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Program
Tuesday, 7 August

18:00 - 21:00 Early registration and reception (at conteste)

Wednesday, 8 August

8:00 Registration (at conference site)
8:45 Welcome from the SOC and LOC - conference start

Session Wednesday 1: High Resolution Infrared Spectrogcop
Chairperson: Ruth Peterson

9:00 - 9:30 T1: Nils Ryde (Uppsala Observatory)

Near-IR spectroscopy of cool stars

9:30 - 10:00 T2: Hampus Nilsson (Lund Observatory)
Infrared Laboratory Spectroscopy with AstrophysiesibAppli

10:00 - 10:20 Coffee Break

Session Wednesday 2: Fusion and High Energy Spectroscopy - |
Chairperson: Wolfgang Wiese

10:20 - 10:50 T3: Charles H. Skinner (Princeton PlasmacBhyoratory)
Atomic Physics in the quest for fusion energy and ITER

10:50 - 11:20 T4: Joseph Reader (NIST)

Spectral data for fusion energy: from W to W

11:20 - 11:40 Coffee Break

Session Wednesday 3: Topics in Astrophysics
Chairperson: Beatriz Barbuy

11:40 - 12:10 T5: Theodore Gull (NASA/GSFC) & Krister Nre[$8UA and NASA/GSFC)
Eta Carinae: an astrophysical laboratory

12:10 - 12:40 T6: Manuel Bautista (Centro de Fisica-1VI@2a)

Atomic processes in planetary nebulae and H Il regions

12:40 - 14:15 Lunch



6 ASOS 9

Session Wednesday 4: Plasma Spectroscopy: Data Needs & Tool
Chairperson: James Lawler

14:15 - 14:45 T7: Walter P. Lapatovich (Osram Sylvania)

Metal Halide Lamp Design: Atomic and Molecular Data Needed

14:45 - 15:15 T8: Lyudmila Mashonkina (Institute for Agiroy of the Russian Academy of Sciences)
Atomic data necessary for non-LTE analysis of stallar spectr

15:15 - 15:45 T9: Yuri Ralchenko (NIST)

Non-LTE spectroscopy for everyone: on-line tools aed databa

Session Wednesday 5: Poster Viewing
Chairperson: Henrik Hartman

15:45 - 17:30 Poster session with coffee and refreshments

Bar with light dinner
20:00 Pub Rydberg, Physics Department

Thursday, 9 August

Session Thursday 1: Trapped lons
Chairperson: Roger Hutton

9:00 - 9:30 T10: Peter Beiersdorfer (Lawrence Livermaonaldtaboratory)
Atomic spectroscopy with trapped ions

9:30-10:00 T11: Luis Gustavo Marcassa (University of Glay Pa
Measurement of Rydberg-state lifetimes using coltbiragpped a

10:00 - 10:20 Coffee Break

Session Thursday 2: Techniques of Oscillator Strength Dei@ation
Chairperson: Donald Morton

10:20 - 10:50 T12: Edward B. Jenkins (Princeton Universisg®atory)

Relative f-values from interstellar absorption lindagad\eamd pitfalls

10:50 - 11:20 T13: Richard Holt (University of Western Qojar

Fast-ion-beam laser- uorescence measuremernts sti@stias in the lanthanides

11:20 - 11:40 Coffee Break
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Session Thursday 3: The Spectrum of Fe Il

Chairperson: David Leckrone

UIf Litzén will give a short introduction to the work of Skierldhansson

11:40 - 12:10 T14: Sveneric Johansson (Lund Observatory)

A half-life with Fe II - tight bonds and loose ends

12:10 - 12:40 T15: Ekaterina Verner (CUA & NASA/GSFC)

Fe Il emission spectra in active galactic nuclei: atsandtheoretical interpretation

12:40 - 14:15 Lunch

Session Thursday 4: Theory of Oscillator Strengths
Chairperson: Alan Hibbert

14:15 - 14:45 T16: Charlotte Froese Fischer (Vanderbiletsiy & NIST)

So, how accurate are these theory results?

14:45 - 15:15 T17: Oleg Zatsarinny (Drake University)

Systematic calculations of oscillator strengths &wasabl8epline basis

15:15 - 15:45 T18: Martin Andersson (Lund University)

F-dependent lifetimes and intensity redistributionfddegooal hyper ne interaction

15:45 Coffee Break & Poster Viewing

Conference Dinner

Dinner at 19:00 Grand Hotel, Lund. Prior to the dinner, dsinkll be served to the music of Oscar Johansson
Quartet.

Friday, 10 August

Session Friday 1: Precision Spectroscopy and Fundamerdak@nts
Chairperson: Sven Mannervik

9:00 - 9:30 T19: Ronald Holzwarth (Max Planck Institute)

One decade of femtosecond frequency combs: princapil@ss applinew ideas

9:30 - 10:00 T20: Olivier Dulieu (Laboratoire Aime CottoNRS, Campus d'Orsay)

Hot prospects for cold molecules: new routes for highmesdedutiar spectroscopy and measurements of funda-
mental constants

10:00 - 10:20 Coffee Break
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Session Friday 2: Fusion and High Energy Spectroscopy - Il

Chairperson: Joseph Reader

10:20 - 10:50 T21: Christoph Biedermann (Max-Planck uietior Plasma Physics)
Spectroscopy of highly-charged tungsten ions retevaplasrhas

10:50 - 11:20 T22: Eric le Bigot (Kastler Brossel Lab.) Paris

Towards high-precision X-ray standard lines (3 keV to 8 keV)

11:20 - 11:40 Coffee Break

Session Friday 3: Instrumentation for Spectroscopy
Chairperson: Steven Federman

11:40 - 12:10 T23: James Lawler (University of Wisconsin)
A broad-band, high resolution spatial heterodyneetpectrom
12:10 - 12:40 T24: Yaming Zou (Fudan Univeristy)
Progress at the Shanghai EBIT

12:40 - 14:15 Lunch

Session Friday 4: Spectrum Analysis and Applications
Chairperson: Gillian Nave

14:15 - 14:45 T25: Jorge Reyna Almandos (Centro de IneestegmOpticas, La Plata)
Spectral analysis of ionized noble gases and impl@sitionsrhy and laser studies
14:45 - 15:15 T26: Florian Kerber (ESO, Garching)

From laboratory to the sky - Th-Ar wavelength standari®HS8r CR

15:15 - 15:45 T27: Maria Aldenius (Lund Observatory)

Laboratory wavelengths for cosmological constrayiig dmngamental constants

Session Friday 5: Discussion

15:45 - 16:30 Chairperson: Glenn Wahlgren
16:30 Closing Remarks

Coffee and snacks
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T1, Wed 9.00-9.30: Near-Infrared Spectroscopy of Cool Star

Uppsala Observatory, Sweden

High-resolution spectroscopy of cool stars in the nearethfis an emerging eld due to the recent
developments of near-IR spectrometers for use at laagepeete | will discuss why we want to study coc
stars spectroscopically in the near-IR, and discusaiittagds and drawbacks. | will also touch upon how w
analyze astronomical spectra in general, and what isfoeeda@per analysis. | will end by showing a few
recent examples of work we have been performing with themgedn near-IR spectrometer (CRIRES) at
the Very Large Telescopes (VLT) in Chile. Partly | will tadltaa large program in which we are studying
the origin of the pivotal central region of the Milky Way Bhikge), and partly about our work on the cosmic
origin of sulphur.

T2, Wed 9.30-10.00: Infrared Laboratory Spectroscopy wiistrophysical
Applications

Lund Observatory, Lund University, Lund, Sweden

With high spectral resolution instruments on modern ¢glesdt is today possible to study stellar object
in the infrared (IR) wavelength region. | will discuss theyerevel structure of different atoms and ions
and give some example of atomic IR lines that one can exgeecirtepectra of stellar objects.

With the new high resolution IR Fourier transform spectesna¢ Lund Observatory, we can study
atomic spectra from 2000 to 50 000 A

T3, Wed 10.20-10.50: Atomic Physics in the Quest for Fusiondfgy and ITER

Princeton Plasma Physics Laboratory, Princeton, NJ USA

The urgent quest for new energy sources has led developedscaapresenting over half of today's
world population, to collaborate on demonstrating thatisciand technological feasibility of magnetic
fusion through the construction and operation of ITER. Datasigh-Z ions will be important in this quest.
Tungsten plasma facing components have the necessapgitowrates and low tritium retention but the
high radiative ef ciency of tungsten ions leads to sttimggtmictions on the in ux and concentration of
tungsten ions in the burning plasma. The in ux of tungstémetburning plasma will need to be diagnosed
understood and stringently controlled. Expanded knavtddhe atomic physics of neutral and ionized
tungsten will be important to monitor impurity in uxes aratide tungsten concentrations. Also, inert gase
such as argon and xenon will be used to dissipate the heaiving to the divertor. The talk will describe
the spectroscopic diagnostics planned for ITER and ardaewhere additional data is needed.

T4, Wed 10.50-11.20: Spectral Data for Fusion Energy: Fromt&W

NIST, Gaithersburg, MD 20899, USA

Because of its ability to withstand high temperaturessdod isputtering rate, tungsten has always bee
a material of interest for the development of tokamak&dinthe early ST tokamak at Princeton containec
a limiter of W. However, at that time it was thought that W dowlt be useful for more powerful machines
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because, due to its high atomic number, it would radiatet@ovayuch of the energy. Thus its use was
terminated. Nevertheless, interest in the spectral femérW continued. In 1977 Cowan [1] calculated
spectra of W* -W4>* with his semi-relativistic Hartree-Fock code. In thistrepstressed the importance
of resonance lines in isoelectronic sequences with sonplkd ¢pn gurations for diagnostics of tokamak
plasmas. These lines would be few in number and easilghiieteEkperimental work on W with spark
sources and laser-produced plasmas led to the idemtiafahe 4s 1/2-4p 3/2 and other n=4-4 transitions
in Cu-like W** in 1980 [2]. Of great importance for these identi cation® Wmwan's predictions and
the fully-relativistic Hartree-Fock calculations of Glaen Kim [3]. Subsequent observations of W spectra
improved the accuracy of these early measurements, aare thay known to a few thousandths of an A
[4]. With the advent of ITER, W took on new importance. Baseaark at ASDEX Upgrade and JET, it
was decided as early as 1991 that if W were used as a linitentor ohaterial, its concentration in the hot
core could be kept to manageable levels. Now it is planreactd/tas the rst wall of the divertor of ITER.
This talk will trace the progress that has been made on ¢hra spp&V over the years. Experiments with
EBITs [4] and tokamaks [5] have become ever more sopdulstisdtave the related theoretical methods [6].
In particular, collisional-radiative modeling hasttgeidi line identi cations and made it possible to carry
out detailed interpretation of the plasmas. Recent [@s8]t®r highly ionized W with the NIST EBIT will
be described along with a new determination of the ionizagogies for all W ions [9].

[1] R.D. Cowan, "Spectra of Highly lonized Atoms of Tokams&dést,” Los Alamos Report No. LA-
6679-MS, 1977.

[2] J. Reader and G. Luther, Phys. Rev. U&;t609 (1980).

[3] K.T. Cheng and Y.-K. Kim, At. Data and Nucl. Data TaB&$547 (1978).

[4] S.B. Utter, P. Beiersdorfer, and E. Trabert, Can. J. 8ByE503 (2002).

[5] T.Putterich, R. Neu, C. Biedermann, R. Radtke, and ASDggfade Team, J. Phys.3B, 3071
(2005).

[6] K.B. Fournier, At. Data and Nucl. Data Tal#&s 1 (1998).

[7] Yu. Ralchenko, J.N. Tan, J.D. Gillaspy, J.M. PomerdyEaS8ilver, Phys. Rev.74, 042514 (2006).

[8] Yu. Ralchenko, J. Reader, J.M. Pomeroy, J.N. Tan, an@illd3py, to be submitted to J. Phys. B.

[9] A.E. Kramida and J. Reader, At. Data and Nucl. Data Tah|d&7 (2006).

Supported by the Of ce Fusion Energy Science of the U. S. &é&ptergy.

T5, Wed 11.40-12.10: Eta Carinae: an astrophysical laborgt

Code 667, Goddard Space Flight Center, Greenbelt, MD 20771

Eta Carinae (Car) provides a unique opportunity to investigate a msissirea late evolutionary phase
and how CNO processed material is ejected into the ISMidaties of the material surroundingCar is
reported to show similar characteristics as Gamma RagrBgesiitors. Consequently, th€ar spectrum
may provide clues about the nature of other extreme obggresdypernovae and supernova impostors. In
the 1840s, Car underwent a massive ejection, repeated to a lessen élxeeh890s. Today we see the
Homunculus, a bipolar expanding neutral structure, athgttleeHomunculus, an interior, spectroscopically
time-variable, ionized structure. In line-of-sight,iplalharrow lines are observed, formed in environments
with densities around 1@m 2 and temperatures ranging from 1@000 K. Thousands of neutral/singly
ionized metal lines are identi ed, in addition to moledtdasitions in species such as€H, OH, NH.

The system is ideal as a laboratory for absorption andetmssspectroscopy.

The input from the laboratory spectroscopy community peateslly helped the analysis@ér. Future
observations of Car in the infrared through radio wavelength regionketischeSOFIAand ALMA will
reveal new atomic and molecular transitions, most notlylyrimles and nitrides. We will demonstrate how
experimentally derived atomic data have improved ouabkpaatysis, and illuminate where future work is
needed.
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T6, Wed 12.10-12.40: Atomic processes in Planetary Nebalad HIl Regions

IVIC, Venezuela

Historically, Planetary Nebulae and HIl regions reseaschden a ground for much development in
atomic physics. In the last few years the combination ofraigem of powerful observatories, the develop
ment of ever more sophisticated spectral modeling catleaparntant efforts on mass production of high
quality atomic data have led to important progress in oerstadding of the astronomic atomic spectra. Ir
this paper | review such progress, including identi catibeavy species (beyond the iron peak element:
observations of hyper ne emission lines and analysi®pidsiundances, uorescent processes, and ne
techniques for diagnosing physical conditions basedorbneation spectra. Also, | discuss the new trend
on the research of atomic processes in PNe and HIl regighs andent needs for atomic data.

T7, Wed 14.15-14.45: Metal Halide Lamp Design: Atomic and Maular Data
Needed

OSRAM SYLVANIA, Beverly, MA 01915, USA

Metal-halide lamps are a subset of high intensity dis¢HiPgéamps so named because of their high
radiance. These lamps are low temperat@&€V), weakly ionized plasmas sustained in refractory &
light transmissive envelopes by the passage of ele@nicthtough atomic and molecular vapors [1]. For
commercial applications, the conversion of electric polgitt must occur with good ef ciency and with
suf cient spectral content throughout the visible (387§ to permit the light so generated to render
colors comparable to natural sunlight. This is achievddibg anultiple metals to a basic mercury discharge
Because the vapor pressure of most metals is very muchdovweercury itself, metal-halide salts of the
desired metals, and having higher vapor pressures, #émanisediice the material into the basic discharge
[2]. The metal compounds are usually polyatomic iodidel wdporize and subsequently dissociate as th
diffuse into the bulk plasma. Metals with multiple visiblesttions are necessary to achieve high photomet
ef ciency (ef cacy) and good color. Compounds of Sc, DyJTinpCe, Pr, Yb and Nd are commonly used
[3, 4]. The electrons, atoms and radicals are in equiliarnder the approximation of local thermodynamic
equilibrium (LTE), but not with the radiation eld. Strongetmal (16K/m) and density gradients are
sustained in the discharge. Atomic radiation produced imgh temperature core transits through colde
gas regions where it interacts with cold atoms and uratisdauoblecules before exiting the lamp. Powe
balance and spectral output of the lamp are directly édtbgdiee strength of atomic transitions. Attempts
to simulate the radiative output of functional metal hidias have been successful only in very simp
cases [5, 6]. More data (e.g. Cg'$)7] are necessary to improve lamp performance, t@pplegriate
radiators and in scaling the lamp geometry to variousegdtiagpeci c applications.

