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Readership by regions in 2009

Journal of Physics B: Atomic, Molecular and  
Optical Physics highlights of 2009 offer you  
a representative cross section regarding breadth, 
quality and diversity of papers and fast track 
communications published last year in J. Phys. B.  

In our era of seemingly objective and quantitative indicators  
such as citations and downloads, this year we have simply  
asked our board members: what was your favorite J. Phys. B 
article in 2009 and why do you like it? Enjoy reading their 
highlights and find out if you agree with the selection - and  
if not, there are many more excellent articles to be found in  
J. Phys. B. 

I thank all authors and referees who contribute to the journal  
and support its vision: to be an intellectual market place  
for exchanging interesting results and creative ideas.ROW 11%
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EdITOr-In-CHIEf 
Jan-Michael Rost
Max-Planck-Institut für Physik 
komplexer Systeme, Dresden, 
Germany

density profile plot of the stabilization of a 
short localized pulse due to the resonant 
interaction with microwaves. Yellow lines 
indicate the pulse diffraction-dispersion in 
the absence of input microwaves H Leblond 
J. Phys. B: At. Mol. Opt. Phys. 41 (2008) 
043001.

rescattering electron intensity as a  
function of rescattering time and the impact  
parameter from the quantum calculation  
K Sasaki et al J. Phys. B: At. Mol. Opt. Phys.  
42 (2009) 165603.

Tomographic imaging of the electron velocity 
spectrum in elliptically polarized light,  
showing the reconstructed distribution in the 
plane of polarization. C Smeenk et al J. Phys. 
B: At. Mol. Opt. Phys.  42 (2009) 185402.

http://iopscience.iop.org/0953-4075/41/4/043001
http://iopscience.iop.org/0953-4075/42/16/165603
http://iopscience.iop.org/0953-4075/42/18/185402
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Editor-in-chief
jan-Michael rost, Max-Planck-Institut für Physik komplexer Systeme, Dresden, Germany

Deputy Editor 
Paul Corkum, NRC Steacie Institute for Molecular Sciences, Canada 

Editorial Board 
C S Adams, Durham University, UK 
V Akulin, Université de Paris-Sud, France 
d Blume, Washington State University, USA 
L davidovich, Universidade Federal do Rio de Janeiro, Brazil 
H fielding, University College London, UK 
f X Kärtner, MIT, USA 
M Kuś , Centrum Fizyki Teoretycznej PAN, Warsaw, Poland 
T Möller, Technische Universität Berlin, Germany 
Y ralchenko, NIST, Gaithersburg, USA 
K-A Suominen, University of Turku, Finland 
K Ueda, Tohoku University, Japan 
M Vrakking, AMOLF, The Netherlands 

International advisory Board 
d L Andrews, University of East Anglia, Norwich, UK 
I Bray, Curtin University of Technology, Perth, Australia 
j E Hansen, Universiteit van Amsterdam, The Netherlands 
Z Hradil, University of Palacky, Czech Republic 
G Kurizki, Weizmann Institute of Science, Rehovot, Israel 
G Laricchia, University College London, UK 
C j Latimer, Queen’s University Belfast, UK 
S Longhi, Politecnico di Milano, Italy 

f Martín, Universidad Autónoma de Madrid, Spain 
A j McCaffery, University of Sussex, UK 
j W McConkey, University of Windsor, Ontario, Canada 
C Monroe, University of Maryland, College Park, USA 
C H nam, KAIST, Taejon, South Korea 
j-M nunzi, Queen’s University, Kingston, Canada 
T Pfau, Universität Stuttgart, Germany 
W P reinhardt, University of Washington, Seattle, USA 
K rzążewski, Centrum Fizyki Teoretycznej PAN, Warsaw, Poland 
H Schmidt-Böcking, Universität Frankfurt, Germany 
d Schultz, Oak Ridge National Laboratory, TN, USA 
M Shapiro, The Weizmann Institute of Science, Israel 
I Shimamura, RIKEN, Saitama, Japan 
T Softley, University of Oxford, UK 
B Sonntag, II Institut für Experimentalphysik, Hamburg, Germany 
j W r Tabosa, Universidade Federal de Pernambuco, Brazil 
K T Taylor, Queen’s University Belfast, UK 
H Weinfurter, Universität München, Germany 
j f Williams, University of Western Australia, Perth, Australia 
K Yamanouchi, Tokyo University, Japan 
S Zhu, Hong Kong Baptist University, China 

Editorial Board

Experimental 5-site optical dark ring lattices 
generated using an acousto-optical modulator and 
corresponding least-squares theoretical fits  
N Houston et al J. Phys. B: At. Mol. Opt. Phys.  
41 (2008) 211001.

The density evolution of an exact floquet state of a driven Bose-Einstein condensate in  
a 1d optical lattice with a spatiotemporal driving field W Hai et al J. Phys. B: At. Mol. 
Opt. Phys. 41 (2008) 095301.

Contour plot of nuclear probabilities obtained from 
the time-dependent Schrödinger equation for an 
H2 molecule A D Bandrauk et al J. Phys. B: At. Mol. 
Opt. Phys. 42 (2009) 075602.

http://iopscience.iop.org/0953-4075/41/21/211001
http://iopscience.iop.org/0953-4075/42/7/075602
http://iopscience.iop.org/0953-4075/41/9/095301
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journal Scope
Published twice-monthly (24 issues per year), Journal of Physics B: Atomic, Molecular and Optical Physics covers 
the study of atoms, ions, molecules and clusters, and their structure and interactions with particles, photons or fields. 
The journal also publishes articles dealing with those aspects of spectroscopy, quantum optics and non-linear optics, 
laser physics, astrophysics, plasma physics, chemical physics, optical cooling and trapping and other investigations 
where the objects of study are the elementary atomic, ionic or molecular properties of processes.

Papers are published under the following subject sections:
• Atomic Physics 

•Molecular and Cluster Structure, Properties and dynamics

•Atomic and Molecular Collisions 

•Cold Matter 

•Optical and Laser Physics 

•Quantum Optics, Information and Control 

•Ultrafast, High-field, and X-ray Physics 

•Astrophysics and Plasma Physics
 
More information on each of these sections can be found at www.iop.org/journals/jphysb.

J. Phys. B publishes Research Papers and Fast Track Communications (fTCs). fTCs are outstanding short articles 
reporting new and timely developments. They are processed quickly, free to publish, and are open access.

The journal also publishes Special Issues, Topical Reviews and PhD Tutorials, details of which can be found on 
pages 7, 8 and 9, respectively.

IOP Publishing is a not-for-profit organization dedicated to science communication. IOP Publishing provides a  
comprehensive range of products and services to the physics and physics-related communities including an  
award-winning platform for electronic publishing. It is also an integral part of the Institute of Physics, a leading  
international professional body and learned society, established to promote the advancement of physics.  
IOP Publishing directly contributes to the funding of the educational and charitable work done by the Institute.

about IoP Publishing

Our dedicated team at IOP Publishing is here to ensure that the peer-review process runs as smoothly as possible  
for our authors.

