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When an infrared laser pulse interacts with atoms or molecules, electrons which are released 
earlier may be driven back by the laser field to recollide with the target ions. These recollisions 
incur the well-known strong field phenomena of high-order harmonic generation (HHG) as well as 
high-energy above-threshold ionization (HATI) photoelectrons. Since infrared laser pulses with 
duration of a few femtoseconds are now widely available, it is clear that HHG and HATI spectra can 
be used to extract the structural change of a transient molecule with temporal resolution of a few 
femtoseconds in a typical pump-probe setup. Based on the rescattering concept, recently we have 
established a quantitative rescattering theory (QRS) where the HHG yield can be expressed as the 
product of a returning electron wave packet with the photo-recombination cross section, and the 
HATI spectra can be expressed as the product of a similar wave packet with the elastic differential 
cross sections (DCS) between the target ion with free electrons. The QRS has now been applied to 
compare with experimental HHG spectra from molecules, from which molecular frame 
photoionization cross sections can be extracted. The QRS has also been applied to study the HATI 
spectra extensively to retrieve the DCS of electron-ion collisions. Using the extracted DCS for 
electron energies in the typical range of the returning electrons, we have shown that the target 
structure can be retrieved. From the returning electron wave packet, we can also obtain the laser 
parameters, including pulse duration, peak intensity and carrier-envelope-phase, from the 
measured HATI spectra.  
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Abstract 

A long-term vision for a fossil free Danish energy system is frequently discussed on the 
political scene. This presentation deals with long term scenarios for a Danish energy 
system, based on renewable energy sources. In the North European region there is a very 
large potential for offshore wind power. Furthermore on the long timeframe, power 
production from photovoltage and even wavepower might be available on a big scale.  
A very high penetration of this kind of fluctuating power sources will be a major 
challenge for the power system. Some of the future elements in dealing with this challenge 
will be presented. The power system has to be highly integrated with the heating, gas and 
transportation sector to obtain the necessary flexibility to integrate these high amounts of 
fluctuating power sources.  
An integrated production of biofuels, power, heat and gas from biomass could as well be 
elements in an integrated energy system and will be discussed. 
Electric vehicles might be used for balancing short-term fluctuations. Other elements 
could be international integration of the power system in an offshore power grid and a 
gas system handling renewable gasses like biogas, hydrogen produced from wind power 
and other potential gasses of renewable origin.

 
Coffee/tea and cake will be served at 3 p.m. 
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ABSTRACT

It has recently been suggested that the presence of multiple populations showing various amounts of helium
enhancement is the rule, rather than the exception, among globular star clusters. An important prediction of this
helium enhancement scenario is that the helium-enhanced blue horizontal branch (HB) stars should be brighter than
the red HB stars which are not helium enhanced. In this Letter, we test this prediction in the case of the Galactic
globular cluster M3 (NGC 5272), for which the helium-enhancement scenario predicts helium enhancements of
� 0.02 in virtually all blue HB stars. Using high-precision Strömgren photometry and spectroscopic gravities for
blue HB stars, we find that any helium enhancement among most of the cluster’s blue HB stars is very likely
less than 0.01, thus ruling out the much higher helium enhancements that have been proposed in the literature.

Key words: globular clusters: general – globular clusters: individual (M3 = NGC 5272, M13 = NGC 6205) –
Hertzsprung–Russell diagram – stars: abundances – stars: horizontal-branch

1. INTRODUCTION

Globular star clusters (GCs) have traditionally been assumed
to be excellent approximations to so-called “simple stellar pop-
ulations,” which are idealized systems in which all stars were
formed at precisely the same time, from a chemically homo-
geneous cloud. However, recent observations, both photometric
and spectroscopic, have cast serious doubts on this long-standing
paradigm.

The presence of large abundance anomalies was first iden-
tified in the GC ω Centauri (NGC 5139). In this cluster, not
only such light elements as C, N, O, F, Na, Mg, and Al, but
also the Fe-peak, s-process, and r-process elements, are seen to
vary by large amounts from one star to the next (e.g., Johnson
et al. 2008, and the extensive list of references provided therein).
Many of these abundance patterns seem to extend all the way
down to the main sequence (e.g., Stanford et al. 2007). This
strongly suggests that such abundance anomalies owe their ori-
gin to multiple star formation episodes within the cluster, each
accompanied by a corresponding enrichment of the intraclus-
ter medium by the ejecta of the massive and intermediate-mass
stars which were formed in the prior stellar generations. While
a large spread in Fe-peak abundances has only been detected in
ω Cen, many of ω Cen’s abundance anomalies have also been
found in other clusters, albeit often at a (much) less dramatic
level (e.g., Sneden et al. 2004; Johnson et al.; 2005; Yong et al.
2009; see also Gratton et al. 2004 for a recent review).

