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Motivation

• 𝑣𝑑 = 𝐾 𝑝, 𝑇 ∙ 𝐸 → 𝑡𝑑 =
𝑠

𝐾∙𝐸

• Ion mobility 𝐾

– Ion mass, size, shape

– Ion-atom interaction potential
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Motivation

• 𝐾 ↔ Collision cross section Ω ↔ Ion-neutral interaction potential V(r) [1]

– reduced mass 𝜇 =
𝑚𝑀

𝑚+𝑀

– ion-atom interaction potential 

• 𝑉 𝑟 = ൗ𝐶𝑛
𝑟𝑛 − ൗ𝐶6

𝑟6 − ൗ𝐶4
𝑟4

• Ion-atom interaction potential ↔ electronic configuration ↔ relativistic effects

[1] L.Viehland, E.Mason, Annals of Physics (1975) 91:499
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Motivation
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Motivation

• Relativistic effects increasingly important for high Z

• Electronic configuration

– relativistic density profiles contracted

– For increasing n relativistic contraction decreases

– 𝛽 =
𝑣

𝑐
=

𝑍

137
a.u.    → 𝛽 = 0.58 for hydrogen-like mercury ( 80Hg )

Plots reproduced from data of [2] V. Burke et al., Proc. Phys. Soc. London, 90, 297 (1967)

1s 2p
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Motivation

• Shift of electronic energy levels 

– Level flipping for 7s1/2 / 6s3/2 / 6s5/2
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IMS Apparatus
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Measurement Principle

• Two-step photo-ionization

• Fixed starting time and starting position

• Register arrival time 𝑡𝑎 = 𝑡𝑑+ 𝑡𝑡 at channeltron detector

n12

n𝑖
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Measurement Principle

• Two-step photo-ionization

• Fixed starting time and starting position

• Register arrival time 𝑡𝑎 = 𝑡𝑑+ 𝑡𝑡 at channeltron detector
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IMS Apparatus
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• Systematic IMS studies of several Lanthanides in 2009 [3]

• 63
151Eu+, 64

156Gd+, 65
159Tb+, 66

156Dy+, 67
165Ho+, 68

168Er+, 70
174Yb+

• Arrival time spectra of Lanthanide ions indistinguishable

[3] M. Laatiaoui et al., EPJD (2012) 66:232

Lanthanide Results
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• Arrival time spectra of Lanthanide ions indistinguishable EXCEPT Gd+

→ occupied 5d-shell leads to reduced mobility 

→ Impact of electronic configuration on distinct ion mobilities proven

[3] M. Laatiaoui et al., EPJD (2012) 66:232
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• R

→ I

- Systematic error

[3] M. Laatiaoui et al., EPJD (2012) 66:232
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Actinide Expectations

• Similar drift behaviour for actinide series

• Mobility variations due to different electronic configurations

– reduced 𝐾0 for 94Pu
+ ?

4𝑓𝑛6𝑠

4𝑓75𝑑6𝑠

5𝑓𝑚6𝑑7𝑠

5𝑓𝑚+17𝑠

5𝑓𝑚7𝑠2

Gd+

Pu+

Am+

Cm+

Z

Bk+

Cf+

P.Indelicato, EPJD (2007) 45:155

Lr+
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• Voltage divider installed to provide voltages for the drift cage

• First signals for argon ions from argon discharge

Next steps

• Test ion production via two-step photo-ionization

with inactive metal foils

• Acquire data for ions from inactive printed targets

• Install active printed targets for ion mobility studies of Actinides 

First steps
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Thank you for your attention!