Journal team

Publisher 
Isabelle Auffret-Babak

Publishing Editor 
Alice Malhador

Publishing Editor
julia dickinson

Publishing Administrator 
Stuart roberts

depiction of the cooling rate of magnetron 
motion in a Penning trap R J Hendricks et 
al J. Phys. B: At. Mol. Opt. Phys. 41 (2008) 
035301.

http://iopscience.iop.org/0953-4075
http://iopscience.iop.org/0953-4075/41/3/035301
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30 most downloaded articles

Concepts in x-ray physics, Robin Santra, j. Phys. B: At. Mol. Opt. Phys.  
42 (2009) 023001

Energy-resolved photoelectron angular distributions of H+
2 in intense  

femtosecond laser pulses, J Fernández and L B Madsen, J. Phys. B: At.  
Mol. Opt. Phys. 42 (2009) 021001 

 Molecular high-order harmonic generation: analysis of a destructive  
interference condition, S Odžak and D B Milošević, J. Phys. B: At. Mol.  
Opt. Phys. 42 (2009) 071001

Two-photon double ionization of ne by free-electron laser radiation: a  
kinematically complete experiment, M Kurka, A Rudenko, L Foucar,  
K U Kühnel, Y H Jiang, Th Ergler, T Havermeier, M Smolarski, S Schössler, 
K Cole, M Schöffler, R Dörner, M Gensch, S Düsterer, R Treusch,  
S Fritzsche, A N Grum-Grzhimailo, E V Gryzlova, N M Kabachnik,  
C D Schröter, R Moshammer and J Ullrich, J. Phys. B: At. Mol. Opt. Phys.  
42 (2009) 141002 

 Engineering atomic rydberg states with pulsed electric fields, F B Dunning,  
J J Mestayer, C O Reinhold, S Yoshida and J Burgdörfer, J. Phys. B: At.  
Mol. Opt. Phys. 42 (2009) 022001

 A molecular dynamic study of water/methane/propane, Junfang Zhang, 
Yong Guo, Ye Yang and Karen Kozielski, J. Phys. B: At. Mol. Opt. Phys.  
42 (2009) 035302 

Signatures of chaos-induced mesoscopic entanglement, Christoph Weiss 
and Niklas Teichmann, J. Phys. B: At. Mol. Opt. Phys. 42 (2009) 031001

field-free molecular alignment probed by the free electron laser in  
Hamburg (fLASH), P Johnsson, A Rouzée, W Siu, Y Huismans, F Lépine,  
T Marchenko, S Düsterer, F Tavella, N Stojanovic, A Azima, R Treusch,  
M F Kling and M J J Vrakking, J. Phys. B: At. Mol. Opt. Phys. 42 (2009) 
134017

Ion momentum spectroscopy of n
2 and O2 molecules irradiated by  

EUV free-electron laser pulses, H Fukuzawa, K Motomura, X-J Liu,  
G Prümper, M Okunishi, K Ueda, N Saito, H Iwayama, K Nagaya,  
M Yao, M Nagasono, A Higashiya, M Yabashi, T Ishikawa, H Ohashi  
and H Kimura, J. Phys. B: At. Mol. Opt. Phys. 42 (2009) 181001

B-spline methods for radial dirac equations, I P Grant, J. Phys. B: At.  
Mol. Opt. Phys. 42 (2009) 055002 

Quantum simulations with cold trapped ions, Michael Johanning,  
Andrés F Varón and Christof Wunderlich, J. Phys. B: At. Mol. Opt. Phys.  
42 (2009) 154009

3d mapping of photoemission from a single oriented H
2O molecule,  

Masakazu Yamazaki, Jun-ichi Adachi, Takahiro Teramoto, Akira Yagishita, 
Mauro Stener and Piero Decleva, J. Phys. B: At. Mol. Opt. Phys. 42 (2009) 
051001 

Exploring temporal and rate limits of laser-induced electron emission,  
S A Hilbert, A Neukirch, C J G J Uiterwaal and H Batelaan, J. Phys. B: At. 
Mol. Opt. Phys. 42 (2009) 141001 

Electron-ion elastic scattering in molecules probed by laser-induced  
ionization, C Cornaggia, J. Phys. B: At. Mol. Opt. Phys. 42 (2009) 161002 

frequency metrology and clocks, H S Margolis, J. Phys. B: At. Mol. Opt.  
Phys. 42 (2009) 154017 

rotational dynamics of dissociating H+
2 in a short intense laser pulse,  

Fatima Anis, Ted Cackowski and B D Esry, J. Phys. B: At. Mol. Opt. Phys.  
42 (2009) 091001 

radiofrequency multipole traps: tools for spectroscopy and dynamics of cold 
molecular ions, Roland Wester, J. Phys. B: At. Mol. Opt. Phys. 42 (2009) 
154001 

Analytic formulae for high harmonic generation, M V Frolov, N L Manakov, 
T S Sarantseva and Anthony F Starace, J. Phys. B: At. Mol. Opt. Phys. 42 
(2009) 035601 

A four-component dirac theory of ionization of a hydrogen molecular ion in 
a super-intense laser field, F H M Faisal, J. Phys. B: At. Mol. Opt. Phys. 42 
(2009) 171003

Origin of species dependence of high-energy plateau photoelectron spectra, 
Zhangjin Chen, Anh-Thu Le, Toru Morishita and C D Lin, J. Phys. B: At. Mol. 
Opt. Phys. 42 (2009) 061001 

Carrier-envelope phase-dependent quantum interferences in multiphoton 
ionization, Mark J Abel, Thomas Pfeifer, Aurélie Jullien, Phillip M Nagel,  
M Justine Bell, Daniel M Neumark and Stephen R Leone, J. Phys. B: At. 
Mol. Opt. Phys. 42 (2009) 075601 

Electron-impact ionization of ground and metastable neon, C P Ballance,  
J A Ludlow, M S Pindzola and S D Loch, J. Phys. B: At. Mol. Opt. Phys.  
42 (2009) 175202 

Attosecond photoionization of a coherent superposition of bound and 
dissociative molecular states: effect of nuclear motion, André D Bandrauk, 
Szczepan Chelkowski, Paul B Corkum, Jörn Manz and Gennady L Yudin,  
J. Phys. B: At. Mol. Opt. Phys. 42 (2009) 134001  

Sub-cycle control of attosecond pulse generation using two-colour laser 
fields, J Mauritsson, J M Dahlström, E Mansten and T Fordell, J. Phys. B:  
At. Mol. Opt. Phys. 42 (2009) 134003 

Trap-assisted precision spectroscopy of highly charged ions, M Vogel and  
W Quint, J. Phys. B: At. Mol. Opt. Phys. 42 (2009) 154016  

Counterintuitive angular shifts in the photoelectron momentum distribution 
for atoms in strong few-cycle circularly polarized laser pulses, C P J Martiny, 
M Abu-samha and L B Madsen, J. Phys. B: At. Mol. Opt. Phys. 42 (2009) 
161001  

High-resolution electron attachment to the molecules CCl
4 and Sf6 over 

extended energy ranges with the (EX)LPA method, M Braun, S Marienfeld,  
M-W Ruf and H Hotop, J. Phys. B: At. Mol. Opt. Phys. 42 (2009) 125202

Use of partial-wave decomposition to identify resonant interference  
effects in the photoionization-excitation of argon, T J Gay, C H Greene,  
J R Marachek, K W Mclaughlin, H W van der Hart, O Yenen and D H Jaecks, 
J. Phys. B: At. Mol. Opt. Phys. 42 (2009) 044008 

narrow absorptive resonances in a four-level atomic system, M G Bason,  
A K Mohapatra, K J Weatherill and C S Adams, J. Phys. B: At. Mol. Opt. 
Phys. 42 (2009) 075503

Entanglement evolution of two remote and non-identical jaynes-Cummings 
atoms, Stanley Chan, M D Reid and Z Ficek, J. Phys. B: At. Mol. Opt. Phys. 
42 (2009) 065507

Taken from all of the articles published by the journal in 2009, below is a list of the 30 most popular articles in terms of downloads.

