
 

 

 University of Groningen

Laser Spectroscopy of Trapped Ra+ Ion
Versolato, Oscar Oreste

IMPORTANT NOTE: You are advised to consult the publisher's version (publisher's PDF) if you wish to cite from
it. Please check the document version below.

Document Version
Publisher's PDF, also known as Version of record

Publication date:
2011

Link to publication in University of Groningen/UMCG research database

Citation for published version (APA):
Versolato, O. O. (2011). Laser Spectroscopy of Trapped Ra+ Ion: Towards a single ion optical clock.
[Thesis fully internal (DIV), University of Groningen]. s.n.

Copyright
Other than for strictly personal use, it is not permitted to download or to forward/distribute the text or part of it without the consent of the
author(s) and/or copyright holder(s), unless the work is under an open content license (like Creative Commons).

The publication may also be distributed here under the terms of Article 25fa of the Dutch Copyright Act, indicated by the “Taverne” license.
More information can be found on the University of Groningen website: https://www.rug.nl/library/open-access/self-archiving-pure/taverne-
amendment.

Take-down policy
If you believe that this document breaches copyright please contact us providing details, and we will remove access to the work immediately
and investigate your claim.

Downloaded from the University of Groningen/UMCG research database (Pure): http://www.rug.nl/research/portal. For technical reasons the
number of authors shown on this cover page is limited to 10 maximum.

Download date: 25-05-2023

https://research.rug.nl/en/publications/34e6a4f3-a59e-4338-b4bf-9283c79fcd51


CHAPTER10
Appendix

Appendices of Chapters 2 and 3 are given below.

Appendix to Chapter 2

List of Radium Isotopes

A list of radium isotopes with half-lives larger than 1 s is presented in Table 10.1.
The ARa+ isotopes in mass range A = 209 − 214 have been produced using the
AGOR cyclotron and the TRIμP facility. This range could be extended to include
A = 208. The neutron-rich isotopes will have to be milked from an off-line source
or be created via spallation reactions.
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Table 10.1: List of isotopes of radium with half-lives larger than 1 s with their
half-life [114] and nuclear spin I [24] (spins with uncertain assignment are given in
parentheses), magnetic moments μI in units of μN [25], and quadrupole moments
Q in barns [26]. The uncertainties of Q were obtained by adding in quadrature the
uncertainties given in Ref. [26]. Also shown are the decay series the isotopes occur
in and possible low-activity production sources.

A Half-life I μI Q Series Source/Production

207 1.3 s (5/2,3/2) - - - -
208 1.3 s 0 0 0 - 204Pb + 12C → 208Ra + 8n
209 4.6 s 5/2 0.865(13) 0.40(4) - 204Pb + 12C → 209Ra + 7n
210 3.7 s 0 0 0 - 204Pb + 12C → 210Ra + 6n
211 13 s 5/2 0.8780(38) 0.48(4) - 204Pb + 12C → 211Ra + 5n
212 13.0 s 0 0 0 - 206Pb + 12C → 212Ra + 6n
213 2.73 m 1/2 0.6133(18) 0 - 206Pb + 12C → 213Ra + 5n
214 2.46 s 0 0 0 - 206Pb + 12C → 214Ra + 4n
221 28 s 5/2 −0.1799(17) 1.978(106) - spallation
223 11.43 d 3/2 0.2705(19) 1.254(66) 235U 227Ac (21.8 y)
224 3.66 d 0 0 0 232Th 228Th (1.9 y)
225 14.9 d 1/2 −0.7338(5) 0 233U 229Th (7.34 ky)
226 1.6 ky 0 0 0 238U 226Ra, 230Th (75.4 ky)
227 42.2 m 3/2 −0.4038(24) 1.58(11) - -
228 5.75 y 0 0 0 232Th 228Ra
229 4.0 m 5/2 0.5025(27) 3.09(19) - -
230 93 m 0 0 0 - spallation
231 103 s (5/2) - - - spallation
232 4.2 m 0 0 0 - spallation
233 30 s - - 0 - -
234 30 s 0 0 0 - -

Appendix to Chapter 3

LEB Line

An extension of the TRIμP low energy beamline (LEB-line) has been designed
and constructed, see Fig. 10.1. More detailed schematics of the end part of the
beamline can be found in Chapter 3.

Commissioning Experiments of New Beamline

Optical signals from trapped 212,213Ra+ ions were observed during commissioning
experiments as discussed in Chapter 3. For completeness, the experimental details
are repeated here. The frequency of the light of the laser operating at λ1 was kept
on or close to the 7s 2S1/2 -7p

2P1/2 resonance (7s 2S1/2 F = 1- 7p 2P1/2 F
′ = 0

for 213Ra+) while the frequency of the light of the laser operating at λ2 was
scanned over the 6d 2D3/2 - 7p

2P1/2 resonance (6d 2D3/2 F = 1 - 7p 2P1/2 F
′ = 0
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Figure 10.1: Layout of LEB line. Beamline support and vacuum crosses are
shown.

for 213Ra+), thus establishing repumping. The wavelength of the laser operating
at λ2 was measured using the HighFinesse Ångstrom WS6 IR wavelength meter
from which calibration of the frequency axis is derived. Typical line shapes are
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depicted in Figs. 10.2. The size of the signal is indicative of a small trapped
particle number. This in turn implies a lower efficiency of ion capture from the
LEB-line for the end-trap than for the RFQ (see Chapters 3, 4, and 5). The
isotope shift of the 6d 2D3/2 - 7p

2P1/2 transition, derived from a Gaussian fit to
the data presented in Figs. 10.2, is found to be ν212-213 = 2379(49) MHz. This is
in good agreement with published data (ν212-213 = 2429(9) MHz, see Chapter 4).
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Figure 10.2: (a) Typical line shape of the 6d 2D3/2 - 7p
2P1/2 transition in 212Ra+;

(b) Typical line shape of the 6d 2D3/2 F = 1 - 7p 2P1/2 F
′ = 0 transition in 213Ra+.

The solid lines represent Gaussian fits to the data. The error bars depicted in the
Figures are overestimated due to non-normalized averaging that occurred in this
instance in the ROOT TProfile class.
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