[1] J. F. Waymouth, Electric Discharge Lamps, MIT, Cambyridd (1971).

[2] G. G. Lister, J. E. Lawler, W. P. Lapatovich and V. A. Godev. Mod. Phys. 76, 541-598 (2004).

[3] J. Geijtenbeek, et. al., Intl. Patent Application WO52088675 Al (2005).

[4] H. Nohara, A. Utsubo, Y. Kanazawa, N. Nishiura and S.awkaedPaper LLO3, Proc. 11th Int. Conf.
On Sci. and Tech. Of Light Sources, May 20-24th, Shanghag (2007)

[5] G. Hartel, H. Schopp, H. Hess and L. Hitzschke, J. Apps.R8%y(10), 7076-7088 (1999).

[6] B. Schalk, G. Hartel, L. Hitzschke and G.H. Lieder, GBBO20WP.057, Oct. 24-27, Houston, TX
(2000).

[7] Ralchenko, Yu., Jou, F.-C., Kelleher, D.E., Kramida, Musgrove, A., Reader, J., Wiese, W.L., anc
Olsen, K, NIST Atomic Spectra Database (version 3.1.2)ngPnAvailable: http://physics.nist.gov/asd3
National Institute of Standards and Technology, GaitlvgysldD. (2007)
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T8, Wed 14.45-15.15: Atomic data necessary for non-LTE gsa of stellar spectra

Institute of Astronomy of Russian Academy of Sciences (RAS)

Analysis of stellar spectra based on non-local thermaciggartbrium (non-LTE) line formation has an
advantage in deriving accurate stellar parameters anghthbondances compared to the simple approach
of using the Boltzmann-Saha equations for calculatioonaicdevel populations. A bulk of atomic data
on energy levels, photoionzation cross-sections,idrapsitbabilities, collision ionization and excitation
cross-sections is required to compute the statistidddrequi(SE) of a given atom for speci ¢ physical
conditions. A fairly extensive set of accurate data origuzaiiion cross-sections and oscillator strengths
was recently calculated in the Opacity Project (OP). Howevall astrophysically important elements are
covered by OP. For example, heavy elements beyond theujpmlgserved in AGB stars, Ap stars, and
very metal-poor stars play a key role in studies of nuthessyprocesses and understanding of the origin of
chemical pecularities. Rough theoretical approximatidrig/drogenic formula, in most cases, are still used
to compute photoionzation cross-sections for these &torusate electron impact excitation and ionization
cross-sections are available only for a few atoms anti, atoeacmainly for the transitions between low
excitation terms. In most cases, approximate formula@lgeragiving threshold values accurate to a factor
of 2-3 at best. The question debated for decades is theimelastic collisions with hydrogen atoms in SE
of atoms in cool stars. Only a few experimental and thabsatidies concern with this problem. Therefore
the empirical approach based on analysis of the Sun'seagigcesktar's spectra is widely used to constrain
the ef ciency of hydrogenic collisions. Based on testT®rdlculations for Ca I/ll, Nd Il/1ll, and other
atoms, we show here an importance of accurate photoioizasi®-sections and collisional cross-sections
for a determination of stellar parameters and chemicadkaioes.

T9, Wed 15.15-15.45: Non-LTE Spectroscopy for Everyone:-One Tools and
Databases

Atomic Physics Division National Institute of Stanabhféstamology Gaithersburg, MD 20899-8422, USA

Since most of laboratory and astrophysical plasmas evenftlief local thermodynamic equilibrium
(LTE), development of methods and tools for modeling oL hrplasmas remains an important and chal-
lenging task. This challenge is exacerbated by the fatt TRasimulations generally require large sets of
atomic data which are unavailable in the existing literdtuaddition, there is no "hydrogen atom" problem
for NLTE modeling that can serve as an exactly solvablenbagkdase to test various models. | will de-
scribe the online NLTE databases and tools that are guaneaithble at the National Institute of Standards
and Technology (NIST). The recently developed SAHA and MLd&abases contain benchmark results
produced by the participants of the NLTE Code Comparisokshiops. The available data, which include
mean ion charge, ionization distributions, effectiveation and radiative rates, and other numerous param-
eters, can serve as a testbed for plasma populationd¢adescdVe developed an advanced data retrieval and
visualization system that allows straightforward cempsof results. In collaboration with the Lawrence
Livermore National Laboratory (LLNL), an online versigheo€ollisional-radiative code FLYCHK capable
of performing collisional-radiative simulations for kmgent up to gold (Z=79) was created on the NIST
website. The capabilities of FLYCHK will be discussed amgles of online calculations will be presented.

Supported in part by the US DOE Of ce of Fusion Energy Saence



20 ASOS 9

T10, Thu 9.00-9.30: Atomic spectroscopy with trapped ions

Lawrence Livermore National Laboratory

Spectroscopy with electron beam ion traps has histdocalied on the x-ray emission from highly
charged ions interacting with the electron beam. But thatiogemodes of such devices have expanded
study radiation in almost all wavelength bands from théewsithe hard x-ray region; and in many case
the ions can be studied even in the absence on an electroRhetmm emission by charge exchange or b
laser excitation has been observed, and the the work igeroréstricted to highly charged ions, but now
includes any charge state including neutral atoms andleslec

Here we give an overview of atomic spectroscopy perforelectmn beam ion traps at various locations
throughout the world for basic atomic physics, astrophiiography, and studies of diagnostic lines ir
fusion plasmas. The focus of this work includes speciglssuadiative lifetime measurements, radiativ
power measurements, isotope effects, and tests ohabtliegigative models.

This work was performed by the University of CaliforniadregrLivermore National Laboratory under
the auspices of the Department of Energy under contracddSYEMNG-48 and supported in part by NASA's
Astronomy and Physics Research and Analysis program.

T11, Thu 9.30-10.00: Measurement of Rydberg-state lifeéisusing cold trapped
atoms

Instituto de Fisica de Sao Carlos, Universidade de Sao Paulo

Accurate measurements of the lifetime of Rydberg stgtesvide powerful tests for theoretical calcula:
tions of dipole matrix elements, oscillator strengtlespotarizabilities, and in uence of blackbody radiatior
on radiative lifetimes. Alkali atoms have been used bothtit@ly and experimentally as prototypes fo
the study of these problems. Although the alkali atoms @ng #me easiest to treat theoretically, the avalil
able predictions for the Rydberg state lifetimes presatibua from 5% to 15%. The error bars of the
experimental results are even worse >ftb they can be larger than 25%. This large uncertainty com
mainly from the fact that most of the work done in this elcehased conventional techniques to measur
lifetimes, relying on the observation of atomic uoresaaeay of thermal atoms either in cells or in atomit
beams. For levels which 20, superradiance occurs rapidly, making it impossileftorp a fair lifetime
measurement. Another important effect present in thess@mexqs is the blackbody radiation, which can
appreciably alter the observed decay rates. At room tamepéa blackbody radiation can decrease th
lifetime for as much as 40%. W. Spencer and co-workers RwsA 24, 2513 (1981)) were the rst to
eliminate this in uence measuring the lifetime of sodiutbh&tg states using an atomic sodium beam and
liquid helium cooled environment. They were able to mddstirees smaller than 25 at a temperature
of 30K. However after this pioneer work, no more studiesbbawmedone in order to either eliminate or
decrease the effect of collisions and superradiancérma fifeasurements using thermal atoms. Recent
we had demonstrated the possibility to obtain a high presigasurement of the lifetime of the Rb 27D
Rydberg state by using pulsed eld ionization on a samliel dfapped atoms. In this work, we measurec
the lifetime of S, P and D states of Rb as a function of pfiggipatum number (n) using a sample of
cold atoms. Due to the ultralow velocities of the atoms ardvhcollision rate, we were able to measur
for the rst time longer lifetimes (L0O0 sec). This talk will focus on the description of the expggame
setup, followed by the results and the discussion, in whmtesent a comparison of our measurement wit
existing theory.
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T12, Thu 10.20-10.50: Relative f-values from InterstellAbsorption Lines:
Advantages and Pitfalls

Princeton University Observatory, Princeton, NJ, USA

Interstellar absorption features seen in the UV and giséaa of stars provide opportunities for com-
paring the strengths of different transitions out of thengrelectronic states of atoms, ions, and simple
molecules. In principle, such measurements are straightfeince the radiative transfer is manifested as a
simple exponential absorption law at any given radiatywe@amplications arise when the velocity struc-
tures of the lines are not completely resolved, or whendabaite either very strongly saturated or too weak
to observe. Dynamic range limitations can compromisentipaigsons of two transitions that have very dif-
ferent absorption f-values, but they can be mitigatedafareexamples with very different column densities
and transitions of intermediate strength that can helpdgebthe large gap in line strengths. Attempts to
unravel the effects of saturation include the use of a €gresvth when only equivalent widths are avail-
able, or the measurements of the "apparent optical dein'tivehline is mostly resolved by the instrument.
Unfortunately, the application of the curve of growth fer @nstituent to that of another can sometimes
create systematic errors, since the two may have ditf&reity gtructures. Likewise, unresolved ne veloc-
ity structures in features that have large optical depthmaka the apparent optical depths misrepresent the
smoothed versions of the true optical depths. One methodthpare the strength of a very weak line to
that of a very strong one is to measure the total absorptienfofmer and compare it with strength of the
damping wings of the latter. However in many circumstanecaiéamounts of gas at velocities well displaced
from the line center can masquerade as damping wings.sFea#on, it is important to check that these
wings have the proper shape.

T13, Thu 10.50-11.20: Fast-ion-beam laser- uorescenceasw@wements of oscillator
strengths in the lanthanides
1 1 2 3 1 1

!Department of Physics and Astronomy, University oOWesteyhondon ON, Canada N6A 3K7
Department of Physics, McGill University, Montréal G@aG43A 2T8 Department of Physics and
Astronomy, Wayne State University, Detroit MI, U.S.&. 4820

Abundance measurements of the lanthanides are vitabtwsguathesis studies, provide indirect informa-
tion about stellar interiors, and serve as a referencaumtbhosmochronology. The many stable isotopes for
each atomic number are an ideal "laboratory" for the sttiuly of s-, and p-processes because of the great
variation of pathways by which they can be produced in meaiture. As well, they can be overabundant
by three orders of magnitude in CP photospheres. We hatabéislessi program of providing atomic data
on lifetimes, branching fractions, oscillator streraghsell as hyper ne structures and isotope shifts (which
are needed to correct for desaturation). Our techniquecithator-strength determinations makes use of the
highly reliable approach of combining the data from sepiféetime and branching fraction measurements.
In contrast to other research groups, we use a fast-iotaseaorescence method for each. We have
shown that this enables us to detect and correct errorsliterdiere that arise from misclassi cation of
atomic transitions as well as those arising from speet@s.b[S. J. Rehseal, Can. J. Phys84, 723
(2006)]. The extreme selectivity of laser excitation okeétically-compressed fast ion beam provides a
unique identi cation of the upper level of each transisometimes down to an individual hyper ne level.
| will present recent results in Pr I, in which we have nesh260 oscillator strengths for transitions over
the wavelength range 250-850 nm, originating from 32 ugyelslin the range 21 500 cnto 29 000
cm 1. Of these transitions, 190 values have been derived fostttime using this modern method. The
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uncertainties arose principally from systematics ofdlem@f calibration of the optical detection system
(7.1%), with smaller statistical contributions (1.5%)illithen discuss recent improvements to the tech
nique, including the installation of a new ion source tlwatsahighly refractory elements to be studied ir
various ionization states, plus the introduction of a etehphew detector-ef ciency calibration method.
Finally, the latest results in Nd Il will be discussed.

T14, Thu 11.40-12.10: A half-life with Fe II - tight bonds antébose ends

Lund Observatory, Lund University, Lund, Sweden

Even though the laboratory spectrum of singly ionized abden thoroughly studied over the last 3(
years, with more than 1000 energy levels known, we cdwamitt that many unidenti ed stellar lines
belong to Fe Il. This statement is especially valid forttaeialet region, but we show that it is also true for
the optical wavelength region.

In this review we show that the singly-excited systém Y Bdquite well established, whereas the doubly
excited system (3tl) is still poorly known. An extension of our knowledge oktiesgy level system
requires high-resolution spectra in the vacuum-uleaxégiion, especially at 1000-1500 A. We know tha
stellar HST spectra are not well analyzed in this wavelegigtn

We will discuss particular transitions showing a stramaadg in stellar emission line spectra - lines tha
are much stronger or much weaker than expected. Manydieebanced due to resonant photo-excitatior
by e.g. hydrogen, and some lines are enhanced due to stireolession.

We will give the rst(?) example of how stellar spectraeatéansextending the energy level system o
an atom(ion). The atmosphere of the iron-rich star HR6089 ideal source for absorption spectroscop
of Fe Il, and new levels have been established above #terofhimit from stellar lines not seen in the
laboratory spectrum.

T15, Thu 12.10-12.40: Fe Il Emission Spectra in Active Gdlad\Nuclei:
Observations and Theoretical Interpretation

Catholic University of America

The enrichment of Fe, relative to alpha-elements such d9vg arepresents a potential means to mea
sure the ages of QSOs and to probe nucleosynthesis inyéogadation epoch. QSOs exhibit prominent
Fe 1l features and Mg 1l 2800A resonance doublet emisstoa vt Although the Fe/Mg ratio in chem-
ical evolutional models are expected to decrease witft, reestsurements of Fe 11(UV)/Mg Il emission
ratios show a large scatter from 1 to 20, with no redshiftadkpsy up to z 6.4. Before using Fe Il
emission as an abundance indicator, one must ascertai@a h@mFssion varies with physical conditions.
We have constructed an 830-level model atom for Fe Il andl inggtbtoionization code to calculate Fe Il
emission. This model is more sophisticated than previms: eéf uses the most recent laboratory atomic
data and includes the numerous transitions that arevestusitie strong radiation eld in QSOs. Predicted
Fe 1I(UV)/Mg Il ratios and uxes strongly depend on the nmmdance factors such as microturbulence
ionizing ux, and hydrogen density; all of them must be taeraccount before any accurate abundanc
can be derived. The individual effects can be disentamgleght multi-bandpass measurements of the F
Il emission spectrum. Speci cally the Fe 1l(Optical) bamdadre sensitive to change in abundance, whil
the Fe 1I(UV) band is more sensitive to variations in mrtnaence. Our calculations clearly demonstrate
that Fe Il is the dominant coolant at densities found in AGMdLine Regions. This is why, in spite of
its complexity, analysis of the Fe Il spectra must be iddtughotoionization modeling of AGN spectra.
In our presentation here we use narrow Seyfert galaxy, |Zatésabed for Fe Il studies in the UV and
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demonstrate how we applied our Fe Il model to derive ploaacitions for this object. Our close collab-
oration with spectroscopists, especially Prof. Joh&8asaten) and his group (Lund Univ.), is bene ciary
for further developments of our Fe Il model, including nemiatdata and transitions linking high en-
ergy levels in Fe Il. In addition, such collaboration mysbie our understanding of the AGN continua
by accounting for the effects of the Fe Il pseudo-continmbioh appears to blanket quasar spectra from
1000 to 10,000A. The predicted Fe 1l emission spectraplsifita BLRs in AGN, are available for public
use at http://iacs.cua.edu/people/verner/Fell. We avstkhowledge the support of the National Science
Foundation through grant AST-0607465.