http://iopscience.iop.org/0953-4075/42/2/023001
http://iopscience.iop.org/0953-4075/42/2/021001
http://iopscience.iop.org/0953-4075/42/7/071001
http://iopscience.iop.org/0953-4075/42/14/141002
http://iopscience.iop.org/0953-4075/42/2/022001
http://iopscience.iop.org/0953-4075/42/3/035302
http://iopscience.iop.org/0953-4075/42/3/031001
http://iopscience.iop.org/0953-4075/42/13/134017
http://iopscience.iop.org/0953-4075/42/18/181001
http://iopscience.iop.org/0953-4075/42/5/055002
http://iopscience.iop.org/0953-4075/42/15/154009
http://iopscience.iop.org/0953-4075/42/5/051001
http://iopscience.iop.org/0953-4075/42/14/141001
http://iopscience.iop.org/0953-4075/42/16/161002
http://iopscience.iop.org/0953-4075/42/15/154017
http://iopscience.iop.org/0953-4075/42/9/091001
http://iopscience.iop.org/0953-4075/42/15/154001
http://iopscience.iop.org/0953-4075/42/3/035601
http://iopscience.iop.org/0953-4075/42/17/171003
http://iopscience.iop.org/0953-4075/42/6/061001
http://iopscience.iop.org/0953-4075/42/7/075601
http://iopscience.iop.org/0953-4075/42/17/175202
http://iopscience.iop.org/0953-4075/42/13/134001
http://iopscience.iop.org/0953-4075/42/13/134003
http://iopscience.iop.org/0953-4075/42/15/154016
http://iopscience.iop.org/0953-4075/42/16/161001
http://iopscience.iop.org/0953-4075/42/12/125202
http://iopscience.iop.org/0953-4075/42/04/044008
http://iopscience.iop.org/0953-4075/42/7/075503
http://iopscience.iop.org/0953-4075/42/6/065507
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2009 Special Issues
All these special issues can be accessed via www.iop.org/journals/jphysb

few-photon optics

Guest Editors: Gaetan Messin, Barry C Sanders, david Petrosyan and john rarity
J. Phys. B: At. Mol. Opt. Phys. 42 (2009) issue 11

Light is composed of photons, but only recently has it become relatively common, albeit still  
challenging, to manipulate single or few photons. This special issue presents state-of-the-art theory 
and experiment concerning the production of few-photon states of light, processing the states,  
and performing highly sensitive low-noise detection at the single-photon level.

Attosecond and x-ray free-electron laser physics

Guest Editors: robert Moshammer and joachim Ullrich
J. Phys. B: At. Mol. Opt. Phys. 42 (2009) issue 13

Currently, we are witnessing a revolution in photon science, driven by the vision to time-resolve  
ultra-fast electronic motion in atoms, molecules, and solids as well as by the quest for the  
characterization of time-dependent structural changes in large molecules and solids. Quantum 
jumps in the development of light sources are the key technologies for this emerging field of  
research. Thus, high harmonic radiation bursts now penetrate the attosecond (1018 s) regime  
and free-electron lasers (fELs) deliver ultra-brilliant femtosecond, coherent VUV and x-ray pulses. 
This special issue presents a snapshot of this ongoing revolution and brings together, for the  
first time, pioneering results in both of these fields that are expected to evolve synergetically in  
the future.

Modern applications of trapped ions

Guest Editors: Martina Knoop, Laurent Hilico and jürgen Eschner
J. Phys. B: At. Mol. Opt. Phys. 42 (2009) issue 15

Ion traps are fantastic tools to explore the world of electrons, atomic and molecular ions, or charged 
clusters, in the classical as well as in the quantum regime. Extremely long storage times allow probing 
even of single particles with very high precision. This special issue presents state-of-the-art theory  
and experiments in a variety of tutorials, reviews and research papers.

resonances: from few-body to many-body phenomena

Guest Editors: Lorenz S Cederbaum, jan-Michael rost and Hossein r Sadeghpour
J. Phys. B: At. Mol. Opt. Phys. 42 (2009) issue 4

resonances are a recurring and timeless theme in almost all fields of research, and just within 
physics, resonances cover a vast spread of phenomena. This special issue contains original 
research articles covering current topics in atomic, molecular and ultracold atomic physics.

Time evolution of an allochtonous almost antisymmetric state (Al−). 
The figure shows the spatio-temporal contour plot of the density 
| (x)|2. K Rapedius and H J Korsch, resonance solutions of the 
nonlinear Schrödinger equation in an open double-well potential,  
J. Phys. B: At. Mol. Opt. Phys. 42 (2009) 044005

four-colour solution to the geometric orthogonality conditions  
for creating a continuous variable cluster state. Steven T Flammia, 
Nicolas C Menicucci and Oliver Pfister, The optical frequency 
comb as a one-way quantum computer, J. Phys. B: At. Mol. Opt. 
Phys. 42 (2009) 114009

A wavelet analysis of dipole acceleration. Harmonic order is  
plotted as a function of emission time, where the colour is scaled  
so that harmonic contribution increases with brightness.  
J A Pérez-Hernández, D J Hoffmann, A Zaïr, L E Chipperfield,  
L Plaja, C Ruiz, J P Marangos and L Roso, Extension of the cut-off 
in high-harmonic generation using two delayed pulses of the same 
colour, J. Phys. B: At. Mol. Opt. Phys. 42 (2009) 134004

View of a chip from a planar 
multipole ion trap. Roland 
Wester, radiofrequency  
multipole traps: tools for 
spectroscopy and dynamics  
of cold molecular ions,  
J. Phys. B: At. Mol. Opt. Phys.  
42 (2009) 154001

http://iopscience.iop.org/0953-4075
http://iopscience.iop.org/0953-4075/42/4
http://iopscience.iop.org/0953-4075/42/11
http://iopscience.iop.org/0953-4075/42/13
http://iopscience.iop.org/0953-4075/42/15
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Engineering atomic rydberg states with pulsed electric fields

F B Dunning1, J J Mestayer1, C O Reinhold2,3, S Yoshida4 and J Burgdörfer3,4

1 department of Physics and Astronomy and the rice Quantum Institute, rice University, Houston, TX 77005-1892, USA
2 Physics division, Oak ridge national Laboratory, Oak ridge, Tn 37831-6372, USA
3 department of Physics, University of Tennessee, Knoxville, Tn 37996, USA
4 Institute for Theoretical Physics, Vienna University of Technology, Vienna, Austria

J. Phys. B: At. Mol. Opt. Phys. 42 (2009) 022001

abstract
Atoms in high-lying rydberg states with large values of the principal quantum number n, n ≥ 300, 
form a valuable laboratory in which to explore the control and manipulation of quantum states of 
mesoscopic size using carefully tailored sequences of short electric field pulses whose characteristic 
times (duration and/or rise/fall times) are less than the classical electron orbital period. Atoms 
react to such pulse sequences very differently than to short laser or microwave pulses providing the 
foundation for a number of new approaches to engineering atomic wavefunctions. The remarkable 
level of control that can be achieved is illustrated with reference to the generation of localized wave-
packets in Bohr-like near-circular orbits, and the production of non-dispersive wavepackets under 
periodic driving and their transport to targeted regions of phase space. The testing of these control 
schemes, together with their reversibility, through the creation of electric dipole echoes in Stark 
wavepackets, is also described. new protocols continue to be developed that will allow even tighter 
control with the promise of new insights into quantum-classical correspondence, information storage 
in mesoscopic systems, physics in the ultra-fast ultra-intense regime and nonlinear dynamics in 
driven systems.

Concepts in x-ray physics

Robin Santra
Argonne national Laboratory, Argonne, IL 60439, USA and department of Physics, University of Chicago, Chicago,  
IL 60637, USA

J. Phys. B: At. Mol. Opt. Phys. 42 (2009) 023001

abstract
A basic introduction to the theory underlying x-ray processes is provided. After general remarks on 
the practical advantages of using x-rays for probing matter, the derivation of the minimal-coupling 
Hamiltonian within nonrelativistic quantum electrodynamics is outlined. Perturbation theory is  
reviewed and applied to describe x-ray-induced processes. In connection with x-ray absorption, 
inner-shell binding energies and the photon energy dependence of the x-ray absorption cross section 
are discussed. In the context of x-ray scattering, atomic and molecular scattering factors are  
introduced, the complex index of refraction is derived, and the nonrelativistic theory of Compton 
scattering is described. The final topic is x-ray fluorescence and Auger decay of inner-shell-excited 
systems.

