,k, µ‖Hint‖Ju,mu > Φmu
. (2)

The symbol Φmu
represents the profile function and is expressed as

Φmu
=

−1

(~ω0 − ~ω − i~Γ)
(3)

where ~ω0 = (Eu − El) and Γ is the natural width. Using Eq.(1) and the Wigner-Eckart

theorem (Rose 1957), Eq.(2) can be rewritten as

Tml,mu
(µ) =

[

(2π)1/2

( jl+ ju)
∑

L=| jl− ju |

(−i)L(2L + 1)1/2〈 jl‖ǫL‖ ju〉

L
∑

M=−L

c( jl, L, ju; ml,M,mu)(−iµ)h(L)DL
Mµ(φ, θ, 0)∗

]

Φmu
, (4)

where h(L) = 1
2

[

1 + πuπl(−1)L
]

.

The reduced matrix element 〈 jl‖ǫL‖ ju〉 represents either an electric or magnetic 2L-pole

strength depending on whether h(L) is equal to one or zero respectively.

3 Density Matrix of the Emitted Radiation

The density matrix ρ characterizing the state of emitted radiation can be written in terms of

transition amplitude T (µ) by

ρµµ′ = T (µ)T ∗(µ′) . (5)

The polarization states of the scattered radiation (I,Q,U,V) are related to the corresponding

density matrix (Yee Yee Oo et al. 2004) elements through

I = Tr(ρσ0) = (ρ+,+ + ρ−,−),

Q = Tr(ρσ1) = (ρ+,− + ρ−,+),

U = Tr(ρσ2) = i(ρ+,− − ρ−,+),

V = Tr(ρσ3) = (ρ+,+ − ρ−,−). (6)

where σ0 denotes the 2 × 2 unit matrix and σ1,2,3 denote the Pauli spin matrices.

4 Results

We consider the example of Ju = 3/2 → Jl = 1/2 scattering transition involving both mag-

netic dipole and electric quadrupole transitions (see Figure 1). The magnetic field is along

the Z−axis of the atmospheric reference frame. The incident ray is along the Z-axis. The

magnetic field strength is 2.5 times the natural width and the choice of the scattering an-

gle θ = 45◦ which is measured from the X-axis, in the XY-plane. The scattering geometry

used by us is exactly same as in Stenflo (1998). In Figure 2, frequency represents the dis-

placement from the line center in natural width units. The Stokes profiles due to pure M1
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Figure 2. The comparison of Stokes profiles arise due to the pure M1 transition (dotted curve) and

the admixture of M1 and E2 transitions (solid curve) respectively. The magnetic field strengths is 2.5

times the natural width and the choice of the angle θ = 45◦. In all panels, frequency represents the

frequency displacement from the line center in natural width units.

transition are shown as dotted curves and those due to the admixture of M1 and E2 transi-

tions are shown as solid curves. The Stokes I,Q/I and V/I components on the left and right

wings of the profiles arise due to the E2 transitions only, are symmetric (dotted lines).

For the scattering geometry used for computing the profiles, the Stokes U/I components in

pure M1 transition are always zero, for all directions of scattering. Indeed the Stokes U/I

components appear only due to the interference effect in the mixed-type transitions. More-

over, the strengths of the Stokes profiles change according to the destructive or constructive

interference (Halliday & Resnick 2001) between dipole and quadrupole transitions (see Fig-

ure 1). The M1 and E2 interference does not change the overall nature of the scattered radi-

ation, but causes change only in the strengths of the components. The far wing components

that are symmetric about about the line centre, have opposite signs for the (Q/I,U/I,V/I)

produced by M1, and E2 type transitions. In the case of U/I, there are no far wing com-

ponents. Further, the asymmetry about the line centre is too large in the U/I profile. The

scattered Stokes profiles show that the entire asymmetry is due to the ‘admixture effect’.

Thus, the increase or decrease of polarization in the mixed-type transition clearly shows the

mixing of components with opposite signs of polarization incoherently (Mitchell & Zeman-
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sky 1934). The enhanced magnitude of polarization, caused by the admixture effect on the

scattered line radiation is significant. The admixture effect can completely alter the appear-

ance of the Stokes signatures. Thus, a careful measurement of the polarized spectrum may

reveal new features present in the Stokes line profiles arising due to interference effect in

mixed-type line transition.
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