T16, Thu 14.15-14.45: So, how accurate are these theorylts3u

Vanderbilt University, Nashville, TN 37235, USA and Hhlstitute of Standards, Gaithersburg, MD
20899-8422 USA

Comparison of theory with experiment for a few selectedslmé&equently used method for assessing the
accuracy of transition data. But as computers becomarddi@mge amounts of data are obtained through
computation, independent methods are needed for theotlis ltalk, the underlying principles related
to accuracy and the effect of cancellation will be revi&wedb initio ne-structure results that include
relativistic effects either in the Breit-Pauli (BP) oricouliguration Dirac-Hartree-Fock (MCDHF) theory,
two indicators of accuracy are proposed, namely the pafuttae transition energy and the agreement
in length and velocity gauge of the line strength. With aatsacapable of comparing transition energies
with those from the NIST Atomic Spectra Database, it wilhdwersthat the more accurate of two sets
of results can generally be identi ed by these indicatt¢ws.role of " ne-tuning”, both as a means of
improving and estimating accuracy, will be discussed as tleldiscrepancy in length and velocity gauges
for intercombination lines in the BP and MCDHF approxinmatithe usefulness of the Lamggédactor for
comparing theories will illustrated.

T17, Thu 14.45-15.15: Systematic calculations of oscilastrengths for noble gases
in B-spline basis.

Drake university, Des Moines, USA

The B-spline box-based close-coupling method [1,2, 3ymiesldor extensive calculations of the transi-
tion probabilities in the noble gases Ne, Ar, Kr and Xe fagyelegels up to = 12. Individually optimized,
term-dependent sets of non-orthogonal one-electrolfuadizons were used to account for the strong term
dependence in the valence orbitals. The core-valentaicnrveas introduced through multi-channel ex-
pansions, which include the?np®, nsnp® andns?np*(n + 1) | target states. The inner-core correlation was
accounted for by employing multi-con guration targeestdEnergy levels and oscillator strengths for tran-
sitions from thep® ground-state con guration as well as transitions betweitgdestates were computed
in the Breit-Pauli approximation. The core-valence &iiorelvas found to be very important for most of
the transitions considered, whereas the inner-corateamrelainly affects the transitions from the ground
states in Ar and Kr.

The present calculations provide the most systexbatitioradiative data for noble gases: they include
the lifetimes and oscillator strengths for 299 states d@0a t&ansitions in Ne, 359 states and 19000 tran-
sitions in Ar, 212 states and 6450 transitions in Kr, andtas aind 2550 transitions in Xe. We obtained
excellent agreement with existing experimental datadasghef Ne and overall very good agreement for
Ar and Kr, except a few transitions to the closely spacegihgyn + 1) s=nd states. The overall good
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agreement with other available calculations was obtaitr@eh$ition from the ground states, whereas ther
is big discrepancies for transitions between excited staXe, very close agreement with experiment we
obtained for excitation of the lowest 6s and 6s' statesvétoweaticeable discrepancies for excitation of th
nd states indicate the limitation of the Breit-Pauli appadion in this case.

Our results show that the B-spline method with non-ortfad@whitals can be used for accurate calcule
tions of oscillator strengths for states with intermeadities, i.e. exactly the region where it is dif cult to
apply standard MCHF methods.

We also present recent results for Xe, obtained with newlgpisl extension of the BSR complex [3]
to the Dirac-Fock Hamiltonian. This extension considenapiroves the accuracy of oscillator strength fo
transitions from the ground states.

[1] O. Zatsarinny and C. Froese Fischer, J. Phgs, 48569 (2002).

[2] O. Zatsarinny and K. Bartschat, J. Phy39R145 (2006).

[3] O. Zatsarinny, Comp.Phys.Commuk¥.4, 273 (2006).

T18, Thu 15.15-15.45: F-dependent lifetimes and intensigdistribution due to
off-diagonal hyper ne interaction

Department of Physics, Lund University, Box 118, S-2ad ,(Bweden

Theoretical investigationstofdependent lifetimes due to off-diagonal hyper ne intenaand in par-
ticular the hyper ne levels 8t°s 3D; in Ni-like ions and4s4p 3P, in Zn-like ions are reported. A
theoretical investigation of intensity redistributioaramhe hyper ne transitiods4d 3D, 4s4f 3Fy4
in Ga Il is also reported.

In Ni-like ions the3s%4s 3D level is the rst excited state and it can only decay to tinedgstate through a
magnetic octupole (M3) transition, but in the presenceuwflaar spin an electric quadrupole (E2) transitior
is induced by the hyper ne interaction wadi?4s 3D, and the lifetime of the state becomes isotop€& and
dependent.

Extensive Multicon guration Dirac-Fock calculationgwerformed to calculate B#° 'S, 3d%s 3D,

M3 transition element, tHeel*® 1S, 3d°4s 3D, E2 transition element and the hyper ne interaction matrix
elements betweé®; and®D,. First order perturbation calculation were used to dal¢héahyper ne
induced E2 transition element and Ehelependent lifetimes. [1] used a single exponential payiexen-
tally determine the lifetime of tBd®4s 3D ; state in Ni-like Xe. It is shown that a single exponentild cou
be tted to a theoretical decay curve, where each lifetsneeighted according to a gas of natural mixing
of isotopes, with good accuracy. Depending on which irteev&ngle exponential was tted to, different
lifetimes was obtained.

The nestructure ofis4f 3F in Ga Il is small and the opds-shell makes the hyper ne interaction strong
resulting in signi cant hyper ne mixings between the hypaevels ofds4f °F. [2] investigated the hy-
per ne structure of 18 lines in Ga Il. For 12 of the lines theended pattern could be analyzed but the
4s4d  4s4f transitions could not be explained.

Extensive Multicon guration Dirac-Fock calculationgwerformed to calculate #s&ld  4s4f transition
elements and the hyper ne interaction matrix elementsdifi@eent calculations, taking the hyper ne in-
teraction into consideration were performedjidgponatalculation where only the diagonal matrix element
were included (corresponds to the assumptions made loyl[@i@eompletealculation where the hyper ne
interactions between thedf hyper ne levels and tis4d hyper ne levels were included as Cl-calculations
It is shown that theliagonatalculation could not reproduce the experimental spéwtraas theomplete
calculation was in excellent agreement.

[1] E. Trabert, P. Beiersdorfer, G.V. Brown, K. Boyce, R.L. Kelldy, KGlbourne, F.S. Porter and A.
Szymkowiak, Phys. Rev73, 022508 (2006)

[2] H. Karlsson and U. Litzén, J. Phys23B, 2929 (2000)
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T19, Fri 9.00-9.30: One decade of femtosecond frequency osnprinciples,
applications and new ideas

Max-Planck-Institute for Quantum Optics and MenloSystarhs G

T20, Fri 9.30-10.00: Hot prospects for cold molecules: nesutes for high
resolution molecular spectroscopy and measurements oflimental constants

Laboratoire Aime Cotton, CNRS, Campus d'Orsay

The formation of ultracold molecules (ie with a transkiterergy equivalent to a temperature well below
one milliklvin) generally results from the associatiorpair af ultracold atoms using tunable laser light
(photoassociation) or tunable magnetic elds (Feshisachasisn). In many cases such molecules are bound
through induced dipole-dipole or polarisation intenacéind behave more like a pair of interacting atoms,
than like a chemical bond. In other words, their bindingggnslin most cases very small, corresponding
to molecular levels close to the dissociation limit. Imatkisl will review the so-called "photoassociation”
and "Feshbach" spectroscopy of such molecular levetsprotiided measurements of atomic properties
like long-range interaction, radiative lifetimes, attésog lengths, with unprecedented accuracy. | will also
discuss the current ideas for using strongly-bound c@dules to determine fundamental constants like the
electric dipole moment of the electron, or the time variatithe electron-to-proton mass ratio.

T21, Fri 10.20-10.50: Spectroscopy of highly-charged t@tgn ions relevant to
fusion plasmas

Lehrstuhl fir Plasmaphysik am Institut fir Physik der kunbadsitat zu Berlin and Max-Planck-Institut
fur Plasmaphysik, EURATOM Association

The Berlin EBIT has been established by the Max-Planitktlfist Plasmaphysik to generate atomic
physics data in support of research in the eld of contraliddar fusion, by measuring the radiation from
highly charged ions in the x-ray, extreme ultraviolet aidevépectral ranges and providing valuable diag-
nostics for high temperature plasmas. In future fusiaredefar example ITER, currently being constructed
at Cadarache, France, the plasma facing components mmiblexlavith high-Z materials, most likely tung-
sten, due to the favorable properties of this element. gdrtieetime the tremendous radiation cooling of
these high-Z materials impose a thread to fusion and dblicprefully monitor the radiation. With EBIT a
selected ensemble of ions in speci ¢ charge states catubedyrstored and excited for spectroscopic inves-
tigations. Employing this technique, we have for exampleae the wide structure observed around 5 nm
at the ASDEX Upgrade tokamak as originating from E1-tcenssimto the open 4d shell of tungsten ions in
charge states 25+ to 37+ producing a band-like emissemn.pgttrther these ions emit well separated M1
lines in the EUV range around 65nm suitable for plasma disxgnd<r-like to Cr-like tungsten ions (38+ to
50+) show strong soft-x-ray lines in the range 0.5 to 2 aritb5to. Lines of even higher charged tungsten
ions, up to Ne-like W(64+), abundant in the core plasma sémrand future fusion test devices, have been
investigated with high resolution Bragg-crystal spegyost 0.13 nm.
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T22, Fri 10.50-11.20: Towards high-precision X-ray standdines (3 keV to 8 keV)

Kastler Brossel Lab., Paris

The project that will be presented consists in identifgthghaasuring narrow X-ray lines in the 2.8 keV
to 8 keV region. These lines can then be used as calibresofotiother measurements. Their energy ca
also fruitfully be compared to ab initio calculations.

Recent measurements of X-ray lines from highly-chargedlidhus be presented. The studied lines lie
in the 3 keV region, and are produced by highly-chargedyipitally 1- to 4-electron sulfur, chlorine and
argon). The ions were produced by an Electron-Cyclotrond®eg (ECR) lon Trap at the Paul Scherrer
Institute, Switzerland. Our goal is to reach the 3 ppm joretesel.

Progress on the high-precision absolute spectrometeblbidifor the Paris ECR highly-charged ion
source SIMPA will be reported.

T23, Fri 11.40-12.10: A Broad Band, High Resolution Spatideterodyne
Spectrometer
1 2 1 1

! Dept. of Physics, Univ. of Wisconsin, Madison WI 53706&WeAgawvisc.edu, roesler@wid®egtr of
Physics, Astronomy, and Engineering Science, StteCldnid. S¥4. Cloud, MN 56301 USA

Fourier Transform Spectrometers (FTS's) have well kngaumtagles. Such instruments are important tc
Laboratory Astrophysics programs including the Univ. stfoisin effort on atomic transition probabilities.
We are building a Spatial Heterodyne Spectrometer (SH&etdhm needs of Laboratory Astrophysics i
the VUV. The availability of large format, 2 dimensionabtiat arrays makes it possible to build high perfor
mance SHSSs. In contrast to a traditional FTS where arleasirmr is moved to record an interferogram
as a function of mirror position (or time) using a singlenehatetector, the SHS interferogram is sprea
out in space and is projected onto a detector array. Thé taoking parts in SHS instruments simpli es
their design and construction and makes these instruorapistible with transient, low duty cycle sources
Furthermore, a SHS is somewhat more tolerant of opticafectpe and misalignment than a traditional
FTS based on a Michelson interferometer. These advaatdgbs, prospects of building a broadband, ven
high resolution, all re ection SHS for the VUV motivatedTiss paper is a progress report on our project
Our Mark 1 SHS is built around a CaF2 beamsplitter, a mat@iedfery coarse (23.2 groove/mm, 63
degree blaze) echelle diffraction gratings, and a Rrimsttaments 'Pixus' 2K by 2K VUV CCD camera.
This instrument has VUV capability, but it is limited to Wengths above the CaF2 transmission cutoff
Order separation, scattered light, phase stability, @sdesberrations in broadband, high resolution SHS
instruments are being addressed using our Mark 1 SHS. €he @i&tings of our Mark 1 instrument have
ruled areas of 46 mm x 96 mm. This size grating yields aitedimit of resolution of 0.029 crh (the
inverse of the maximum path difference of 4 x 9.6 cm x sir) @8th a symmetric interferogram, but our
4 Mega pixel CCD supports a theoretical resolving powedtf,A00. Test results on the Mark 1 SHS
using a low pressure mercury discharge lamp to simulbaneoarsl a broad band spectra between 1100 nr
and 250 nm at a theoretical resolution of approximatel@ 606 (the resolution is determined by the size
of the gratings imaged on the CCD) indicate that the SHS rigtimgeclose to design goals with coverags
exceeding a factor 4 in wavenumber. Full factor of 7 wavencoverage is anticipated once the system
in a vacuum tank. Temperature compensated mounts andra alldtovar breadboard have yielded very
good (2 hour) phase stability in open lab air. Even bettditygtaill be achieved in vacuum. Our Mark
2 SHS will be an all re ection SHS instrument that is not &ichinh wavelength range by the transmissior
cut off of refractive materials in the VUV. This instrumettuse a diffraction grating as a beam spilitter,
combiner and dispersive element in a robust common patjucation that is extremely stable [1]. To meet
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our requirements of high resolution with broad spectrlagerin the VUV a special coarse symmetrically
blazed diffraction grating is needed. This will requiresanaester ruling, but Zeiss Optronics GmbH has a
R&D plan for this grating.

Supported by NASA Grant NNG05GD48G.

[1] Harlander, J. & Roesler, F. L. 1990, in Instrumentatiohstronomy VIII, ed. D. L. Crawford (Proc.
SPIE, 1235), 622.

T24, Fri 12.10-12.40: Progress at the Shanghai EBIT
1;2 1;2 1;2 1,2 1,2 1,2
1,2 1,2 1;2 1;2 1,2 1,2
1;2 3
1 The Key Lab of Applied lon Beam Physics, Educationg) Ghimistr
2 Shanghai EBIT Lab., Modern Physics Institute, Fudasitynisieanghai 200433, China
3 Manne Siegbahn Laboratory, Stockholm UniversitynGtSekduaen

Electron Beam lon Traps (EBIT), initially developed at L lax sophisticated devices capable of acting
both as highly charged ion (HCI) light sources and ion soutsea HCI light source, they can basically
provide light from emission states of any charge state eleamgnt in the periodic table, hence almost
unique for spectroscopic research. Furthermore, thmgmaitts are almost at rest compared to those pro-
duced by heavy ion accelerators or storage rings, and hehndessibothered with Doppler shifts and line
broadening. Because of the exibility of EBITs in produganigus ions, it is very good for studies along
iso-electronic sequences, and along iso-nuclear chaegeeeto reveal physical properties behind experi-
mental phenomenon. To promote HCI relevant physics staodidsna, the Shanghai Electron Beam lon
Trap, S-EBIT, project was launched in January of 2002, amdéaboration between Fudan University and
the Shanghai Institute of Applied Physics. The designgiararof the S-EBIT put it well into the class of
so-called super-EBITs, i.e. electron beam energies upke\2at a current of 200-250 milliamps, com-
pressed to a current density of around 5000 Agra magnetic eld up to 5 Tesla. The installation of the
S-EBIT was completed by the end of 2004. Presently the Ss&BbE operated at electron beam energies
spanning from 0.9 keV to 130 keV. The electron current dementhe beam energy, however at 130 keV
the current has reached 160 milliamps. A metal vapour vamugsaurce, MEVVA, and a gas injection
system have been installed for metal and gas elements(atsomzund) injection. To make the S-EBIT
even more versatile in its ability to provide a variety of, lHdaser ion source and an atomic oven are under
development. For spectroscopic studies of HCls, we hapdlgee spectrometers covering the wavelength
region of around 1 A to above 10000 A: a 1- meter normal ineigeating (McPherson 225) spectrometer
for the wavelength region of 300 - 10000 A, a at- eld granitigence grating spectrometer (home made)
for the wavelength region of 30-300 A, and a et crystatspeter (home made) for 1-30 A. A high pu-
rity Germanium detector is always attached to the S-EBKFriys measurements and monitoring Some
preliminary experiments were done to test the S-EBIT amibtireostic equipment. At the same time, a
program was developed to simulate the time evolution dfanyecstate distribution and ion temperature in
the trap region of an EBIT, for guiding the future operatictheoS-EBIT.
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T25: Spectral Analysis of lonized Noble Gases and Implicas to Astronomy and
Laser Studies

Centro de Investigaciones Opticas, C. C. 124, (1900, LAar&datina

Studies of emission spectra of noble gas ions have bednocaiin La Plata for more than thirty ve
years, several of them in collaboration with other groupsvlédge of the wavelengths , intensities an
shapes of the lines of different species of neon, argdonkagd xenon in intermediate and high degree:
of ionization is important not only to study plasma condifibut also to help in the understanding of lase
emission mechanisms.