Topical reviews present a snapshot of recent progress in a particular field. Written by leading researchers in their respective fields, these articles present the 
background to a particular field and the current state of the art.

Phd Tutorials are of a pedagogical nature. designed to guide newcomers into rapidly developing fields where textbooks are still lacking, they allow interested 
researchers from more distant fields to gain an insight into what they see as a new subject. Phd Tutorials are generally based on either an excellent Phd thesis 
or an outstanding lecture series at a graduate Winter/Summer School.

Both Topical reviews and Phd Tutorials are normally commissioned by the Editorial Board. However, if you have a suggestion for an article, the J. Phys. B team 
would be happy to pass your idea on to the Editorial Board, so please contact us at jphysb@iop.org. 

Calculated evolution of the electron spatial probability density 
distribution for an ni = 306 quasi-1d atom. 

diagram of electron ejection from the innermost shell of an atom 
via x-ray probe at the Advanced Photon Source (APS), from 
work undertaken for the US dept of Energy under contract no. 
dE-AC02-06CH11357 (reproduced courtesy of Argonne national 
Laboratory, managed and operated by U. Chicago Argonne, LLC) 

Topical reviews and Phd Tutorials

2009 topical Reviews

2009 PhD tutorials

mailto: jphysb@iop.org
http://iopscience.iop.org/0953-4075/42/2/022001
http://iopscience.iop.org/0953-4075/42/2/023001
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Investigation of carrier to envelope phase and repetition rate:  
fingerprints of mode-locked laser cavities

Ladan Arissian1,2 and Jean Claude Diels3

1  joint Laboratory for Attosecond Science, University of Ottawa and national research Council, 100 Sussex drive,  

Ottawa, Canada
2 department of Physics, Texas A & M University, College Station, USA
3 Center for High Technology Materials, Albuquerque, nM, USA

J. Phys. B: At. Mol. Opt. Phys. 42 (2009) 183001

abstract
We use mode locked lasers in a non-conventional way, as a sensor to perform intracavity  
measurements. To understand this new technique of intracavity phase interferometry (IPI), one 
should take a detailed look at the characteristics of the frequency comb and its sensitivity to its  
parent cavity. The laser cavity provides a means to perform phase interferometry while outside the 
cavity one can only observe amplitude intereference. Many physical quantities such as nonlinear 
index, Earth rotation, magnetic field, fresnel drag, etc are converted to phase. IPI is performed  
by designing laser cavities in which two pulses circulate independently, generating two pulse trains 
that can have a phase difference that will be converted to frequency. We also explore repetition  
rate spectroscopy in rb

87 by tailoring a laser wavelength, power and bandwidth. Coherent  
population trapping is observed when the laser repetition rate matches submultiples of hyperfine 
splitting. 

dynamical decoherence control of multi-partite systems

Goren Gordon
department of Chemical Physics, Weizmann Institute of Science, 76100 rehovot, Israel

J. Phys. B: At. Mol. Opt. Phys. 42 (2009) 223001

abstract
A unified theory is given of dynamically modified decay and decoherence of field-driven multipartite 
systems. When this universal framework is applied to two-level systems or qubits experiencing either 
amplitude or phase noise due to their coupling to a thermal bath, it results in completely analogous 
formulae for the modified decoherence rates in both cases. The spectral representation of the  
modified decoherence rates underscores the main insight derived from this approach, namely, that 
the decoherence rate is the spectral overlap of the noise and modulation spectra. This allows us  
to come up with general recipes for modulation schemes for the optimal reduction of decoherence  
under realistic constraints. An extension of the treatment to multilevel and multipartite systems 
exploits intra-system symmetries to dynamically protect multipartite entangled states. Another  
corollary of this treatment is that entanglement, which is very susceptible to noise and can die, i.e., 
vanish at finite times, can be resuscitated by appropriate modulations prescribed by our universal 
formalism. This dynamical decoherence control is also shown to be advantageous in quantum  
computation setups, where control fields are applied concurrently with the gate operations to 
increase the gate fidelity.

Comparison of a two-cycle pulse with phase e = 0 (left) and  
e  = /2 (right). The solid line traces the instantaneous electric 
field normalized to the peak value of its envelope, as a function 
of time in units of the optical period. If the phase is zero, the time 
dependence of the electric field is symmetric, while if the phase 
= /2 it is antisymmetric. If we consider that this pulse is used to 
excite a 7-photon process (for instance a 7-photon ionization), the 
driving function for that process is the seventh power of the field, 
which is plotted as a dotted line. The different values of e make a 
significant difference to how the process is driven.

decoherence matrix elements.
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T Havermeier3, M Smolarski3, S Schössler3, K Cole3, MSchöffler3,  
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J. Phys. B: At. Mol. Opt. Phys. 42 (2009) 141002

abstract
We present kinematically complete data on two-photon double ionization 
of ne induced by short (~25 fs) intense (~5 × 1013 W cm−2) free-electron 
laser pulses at 44 eV. The observed electron energy spectrum points to the 
dominance of ‘sequential’ ionization. We analyse state-selective angular 
distributions as well as the two-electron angular correlation function, and 
suggest a method to determine the time delay between both ionization 
steps. The measured angular asymmetry ( ß-) parameters significantly 
deviate from the results of an earlier non-coincident experiment providing 
benchmark data for theory.

Board member’s comments
“The paper is a very detailed study of two-photon double ionization and 
as such an important publication in a rapidly growing field. The measured 
angular asymmetry parameters significantly deviate from the results of an 
earlier non-coincident experiment providing benchmark data for theory.”
Thomas Möller, Technische Universität Berlin, Germany

Masakazu Yamazaki1, Jun-ichi Adachi1,2, Takahiro Teramoto2, Akira Yagishita1,2, 
Mauro Stener3,4,5 and Piero Decleva3,4,5

1  Photon factory, Institute of Materials Structure Science, KEK, Oho 1-1,  
Tsukuba 305-0801, japan

2  department of Chemistry, School of Science, The University of Tokyo,  
7-3-1 Hongo Bunkyo-ku, Tokyo 113-0033, japan

3  dipartimento di Scienze Chimiche, Università di Trieste, Via L. Giorgieri 1,  
I-34127 Trieste, Italy

4  Consorzio Interuniversitario nazionale per la Scienza e Tecnologia dei Materiali, 
Unita’ di Trieste, Trieste, Italy

5 InfMdEMOCrITOS, national Simulation Center, Trieste, Italy

J. Phys. B: At. Mol. Opt. Phys. 42 (2009) 051001

abstract
3d O 1s photoelectron angular distributions from a fixed-in-space H2O 
molecule have been observed for the first time by quadruple coincidence 
measurements of photoelectron−O+−H+−H+. Obtained results for the  
non-axially symmetric molecules reveal the symmetry-imposed restrictions 
of the C

2v symmetry group on the angular distributions and their strong  
orientation. Characteristic features of the angular distributions are 
explained with full quantum mechanical calculations and also in terms of 
Huygens’ approach on electron de Broglie waves

The probability density distribu-
tion of two emitted electrons as a 
function of the emission angles. 
The measured emission angle of 
the first electron 1 versus that 
of the second electron 2, (top) 
is compared with the theoretical 
(MCdf) angular correlation 
function (below), where  is the 
emission angle with respect to 
the fLASH polarization direction. 
Inset: sketch of the experimental 
geometry.

