
Hanle effect for lifetime determinations in the soft X-ray regime:1

Supplemental Material2

I. DETAILS ON EXPERIMENTAL DATA3

ANALYSIS4

To achieve accurate fluorescence-yield ratios, we car-5

ried out two types of measurements. Initially, photon6

energy scans were conducted to determine the nominal7

transition energy. The sufficiently high count rates of8

low-n transitions enabled these energy scans to effectively9

determine the fluorescence yield ratio Y∥/Y⊥ (see Fig.2 in10

main text and Fig. S2 a).). For high-n transitions with11

low transition rates, we conducted additional measure-12

ments using a constant photon energy set to the nominal13

transition energy. After a designated acquisition period,14

a fast shutter was closed to stop the ion cloud’s illumina-15

tion. This was followed by a period dedicated to captur-16

ing the background level, see Fig. S2 d). After obtaining17

an one-dimensional spectrum by projection to the photon18

energy axis (Fig. S2 b) and e)), the fluorescence-yield ra-19

tio is determined through a least-squares fit. For energy20

scans, a simple Gaussian model with constant baseline is21

used, while for static energy measurements, a step func-22

tion is applied. The fluorescence yield is then associated23

with the amplitude of the Gaussian or the height of the24

step function. For each level (n=2 to n=7), multiple25

measurements were taken and consolidated into a single26

value for each observed transition using a weighted aver-27

age.28

In addition to the fluorescence yield, we also obtain ex-29
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FIG. S1. Each black datapoint depicts the frequency-averaged
cross section ratio evaluated at given lifetime Γν for 1s5p 1P1

level. The horizontal dotted line and shaded area correspond
to the experimentally measured cross section ratio. The ver-
tical dotted line indicates its intersection with the calculated
cross section ratio. The corresponding uncertainty, which is
given by the vertical shaded area, is obtained from the deriva-
tive of σratio (green data points).

perimental transition energies from the photon energy30

scans. Our nominal transition energies generally shift by31

approximately ∼100meV to lower energies compared to32

theoretical predictions (see the measured spectrum of the33

Kβtransition in Fig. S2 c)). Such shifts are commonly34

observed and are primarily due to imperfect calibration35

of the photon energy, which is typically performed using36

less accurate atomic or molecular transitions.37

A. Extraction of lifetime38

As mentioned in the main text, we first start with the39

ratio of the frequency-averaged cross sections40

σ̃⊥,∥ =

∫
σ⊥,∥ (ω)G (ω) dω. (S1)

Now, to determine the lifetime of the excited 1snp1P141

levels from the experiment, we insert a magnetic field42

density of B = 0.85T and polarization of Pl = 1.0 into43

Eq. (S1). With only Γν as a free parameter, we equate the44

frequency-averaged cross section ratio to the respective45

experimental ratio46

σexp
⊥ /σexp

∥ = σ̃⊥/σ̃∥(Γν). (S2)

Thereby, we find experimentally, the lifetime Γν , asso-47

ciated to the respective cross section ratio or transition.48

The error on the experimental cross section ratio is trans-49

lated by multiplication of the derivative of the cross sec-50

tion ratio evaluated at Γν , see Fig. S1.51

B. Effect of magnetic field uncertainty52

To quantify the contribution of the magnetic field un-53

certainty to the determined lifetime, we repeat the ex-54

traction of lifetimes as given in Section IA with a field55

of B = 0.9T. The value results from the measured value56

B = 0.85T by Micke et al. [1] in addition to a conser-57

vatively estimated magnetic field uncertainty of 0.05T.58

Again, we determine Γν and use the difference of both as59

additional systematic uncertainty. For illustrative pur-60

poses, we show in Fig. S3 the influence of the magnetic61

field on the predicted cross section ratio. The impact of62

the magnetic field uncertainty is minimal for low- and63

high-n 1snp states but can reach ∼ 5% for medium n.64

This can be explained by the fact that for the low-n states65

the level widths Γν are so large that a variation of B does66

not affect the cross section ratio. For the high-n states,67

in contrast, the widths Γν are so small that the variation68

of B does not lead to a substantial change in the overlap69

of the almost separated Zeeman sublevels.70
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FIG. S2. Extraction of fluorescence spectra for photon energy scans (a, b, c) and constant energy measurements (d, e, f).
First, an appropriate region of interest (blue shaded area) is projected onto the fluorescence photon energy axis. The resulting
fluorescence spectrum is then modeled, enabling the extraction of a four-sigma region of interest (orange shaded area). Subfigures
c) and f) are obtained by projecting this four-sigma region onto the incident photon energy axis and the time axis, respectively.