With the purpose of continuing this line of work we preseavarview of some studies concerning the
spectral analysis of several ions of noble gases withtiomglito astronomy and laser studies. The spect
were recorded in the V.U.V., UV, VIS, and IR regions, usitgggulischarges. In some cases tempor
resolution was used. Earlier analysis for these ionswese@ aed extended. New energy levels, classi ¢
lines and oscillator strengths were established. Theokthdse analysis were supported by using relativis
Hartree-Fock calculations.

T26: From laboratory to the sky - Th-Ar wavelength standarfds CRIRES

ESO

The Cryogenic High-Resolution IR Echelle SpectrogragRES at the Very Large Telescope (La Sillz
Paranal Observatory, Chile) offers a resolving power®fL0p,000 and covers the wavelength range 95
nm to 5000 nm. In an effort to provide high quality waveleogtibration to this instrument the Euro-
pean Southern Observatory (ESO) is collaborating withahecASpectroscopy Group at the US National
Institute of Standards and Technology (NIST). Throughrdétmy measurements at NIST we have estalk
lished more than 2500 lines as wavelength standards ied¢hrerapof a commercial low current Th-Ar
hollow cathode lamp. The resulting line list is being ustivothe wavelength calibration of the science
data reduction pipeline by means of a physical model lesaipthe instrument. The instruments, its
calibration unit and the pipeline are operational andiscigoservations started in April 2007. ESO and
NIST will make the Th-Ar wavelength standards availaldie mmmunity in a form compliant with the
standards of the Virtual Observatory providing easy tacaksslevant data including meta-data describin
the laboratory measurements.With this development ngdhietalibration in the near IR will become very
similar to the UV-visible region, and it will become pestibsupport high accuracy absolute wavelengt
calibration without having to rely on atmospheric featurad brie y highlight the need for further such
work in support of the instruments and the quantitativecgcenvisaged for the European Extremely Lar
Telescope which is going to be most powerful in the neang& tlaanks to its adaptive optics capabilities.
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T27: Laboratory wavelengths for cosmological constraiotsvarying fundamental
constants

Lund Observatory

Cosmological investigations, using high-redshift QS®p#ibs spectra, of possible variations of the
ne-structure constant | require very accurate laboratory wavelengths for a mfribéresonance tran-
sitions from several different species. Astrophysiieh $@@ now be obtained with such high precision
that the accuracy of available laboratory data is gettragmpmrtant for the analysis and interpretation.
A cosmological change incould be detected as a shift in wavelengths of atomiadrensitthe QSO
systems and to accurately determine the values of ssahiskfisential that the laboratory rest wavelengths
are known with a high accuracy and precision. For this pughbasatory wavelengths and wavenumbers of
UV resonance lines from Mgl, Mg ll, Till, Crll, Mnll, Fe |l anth Il have been measured using the UV
high-resolution Fourier Transform (FT) spectrometer maLrhe high relative accuracy of the wavenum-
bers has been obtained by the use of a composite hollowe tigtitaburce, which enables the spectra of the
different species to be recorded simultaneously andg tmenéhizing the effects from several steps of cali-
bration. Much emphasis has been put on investigationsibi@asvenumber shifts from line structure and
self-absorption as well as pressure shifts and calibifeiitsr The absolute wavenumber accuracy depends
both on the measurement precision of each spectral line #redoalibration accuracy, which is limited by
that of the Ar Il reference lines, by possible pressuseasiifby effects of illumination.
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P1: F-dependent lifetimes in Ni-like ions
1 1 2;3

! Department of Physics, Lund University, Box 118, S-2ai (®waden
2 The Key Laboratory of Applied lon Beam Physics, MimstgtfrE P.R. China
3 Shanghai EBIT Laboratory, Institute of Modern Physind)Rivdrsity, Shanghai, P.R. China

We report on a theoretical investigation of F-dependetimkfs of the rst excite8t®4s D5 hyper-
ne levels of Ni-like ions with nuclear spin. In a Ni-like vaithout nuclear spin th@d®4s 3D 5 level can
only decay to the ground st&8a° 'S, through a magnetic octupole (M3) transition, but in theepies
of a nuclear spin an electric quadrupole (E2) transitioneha induced by the hyper ne interaction with
3d%s 3D, and to some extehD .
Extensive Multicon guration Dirac-Hartree-Fock catmria were performed to calculate the
3d°1s,  3d%s3D; M3 transition element, tHad'° 1S,  3d°4s 3D, E2 transition element and the
hyper ne interaction matrix elements betwdnand3D,. First order perturbation calculations were usec
to calculate the hyper ne induced E2 transition elementhané-dependent lifetimes. For some ions als
the the3d®° 1S,  3d%s D, E2 transition element and the hyper ne interaction mdairents between
3D and!D, were calculated to investigate the importance of inchivitiy, mixing.
Detailed published results [1,2] for Ni-like Xenon is prede Xe consists of 9 different isotopes of whicl
two have a nuclear spin£ 1=2 andl = 3=2) resulting in 5 different lifetimes depending of isotogd-an
value. Trabert et al. [3] used a single exponential t toiexeally determine the lifetime of Bu¥4s 3D
state in Ni-like Xe. It is shown that a single exponentild beutted to the theoretical multi-exponential
decay curve, where each lifetime was weighted accordgastofanatural mixing of isotopes, with good
accuracy. Depending on which interval the single expaveasi tted to, different lifetimes were obtained.

[1] K. Yao, M. Andersson T. Brage, R. Hutton, P. Jonsson aaliYPhys. Rev. Lett@7. 183001 (2006)

[2] K. Yao, M. Andersson T. Brage, R. Hutton, P. Jonsson aaiYPhys. Rev. Lett®8 269903 (2006)

[3] E. Trabert, P. Beiersdorfer, G.V. Brown, K. Boyce, RelleK C.A. Kilbourne, F.S. Porter and A.
Szymkowiakhys. Rev. 78 022508 (2006)

P2: Large-scale multicon guration Dirac-Hartree-Fock lcallations of atomic
properties

Instytut Fizyki, Uniwersytet Jagiellohski, Krakamg Pola

Large-scale multicon guration Dirac-Hartree-Fock (MEDEalculations are commonly done in dis-
tributed, multiprocessor environments, which pushedirthe &n order of magnitude or more, compared to
single-node calculations, and opened new avenues tm @edorate calculations of the atomic properties
The paper will present an application of the MCDHF theorféactlculations of properties of neutral or
nearly neutral heavy atoms. The variational schemesiafievaif electron correlation effects, the leading
correction to the independent-particle-model, will issed in detail. The examples will include calcu
lations of hyper ne structures and transition rates irytsams with one or two electrons outside closet
shells. Experimental data on hyper ne shifts, togetheatvinitiodetermined magnetic and electric elds
permit evaluation of nuclear electromagnetic moments.caltwdations of the magnetic dipole and the
electric quadrupole hyper ne constants of several heaagntd will be presented, together wafitinitio
determined nuclear quadrupole moments of several hesantele

Recent advances in trapping and spectroscopy of singleratkenthem an ideal tool for searching for
violations of discrete symmetries of physical laws imdenérgy sector. Parity and time reversal violatio
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effects in atoms are enhanced by various nuclear and asmmanisms, all of which are highly sensitive
to the the atomic number Z. In recent years several heawy(atomell as molecules) were considered as
candidates for experimental searches. One of them is raldicimis currenty the subject of two experiments.
Calculation of the lifetimes of eight lowest excited statagium will be presented, in connection with
ongoing measurements. The interpretation of these exqsrimll requir@b initiocalculations of atomic
enhancement factors, which are sensitive to the inner oédle electronic wavefunction, similarly to
hyper ne interaction calculations. In the last part ofalkel will present an introduction to the calculations

of the atomic enhancement factors, in particular the gtiteraf permanent electric dipole moments of
elementary particles with an external electric eld,athatomic (or molecular) environment.

P3: Testing the validity of oscillator strengths by the use3b radiative
hydrodynamical simulation of the solar surface. Appliaati for the Gaia space
mission.

Observatoire de la Cote d'Azur

The Gaia satellite and its spectrometer (RVS) on boardligitt enillions of stellar spectra in the near
IR (840-875 nm) during the mission (2011-2017). It wilvalls to get the chemical abundances of millions
of stars up to magnitude 15, which will be an unprecedentguingaof the stellar abundances through
our Galaxy. To achieve this goal we must have the best aje-tttaimic data available. The correctness of
oscillator strengths is often the Achilles heel of chalmicelance analysis of stars. We have therefore decided
to test the validity of log gf of a selection of the most smmtiiron (Fel + Fell) and silicon (Sil) lines for
Gaia/RVS. The method consists in tting computed pro ldainbd from 3D radiative time-dependent
hydrodynamical simulations of the solar surface withghedsolution (R > 500000) spectroscopic data of
the Sun.

The tested log gf were those of the VALD and NIST data bagesaf@duwonclusion is that the laboratory
oscillator strengths agree well (<0.1dex) with valuesddeoim 3D simulations, whereas the semi-empirical
values found in data bases like the Vienna Atomic Line Batabamprecise, with a disagreement that can be
as large as 1dex. We address this conclusion to labda¢meesirage new oscillator strength measurements
in the infrared, especially in the Gaia region.

P4: Infrared atomic oscillator strengths for the study ofdwn dwarfs and extra solar
planets

1 1 2 3
3 4 1

!Blackett Laboratory, Imperial College London, UnitohiKing
2Centre for Astrophysics Research, University of ertimitisthiKingdom
3Lund Observatory, Lund, Sweden
“National Institute of Standards and Technology, USA

The spectral opacity of cool dwarf stars, brown dwarfstemda@ar planets peak in the IR were their
spectra is dominated by neutral atoms and molecules.rdopbystal importance of these Sub Solar Objects
(SSOs) comes from the elds: galactic dynamics (how musksmetised in faint SSO?), star formation (is
there a lower mass limit below which no "stars" form?) aaeseldr planets (what distinguishes an extra-
solar planet from a brown dwarf?). By determining theiafoedtal properties, such as their effective
temperature, metallicity, and surface gravity, the gararaeSSOs can nally be derived, and their position
and status within the HR diagram determined.
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The spectra of SSOs are dominated by molecular absorptiswith relatively molecular spectra free
window regions where atomic spectra are observed. SS€grarare determined by comparing observe
spectra to modelled spectra, but complex molecular spe@xaeedingly dif cult to model to the accuracy
required to determine the SSO classi cation. Instead ematosnic spectra observed in the window regior
to determine SSO parameters. However, observed SSOcgpentibe adequately analysed because t
current IR atomic database completely lacks any osstitatmths for the majority of atoms required for
SSO analysis.

We present our laboratory measurements on speci ¢ at@ifiatarsstrengths using high resolution
Fourier transform spectroscopy to determine accurathibgafractions, which combined with radiative
lifetimes provide oscillator strengths. Our recent ne@asnits of accurate laboratory line wavelengths ar
oscillator strengths for Ti I, and preliminary measureni@ny | will be discussed. The f-values are dete
mined with an uncertainty of 10 to 15% and we report on thécapiph to SSO analysis.

P5: Unidenti ed lines in spectra of two iron overabundant C8tars: are they Fe Il
lines ?
1 2 3

L INAF-Osservatorio Astronomico di Triesté, Dapartment of Physics, University of Lund, Sweden
European Southern Observatory, Santiago, Chile

The analysis of the high-resolution UVES spectra of theRveta® HR 6000 and 46 Aql has revealec
the presence of an impressive number of unidenti ed liosflymoncentrated in the two regions 4404-
4411 A and 5100-5300 A. Almost all the unidenti ed linesh@eame in both stars which both have an iror
abundance of the order of +0.7 dex over the solar value.raimefaas of the two stars are Teff=12850 K,
logg=4.1 and Teff=12750 K, logg=3.8. We show that some wikhewn lines can be identi ed as high-
excitation (lower EP 13 eV) Fe Il and that most of them appaackassi ed lines in laboratory iron spectra.

P6: Measurement of L-shell transition energies in F-likealigh Li-like Bi using
SuperEBIT

1 1 1 1

2 2

lUniversity of California, Lawrence Livermore Nationatbajpd ivermore, CA 94551, USA
2NASA Goddard Space Flight Center, Greenbelt, MD 20771, USA

We have measured the x-ray emission from L-shell transitiBrike Bi LXXV through Li-like Bi
LXXXI. Our results include the identi cation of x-ray titmss in the 2 - 4 keV spectral band. The spectre
were taken at the LLNL SuperEBIT electron beam ion trapaisiyggenic microcalorimeter array devisel
and built at GSFC [1]. The microcalorimeter is a high-résio)energy-dispersive x-ray spectrometer with
resolving power of at 3 keV. The bismuth was injected inesEBIT using a Nd:YAG laser ablation system
[2], which enabled repeated injection in order to maximmezdling of the trap. SuperEBIT was operated
at an electron beam energy of 116 keV. For this experinsamiithions of charge states 74+ through 80+
existed simultaneously. The transitions of our primamesttare the 2s1/2 - 2p3/2 transition near 2800 e\
and the 2p1/2 - 2p3/2 transition near 2500 eV. We will preseaverview of our results.

Work at University of California Lawrence Livermore Natibaboratory was performed under the aus
pices of the U.S. Department of Energy under Contract No108-ENG-48.

[1] F. S. Porter et al., Rev. Sci. Instrum. 75 (2004)

[2] A. M. Niles et al., Rev. Sci. Instrum. 77 (2006)
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P7: Spheromak Spectroscopy for Fusion Research

1 1 2
2 2 2 2
2

'High Energy Density Physics Division, University afi@alifavrence Livermore National Laboratory
2Fusion Energy Program, University of California, Lavwemaerk National Laboratory

EUV plasma spectroscopy is one of the diagnostics usedsaPKespheromak in Livermore. The
spheromak is an alternative concept to the more convetti@mak device in magnetic fusion research. A
spheromak produces short pulses of high-density plasnsatfiarganized toroidal con guration; there are
no external coils required to con ne the plasma equilibfitmsimpler design of the machine offers several
advantages over the tokamak scheme, however, the peghiesoafiak plasmas is more complex. The SSPX
spheromak, in operation since 1999, is the most successfulohieving high temperature plasmas, and a
core thermal diffusivity comparable to that achievedamiak L -mode discharges. The spheromak produces
hydrogen plasmas of densities arouhd dif-3 with peak electron temperatures from 10 eV up to 550 eV,
thus covering a broad range of plasma conditions.