Core-level photoionization of H
2O 

molecules by linearly polarized 
light creates primary photoelectron 
waves which are subsequently 
scattered from the two hydrogen 
atoms.  Interference between 
the primary and scattered waves 
appears in photoelectron angular 
distributions from a single oriented 
H

2O molecule. Upper parts  
illustrate a bird’s-eye view of the 
total wavefield, for two types of 
transitions. Lower parts represent 
wave fronts, where red and blue 
curves correspond to primary and 
scattered waves, respectively.

Two-photon double ionization of ne by  
free-electron laser radiation: a kinematically 
complete experiment

3d mapping of photoemission from a single 
oriented H2O molecule
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2  Present address: department of Physics and Astronomy, University of rochester, 
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J. Phys. B: At. Mol. Opt. Phys. 42 (2009) 141001

abstract
To achieve high temporal resolution for ultrafast electron diffraction, Zewail 
(Proc. Natl Acad. Sci. USA 102 7069 (2005)) has proposed to use high 
repetition rate, ultrafast electron sources. Such electron sources emitting 
one electron per pulse eliminate Coulomb broadening. High repetition rates 
are necessary to achieve reasonable data acquisition times. We report 
laser-induced emission from a nanometre-sized tip at one electron per 
pulse with a 1 kHz repetition rate in the femtosecond regime. This source, 
combined with 1 MHz repetition rate lasers that are becoming available, 
will be a primary candidate for next generation ultra fast, high-coherence 
electron diffraction experiments. We also report that the measured energy 
bandwidth of our electron source does not support sub-cycle electron  
emission. This result addresses a current debate on ultrafast nanotip 
sources. regardless of the limited bandwidth, this source may be used  
in conjunction with a recently proposed active dispersion compensation  
technique (Proc. Natl Acad. Sci. USA 104 18409 (2007)) to deliver  
attosecond electron pulses on a target.

Board member’s comments
“In a beautiful experimental paper, Hilbert et al consider laser-induced 
electron ejection from nanometer scale metal tips. I like this paper 
because it addresses whether attosecond ideas (my own area of research) 
can be extended to metal tips. Hilbert et al measure that a single electron 
can be ejected per laser pulse, synchronized with their 45 fs laser pulse. 
They show from the energy spectrum of the electron that the ejection is 
not broad enough for the ejection to be sub-cycle. The continuum electron 
wave packet emerges over a 5 fs (or longer) time window. A good paper 
makes you want more. I cannot help but wonder if the ejection would be 
sub-cycle for longer wavelength light, or if a shorter excitation pulse were 
used, or with a sharper tip. The paper ends as it began: by pointing out 
the importance of highly coherent femtosecond electrons for laser-pump 
electron-probe experiments for ultrafast science.”
Paul Corkum, NRC, Steacie Institute for Molecular Sciences, Canada

H Fukuzawa1,2, K Motomura1,2, X-J Liu1,2, G Prümper1,2, M Okunishi1,
K Ueda1,2, N Saito2,3, H Iwayama2,4, K Nagaya2,4, M Yao2,4, M Nagasono2,  
A Higashiya2, M Yabashi2, T Ishikawa2, H Ohashi2,5 and H Kimura2,5

1  Institute of Multidisciplinary research for Advanced Materials, Tohoku University, 
Sendai 980-8577, japan

2 rIKEn, XfEL Project Head Office, Sayo, Hyogo 679-5148, japan
3 national Metrology Institute of japan, AIST, Tsukuba 305-8568, japan
4 department of Physics, Kyoto University, Kyoto 606-8502, japan
5 japan Synchrotron radiation research Institute, Sayo, Hyogo 679-5198, japan

J. Phys. B: At. Mol. Opt. Phys. 42 (2009) 181001

abstract
We have investigated dissociative ionization of n2 and O2 molecules by  
52 nm extreme-ultraviolet light pulses at the free-electron laser facility in  
japan. distributions of kinetic energy release were measured at two  
different laser power densities below 3  1013 W cm−2 and intermediate 
and final states of the sequential two photon transitions were identified.

The power dependence 
of the emission from an 
amplified pulse (in red) 
compared to the emission 
from an oscillator pulse 
(blue).

Kinetic energy release 
distributions (KErds) 
from O

2 irradiated  
by a fEL pulse, and 
the KErds for O+–O+ 
coincidences and O2+.

Exploring temporal and rate limits of  
laser-induced electron emission

Ion momentum spectroscopy of n2 and O2 
molecules irradiated by EUV free-electron 
laser pulses
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J. Phys. B: At. Mol. Opt. Phys. 42 (2009) 171002

abstract
The generalized geometrical model utilized for the interpretation of photo-
electron spectra is extended to the photoionization from polarized atoms. 
Within this model, the linear magnetic and the linear alignment dichroisms 
in the photoemission are calculated. The theoretical results are compared 
to those obtained from high-resolution angle-resolved photoelectron  
spectra, which were recorded upon 2p1 photoionization of sodium atoms 
oriented in the na 2p63s 2S1/2 ground and na* 2p63p 2P1/2 laser-excited 
states or aligned in the na* 2p63p 2P3/2 state. Good overall agreement is 
found between theory and experiment. 

J van Tilborg1, T K Allison1,2, T W Wright1, M P Hertlein1, R W Falcone1,2, Y Liu1,  
H Merdji3 and A Belkacem1

1  Lawrence Berkeley national Laboratory, Berkeley, CA 94720, USA
2 University of California at Berkeley, Berkeley, CA 94720, USA
3  Service des Photons, Atomes et Molécules, CEA-Saclay, 91191 Gif-sur-Yvette, 
france

J. Phys. B: At. Mol. Opt. Phys. 42 (2009) 081002

abstract
dynamics in the excited ethylene cation C2H

+
4 lead to isomerization to  

the ethylidene configuration (HC-CH
3)

+, which is predicted to be a transient 
configuration for electronic relaxation. With an intense femtosecond  
extreme ultraviolet pump pulse to populate the excited state, and a near 
infrared probe pulse to produce the fragments CH+ and CH+

3 (which provides 
a direct signature of ethylidene), we measure optimum fragment yields at a 
probe delay of 80 fs. Also, an H

2-stretch transient configuration, yielding H+
2 

upon probing, is found to succeed the ethylidene configuration. We find  
that a simple single- or double-decay model does not match the data, and 
we present a modified model (introduction of an isomerization delay of  
50  25 fs) that does provide agreement. 

Board member’s comments
“Van Tilborg and coworkers have employed pump-probe spectroscopy to 
measure the isomerisation dynamics of the ethylene cation on a sub-100 
fs timescale. An extreme ultraviolet (EUV) light pulse (20-25 eV) excites  
the ethylene molecule high into the ionisation continuum creating an 
ethylene cation in very highly excited electronic states. Excess vibrational 
energy is redistributed within the cation on a femtosecond timescale and 
an intense infrared probe pulse (800 nm) is employed to fragment the  
cation at different points along its excited state potential energy surfaces. 
The fragmentation products (CH+, CH3

+, H2
+) are detected by time-of-flight 

mass-spectrometry and the observed dynamics are consistent with the 
idea that the ethylene cation isomerises to form ethylidene [HC-CH3]

+. 
There has been a lot of discussion about how modern EUV technology  
can be applied to photochemistry and this paper illustrates very nicely  
that this really is possible.” 
Helen Fielding, University College London, UK

LMdAd for ionization of the  
na 2p63s2 S1/2 ground state at 
54 eV photon energy in the  
region of the na+ 2p5 3s 
manifold. Photoemission under 
the magic angle of 54˚44 with 
respect to the Sr electric field 
vector is considered. Upper 
panel: experimental results (red) 
compared to the GGM (green 
line); middle panel: results 
of the GM based on the pure 
LSj-coupling scheme (blue line); 
lower panel: results of the GGM. 
Theoretical bar spectra of the 
dichroism were convoluted by a 
Gaussian function with fWHM 
of 30 meV. The relative units for 
the middle and lower panels are 
the same.

