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Introduction

In this Supporting Information we provide an energy level diagram (Figure S1) with
all relevant transitions for pumping either the Ni(*F) ground state or the low-lying ex-
cited Ni(®D) state. Additionally we describe the calculations of the relative thermal po-
pulations of Ni(®F) and Ni(®D) which are needed for the computation of Ni densities from

the lidar backscatter signal (Text S1).

Figure S1: Energy level diagram for Ni

In Figure S1 we present the energy level diagram for Ni based on the spectrosco-
pic data published by Kramida et al. [2018]. Only the most relevant transitions are shown
for clarity, and weaker transitions are omitted. The two transitions used for excitation
are marked blue. All wavelengths are given in air. The line thickness roughly represents
the strength of the emission, with Einstein coefficients denoted in the Figure. Note that
Ni has five isotopes with masses between 57.9 and 63.9 amu, but line separation is within

the bandwidth of the lidar.

Corresponding author: M. Gerding, gerding@iap-kborn.de

Corresponding author: J. M. C. Plane, j.m.c.plane@leeds.ac.uk



341 nm 337 nm
3d°(?D)4p s 3d9(2D)4p
300003F, T D T .
| 6.6x10°51 | 1‘ | 240 | 4.3x100
5507s* | 16055 1810 | 12a07st |
25000 I t i } ‘
£ 20000——E——E E—E E—E E—E E—
~ o [{e} [Te) o N~ N~ D ﬁ <
> ~ ~ o 0 w0 [Te) [«2] —
S 3 S S s @ P ~ S
2150003 88 88 8 3 8
10000
5000
J y °F D
D, i . o D,
3d(2D)4s 34 3 (F)4s? 3d(D)4s  23d%(D)ds

Figure 1. Energy level diagram for Ni with the most important transitions [Kramida et al.,
2018]. Wavelengths are given with respect to air. From the Einstein coefficients we get branching
fractions (i.e. relative emission intensities) for pumping at 341 nm of 11% and 89% at 339 nm
and 341 nm, respectively. For pumping at 337 nm the relative emission intensities are 31%, 41%,

20% and 7% at 337nm, 339 nm, 347 nm and 381 nm, respectively.

Text S1: The relative populations of Ni(3F) and Ni(®D)

The ground state of Ni is a 3F s state which has three spin-orbit multiplets with
total angular momenta J; = 4, 3 and 2 and energies ¢; = 0, 1332.2 and 2216.5 cm~! [Kra-
mida et al., 2018]. The degeneracy of the ith multiplet is given by g; = (2J;+1), and

so are 9, 7 and 5 for these multiplets, respectively.

The first excited state of Ni is the 3D state with three spin-orbit multiplets gi-
ven by J; = 3, 2 and 1, and with ¢; = 204.8, 879.8 and 1713.0 cm~! above the 3F, ground

state; the degeneracies of these multiplets are 7, 5 and 3, respectively.

The electronic partition function for Ni is then given by Qerec = X%_; g; e &i/kT

where k is the Boltzmann constant and T is temperature. Note that the contribution
from higher electronic states is negligible. The thermal population of each state is then
gi €= /*T /Q e Between 100 and 240 K, the relative population of the Ni(*Ds) state
can be calculated from the expression 0.57*exp(-265.8/T'). The population varies from

3.9% to 18.5% over this temperature range.
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