Plasma impurity ions represent a signi cant problem ionfussearch since they effectively cool the
plasma, making it more dif cult to reach fusion ignitiongeratures. By studying the amount and distribu-
tion of these fuel contaminants, care can be taken to narimeiz abundances. Atomic spectroscopy offers
a powerful and reliable diagnostic for investigatingabmplconstituents.

Our diagnostic consists of an EUV grating spectrometea veilith of view overlooking a column at the
mid-plane of the spheromak. It employs a spherical agralthg, covering the spectral region of 25 - 400
A. The recording of spectra is done using a back-illumPladéoimetrics CCD camera.

Several charge states of low-Z elements have been idenltieedlasmas, notably B, C, N and O. Of
the heavier elements, Cu and Ti are found in the machine,iragavariety of charge states. The copper
originates from the walls of the device, and titanium igedppa vapor deposition to the plasma facing
surfaces to getter, or pump, low-Z impurities and to reguaiceden recycling in order to control the plasma
density. The experiment is ongoing; we are planning toiimigethe spheromak metals of interest for fusion
engineering, atomic theory and solar physics.

Work at University of California Lawrence Livermore Nalibaboratory was performed under the aus-
pices of the U.S. Department of Energy under Contract No10S-ENG-48.

P8: The Second Spectrum of Rhenium and other Exotic Speci¢ee Mercury Star
HD 65949

1 2 3

! Department of Astronomy, University of Michigan
2ESO
3 Catholic University of America, MD, and GSFC/NASA

The Hg star HD 65949 was noted for its exceptionally stroegfiHg 11 3984. We identi ed a number
of unusual species at the <= 0.05 signi cance level, amonBéhl, Os I, and Te Il. The Re Il spectrumis
very well identi ed, including a number of unclassi edlikee elaborate on the announcement paper, A&A,
455, L21, stating the case for the marginal identi catamasgiving more details on the Re Il spectrum.
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P9: Oscillator strengths for E1 transitions among Fe Il kg belonging to lowest
three con gurations.

Queen's University Belfast

We present a con guration interaction (Cl) calculatiothi®rne-structure levels of Fe Ill belonging to
3d°, 3d°4s and3d°4p con gurations. All 136 LS states of these three con gnsadi@ considered. Using
Hartree-Fock functions for 1s, 2s, 2p, 3s, 3p and 3d we hweratgd further radial functions for 4s, 4p,
4d, 4f, 5s, 5p, 5d, 5f and 6p orbitals. The 4s and 4p orbimalaken as spectroscopic and remaining
orbitals taken as either correction or correlation arbR&lativistic effects are accounted for through Ma:
correction and Darwin terms in addition to an approximatedbthe two-body spin-orbit interaction term.
Ab initio ne-structure levels are then ne-tuned to brimgnt in line with the available NIST values. We
then calculate the oscillator strengths and transitibalglities for all possible E1 transitions. We preser
the rst full scale CI calculation for all the ne-structieneels of lowest three con gurations of Fe Il which
includes relativistic effects. The results are comp#natievavaiable calculations. While fair agreement |
noticed among various theoretical calculations for $temsifions, large disagreements are found betwe:
present results and those of other calculations fordegstisinsitions.

P10: A Multiplet Table with Transition Rates for Neutral Haim (*He 1)

Department of Physics, University of Windsor, Wind$®B3®4, Canada.
Herzberg Institute of Astrophysics, National ResearcbfGaunada, 5071 West Saanich Road, Victoria, B
VOE 2E7, Canada.

We have combined the precise determination of the enelgyoféde | from calculations and experi-
ments with theoretical transition probabilities to ptesaltiplet tables for the ne structure of the helium
atom. We have included all electric dipole transitiongbdetwvels with n =1 to 10, L = 0 to 7 unless the
wavenumber is less than 1 émThe tabulated transition rates, lifetimes, and oscitaémgths include
singlet-triplet mixing and spin-orbit coupling, but na kigher-order relativistic terms nor the correction:
for nite nuclear mass, though the latter are listed forgfwise. Our calculations should be accurate to abo
0.2%. Comparisons with earlier calculations indicatéitterglifference for S - P and P - D transitions, but
some lines of D - F and F - G have signi cant deviations frohtlkkeupling assumed by previous authors
Our results are consistent with almost all published tiatyolitetimes and oscillator strengths, but very fev
are accurate enough to be stringent tests.

P11: Oscillator Strengths for Ultraviolet Transitions in R and Cu |l

Department of Physics and Astronomy, University dioletel@)H 43606 USA

Analysis of ultraviolet absorption from the dominant iongerstellar clouds provides information on
the mineralogy of the solid material in space and on theesigntii elements in our Galaxy and beyond
For the most part, the spectra are acquired with spectooetihe Hubble Space Telescope and the Fe
Ultraviolet Spectroscopic Explorer. In order to convedrtiount of absorption into an accurate abundance
determinations of oscillator strengths of suf cientlly bigality are needed. We present our most recer
beam-foil measurements in this area. Lifetimes, brafretgitigns, and the resulting oscillator strengths fo
all transitions within the P 1l multiplet at 1154 A are comgbavith available results. The close agreemel
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between our laboratory measurements and theoreticahmaangérical calculations suggests a means for
calibrating fast-beam instruments in the far ultravisédior Cu II, our results on the line at 1358 A provide
further evidence for a short lifetime for the upper statécoést.

This research was supported in part by NASA grants.

P12: IAU Commission 14: Atomic and Molecular Data
1 2

lUniversity of Toledo
2Catholic University of America, NASA-GSFC

P13: Manganese abundances and the importance of good hypmedata.

Lund Observatory

For a project studying stars in the disk of the Milky Way weavi® obtain Mn abundances for our
stars from the stellar spectra. Mn is subject to hyper ittngpdf the lines. Some of these lines are also
very sensitive to collisional broadening. In this posteilhsbow how the abundances we derive depend on
these types of data and also high-light what data is gumessing as well as which data might bene t from
further scrutiny. We end by showing how the applicatiorecdtibmic data allows us to trace the origin of
Mn.

P14: Multicon guration Dirac-Hartree-Fock calculationgor the hyper ne-structure
parameters and the scalar-pseudoscalar interaction eorsif 133Cs.
1;2 1 3

1 VU Institute of Theoretical Physics and Astronomy,uto Ga5ta-01108 Vilnius, Lithuania.
2 Department of Physics, Vilnius Pedagogical Univetsitiy 89, LT-08106 Vilnius, Lithuania.
3 Nature, Environment, Society, Malmo University, S-2G8r06, weden

The observation of static electric dipole moment (EDM) argy+alectron atom (which violates parity
- P and time reversal - T symmetry) may be a very importam segyching for a new physics beyond the
Standard model of elementary particles [1, 2]. One of tnepssible sources of EDM in the paramagnetic
atoms is the scalar pseudosc@laP(S) interaction between the electrons and the nucleus:

o1 X
Hs ps = |p_§GFCS PS P0o(r) (@)
i=1
This interaction mixes parity of atomic states and alscesthie EDM of an atom. In the multicon g-
uration Dirac-Hartree-Fock method [3] atomic state fan¢ASF) with mixed parity:

X
1 IMy) = a( PIMy) + h ( i( P)IMy): (2
i=1
This function M; = J) can be used for the calculation of the EDM operator mameats. EDM
operator £ projection) in the atomic units:

X
D, = HCP (i) )
i=1
Combining experimentally obtained limits of electrideimoment with calculations the limit of scalar-
pseudoscalar interaction constant can be found. Fordlegations we extended GRASP2K [4] package of
the relativistic atomic structure calculations. Due tentiadl values of obtained off-diagonal matrix elements
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the computer algebra package MAPLE 10 for the nal diagatiaii of the full atomic Hamiltonian matrix
were used.

Usinggextended GRASP2K package we calculated magnkticatiptantd,; for the two atomic states
6s; ?S;, and 6p; ?P;—, of 1¥3Cs and the scalar - pseudoscalar interaction constantl(). For the
MCDHF expansions of the even and odd atomic state functonsad several models. As an example v
show the results of the calculations with two models. Irrshenodel the con guration state functions
include all single substitutions and core-valence dabbtéwions with full relaxation. CSFs of the sec-

ond model additionally include core-core substitutions4d, 4f , 5s, 5p, 5d orbitals without relaxation.
Calculated values Af (MHz) are presented in the table.

AGs(l) A6p(1) A65(2) A6p(2) AGS(EXp:) A6p(EXp:)
7 1668 193 1722 296
8 1672 199 1704 199
9 1701 203 1725 200
10 1702 208 1732 206
11 1720 207 1750 205 2292 285

Jjﬁ:):)

[1] J.S.M. Ginges, V.V. Flambaum, Phys. Rep. 397, 63 (2004).
[2] I.B. Khriplovich, Parity Nonconservation in Atomic Phenq@erdon and Breach, Philadelphia,
1991).

[3] I.P. Grant, B.J. McKenzie, P.H. Norrington, D.F. May&'<. Pyper, Comput. Phys. ComiBl,
207 (1980).

[4] P. Jonsson, X. He, C. Froese Fischer, and I.P. Grant €deigys. Comm. accepted (2007).

P15: Energy dependance of Xe ion lines produced by beamifitdraction

Université de Liege, IPNAS B15 B4000 LIEGE BELGIUM

Xe ions are present in some stars and in astrophysicaditimgeplasmas on the ground. Atomic spec
trum of Xe ions induced by the beam-foil interaction hava®earded in the far UV region between 30-120
nm. From the relative intensities of Xe Il to Xe IX lines,appéar in our spectra, we have deduced the rs
experimental charge state distribution of Xe ions at thef ex¢arbon foil target. Our result suggests tha
Xe is two time more easy to ionize that what was predictadtimgerodels. This information is of interest
for a correct modeling of the spectroscopic measurembigfis iamperature plasmas. Moreover, we hav
observed that some strong lines attributed to Xe IX did peaaim our spectra or that their behavior is not

in agreement with the supposed ionization stage. Thistsugée for Xe IX, some problems exist in line
classi cations and/or energy level scheme.

P16: Seeking cosmic lasers with photon-correlation spestopy

Lund Observatory, Box 43, SE-22100 Lund, Sweden

Natural laser emission may be produced whenever raditiv@nimms overpopulate suitable atomic
energy levels. A well-studied case is the extremely lsistardtta Carinae, in particular Fe Il emission line

from its gas ejecta ("Weigelt blobs'), while other sudjgpsiteal laser sources include symbiotic stars such
RR Tel or V1016 Cyg, and hot Be stars in general.
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However, the evidence for laser emission is indirectrg@roges have not yet been spectrally resolved.
Theoretically expected linewidths are on order 50 MHz (<) 1redfuiring spectral resolution around 100
million, far beyond any means of classical spectroscopy.

Such resolutions are feasible with high-speed photelaibonrspectroscopy, analyzing the autocorrela-
tion function of photon arrival times. A 50 MHz wide emisBia say, is self-beating on a timescale equal
to its coherence time (in this example, 20 ns), observabtbascteristic timescale in the autocorrelation
function.

Numerically simulated observations estimate the fratlaser emission within realistic spectral and spa-
tial passbands for Eta Carinae and other sources, and bmmalgre of the expected emission components
may appear in observable statistical functions.

The method is analogous to stellar intensity interferppietreered by Hanbury Brown et al., although
this is temporal (not spatial) 'interferometry'. Alsostgeal-to-noise ratios follow similar relations as in
intensity interferometry: While generally expensivems t&f photon ux, sources of high brightness tem-
perature (such as narrow emission-line componentsjareoaasasure. The method is thus most suitable
for future extremely large telescopes, which thus mag epathl astronomical spectroscopy with resolu-
tions of 100,000,000, and beyond.

P17: The Sulfur electron af nity: a good test case for thebeal isotope shift
calculations
1 1 1 2

1 Chimie quantique et Photophysique, Université LibreetlesBi1 1050 Brussels, Belgium
2 National Institute of Standards and Technology, Gaih&Eb20899-8422, USA

Isotope shifts of atomic lines are of high interest in hgsiop, providing information on isotope dis-
tributions, themselves relevant for testing nucleosintheories and diffusion models. The theoretical
estimation of transition isotope shifts is often dif ciltenewed interest in the calculation of this property
has arisen with the recent claims on a possible variatienrod structure constant on a cosmological time
scale [1]. The theoretical evaluation of isotope shifteairoa af nities is even more challenging [2]. On
the experimental side, the photodetachment microsclopigtecallows to measure the electron af nity with
an extreme accuracy, and a sensitivity high enough tohaleledtron images to be recorded even for the
rarest isotopes [3]. Such experiments have been perforanedam of?S [4] and®*S [5], opening the
possibility of extracting the isotope stittS on the electron af nity.

The theoretical calculation of the latter requires etalwaae functions for estimating the expectation
values of the mass polarization term [2] but the qualityeofvétve functions should be rst assessed by
monitoring the electron af nity itself. Ab initio calcidas of this property from the total energies of the
in nite-mass systems /S are performed, adopting the numerical multicon gur&tartree-Fock (MCHF)
approach using the ATSP2K package [6]. The differentelbtion effects between the negative ion and the
neutral atom are crucial. Various correlation modelslimglun a systematic way valence, core-valence and
core correlation, limiting the core to the n=2 shell anmiitel to describe this delicate balance. The one-
electron orbitals are optimized using a single- and doulbleaference expansion. The valence correlation
result agrees with the non relativistic experimental2a08 eV) within 3%. Getting a reliable theoretical
value by including additional core-valence and coreatiorreéh an all-electron approach is de nitely a hard
task, the models being limited by the available compuligetafor approaching the total energy difference.
Isotope shift¥ 32S on the electron af nity are reported.

[1] J.C. Berengut, V.V. Flambaum and M.G. Kozlov, Phys.ARE¥.(2006) 012504.
[2] M. Godefroid and C. Froese Fischer, Phys. Rev. A 60 (R283Y.
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[3] C. Blondel, C. Delsart, C. Valli, S. Yiou, M.R. Godefradl S. Van Eck, Phys. Rev. A 64 (2001)
052504.

[4] C. Blondel, W. Chaibi, C. Delsart and C. Drag, J. Physt.Bval. Opt. Phys. 39 (2006) 1409.

[5] C. Blondel, private communication.

[6] C. Froese Fischer, G. Tachiev, G. Gaigalas and M.R.r@dd€omput. Phys. Commun. 176 (2007)
559.

P18: Laser Probing Measurements and Calculations of Lifets of thesd 2D 5-, and
5d ?D -, Metastable Levels in Balll

1 2;3 4 2 1
1 5 2;3 3
1 1

!Department of Physics, Stockholm University, AlbaMessity@ienter, SE-10691 Stockholm, Sweden
2Service d'Astrophysique et de Spectroscopie Uhiersitéadleaut, 20 Place du Parc B-7000 Mons,
Belgium
3Institut de Physique Nucléaire, Atomique et de Spe¢tRIS&&) Université de Liége, Sart Tilman, Bat.
B15 B-4000 Liege, Belgium
“4Institute of Solid State Physics, Bulgarian Acad. e$,St@efrmarigradsko Chaussee, BG-1784 So a, Bulg
SDepartment of Physics, Royal Institute of TechnoNgyaAlbaversity Center, SE-10691 Stockholm, Swe:

The lifetimes of the metastabte’D ;—, and5d °Ds-, levels in Ba Il have been measured with a Lasi
Probing Technique [1] at the ion storage ring facility CR@Rbcated in the Manne Siegbahn Laboratory
in Stockholm, Sweden. The lifetime of Hue?D -, level proved to be the longest lifetime ever measure
with this technique utilizing fast ion beams,89:4 1565, and to the best of our knowledge it constitutes
the longest lifetime ever measured in a storage ring. 863 h, level has a lifetime of the order of tens
of seconds which was determined tob82:0 4.6s. These new measurements are supported by our n
pseudo-relativistic Hartree-Fock calculations regsultine 82:0s and = 31:6s respectively.