Study of the dynamics in 
the EUV-pumped (20-25 
eV) excited ethylene cation 
(C

2H4)
+,leading to formation 

of the transient  ethylidene 
configuration (HCCH

3)
+. 

Application of an nIr 
probe (1.5 eV) resulted in 
ethylidene fragmentation 
to (CH

3)
+ and (CH)+, which 

occurred favorably at a  
80 fs probe delay. The  
fragment (H

2)
+ was measured 

predominantly at a 110 fs 
probe delay, consistent with 
the concept of the ethylidene 
population decaying into the 
(H

2)
+ yielding configuration 

through a H
2 stretch.

The generalized geometrical model for  
the photoionization of polarized atoms:
application to linear dichroism in  
the 2p photoemission from na 32S  
and na* 32P initial states 

femtosecond isomerization dynamics in the 
ethylene cation measured in an EUV-pump 
nIr-probe configuration
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J. Phys. B: At. Mol. Opt. Phys. 42 (2009) 185402

abstract
We apply tomography, a general method for reconstructing 3d  
distributions from multiple projections, to reconstruct the momentum  
distribution of electrons produced via strong field photoionization.  
The projections are obtained by rotating the electron distribution via the  
polarization of the ionizing laser beam and recording a momentum  
spectrum at each angle with a 2d velocity map imaging spectrometer.  
for linearly polarized light, the tomographic reconstruction agrees with  
the distribution obtained using an Abel inversion. Electron tomography, 
which can be applied to any polarization, will simplify the technology  
of electron imaging. The method can be directly generalized to other 
charged particles.

C H Wolff, S Whitlock, R M Lowe, A I Sidorov and B V Hall

ArC Centre of Excellence for Quantum-Atom Optics and Centre for Atom Optics  
and Ultrafast Spectroscopy, Swinburne University of Technology, Hawthorn,  
Victoria 3122, Australia

J. Phys. B: At. Mol. Opt. Phys. 42 (2009) 085301

abstract
We report on the microfabrication of atom chips using a femtosecond  
laser ablation technique to arbitrarily sculpture both thin conductive metal 
films and permanent magnetic materials. We have measured the threshold  
fluences for a variety of materials relevant to atom chip development  
(Au, Ag, Cu, Cr, ni, TbGdfeCo, SmCo, CoCr). The quality of the ablation 
process is investigated by extracting the power spectral density of the  
edge roughness from composite scanning electron microscope images  
and through the use of a magnetoresistance microscope to measure  
the associated magnetic field noise. finally, we present results from a  
sculptured wire which produces an array of tunable double wells designed 
for near-surface force sensing with Bose–Einstein condensates. 

Comparison of the magnetic field topology above a sculptured wire. (a) finite element analysis 
mesh indicating the dual edge fabrication pattern, (b) numerical simulation of the Bz magnetic 
field component evaluated at a height of 17 μm above the wire for 150 mA current and (c) 
experimental map of Bz produced using the Mr microscope to map the field above the laser 
ablated sculptured wire.

Momentum space tomographic imaging  
of photoelectrons

fabricating atom chips with femtosecond 
laser ablation  

Tomographic imaging of the electron velocity spectrum in elliptically polarized light, showing the 
reconstructed distribution in the plane of polarization. The colour code represents the relative 
number of electrons.
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J. Phys. B: At. Mol. Opt. Phys. 42 (2009) 075503

abstract
We study the effect of a control beam on a  electromagnetically induced 
transparency (EIT) system in 87rb. The control beam couples one ground 
state to another excited state forming a four-level N-system. Phase coherent 
laser beams to drive the N-system are produced using a double injection 
locking scheme. We show that the control beam can be used to Stark shift 
or split the EIT resonance. finally, we show that, when the control beam 
is on resonance, one observes a doppler-free and sub-natural absorptive 
resonance with a width of order 100 kHz. Crucially, this narrow absorptive 
resonance only occurs when atoms with a range of velocities are present,  
as is the case in a room-temperature vapour.

Board member’s comments
“Currently the spectroscopy in thermal vapor cells is seeing a revival after  
the focus of research has been on ultracold atoms for many years.  
This paper shows not only sub-Doppler but also a sub-natural  
spectroscopic feature that will not be present in a cold atomic ensemble, 
reminding us that thermal cells sometimes have even more to offer  
than cold atoms.”
Tilman Pfau, Universität Stuttgart, Germany

M Valiente and D Petrosyan

Institute of Electronic Structure and Laser, fOrTH, 71110 Heraklion, Crete, Greece

J. Phys. B: At. Mol. Opt. Phys. 42 (2009) 121001

abstract
We present a complete derivation of two-particle states of the one- 
dimensional extended Bose–Hubbard model involving attractive or  
repulsive on-site and nearest-neighbour interactions. We find that this  
system possesses scattering resonances and two families of energy- 
dependent interaction-bound states which are not present in the Hubbard 
model with the on-site interaction alone.

Board member’s comments
“I believe it merits being on the Highlights List for its novel and timely 
results concerning a basic model in quantum physics and for the authors’ 
elegant analytical derivation.”
Gershon Kurizki, Weizmann Institute of Science, Rehovot, Israel

Change in transmission of a weak 780 nm probe beam propagating through a thermal rb vapour 
cell. In the presence of a coupling beam a EIT resonance is produced, as in the blue trace. The 
black trace corresponds to the application of both coupling and control beams, producing an 
absorptive resonance.

Two-particle scattering cross-section  K,k versus the centre-of-mass K and relative k quasi-
momenta for several values of interaction strengths [U/J, V/J]. flipping simultaneously the sign of 
both U and V is equivalent to shifting k → k + /d.

narrow absorptive resonances in a four-level 
atomic system 

Scattering resonances and two-particle 
bound states of the extended Hubbard model
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J. Phys. B: At. Mol. Opt. Phys. 42 (2009) 085006

abstract
radiative lifetimes, accurate to ±5%, have been measured for 153 levels  
of neutral cerium using time-resolved laser-induced fluorescence (TrLIf)  
on a slow beam of cerium atoms. Of the 153 levels studied, 150 are even 
parity and 3 are odd parity. The levels range in energy from 16 869 to  
28 557 cm−1. This set of Ce I lifetimes is much more extensive than others 
published to date, and will provide the absolute calibration for a very  
large set of measured Ce I transition probabilities. Accurate transition  
probabilities for lines in the visible and ultraviolet are needed both in  
astrophysics, for the determination of elemental abundances, and  
by the lighting community, for research and development of metal halide  
high-intensity discharge lamps.

Board member’s comments
“The spectra of the rare-earth elements are well known for their extreme 
complexity. This feature is well appreciated in applications such as 
high-intensity discharges (HID); however it also hinders experimental and 
theoretical efforts to analyze such spectra. The recent work by Den Hartog 
et al provides researchers with a large set of exceptionally accurate (< 5%) 
measurements of radiative lifetimes for more than 150 levels in neutral 
cerium. This atom is extensively used in HIDs and its spectra are quite 
prominent in stars. The measured lifetimes form a set of benchmark results 
that will provide absolute calibration for a large set of measured Ce I  
transition probabilities.”
Yuri Ralchenko, NIST, Gaithersburg, USA
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J. Phys. B: At. Mol. Opt. Phys. 42 (2009) 055701

abstract
We have theoretically investigated how a small fraction of energetic 
beamed electrons influences the diagnostics of the electron density in hot 
plasmas, based on the intensity ratio R of the helium-like forbidden line 
to the intercombination lines. Elaborate calculations of the intensity ratio 
R have been performed for ne8+ ions over the range of electron densities 
109 – 1013 cm−3 using an electron distribution (model) that includes both 
Maxwellian isotropic and monoenergetic beam components. By taking 
into account all important transitions among the 117 magnetic sublevels 
of the 1s2 and 1snl (n = 2–4) configurations, a collisional-radiative model 
has been applied for determining the populations of the upper-magnetic 
sublevels of lines. The required collision strengths due to both electron 
components were computed semi-relativistically in the complementary 
distorted-wave and Coulomb–Bethe methods. The results are given for 
temperatures T

e of the Maxwellian electron component in the range  
2–5 × 106 K and for kinetic energies e0 of the monoenergetic electron 
component between 0.95 and 4 keV. At low T

e and e0 not too high, the 
anisotropy of the intensity angular distribution of lines is found to have  
an appreciable effect on the R ratio. The electron density inferred from the 
intensity ratio R without including the beam effect can be significantly  
overestimated or underestimated depending upon the emission angle  
relative to the electron beam direction.

