
 

 

 University of Groningen

Laser cooling and trapping of barium
De, Subhadeep

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:
2008

Link to publication in University of Groningen/UMCG research database

Citation for published version (APA):
De, S. (2008). Laser cooling and trapping of barium. 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/9ea5746d-8ff2-41c4-87ae-2c2d8eba5ae7


Chapter 1

Introduction

Fundamental symmetries play a central role in modern physics. Symmetries have

significantly contributed to the development of the presently accepted physical

theories. To date the Standard Model (SM) [1–4] is the best theory to describe

the electromagnetic, the weak and significant parts of the strong interactions.

Gravity is not included yet in this framework. The SM does not fully explain

the underlying structure in nature. Many aspects, e.g., the number of particle

generations, the fundamental fermion masses, the origin of parity violation or

the dominance of matter over antimatter in the universe can not be derived from

this theory. The recent observations in connection with searches for neutrino

oscillations can however be accommodated by small modifications in the SM [5].

Speculative theoretical models such as SUper SYmmetry (SUSY) [6], LeftRight

symmetry [7] and many others have been developed to expand the SM in order

to gain deeper insights into its not well understood features. Experimental tests

of the SM are attempts to identify new physical processes that would shed light

on not well understood physical facts observed in nature and to gain hints into

which theoretical direction the SM needs to be expanded.

Of particular interest are the discrete symmetries Charge conjugation (C),

Parity (P) and Time reversal (T). In 1956 was first a suggestion to search for P

violation by T. D. Lee and C. N. Yang [8]. The experimental observation of P

violation in the β-decay of 60Co by C. S. Wu and her collaborators came soon

after [9]. Since then many experiments have confirmed the result with increasing

precision in a number of systems. Furthermore, the combined symmetry CP is

violated as it has been observed in the K0 and B0 meson decays [10, 11]. Such

CP violation could lead to matter-antimatter asymmetry in the baryogenesis, but
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2 Introduction

the experimentally observed mechanism, which fully lies within the SM, is not

sufficient to explain the matter-antimatter asymmetry in the universe [12]. Other

sources of CP-violation could manifest themselves in nonzero permanent Electric

Dipole Moments (EDM’s) of fundamental particles [13]. The existence of an EDM

of an elementary particle require P and T violation. Under the assumption of an

invariance of physics under the combined C, P, and T transformations, which is

the CPT theorem [14], a permanent EDM also violates CP.

Recently radium (Ra) has been identified as a new candidate for sensitive

EDM searches in neutral atoms [15]. Radium isotopes exhibit a high sensitivity

to parity and time reversal violating effects which arise from their nuclear and

atomic structure. The sensitivity to a possible EDM of nucleons can be orders of

magnitude larger than the original particle EDM. This stems from shape defor-

mations of the nucleus. Octupole deformations in nuclei of radium isotopes near

the valley of nuclear stability are associated with near degeneracy of states of

opposite parity. The enhancement is due to mixing of these states in the external

field created by nucleon EDM. The isotope 225Ra, for example, has such a large

octupole deformation in the nuclear ground state. Theoretical estimates yield an

enhancement of 50-500 for a nucleon EDM [16, 17]. Radium in an excited state

also offers a higher sensitivity to nuclear and electron EDM’s due to its atomic

level structure [18, 19]. According to the available atomic level data one finds

almost degenerate states of opposite parity, i.e., the 7s7p 3P1 and the 7s6d 3D2

states [20]. The energy difference is reported to be as small as only ∼ 10−3 eV,

a feature not found in any other atomic system. The enhancement of a nuclear

or electron EDM can be as large as several 104 [18, 19]. This is significantly

larger than the enhancement in the mercury atom (199Hg) from which the most

stringent limit for a nuclear EDM was obtained [21]. Because of these properties

radium offers great potentials for searches for permanent EDM’s.

An efficient method to collect a large number of particles is required in order

to exploit the high sensitivity of rare and radioactive radium isotopes. Modern

atomic physics methods offer tools for neutral atom trapping, which promise to

be ideal for such experiments. In this thesis laser cooling and trapping strategies

for heavy alkaline-earth elements, i.e., barium (Ba)1 and radium are discussed

(see Figs. 1.1 and 1.2). These elements require an expansion of known laser

cooling schemes. Laser cooling requires reiterative excitation of a single strong

transition and subsequent spontaneous decay of the excited state. For any possi-

1For convenience the relevant part of the barium atomic level scheme is available as a fold-up
next to the last page of this book (see Fig. F.1)
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ble cycling transition in barium and in radium that could provide strong cooling

forces the excited state has a very large branching probability to metastable

states. Laser cooling can be achieved only by adding several lasers which bring

the atoms back into the cycling transition. In this work barium atoms were effi-

ciently collected in a magneto-optical trap (MOT) by large optical forces from the

6s2 1S0 → 6s6p 1P1 transition. Six lasers were employed for repumping. Barium

has the leakiest cooling cycle of all atomic species trapped so far.

In this work permanent electric dipole moments will be introduced and possi-

ble ways to measure them will be described for radium (Chapter 2). Laser cooling

and trapping was identified among the main obstacles on the way to searches for

EDM’s in radium (Chapter 3). The experimental tools which were developed

and used throughout are described (Chapter 4). The development of an efficient

slowing scheme for barium is described (Chapter 5). In particular the relevant

branching ratios from excited states were determined, which take part in optical

repumping schemes for efficient laser cooling and trapping. The performance of

a magneto-optical trap is characterized in terms of loss rates and temperatures

(Chapter 6). Finally, the consequences from the results of this work towards

trapping of radium are discussed (Chapter 7).

This work is the first to describe optical cooling and trapping of the heavy

alkaline-earth element barium. The developed scheme is very efficient. The

results can be transferred to radium due to the similarities in its atomic level

structure with the barium atom. For radium trapping the frequencies of the seven

necessary lasers need to be adapted. The next steps towards efficient trapping of

radium and searches for EDM’s in its isotopes are thereby enabled.
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Fig. 1.1: Level scheme of atomic barium. The low lying states, which are relevant
to the experiments in this work, are shown.
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Fig. 1.2: The lowest lying states in atomic radium. Only those states are shown,
which are relevant to the laser cooling scheme.