These lifetimes have been measured previously by sewpsabgt the experimental lifetimes resulting
from the different studies are inconsistent. FA@BdRB ;-, level, the measurements of Schneider and Wert
[2] and of Yu et al. [3] differ by a factor of four and, forsthéDs-, level, the results of Plumelle et al. [4]
are larger than those of Nagourney et al. [5] and of Madgjgdtgl about 50%. The value of thé 2D 3,
lifetime presented in this study shows good agreemenbthittiné experimental result of Yu et al. [3] and
also with several calculated values [7,8,9]. The medstirae bf thebd ?Ds-, level is also in agreement
with several previous measurements [4,5,6] and catsUj4tt7,8,9].

[1] Mannervik S., Phys. Sarl05, 67-75 (2003).

[2] Schneider R., Werth G., Z. Phys283, 103 (1979).

[3] Yu N., Nagourney W., Dehmelt H., Phys. Rev. L&8.4898 (1997).

[4] Plumelle F., Desaintfuscien M., Duchene J.L., Audgi®@@. Commun.34, 71 (1980).

[5] Nagourney W., Sandberg J., Dehmelt H., Phys. Rev56e2797 (1986).

[6] Madej A.A., Sankey J.D., Phys. Red1A2621 (1990).

[7] Dzuba V.A., Flambaum V.V,, Ginges J.S.M., Phys. R&%, 362101 (2001).

[8] Gopakumar G., Merlitz H., Chaudhuri R.K., Das B.P., Mettea U.S., Mukherjee D., Phys. Rev. A
66, 032505 (2002).

[9] Guet C., Johnson W.R., Phys. Revi4A1531 (1991).
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P19: Atomic data for infrared lines in cool stars
1 1 2 1

! Lund Observatory
2 Dept. of Astronomy & Space Physics, Uppsala University

For present and upcoming astronomical studies using fnaegdi{NIR) high-resolution spectrome-
ters, there is a need for experimental wavelengths ahegf-iradetailed abundance analyses using high-
resolution instruments the accuracy of the atomic dasa isnglortant. The present status of atomic data
in the NIR is scarce, but by using the new Fourier Transfaotr&meter (FTS), presently being installed
at Lund Observatory, we will be able to improve the situ@epending on the atomic structure of speci ¢
elements, resonance lines and high excitation lineswaasodtR transitions. Various lines are expected to
be observed in stellar spectra, and we discuss in gemerabtergf-values for these can be measured. We
present theoretical stellar spectra with atomic linesexkpebe observed in spectra of cool stars, along with
laboratory recordings.

P20: VUV oscillator strengths for iron lines of astrophyalamportance

1 1 1 1 2 3
3

! Lund Observatory, Lund University
2 Synchrotron Radiation, Lund University
3 Kemisk Institut, Copenhagen University

In spectroscopic studies of astrophysical objects momjsoatant tracer, and its high cosmic abundance
and complex atomic structure result in many spectraltores often used as a probe of metal abundance in
distant objects, such as quasars and AGNs. Many starsudae habte temperatures of about 10 000 K, and
for this temperature the favoured ionization stage igisinigled iron, Fe+, whose spectrum is denoted Fell.
The lines of Fell are thus of great importance in analysas@irgl nebulae not only to derive abundances,
but also for diagnostics of the plasma conditions andtideriebphysical properties such as temperature,
electron density and radiation eld. The Fell lines frongtbend state are also important tracers of the
interstellar medium (ISM), in which absorption from ongntéry lowest states are observed.

Some Fell lines have previously been measure by Lawlpris §ktisconsin [Wiese, L.M. et al., ApJ
569, 1032 (2002)] using the same technique. We present a firojedte transition probabilities for speci ¢
4s-5p lines at VUV wavelengths in Fell, important for margpagsical applications, e.g. in objects where
uorescence is working and stars observed in the FUSE fHg®will be done by combining absorption
measurements of a Fell HC discharge illuminated by sypamadiation.
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P21: The FERRUM project: Experimental and Theoretical Teaton Rates of
Forbidden [Scll] Lines and Radiative Lifetimes of Metastalscll levels

1 2 2 2 3
4 2 5 2

1Lund Observatory, Lund University, Sweden
2Department of Physics, Stockholm University, AlbaMersityJ@ienter, Sweden
3Department of Applied Mathematics and TheoreticallPley§iasent's University of Belfast, NI
4Department of Physics, Lund Institute of Technologwedied,
>Physics Department, Royal Institute of TechnologyaAlbalesity Center, Sweden

In many plasmas, long lived metastable levels are praepofyulated by collisions. In low-density
regions, however, radiative decays through forbiddsiticrachannels will be more important and can be
observed. If the atomic transition data is known, thesali@éndicators of physical plasma conditions an
can be used for abundance determination [2]. Transitibalphties can be derived by combining relative
intensities between the decay channels, so called lydrasttions (BFs), and the radiative lifetime of the
common upper level [2]. We use this approach for forbiddBhliigs along with new calculations.

Neither BFs for forbidden lines nor lifetimes of metad&ldés are easily measured in the laborator
Therefore, astrophysical BFs measured in Space Telesgppg (STIS) spectra of the strontium lament
of Eta Carinae are combined with lifetime measuremergsausiser probing technique [3,4] on a stored
ion beam at the CRYRING [5] facility in Stockholm, Swedersé fifetimes are used to derive the absolut
transition probabilities (A-values). New theoretigaditran probabilities and lifetimes are calculated usin
the CIV3 code.

We report experimental lifetimes for the Scll I8dI3P,.1.» with lifetimesl:28 0:13s,1:42 0:22s
andl:15 0:03s respectively and transition probabilities for linesfrese levels down to the ground state
3d4s a®D. New calculations for these forbidden [Scll] lines andstabla lifetimes are also presented.

[1] Johansson S. et al., Physica Schipp@@), 71 (2002).

[2] Hartman H., Johansson S., Lundberg H., Lundin P., Mai&. and Schef P., Physica Scripta,
T119, 40 (2005).

[3] Mannervik S., Phys. Sadr105, 67-75 (2003).

[4] Mannervik S., Ellmann A., Lundin P,, Norlin L.-O., R¢spoD., Royen P., Schef P,, Phys. BLt9,
49-54 (2005).

[5] Manne Siegbahn Laboratory homepage at http://wwsemsi.

P22: A comparative analysis of transition probabilities le¢-peak elements for a new
release of VALD

4 1,2 3 4 2
2

“Department of Astronomy and Space Physics, Uppsija Bowgts, SE-751 20 Uppsala, Sweden
linstitute of Astronomy, Russian Academy of ScieristsyRy48n119017 Moscow, Russia
2Institute for Astronomy, University of Vienna, Tlrkestselsaa 17, 1180 Vienna, Austria
3Institute of Spectroscopy, Russian Academy of i60¢a@sitgk, Moscow region, Russia

We carried out a comparative analysis of recent atomur detgpeak elements (mainly Ti, Cr and Fe) for
a new release of the Vienna Atomic Line Database (VALDv@ddtie were compared with those availabls
in VALD-2 and were checked using high-resolution high 8lidrstpectra. The observations include shary
lined normal stars (21 Peg, HD 73666), a mild Am star (Siend)the zero-rotation extremely Cr and
Fe-rich peculiar star HD 133792. The observed spectrure tdttar star allowed to compare theoretica
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transition probability calculations based on the ortlabgperator technique and the Cowan code for Cr II
and Fe Il lines in a wide range of lower level excitationeengtg 11 eV) in the optical and near-IR region
(3100 — 90000 A).

In general, the agreement between the new experimesitibtrggrobablities and those currently avail-
able in VALD-2 is fairly good, which supports the validitiyeotellar abundance data derived with VALD-2
atomic parameters. But we found that for a few importantafidiFe Il lines in the visible spectral region
the new transition probabilities do not correspond to tbeeduaccuracy. New wavelengths for Ti Il lines
improved signi cantly the t to the observations.

In a series of recent works on experimental f-values foit &&gsl shown that theoretical calculations
based on the orthogonal operator technique agree muchwiibttee experimental data than the Cowan
code calculations and hence are to be preferred formtelisarssopy. On the other hand, our analysis of the
Ap star HD 133792 spectrum clearly demonstrated that tieegaite a number of high-excitation Cr 1l and
Fe Il lines which are tted resonably well using the trangtobabilities calculated with the Cowan code.

P23: VALD

1 1 2 3 1 4

2 2

!Department of Astronomy and Space Physics, Uppsiia Bmigis, SE-751 20 Uppsala, Sweden
2|nstitute for Astronomy, University of Vienna, Tirkesselsaa 17, 1180 Vienna, Austria
3Institute of Spectroscopy, Russian Academy of Sxi60¢a@spitsk, Moscow region, Russia
4Max-Planck-Institute for Astrophysics, Karl-SchislaBasdhi85741 Garching, Germany
SGRAAL, CNRS, UMR 5024, Université Montpellier 11, 3409tpblber Cedex 5, France
SInstitute of Astronomy, Russian Academy of ScieritsésyRy48n119017 Moscow, Russia

’School of Physics & Astronomy, University of St Andiewapuior St Andrews KY16 9SS, Scotland

VALD is a collection of atomic transition parameters ambsiugg extraction software. VALD services
are available via e-mail (VALD-EMS) and a web interfaderedifkinds of requests are useful for several
needs like abundance analyses, radial velocity meatsy@riea identi cation. Since 1994, the early days
of VALD, the database was constantly improved and the @l&#d_D-3 - incorporating, e.g., molecular
data and new line lists - is in preparation. With meanwluleg 200 requests per day, VALD has developed
to a much appreciated tool.

P24: Electric dipole transitions among low lying levels of I/

Queen's University Belfast

Oscillator strengths and transition probabilities falegllowed and intercombination transitions among
the levels of Fe IV belonging3a’, 3d*4s and3d*4p con gurations are calculated using a con guration in-
teraction approach. To account for the important cooelaffects, two electron promotions are allowed
from 3p®3d° to all4l and5I® withI;1° 2 orbitals, for all 108 LS terms. After calculating LS esevile
these con gurations we delete those whose eigenveatphstaee less than 0.001. With this reduced set we
further adde®s3p®3d®, 3p®3d’, 3s3p®3d°4s, 3p°3d®4s con gurations for the even levels 8s8p°3d°4p,
3p®3d®4p con gurations for the odd levels to account for correfatinmlving th&s subshell. Relativistic
effects are then included through (a) the mass corredtiddaanin terms and (b) a one-body operator
approximating the spin-orbit and spin-other-orbit teriniiseoBreit-Pauli Hamiltonian. The calculated LSJ
ne-structure energies are then ne-tuned to bring themliné with the measured values. This process
effects a re nement of the CI mixing coef cients: this iomapt for the calculation of oscillator strengths.
Results will be presented at the conference.
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P25: Time-resolved spectroscopy of low-pressure disadgmrg

Lund Observatory, Lund University, Box 43, SE-221 00 LWiiders

An important part of the understanding of processes ircthigywof the electrodes in low-pressure plasm:
discharges, e.g. uorescent tubes, is to establish tike nelportance of the possible excitation/ionizatior
channels. There are several observations supportingathtbatia substantial part is due to multi-step
processes. lonization of vaporized alkali-metal erpétaessis likely to be an important mechanism fol
recapturing, and hence reducing the mass-loss durinthtegzhase of an AC-discharge. Quasi-resonal
energy transfer between excited and/or ionized spdwesfse believed to be of signi cant importance fol
understanding the factors determining the loss-ratettd@ramaterial, and for the proper overall understand
ing of the behavior of the plasma.

One way to experimentally establish the excitationfioniz@echanisms is to explore the different time-
scales of spontaneous decay, collisions and diffusemaltive realized by a time-resolved recording of tt
optical and electrical signals after switching off the-plidged electrical excitation.

A setup consisting of a computer-controlled pulse syethasvide-band power ampli er, a 1m Czerny-
Turner grating spectrometer, equipped with a gated CGatdehas been constructed for this purpose. Th
wavelength resolved output is sampled synchronouslyengtbdtrical parameters and stored for subseque
analysis.

This work is performed in cooperation with Auralight ABsadpported by the Swedish Energy Agency

P26: Calculations of Zeeman Splittings, Hyper ne Strucies, Isotope Shifts, and
Oscillator Strengths using the grasp2K Relativistic Atan$tructure Package
1 2 2

! Nature, Environment, Society, Malmo University, Sweden
2 Department of Physics, Lund University, Sweden

We report large scale calculations of spectroscopitipsaperh as energies, Zeeman splittings, hyper r
structures, isotope shifts, and oscillator strength8dredi systems using the grasp2K relativistic atom
structure package. Different aspects of the computatibrassaccuracy and time consumption are discuss
Future perspectives on massive relativistic calcubhtemge portions of atomic spectra are given.

P27: Multireference relativistic con guration interactin calculations of lifetime of
28°2p 2P3-, State in AFL3

Department of Computer Science, Pedagogical Urakeénsitip&land

Fine structure separations and M1 and E2 transition plitibatior the lowes$P doublet of Boron-like
Argon have been calculated using multireference tedatiwisguration interaction method based on the
no-pair Dirac-Coulomb-Breit Hamiltonian. Analytic basts of Gaussian-type functions are employed 1
expand the upper and lower components of the Dirac foarsinthe matrix Dirac-Fock self-consistent
eld and relativistic MR CI procedures. QED correctiong wstimated by means hydrogenic and screen
self energy model. Obtained result 9.572ms is in well agteeith the latest experimental value of A.
Lapierre et al.: 9.573 ms(PRL 95, 183001 (2005))
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P28: Predicted wavelengths of intercombination transit®in neutral boron and
iIsoelectronic ions

National Institute of Standards and Technology, 100ByeE8422, Gaithersburg, MD 20899, USA

In 1969, Edlén et al. Jolar Phys9, 432] made an isoelectronic extrapolation of tFH2pZ&;, —
2s2p “Ps-, interval based on the existing data for the sequence QuiitiHfov. Since then, a number of
experimental observations for Ne VI through Si X basicallyned these predictions. However, no inter-
combination transitions have been observed in neutraldwofar. Here, we combined the new experimental
data with recent extensive theoretical calculations borthelike sequence to re ne these predictions by
isoelectronic interpolation/extrapolation of differgetween experimental and theoretical wavenumbers.
It turned out that the probable location of thé2ps?Ps-, — 252 “Ps-, transition in neutral boron is at
28643.1 1.8 cm?, whichis 223 cm! below the value of Edlén et al.