Partial Grotrian diagram of Ce I. Comparison of the anisotropy of the intensity angular distribution I ()/ I  of the two lines  
x (dotted lines) and y (full lines) calculated for an electron density of n

e = 1011 cm−3, beam  
fraction of f = 5%, and for three different pairs of parameters (T

e, e0).

radiative lifetimes of neutral cerium Effect of directional energetic electrons on 
the density diagnostic of hot plasmas
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J. Phys. B: At. Mol. Opt. Phys. 42 (2009) 015503

abstract
We present a violation of the Clauser–Horne–Shimony–Holt and the 
Clauser–Horne inequalities using heralded single photons entangled in 
momentum and polarization modes. A Mach–Zehnder interferometer and 
polarization optics are used to rotate the spatial and polarization bases,  
respectively. With this setup we were able to test quantum mechanics  
with the original formulation of the Clauser–Horne inequality. The results 
rule out a wide class of realistic non-contextual hidden-variable theories.  
It is interesting to note that by enabling another degree of freedom to the  
photon, e.g., by using the spatial modes of the light, which carry orbital  
angular momentum, we could perform the all-or-nothing Greenberger–
Horne–Zeilinger test with a single particle. This would open new doors to 
tests of non-contextual HV theories with single particles.

Stanley Chan1, M D Reid2 and Z Ficek1

1  department of Physics, School of Physical Sciences, The University of Queensland, 
Brisbane, QLd 4072, Australia

2  ArC Centre of Excellence for Quantum-Atom Optics and Centre for Atom Optics  
and Ultrafast Spectroscopy, Swinburn University of Technology, Melbourne,  
VIC 3122, Australia

J. Phys. B: At. Mol. Opt. Phys. 42 (2009) 065507

abstract
A detailed treatment of the entanglement dynamics of two distant but 
non-identical systems is presented. We study the entanglement evolution 
of two remote atoms interacting independently with a cavity field, as in the 
double jaynes–Cummings model. The four-qubit pairwise concurrences are 
studied, allowing for asymmetric atom–cavity couplings and off-resonant 
interactions. Counter to intuition, imperfect matching can prove advanta-
geous to entanglement creation and evolution. for two types of initial 
entanglement, corresponding to spin-correlated and anti-correlated Bell 
states  and , a full, periodic and directed transfer of entanglement into  
a specific qubit pair is possible, for resonant interactions, depending on  
the choice of relative couplings. furthermore, entanglement transfer and 
sudden death (ESd) can be prevented using off-resonant interactions, 
although for some initial states, detunings will trigger an otherwise frozen 
entanglement, to allow a full entanglement transfer.

data (symbols) obtained from the experiments that were used to compute the correlation  
parameter S

CHSH that violated the CHSH inequality. The solid line is a single parameter fit  
to the data.

Effect of detuning on the entanglement evolution of the Bell state . The concurrence measure 
C

AB
 is plotted as a function of time and detuning . Here g1 = g2 = g. detuning stabilizes the 

entanglement between atoms and decreases the period of entanglement revival.

Bell-inequality violations with single photons 
entangled in momentum and polarization

Entanglement evolution of two remote and 
non-identical jaynes–Cummings atoms
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J. Phys. B: At. Mol. Opt. Phys. 42 (2009) 035601

abstract
Analytic formulae describing harmonic generation by a weakly bound 
electron are derived quantum mechanically in the tunnelling limit. The 
surprisingly simple analytic formulae (involving a single Airy function) for  
the amplitudes and rates of harmonics generated by an electron bound  
in a short-range potential provide excellent agreement with exact TdEr  
results over the high energy part of the HHG plateau (and beyond). The 
formulae confirm the classical three-step model and provide an analytic 
explanation for oscillatory structures on the harmonic generation plateau. 

David Dumay1, Solomon M Saltiel1,2, Dragomir N Neshev1, Wieslaw Krolikowski1 
and Yuri S Kivshar1

1  nonlinear Physics Centre and Laser Physics Centre, research School of Physics  
and Engineering, Australian national University, Canberra ACT 0200, Australia

2 department of Physics, Sofia University ‘St Kl Ohridski’, 1164 Sofia, Bulgaria

J. Phys. B: At. Mol. Opt. Phys. 42 (2009) 175403

abstract
We demonstrate experimentally the frequency doubling in disordered  
quadratic nonlinear media in the regime of total internal reflection of  
the fundamental beam. We show how the transversely emitted second  
harmonic can be employed for an efficient characterization of short  
laser pulses.

Board member’s comments
“Wavelength conversion of light via second-harmonic generation is  
probably one of the most important nonlinear optical process which is 
at the basis of several optical techniques to measure the duration of 
ultrashort optical pulses. In this article the authors propose and experi-
mentally demonstrate a novel pulse measurement scheme, which relies 
on transverse frequency doubling in a nonlinear crystal with a random 
distribution of its ferroelectric domains under the regime of total internal 
reflection. As compared to most common pulse characterization methods, 
the suggested geometry is very simple and enables non-destructive  
pulse monitoring, making it very appealing for its integration in lasers  
or optical systems without disturbing their operation.”
Stefano Longhi, Politecnico di Milano, Italy

Oscillatory patterns in the intensity dependence of the rate for the 45th harmonic in f –. red line: 
exact TdEr results; green line: analytic result. Vertical dotted lines: positions of the maxima/
minima; dot-dashed lines: positions of the n-photon detachment thresholds (given by the  
condition: |E

0| + up = nh- ), where 20  n  27. The HHG plateau cutoff is given by the leftmost 
vertical dotted line.

Emission of second harmonic light in forward, transverse and backward directions. (top)—3d 
representation; (bottom)—top view. (1) marks the trace from the planar SH emission, (2) and 
(3)—cone sections on the screen marking the SH conical emission from the input beam and  
its reflected replica, respectively.

Analytic formulae for high harmonic  
generation

Pulse measurements by randomly quasi 
phase matched second harmonic generation 
in the regime of total internal reflection
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J. Phys. B: At. Mol. Opt. Phys. 42 (2009) 125202

abstract
Using a variant of the laser photoelectron attachment (LPA) method with 
an extended energy range (EXLPA), we have studied low-energy electron 
attachment to the molecules CCl

4 (Cl   and Cl2   formation) and Sf6   
(Sf

6  and Sf
5   formation) in a diffuse gas target (TG = 300 K) from 0 eV  

up to 2 eV at energy widths down to 14 meV. In the EXLPA method, pulses  
of near-zero energy photoelectrons are produced in a guiding magnetic 
field, accelerated by a weak electric field, brought to the energy of interest 
prior to their traversal through the target region and subsequently  
accelerated and deflected onto a detecting plate. Anions due to electron 
attachment are extracted by a pulsed electric field, during which the  
photoelectron current is interrupted, and detected by a quadrupole mass 
spectrometer. The EXLPA anion yields are combined with absolute cross 
sections, obtained at very high resolution (≈1 meV) with the LPA method 
over the range 0–0.17 eV, to yield new recommended absolute partial and 
total attachment cross sections over the range 0–2 eV at the well-defined 
gas temperature TG = 300 K. Our cross sections show characteristic  
deviations from previously reported results. At least in part, these  
differences can be attributed to the fact that in the earlier electron beam 
experiments the gas temperature was higher than 300 K. for Sf

6 , the 
branching fractions for Sf

5  formation at electron energies 0.002–0.43 eV 
and for different initial rovibrational distributions are compared with those 
recently predicted from kinetic modelling within the framework of statistical 
unimolecular rate theory. Satisfactory agreement is observed, but our  
data provide evidence that an additional path for producing Sf 

6   and  
Sf

5   ions is available at electron energies above about 0.3 eV.