Analyses of the multiple main sequences found in the deep
color–magnitude diagrams (CMDs) of ω Cen strongly suggest
that the helium abundance Y in the cluster may also have

∗ Based on observations made with the Nordic Optical Telescope, operated on
the island of La Palma jointly by Denmark, Finland, Iceland, Norway, and
Sweden, in the Spanish Observatorio del Roque de los Muchachos of the
Instituto de Astrofı́sica de Canarias.
6 John Simon Guggenheim Memorial Foundation Fellow.
7 On sabbatical leave at Catholic University of America, Department of
Physics, 200 Hannan Hall, Washington, DC 20064, USA.

changed dramatically from one star formation episode to the
next (e.g., Norris 2004; D’Antona et al. 2005; Piotto et al.
2005). Recent evidence suggests that other clusters may also
show sizeable Y variations. According to the deep CMD analysis
of NGC 2808 by Piotto et al. (2007), multiple populations with
different helium abundances are also present in this cluster.
Strong arguments have also been raised in favor of helium
enhancements among at least some of the stars in NGC 6388
and NGC 6441 (see, e.g., Catelan et al. 2006; Caloi & D’Antona
2007 and references therein). Interestingly, these four GCs figure
among the most massive of all Galactic GCs.

Very recently, it has been suggested that multiple star forma-
tion episodes in GCs, accompanied by widely different amounts
of helium enrichment, are in fact not the exception, but instead
the rule (D’Antona & Caloi 2008). In the particular case of M3
(NGC 5272), such a claim had also previously been made by
Caloi & D’Antona (2008) on the basis of an analysis of the
period distribution of M3’s RR Lyrae variables and the color
extension of the HB blueward of the instability strip. Due to
the recognized need to assume a very sharply peaked mass dis-
tribution to account for the sharply peaked shape of the RR
Lyrae period distribution in M3 (Rood & Crocker 1989; Cate-
lan 2004; Castellani et al. 2005), D’Antona & Caloi suggested
that the mass distribution of HB stars is always sharply peaked,
and that the color spread routinely observed in GC CMDs is
instead due to internal variations in the helium abundance Y. It
is important to emphasize that such a spread in Y is not required
to explain the observed period distributions. Rather, the case for
helium enhancement, at least in the case of M3-like clusters,
rests almost entirely on the presence of color spreads among
HB stars.

If confirmed, this scenario would not only have major
implications for our understanding of how GCs form, but
would also represent a major shift from the canonical paradigm,
dominant since the late 1960s/early 1970s (Castellani et al.
1969; Iben & Rood 1970; Faulkner 1972; Rood 1973), which
ascribes the color spread seen among HB stars to the stochastic
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ABSTRACT

Abundances of C, N, and O are determined in four bright red giants that span the known abundance range for light
(Na and Al) and s-process (Zr and La) elements in the globular cluster NGC 1851. The abundance sum C+N+O
exhibits a range of 0.6 dex, a factor of 4, in contrast to other clusters in which no significant C+N+O spread is
found. Such an abundance range offers support for the Cassisi et al. scenario in which the double subgiant branch
populations are coeval but with different mixtures of C+N+O abundances. Further, the Na, Al, Zr, and La abundances
are correlated with C+N+O, and therefore NGC 1851 is the first cluster to provide strong support for the scenario
in which asymptotic giant branch stars are responsible for the globular cluster light element abundance variations.

Key words: Galaxy: abundances – globular clusters: individual (NGC 1851) – stars: abundances

1. INTRODUCTION

Globular clusters have long been regarded as simple stel-
lar populations which may be described by a single age, he-
lium abundance (Y), metallicity (Z), and initial mass function
(Renzini & Buzzoni 1986). For many years, these simple stel-
lar populations have played a prominent role in astronomy by
providing a lower limit to the age of the universe and for testing
the predictions of stellar evolution and stellar nucleosynthesis
(e.g., see review by Gratton et al. 2004).