P29: New Linelists for Fe | - VI

Smithsonian Astrophysical Observatory

| am computing atomic line lists for generating stellaitigsamodel atmospheres, and predicted spectra,
and for interpreting observed spectra using my own vasmoegrams that | got from Robert Cowan. |
compute the whole E1, M1, and E2 transition arrays for caatigns up through n = 9 or higher. Hartree-
Fock starting guesses are used for the Slater-paranagteioexqf the Hamiltonians. Slater integrals are
adjusted by least squares tting the calculated eigenteathe observed energies. Once the least squares
ts have converged, all the eigenvectors and eigenvalces\puted. The eigenvalues are replaced by the
observed energies. The LS transition array is computeddantie-FocK transition integrals. Finally the
LS transition array is transformed to the observed cousinggthe eigenvector matrices. Here are numbers
that indicate the scope of the calculations.
cong levels El lines
eve odd eve odd good wl total
Fel 61 50 18655 18850 93508 6029023
Fell 46 39 19771 19652 85362 7615097
Felll 49 41 19720 19820 33982 9770250
FelV 61 54 13767 14211 8408 14617228
FeV 61 61 6560 7526 11417 7785320
FeVl 61 61 2094 2496 3535 1386203
The calculations are compared with other calculationsthridbveratory measurements. Comparisons
are given with Iron Project calculations and with all th& Nd®piled data for allowed and forbidden lines,
and with other data.
| attempt to collect all other work from the literature amanaking the working line lists for interpret-
ing spectra, | try to incorporate the best data availalleludlé data for measured isotopic and hyper ne
splittings.
On my web site, http://kurucz.harvard.edu/atoms, aregosmplete line lists, reduced linelists with
only good wavelengths. energies, compositions, A-sun@§,d4ande’ g, lifetimes, branching fractions,
partition functions, and programs for reading and refongahe data.
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P30: Fe VIII through Fe XVI Emission in the 170 - 250 A Range

1 2 1 3

1 Space Sciences Laboratory, University of Califorhig, BArKeSA
2 Lawrence Livermore National Laboratory, Livermore ACA, US
3 National Institute For Fusion Science, Toki, Gifu, Japan

The solar spectrum is dominated by emission lines fromeaatiete charge states of iron (Fe VIII - Fe
XVI). This region is currently being observed in high tesoln the 180-204 A and 250-290 A range by
the EUV Imaging SpectrometeHinode (Astro-Bind in the 90-270 A range by tBesmic Hot Interstellar
Plasma Spectrometer (CHIC&rect interpretation of these spectra relies on cemplgiaccurate plasma
emission models, which are largely based on the CHIANBBdatalo test this, we have performed a seri
of laboratory measurements of the 3-3 emission from Mr@h&bns with the Lawrence Livermore electron
beam ion trap facility and the Large Helical Device at therdhtnstitute for Fusion Science.

The EBIT measurements were made at a density of abbatrl® and covered the range 170-250 A,
while the LHD measurements were made at a density of aboatil®and covered the range 190-250 A.
This allowed us to test density-sensitive line ratios dofi & their high-density limits (abovelf@m 3).
With a few exceptions, we found excellent agreement witNJHpredictions in both line position and
intensity. We found some weak emission lines in both EBIIHD&pectra, which we tentatively attribute
to Fe XV, that are vanishingly small to nonexistant in CHIANGomparison with thEHIPSspectrum of
the sun is presented and the salient features are identi ed.

This work was supported in part by grant NNX07AH98G from N&sS®olar and Heliospheric Physics
Supporting Research and Technology Program. Work at UC-wiall performed under the auspices of
DOE under contract W-7405-ENG-48.

P31: SpectroWeb: An Online Astrophysical Spectral Databas

Royal Observatory of Belgium

SpectroWeb is an online maintained interactive graphiedlage of digital spectral atlases of spectt
standard stars at http://spectra.freeshell.org . Itfici@ntand user-friendly research tool for accurate ana
yses of stellar spectra observed with large spectrabnesotiuding the solar spectrum. The web-interface
displays observed and theoretical stellar spectra, gndhesively provides detailed atomic and molect
lar line information via user interaction. It integratesative spectrum visualization tools for the analysi
management, and maintenance of large volumes of spectdanti cation, -transition, and -property data.
SpectroWeb 1.0 currently offers optical (3300-6800 A) aumalized high-resolution spectra of Betelgeus
(M2), Arcturus (K1), The Sun (G2), Beta Agr (GO), Procyon, @%d Canopus (F0). The provided line
identi cations are based on state of the art spectrumsgrthakeulations that utilize atomic data from pub-
licly available resources, such as the VALD databaseoV#g®ds under permanent development as at
online repository of identi ed (absorption) lines in spkstandard reference stars, covering a broad range
stellar spectral types.
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P32: Experimental radiative lifetimes of highly excitecagts in Zr |.

1 1 2. 4 4 5
'3
6 6 6

institute of Solid State Physics, Bulgarian Acad. @, S¢ermrigradsko Chaussee, 1784 So a, Bulgaria
2Faculty of Physics, Universidad Complutense de Matfritlie2Bl, Spain
SCIEMAT, Avda. Complutense 22, 28040 Madrid, Spain
4Department of Atomic, Molecular and Nuclear PhysiGqlimilutense de Madrid, E-28040 Madrid, Spain
SLund Observatory, P. O. Box 43, SE-221 00, Sweden
®Department of Physics, Lund Institute of Technology P18, B-221 00 Lund, Sweden

The determination of the abundance of zirconium in starsptmces and in the solar photosphere re-
quires a large number of accurately known radiative éi$etind transition probabilities. In this poster we
present radiative lifetimes of 17 highly excited stataslobZwhich 14 are reported for the rst time.
The measurements were made using the time-resolvettlass-iuorescence technique with single step
excitation of atoms produced by laser ablation.

P33: Emission Spectra of Free Lanthanide lons. Interpratatof
Nd IV, V and Tm IV.

1 1 2 2 3
4

! Laboratoire Aimé Cotton, CNRS (UPR3321), Bat. 505, UisihBRdr 91405-Orsay, FrahcERMA
(UMR 8112 du CNRS), Observatoire de Paris-Meudon, 92iaMeance ; Université Pierre et Marie
Curie-Paris 8 Atomic Physics Division, NIST, Gaithersburg, 20899 MD Gi@at worker, Université Pierre
et Marie Curie-Paris 6, 75005-Paris, France

Spectra of weakly charged free lanthanide ions are oftgreat.i The modelling of stellar atmospheres in
chemically peculiar stars needs better knowledge ofdhsptttra, whereas the trivalent ions embedded in
compounds have applications for lasers, for phosphaedighting industry and for quantum information
optical devices. Finally, the most recent advances iedng o 4fN con gurations need experimental level
energies for test of the effective parameters descnibgugatoon interactions [1]. A major part of free ion
IV spectra were missing in the unique critical compilatatable [2].

Our interpretation of the Nd IV spectrum is based on sligiagksspectra recorded on the 10 meter
normal incidence vuv spectrograph at the Meudon obsgrvdimh supplemented spectrograms recorded
at NBS (1980). The initial classi cation [3], i.e. 37 lewktee ground con guration #terived from 550
transitions #£4f25d, is now extended to include : 1) the missing upper t&msd?F of 4f, 2) the para-
metric study of all known levels using Cowan's codes[#E tultl parity, 108 levels of-44f6p+534f* are
described by 23 free parameters with a rms deviation 91larthe even parity, 119 levels of5¢f+4£6s
(70817 - 137456 cnt) lead to a rms deviation 37 ch provided that the core excited con guration
5p°4f35d is added to the basis set.

Concerning the Tm IV spectrum, all the spectrograms wel@gpdghed at Meudon in the 700-2300
A region. More than 750 lines are now classi ed as Tm IVtioassbetween 10 levels of the ground
con guration 412, 157 levels of 4¥5d, 33 levels of #f6p and 9 levels of 46s. Similar to the case of Nd
IV, the 5F4f15d-5p4f125d interaction has a signi cant quenching effect [5] onaleellated 4f-4f115d
transition probabilities [6].

In parallel with the 1V spectra, a breakthrough in the amaly§d V was achieved and all levels%f 4f
4f5d, 4f6s and 4f6p (except 4%) in Nd V have been derived from Meudon and NBS experimetdal da
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P34: Dirac-Fock + core polarization' calculations of E1 traitions in francium
iIsoelectronic sequence

Chair of Computer Science and Computer Methods, Pédlagersita of Cracow, 30-084 Krakow, Poland

Some E1 transitions in francium isoelectronic sequernmergreted in 'Dirac-Fock + core polarization’
approximation where core-valence electron correlatieatex in semiclassical 'core polarization' picture
The obtained ionization energies and oscillator streargtissted versus very accurate many body pert
bation treatment (MBPT) theoretical results publisheatigas well as versus experimental data availak
The role of core-valence correlation (core polarizatioajafully studied for both ionization energies an
oscillator strengths along spectral series and isnelesgiquence. Profound anomalies in oscillator streng
ne structure components for principal series of neudraditrm are predicted and await experimental cor
rmation.

P35: Atomic Oscillator Strengths in the Vacuum Ultraviolet

National Institute of Standards and Technology, Gath&tEb

Transitions in singly-ionized and doubly-ionized irongrelements give rise to prominent emissior
lines from a wide variety of astrophysical objects. Mahgsef lines have been identi ed and analyzed L
Sveneric Johansson and his co-workers and are impogaostiia of astrophysical plasmas. The databa
of experimental oscillator strengths of Fe Il has alsoready gxtended by the FERRUM project, which
includes measurements made at Lund University, at InGpelegle, London and other institutes around the
world. However, few experimental oscillator strengthsgaikable in the region below 1600 A, where man
levels that give rise to emission lines at longer waveleagghtheir dominant decays.

The established way to measure accurate oscillatohstfengtomic lines combines the measuremer
of a lifetime of an upper energy level with a separate meaduréthe branching fractions of all the lines
emitted from that level. This technique relies on beingt@tlleserve all the spectral lines emitted by
the upper level, which range down to Lgr below for many uorescence lines. Methods of measurir
branching fractions using Fourier transform spectroseoliyited to wavelengths above about 1400 A an
cannot observe all the spectral lines required.

We have developed techniques to measure branchingdracti@vacuum ultraviolet using our 10.7-
m normal incidence grating spectrograph. For this we usghphamage plates as replacements for th
photographic plates previously used on this instrumeagelplates are sensitive to wavelengths from tl
X-ray region to 2200 A, and have a linear intensity respithsedynamic range of at least*1@We have
recorded spectra of iron-neon hollow cathode and Pensah@udjes, using a deuterium standard lamp fc
radiometric calibration. We will present the rst measem&srof oscillator strengths using this technique
in the region below Ly- These measurements include experimental oscillaigthstief a set of unusual
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doublet-sextet transitions in Fe Il, studied in a 1995 bgplhansson et al. (ApJ 446, 361), that appear in
many astrophysical objects. We are also investigatinglsnatradiometric calibration below 1150 A using
hollow cathode standard lamps. This will enable us to mé&asnching ratios down to 800 A or below — a
region with many resonance lines of doubly-ionized spedtcaitical for the analysis of data from the Far
Ultraviolet Spectroscopic Explorer.

This work is partially funded by NASA under the inter-agagmegement W-10,255.

P36: Breit-Pauli Oscillator Strengths for Transitions amg the Fine-Structure Levels

of Cl |
1 1
!Department of Applied Mathematics and Physics, Th&Guersity of Belfast, Belfast BT7 1NN, N.
Ireland, UK

We have undertaken an extensive calculation to obtaircilfearsstrengths for all optically allowed
and intercombination E1 transitions in Cl | between thestneeture levels of the odd-parity con gurations
3g3p°, 3p*(*D)4p, 3p*(°P)np(4 n  5)and the even-parity con guratid@s3?, 3p*(°P; 1D; 1S)ns(4
n 5), 3p*®P)6s, 3p*(°P; 1D)3d, 3p*(3P)4d, within the Breit-Pauli approximation, using the method of
con guration interaction (Cl) enveloped in the generatiatstructure code CIV3 [1,2]. The Cl wavefunc-
tions have been constructed from a common orthogonal wenof-three one-electron functions (OEFs),
which have been carefully selected to ensure th&-thependency of the orbitals and all important corre-
lation effects have been accurately representedL8r-tmeipling regime, the con guration state functions
(CSFs) included in the atomic wavefunction expansionshtanmeed from all single and double electron
replacements to the OEFs for each symmetry from the drbiteset of dominant con guratioBs’3p°,
3s3f8, 3¢3p*nl. At thelLSJ stage we retain only those CSFs with eigenvector compor@ae05in
magnitude. We then make a furtadrhoece nement to the calculation, whereby the diagonal Hamato
matrix elements are adjusted so that the theoretical @iffergyces coincide with the relevant experimental
values. We observe excellent agreement in the lengthoaitg faeins of the oscillator strengths, demon-
strating a marked improvement over previous theoretidabyv®jha and Hibbert (1990) [3] and Singh
et al. (2006) [4]. The present results also conform with the nyagdrine experimental data. Alternative
energy level classi cations to NIST [5] are proposed fanheanwof heavily mixetl = 5=2 andJ = 3=2
levels based on our calculations, which are supportedelpehienental measurements of Scheatiren
[6] for the 1088 1097 transitions, where we have reduced an inconsisten@niéeeey and experiment

by obtaining qualitative agreement with the relativeggtseaf the lines(f. Table 1).
Comparison of our length form oscillator strengtfa the lines at 1088 1097 1095with other avail-

able theoretical and experimental work. The lower letel wéansitions Bs3p° ?PZ.,.

This Work B2 montet al.[7] Ojha and Hibbert [3]

()  Upperlevel f, Upper level fi Upper level fi Expt. [6]
1097 (®P)5s%Ps; 0.0022 (°P)3d °Fs-, 0.0122(°P)3d?Ds-, 0.0423 0.0088
1088 (3P)3d2Ds-, 0.0567 (°P)3d2Ds-, 0.0688 (°P)3d?Fs-, 0.0159 0.081
1095 (3P)3d2Fs., 0.0322 (°P)5s%Ps-,  0.0011

[1] Hibbert A 1975Comput. Phys. Comm@ri41l

[2] Glass R and Hibbert A 19T mput. Phys. Comm6.19

[3] Ojha P C and Hibbert A 199Bhysica Scripta 424

[4] Singh N, Jha A K S and Mohan M 20B6r.Phys.J.B8 285

[5] NIST Atomic Spectra Database [Online] http://physisisgov/asd3 [2007, May 15]
[6] Schectman R M, Federman S R, Beideck D J and Ellis D GApJ486 735

[7] Bemont E, Gebarowski R and Zeippen C J 188#on. Astroph287 290
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P37: Inband Conversion Ef ciency of Tin Based Laser Prodddelasmas for Extreme
Ultraviolet Lithography at 13.5 nm

School of Physics, University College Dublin, Bel khd9 Drédand.

The choice of wavelength for extreme ultraviolet lithogiaased on the availability of Mo/Si multi-
layer mirrors with 70% re ectivity in a 2% band at 13.5 nm. A tin-based laselupenl plasma source has
been proposed, sincé4g’ 4p°4d"*t + 4d' 4f + 40" 15p atomic transitions from adjacent Sn ions over-
lap to generate a broad unresolved transition array (UthA)wmerous strong lines superimposed within
the required bandwidth. Because of opacity effects tle q@nd extent of this UTA is extremely sensitive tc
tin content in the target . The effect of target composititih,varying percentages of Sn present in the tat
get and the laser pulse illumination conditions weregtxjpperimentally using 15 ns FWHM Q-switched
Nd:YAG laser pulses. It was found that a conversion ey{€Ey of 3% was attainable using targets
containing 5% of Sn by number, while for pure tin targetsCEeould be improved by some 70% using
subnanosecond pulse heating of an existing laser prddsoeal Comparisons were made between atom
and plasma theory and experimental results to explainlibesations. Acknowledgement: This work wa
supported by Science Foundation Ireland under Invesstgyatd 02/IN.1/199.