J Colgan1, O Al-Hagan2, D H Madison2, A J Murray3 and M S Pindzola4
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2  Physics department, Missouri University of Science and Technology,  
rolla, MO 65409, USA

3  School of Physics and Astronomy, University of Manchester,  
Manchester M13 9PL, UK

4 department of Physics, Auburn University, Auburn, AL 36849, USA

J. Phys. B: At. Mol. Opt. Phys. 42 (2009) 171001

abstract
The time-dependent close-coupling method and a distorted-wave approach 
are used to explore deep minima discovered in the non-coplanar triple 
differential cross sections for the electron-impact ionization of helium. This 
phenomenon has been well studied experimentally but so far has not been 
investigated by a non-perturbative theoretical approach. We find that our 
time-dependent calculations reproduce very well the experimental minima, 
and that the distorted-wave calculations also confirm this phenomenon. 
further investigations reveal that the minima appear to be due to deep 
destructive interference between the partial wave contributions which make 
up the cross sections. We also show that similar minima may be found in 
triple differential cross sections arising from the electron-impact ionization 
of atomic and molecular hydrogen.

The branching fractions R(E; TG) for Sf
5  formation over the electron energy range  

E = 0.002–0.43 eV at gas temperatures from 200 K to 600 K. The results of a previous kinetic 
modeling study are shown by the full and broken curves while the open squares denote the  
present experimental results.

Triple differential cross sections for the electron-impact ionization of molecular hydrogen at 
an incident energy of 35.4 eV, for equal energy sharing outgoing electrons. Experimental data 
(dots) are compared with TdCC calculations (red line) which are averaged over all molecular 
orientations and two sets of 3dW calculations. The calculations labelled 3dW (with CP) include a 
correlation-polarization term, while the calculation labelled 3dW (no CP) omits the correlation-
polarization term. Both sets of 3dW calculations are divided by 6.3 to allow a better comparison 
with other results. The double-dashed purple line indicates the TdCC calculation for a specific 
molecular orientation (N = 50°; N = 0°), where it can be seen that a deep interference 
minimum is predicted.

High-resolution electron attachment to  
the molecules CCl4 and Sf6 over extended  
energy ranges with the (EX)LPA method

deep interference minima in non-coplanar 
triple differential cross sections for the  
electron-impact ionization of small atoms 
and molecules
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J. Phys. B: At. Mol. Opt. Phys. 42 (2009) 231001

abstract
Electron capture by isolated atoms and ions proceeds by photorecombina-
tion. In this process, a species captures a free electron by emitting a  
photon which carries away the excess energy. It is shown here that in the 
presence of an environment a competing non-radiative electron capture 
process can take place due to long range electron correlation. In this 
interatomic (intermolecular) process the excess energy is transferred to 
neighbouring species. The asymptotic expression for the cross section of 
this process is derived. We demonstrate by explicit examples that under  
realizable conditions, the cross section of this interatomic process can 
clearly dominate that of photorecombination.

Board member’s comments
“What do I expect from a good theoretical paper? First of all, it should 
transport an interesting and appealing idea. Secondly, the authors should 
be able to explain that idea in a simple yet concise way. To this end, an 
approximate analytical result is very helpful because it triggers my own 
creative thinking and allows me to estimate quickly whether the new and  
appealing idea would be relevant in a context of research which occupies 
my own thinking. Finally, I would like to be able to judge how relevant  
the idea is, of course ideally in direct comparison to an experiment, or,  
if not possible, at least compared to a full numerical result with as few  
approximations as possible.

This wish list I have for a theory paper is almost completely fulfilled by  
the FTC “Environment assisted electron capture” co-authored by Kirill  
Gokhberg and Lorenz Cederbaum. Environment assisted electron capture 
is a general and simple concept, where the energy, which is generated 
through recombining a free electron into a bound state, is not released  
in the form of a photon but transferred to other bound electrons in the 
neighborhood of the ion under consideration. The authors give an  
analytical formula which is asymptotically (for large distances) valid and 
relates directly the cross section of the competing radiative recombination 
to the presently discussed case.”
Jan-Michael Rost, Max-Planck-Institut für Physik komplexer Systeme, 
Germany
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J. Phys. B: At. Mol. Opt. Phys. 42 (2009) 205501

abstract
We compare the classical (mean-field) dynamics with the quantum  
dynamics of atomic Bose–Einstein condensates in double-well potentials. 
The quantum dynamics are computed using a simple scheme based on 
the raman–nath equations. Two different methods for exciting a non-
equilibrium state are considered: an asymmetry between the wells which 
is suddenly removed and a periodic time oscillating asymmetry. The first 
method generates wave packets that lead to collapses and revivals of the 
expectation values of the macroscopic variables, and we calculate the  
time scale for these revivals. The second method permits the excitation of a  
single energy eigenstate of the many-particle system, including Schrödinger 
cat states. We also discuss a band theory interpretation of the energy  
level structure of an asymmetric double well, thereby identifying analogies 
to Bloch oscillations and Bragg resonances. Both the Bloch and Bragg  
dynamics are purely quantum and are not contained in the mean-field 
treatment.

Photorecombination cross 
section of the Br atom and 
interatomic Coulombic
electron capture cross 
sections of Br with Cl− as 
its neighbour at different 
interatomic separations  
(top). Photorecombination 
cross section of the Cl atom 
and interatomic Coulombic  
electron capture cross 
sections of Cl with Br− as 
its neighbour at different 
interatomic separations 
(bottom).

The resonant tunnelling oscillations of single atom between two weakly coupled Bose-Einstein 
Condensates (BECs) is a phenomenon that has a close mathematical analogy to Bragg scattering 
of light from a thick grating. Thus, the figure may be viewed either as depicting the probability of 
there being an atom number difference of 1 between the two BECs as function of their zero-point 
energy difference E and time , or as depicting the intensity of light in the first diffracted beam 
as a function of angle of incidence E and depth . In the latter case, the oscillations as function 
of  are known as pendellösung. In both cases the narrowing of the resonance with  may be 
understood via time-energy uncertainty arguments.

Environment assisted electron capture Classical versus quantum dynamics of  
the atomic josephson junction
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J. Phys. B: At. Mol. Opt. Phys. 42 (2009) 215401

abstract
We theoretically and experimentally study the resonant transmission  
spectrum of light in a fibre taper coupled with a single silica microsphere 
cavity system, where two whispering-gallery modes (WGMs) are  
simultaneously excited. By changing the taper position (correspondingly, 
tuning the resonant frequencies of the two WGMs and modulating their  
coupling conditions with the fibre taper), a sharp electromagnetically-
induced transparency-like window can be observed in the transmission 
spectrum. This line shape origins from the taper-mediated interference 
between two co-existing WGMs in a single microsphere. This measurement 
result agrees well with the theoretical analysis.

Experimental transmission spectra (black lines) and theoretical calculation (red lines) with 
detuning AB2  0. Inset: Schematic illustration of a two-mode microcavity coupled to a 
waveguide.

Modified transmission spectrum induced 
by two-mode interference in a single silica 
microsphere
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