However, a revolution in the field of globular cluster research
is underway, prompted by the recent discoveries of complex
structure on the main sequence, subgiant branch (SGB), red
giant branch (RGB), and/or horizontal branch (HB) within
some Galactic and extra-Galactic globular clusters indicating
that these simple stellar populations in fact contain discrete,
multiple populations (e.g., Bedin et al. 2004; D’Antona et al.
2005; Piotto et al. 2005; Sollima et al. 2005; Mackey et al. 2008).
At present, these multiple populations can be best explained
in terms of distinct ages and/or compositions, although the
sequence of events leading to their formation remains largely
unexplained (Renzini 2008). In some cases, extremely large
helium abundances, up to Y = 0.40, are required to explain the
various populations (e.g., D’Antona & Caloi 2004; Norris 2004).
While theoretical models have struggled to account for such high
abundances (e.g., Karakas et al. 2006a; Bekki & Chiba 2007),
some successful efforts are beginning to appear (e.g., D’Ercole
et al. 2008; Pumo et al. 2008). The intrigue surrounding the
multiple populations in globular clusters has been enhanced by
the speculation that clusters with extended HBs, generally the
most massive clusters, are the remnants of dwarf galaxies from
which the halo of the Galaxy was built (Lee et al. 2007).

The globular cluster NGC 1851 has a bimodal HB and
displays multiple SGBs (Milone et al. 2008, hereafter M08),
but has no evidence for multiple main sequences. Based on the
width of the main sequence and RGB, M08 suggested that the
maximum possible abundance variation is Δ[Fe/H] = 0.1 dex
or ΔY = 0.026. From an analysis of eight bright RGB stars

∗ This paper includes data gathered with the 6.5 meter Magellan Telescopes
located at Las Campanas Observatory, Chile.

using high-resolution spectroscopy, Yong & Grundahl (2008,
hereafter YG08) showed that the dispersion in [Fe/H] was less
than 0.1 dex, and that NGC 1851 displays the usual star-to-
star abundance variations for the light elements O, Na, and Al;
the exact mechanism for these abundance patterns, seen in all
globular clusters, remains unknown (e.g., Gratton et al. 2004).
However, YG08 also showed that NGC 1851 harbors a star-to-
star abundance variation for the s-process elements Zr and La
and that the abundances of these elements were correlated with
the light element abundances. Furthermore, within the small
sample there was a hint that the abundances of the s-process
elements was bimodal, which suggests that the RGB may
consist of two populations with distinct chemical compositions.
Therefore, as well as showing unusual photometric properties,
NGC 1851 also displays peculiar chemical abundance patterns
not seen in other clusters.

Several explanations for the double SGB in NGC 1851 have
been offered. If age is the sole parameter, M08 suggested a 1 Gyr
difference with the fainter subgiant branch (fSGB) population
being older. M08 also considered a combination of increasing
[Fe/H] by 0.2 dex and helium from Y = 0.247 to 0.30, though
this possibility was excluded by the magnitudes of the blue HB
stars. An alternate explanation was proposed by Cassisi et al.
(2008) in which the two SGB populations are coeval, but with the
fSGB population having a total C+N+O abundance increased
by a factor of 2. In this scenario, the two populations may have
comparable He abundance (at most ΔY = 0.032), in contrast to
the large He variations inferred in other clusters which display
multiple populations. We have obtained spectra with the goal of
measuring the abundance sum C+N+O to test the Cassisi et al.
(2008) scenario.

2. OBSERVATIONS AND ABUNDANCE ANALYSIS

We selected four bright RGB stars from YG08, two Na-,
Al-, Zr-, and La-normal targets as well as two Na-, Al-, Zr-,
and La-rich objects. In Figure 1, we show the locations of
our targets in a color–magnitude diagram. If the double SGB
populations are due to distinct chemical compositions, and if
these chemical compositions are also present on the RGB, then
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Abstract: 
 
In my talk, I will give an overview on our research activities on atom-laser-like transport 
processes of interacting Bose-Einstein condensates through dimensionally restricted 
disorder potentials. For the case of one-dimensional disorder, we find that the 
interaction between the atoms leads to a crossover from an exponential to an algebraic 
decrease of the average transmission with the disorder length, which represents a 
significant deviation from the scenario of Anderson localization. This crossover is 
correlated with the appearance of permanently time-dependent scattering of the 
condensate within the Gross-Pitaevskii description of the transport process, and 
corresponds to strong depletion on a microscopic level. For two-dimensional disorder 
potentials, we find that the presence of interaction reverts the phenomenon of weak 
localization and leads to a cone-shaped dip, instead of a peak, in the angle-resolved 
current of backscattered atoms. 

Lars Bojer Madsen 
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