II. DETAILS ON THEORETICAL ANALYSIS71

As described in the main text the modified cross sec-72

tions σ̃∥,⊥ are obtained by averaging σ∥,⊥ over a Gaus-73

sian frequency distribution. However the expression for74

the cross sections σ∥,⊥ might also be affected by an in-75

complete polarization of the incident radiation as well76

as by a finite detector size. In what follows, we present77

modified expressions for σ∥,⊥ taking into account both of78

these effects.79

A. Effect of incomplete linear polarization80

Applying the density matrix approach from81

Ref. [2], cross sections can be obtained for any82

arbitrary polarization. With Pl denoting the de-83

gree of linear polarization and the parameter84

κ = R2/
[
Γ2
ν + 4 (∆ω − Ez)

2
] [

Γ2
ν + 4 (∆ω + Ez)

2
]
,85

the cross sections for photons scattered in directions86

parallel and perpendicular to the polarization vector are87

given by88

σ∥ = κ
[
8E2

z (Pl + 1)− 2(Pl − 1)
(
Γ2
ν + 4∆ω2

)]
(S3a)

σ⊥ = κ
[
2(Pl + 1)

(
Γ2
ν + 4∆ω2

)
− 8E2

z (Pl − 1)
]

(S3b)

and their ratio takes the form89

σ∥

σ⊥
= −

4E2
z (Pl + 1)− (Pl − 1)

(
Γ2
ν + 4∆ω2

)
4E2

z (Pl − 1)− (Pl + 1) (Γ2
ν + 4∆ω2)

. (S4)

As expected, for perfectly linearly polarized light90

(Pl = 1) Eq. (S4) reproduces Eq. (8) from the91

main text while for unpolarized light (Pl = 0) Eq.92

(S4) simplifies to σ∥/σ⊥ = 1. To investigate the ef-93

fect of incomplete polarization of the incident radiation,94

we used Eq. (S3) to calculate the ratio σ̃∥/σ̃⊥ for the95

1s2 1S0 → 1snp 1P1 → 1s2 1S0 scattering. Calculations96

have been performed for complete polarization as well as97

for Pl = 0.975, 0.95 and 0.925. These values are in a con-98

servative range of possible variation of the polarization of99

synchrotron light. As seen from Fig. S3, the effect of in-100

complete polarization is largest for n = 2 and decreases101
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FIG. S3. Left: Predicted cross section ratios for varying magnetic fields. At high and low n, we see weak sensitivity to
the external fields. Right: Predicted cross section ratio for varying degrees of linear polarization. Highest sensitivity to the
polarization is predicted at low principal quantum numbers. The two bottom panes depict the difference of cross section ratio
with respect to the chosen model parameter (B=0.85T and P=100%)

for higher excited states. However, since the degree of102

linear polarization is expected to be higher than 99% [3],103

polarization impurity has a negligible effect on σ∥/σ⊥104

compared to the statistical uncertainty and, hence, is not105

considered here.106

B. Effect of finite detector size107

Having discussed the effect of incomplete polarization108

we also take into account the effect of a finite detector109

size by integrating the differential cross section (4) from110

the main text over a finite solid angle:111

σ∥ =

∫ ϕ=+δ∥

ϕ=−δ∥

∫ θ=π
2 +δ∥

θ=π
2 −δ∥

dσ

dΩ
(θ, ϕ) sin (θ) dθdϕ, (S5)

σ⊥ =

∫ ϕ=π
2 +δ⊥

ϕ=π
2 −δ⊥

∫ θ=π
2 +δ⊥

θ=π
2 −δ⊥

dσ

dΩ
(θ, ϕ) sin (θ) dθdϕ. (S6)

Here, the opening angle δ∥,⊥ reflects the size of the pho-112

ton detector. Evaluating this integral, we obtain the113

cross sections for photons observed with a finite size de-114

tector parallel and perpendicular to the incident light115

polarization ϵi :116

σ∥,⊥ =
κ

3
sin(δ∥,⊥)

[(
28δ∥,⊥ − 4δ∥,⊥ cos(2δ∥,⊥)

)
A

±Pl(10 sin(2δ∥,⊥) + sin(4δ∥,⊥))B
]
.

where we introduced for the sake of brevity117

the parameters A =
(
4E2

Z + Γ2 + 4∆ω2
)

and118

B =
(
4E2

Z − Γ2 − 4∆ω2
)
. In the expression above, the119

term proportional to Pl has a positive sign for σ∥ and a120

negative sign for σ⊥. While the finite detector size effect121

is the dominant contribution to σ̃∥/σ̃⊥ for n = 2, the122

contribution becomes smaller than 1% for n ≥ 6. Taking123

into account the finite detector size, our results are in124

very good agreement with the experimental findings (see125

Fig. (3) in the main text).126
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