P38: The effects of low-lying excited states on 4d photoapson of La and Ce ions

School of Physics, University College Dublin, Bel id9 Drédand.

The photoabsorption spectrum of Xe-lik& land Cé" and I-like L4" and Ce5+ have been obtained in
the extreme ultraviolet (EUV) spectral region with thdakexiplasma (DLP) technique [1]. Photoexcitatior
from the 4d-subshell is the dominant process in the 80-1@Dexgy range. Strong discrete structure
corresponding to 4d np, mf (n>6, m>4) transitions alreadyi ied by Koble et a.l [2] in 1?4 appeared at
lower laser power densities, but with increasing lasée distrete features were suppressed and replacet
broad features in the energy regions of the 4d-5p and 4asifitms. This behaviour can be attributed to the
presence of absorption from excited states containingpogesh 4f subshells inYaand the onset of similar
behaviour in L'd . In Ce, where 4f wavefunction contraction effects arg¢etkpebe more signi cant [3],
the effects of excited state absorption are even morenoexhand no strong discrete lines were observe
though the spectrum contained evidence of regions ofluedlestoucture. The transitions responsible fol
these features were identi ed with the aid of Hartree-RtdtkCwon guration Interaction calculations using
the Cowan suite of codes [4].

Acknowledgement: This work was supported by Science timum@dand under Investigator Grant
02/IN.1/199.

[1]J. T. Costello, E.T. Kennedy, J. P. Mosnier, P. K. CamallG. O'Sullivan. Phys. Scr. T34, 77 (1991)

[2] U. Kbble, L. Kiernan, J. T. Costello, J.-P. Mosnier, Eefnedy, V. K. lvanov, V. A. Kupchenko and
M. S. Shendrik. Phys. Rev. Lett. 74, 2188. (1995)

[3] G. O'Sullivan, P. K. Carroll, P. Dunne, R. Faulkner, CAQdmness and N. Murphy J. Phys. B: At.
Molec. Opt. Phys. 32, 1983 (1999)

[3] R. D. Cowan The Theory of Atomic Structure and Spectrkd€Bg, CA: Univ. California Press
1981)
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P39: Successes and Shortcomings of Modeling Spectra forgtaks

UCO/Lick Obs. and Astrophysical Advances

We show the degree to which we are able to match high-oesspeittra observed for stars of a wide range
of temperature and metallicity, using theoretical dabdnigldased on Castelli model atmospheres, Kurucz
codes, and laboratory line parameters adjusted and aatytogmovide best ts across this range. These
1D, LTE spectral calculations generally provide a verynrgaiot, suitable for high-resolution abundance
analysis except for the strongest-lined stars.

Successes:

Abundances of heavy elements can be more reliably dduudesitd improvements in laboratory gf-
values and better appreciation of blends. This can now édaloh stars and for giants of near-solar
metallicity, as well as for extremely metal-poor gianksdh the heavy elements are enhanced.

The integrated-light spectra of globular clusters arkadatell throughout the visible, and at low reso-
lution in the near-UV.

Shortcomings:

Blends due to unidenti ed lines become formidable in theoUstdrs of one-third solar metallicity and
higher, and in the 4000A — 4500A region for solar-metalfjcnts. The latter is partly due to the rapid
growth of hydrides such as SiH.

SiH line strengths are reasonably well predicted but §t@ps are in error by 0.5A or more.

Excited lines of CH, NH, and OH have gf-values dating fror@Qlsevhich dramatically overpredict line
strengths at high J values.

P40: Atomic Oscillator Strengths for all Stages of lonizatiof Chlorine

National Institute of Standards and Technology, Gaigh&Eb20899, USA

We are compiling new tables of critically evaluated atamsdion probabilities for chlorine and its ions.
These tables provide data of interest for astronomicéll &slaleoratory plasmas and represent a substantial
improvement in both quantity and quality over the earletldtion [1] published almost four decades ago.
Forbidden transitions are also being compiled. We ususdigler transitions for which experimental energies
are known for both the lower and upper level. Therefore erbiawe to compile experimental energy levels
as well as wavelengths. Here we want to describe thecevalaagdure and outline some problems in
the compilation process. In our work, we begin with coasmeof all published results. Then we limit
our considerations, by means of general assessmeat toriteferences with the most accurate results. In
general, we list transitions with line strengths havingagsd uncertainties within 50little experimental data
are known for chlorine. Only a few of these are from emigpienneents performed with wall-stabilized arcs,
which produce the most reliable transition probabilitlesrefore, we mainly rely on theoretical values. We
select results of recent sophisticated multicon guradionlations that include spin-orbit effects and other
relativistic corrections. Supported in part by the Of ¢ausion Energy Sciences of the U. S. Department of
Energy.

References [1] W. L. Wiese, M. W. Smith, and B. M. Miles, "ftdnansition Probabilities - Vol. I,
Sodium through Calcium,”" NSRDS-NBS 22, U.S. Govt. Pririhge, Washington, D. C. (1969).
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P41: The Spectrum of Singly lonized Potassium, K I
1 2 2 2

L NIST, Gaithersburg, MD 20899, USA
2 Dept. of Physics, Lund University, Box 118, SE-221 00nepheh S

We investigated the spectrum of singly ionized potassil fiegions 495-612 A and 1247-2150 A
using 10.7-m and 3-m normal-incidence vacuum ultravpsetregraphs. More than 120 new K Il lines
were identi ed. The previous work [1,2] on this spectrumevased and extended. In addition to the already
known 38 ground state and 3@d, 4s, 4p, and 4d con gurations, all levels of tRéf3md 5f con gurations
as well as the levels of@jbased on the 33P;-, core state have now been located. Several new level
3p°3d were also located, bringing this con guration to coimplef uni ed list of 238 classi ed lines was
compiled. The observed con gurations were theoretitailgreted by means of Hartree-Fock calculation
and least-squares ts of the energy parameters to theobseels. The ionization limit was determined
from the 3pnf 1.5[4.5} (n=4-6) series as 255072185 cm ! (31.6250 0.0002 eV). Our results have now
been published in Physica Scripta [3].

[1] de Bruin T L 1926 Z. Phys38 94

[2] Bowen | S 1928 Phys. R&1 497

[3] Pettersen K, Ekberg J O, Martinson |, and Reader J 2087 $iry5 702

Work at NIST supported by the Of ce of Fusion Energy Sciefitkes U. S. Dept. of Energy

P42: Extension of the Analysis of the Pt IIl Spectrum.

Institute of Spectroscopy Russian Academy of SknkEsdoov Region, Russia

The observation of the spectra of chemically peculia€btdrgp and Kappa Cnc from the Goddard
High Resolution Spectrograph (GHRS) on board of the HubplaleeSelescope (HST) have resulted in the
rst identi cation of the 11 Pt Il lines in any stellar spaot [1]. Spectrum of Chi Lup recorded in the
region 1249 - 2688 A is so reach of Pt Ill lines that transitwan from highly lying know levels of the
5d’6s are present [2]. Space observations of unprecedeamnacyaailable from HST require laboratory
and theoretical data of a similar quality. The third spedafyplatinum has been newly investigated by usin
the low voltage triggered and sliding spark dischargess&fm normal incidence spectrograph. The
number of classi ed lines for Pt 11l in the region 72.5 -2ht&vas increased to 1007, 231 of them are new
Previous analysis of the{3bd 6s) - 5d6p transitions [3] was generally con rmed and néa<5bd6s6p
transitions are identi ed leading to 54 new levels of tt&s6d con guration. The observed con gurations
were theoretically interpreted by means of Hartree-FodW@DF calculations and least-squares t of the
parameters to the observed levels in the framework ohthgooid! parameter technique. From a compariso
with observed lifetimes in the second and third spectra &fdth elements scaled theoretical transitior
probabilities have been calculated.

[1] Wahlgren, G.M., Leckrone, D.S., Johansson, S.G.,igodheand Brage, T., Astrophys.J., 444, 438
(1995).

[2] Brandt, J.C. et.al., Astron.J., 117, 1505 (1999).

[3] Ryabtsev, A.N., Wyart, J.-F, Joshi, Y.N., Raasseh,ahnd Uylings, P.H.M., Physica Scripta, 47,45
(1993).



Abstracts for posters 53

P43: Spectral properties of atomic systems under exteriadima
1;2 3 2

! Max Planck Institute for the Physics of Complex SysteEms@@resarfyindian Association for the
Cultivation of Science, Kolkata, |hditomic Physics Group, GSI, Darmstadt, Germany

Effect of plasma on the structural properties of hydrogenetiom like atomic systems have been in-
vestigated. Particular emphasis has been given forgsthdyoehavior of oscillator strengths and transition
probabilities under weakly as well as strongly couplath@asironment. The plasma atom interaction
modi es the potential energy function of a free atomiasystd the atomic energy levels and other tran-
sition properties are evaluated under this altered pbfanttion. Speci cally, Debye screening model has
been used for weakly coupled plasma and lon Sphere (IS)srobdsén for the strong coupling case. Time
dependent linear response theory under an external ltap@adarbation has been adopted for estimating
the atomic transition properties. Systematic behaviscitbhtor strengths and transition probabilities under
different plasma coupling strength is noted. Consisteatiihg of ionization potential with respect to in-
creased plasma coupling strength in noted for all sysheohstend towards gradual instability. The spectral
line positions of several ions have been found to be in geechagt with available data obtained from laser
produced plasma experiment.

P44: Improved Laboratory Transition Probabilities for Neétal Chromium and
Re-determination of the Chromium Abundance for the Sun antrée Stars
1,2 3 2

!European Organisation for Astronomical Research inghe$emisphere, Karl-Schwarzschild-Strasse 2,
D-85748 Garching bei Minchen
2Department of Astronomy and McDonald ObservatorytyUnfiiessas, Austin, TX 78712
3Department of Physics, University of Wisconsin, Ma&i3a0on|

Branching fraction measurements from Fourier transfeaotriam conjunction with published radiative
lifetimes are used to determine transition probabibti@68 lines of neutral chromium. These laboratory
values are employed to derive a new photospheric abunddheesun: log(Crl) =5.64 0.01( =
0:07). These Cr | solar abundances do not exhibit any trendswigitrength nor with excitation energy and
there were no obvious indications of departures from LEAdItion, oscillator strengths for singly-ionized
chromium recently reported by the FERRUM Project are usdetdomine: log(Cr II) =5.77 0.03
( = 0:13). Transition probability data are also applied to therap#dhree stars: HD 75732 (metal-rich
dwarf), HD 140283 (metal-poor subgiant), and CS 22892+0Bfa(-poor giant). In all of the selected stars,
Cr lis found to be underabundant with respect to Cr Il. Theiplescauses for this abundance discrepancy
and apparent ionization imbalance are discussed.

P45: Stark Broadening of High-n Rydberg Transitions

Weizmann Institute of Science, Rehovot 76100, Israel

Calculations of line shapes of highly-excited Rydberg atmmons are important for various topics of
plasma physics and astrophysics. Transitions involying btates are used for diagnostics of laboratory
plasmas, e.g., in tokamak [1] and z-pinch [2] experimewtsir@nsitions are observed in the solar spectrum
[3] and in the spectra of remote stars [4]. However, theeétack of the radiative transitions originating
from high-n levels of hydrogen or hydrogen-like spectespte®, making the detailed calculations of their
spectral structure rather cumbersome. Even for wegblgecplasmas, a discrepancy between different
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theoretical results is apparent [5]. Here, we suggesteaanalgtical method for the calculation of such line
shapes. Accurate computer simulations [6] are usedytoheevidlidity of the method. Examples presentec
cover both low- and high-density plasma conditions.

[1]. B. L. Welch, H. R. Griem, J. Terry, C. Kurz, B. LaBomb&dl.ipschultz, E. Marmar, and G.
McCracken, Phys. Plasmas 2, 4246 (1995).

[2]. K. L. Wong, P. T. Springer, J. H. Hammer, C. A. Iglesiak, Bsterheld, M. E. Foord, H. C. Bruns,
and J. A. Emig, Phys. Rev. Lett. 80, 2334 (1998).

[3]. U. Feldman, Phys. Scripta 24, 681 (1981).

[4]. R. D. Bengtson and G. R. Chester, Ap. J. 178, 565 (1972).

[5]. E. Stambulchik, S. Alexiou, H. R. Griem, and P. C. KeBblgs. Rev. E 75, 016401 (2007).

[6]. E. Stambulchik and Y. Maron, J. Quant. Spectrosc. tR&diasf., 99 (1-3), 730 (2006).

P46: Time-resolved observation of Xe ions in an electronrbean trap
1;2 2 2 2

1 Ruhr-Universitat Bochum, D-44780 Bochum, Germany
2 UC Lawrence Livermore National Laboratory, Livermo#s3DAL9.S.A.

Nickellike ions have a metastable level (3d9 4s 3D3) thgsdeclusively by a magnetic octupole (M3
transition. We recently have measured the lifetime oé¥kisn isotopically pure Ni-like Xe ions and have
shown how hyper ne interaction modi es the lifetime by mgixvith a level that has an E2 decay channel
We now demonstrate how this long-lived level enablesstepliienization of Ni-like ions at much lower
energies than the usual single-step ionization limit.-résoé/ed and energy-varying observations of >
XXVII (Ni-like) and Xe XXVIII (Co-like) in an electron beawn trap indicate the notable in uence of the
metastable level on the charge balance in a plasma.

E. T. acknowledges support by the German Research Ass{iG). Work at UC LLNL was per-
formed under the auspices of DoE under Contract No. W-745+&

P47: Electric-Dipole Forbidden Transition Rates in Fe XII &asured at the
Heidelberg Heavy-lon Storage Ring TSR
12 3 3 3 4

! Ruhr-Universitat Bochum, D-44780 Bochum, Germany
2 UC Lawrence Livermore National Laboratory, Livermo#s3DAL9.S.A.
3 Max-Planck-Institut fir Kernphysik, D-69117 Heidellmergay
4 Mullard Space Science Laboratory, Holmbury St. Mang,Sunkey, U.K., and DAMTP, Cambridge
University, Cambridge, U. K.

Edlén's 1942 identi cation of prominent corona lines wiglstac-dipole forbidden transitions in the
ground con gurations of highly charged ions forced a tewoia the concepts of the solar environment.
Such lines have since been observed in a wide varietpbyasimbobjects. For many observations it woul
be useful to know the transition probability of the E1-ddedm transitions, be they magnetic dipole (M1),
electric quadrupole (E2), magnetic quadrupole (M2), oihayleer multipole order transitions, in order to
interpret emission and absorption features and to quietignvironmental parameters of the emitter or
absorber plasma. Fe X and Fe XIV are particularly intrigegagse of their single, bright corona lines. Th
transition probabilities in these two cases have beenidetetro better than 1heavy-ion storage ring TSF
and at the electron beam ion traps at Livermore and Heglelber

In coronal Fe ions with a more complex structure, a variglyfofrbidden transitions with wavelengths
in the UV, far UV, or VUV connect levels in the ground con gaona(3p), and there also are a few 3d levels
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that can decay only by higher-order multipole radiatigh,wavelengths in the IR, UV, or EUV. All of
these levels have typical level lifetimes of a few or misgconids, whereas levels with E1 decay branches
have lifetimes in the picosecond to nanosecond rangeseBdwmail, E2, and M2 transition rates are
comparable to the collision rates in the solar coronac dimecratios (relative level populations) can be
evaluated as density or temperature diagnostic tools.

The lifetimes of the ground con guration 3p levels of Fea&ii lbeen measured at TSR by observing the
level decays in the far UV, and the results have been aigdligrmeasurements on Co XIlll. In Fe XIlI, the
long-lived 3d levels have dominant E2 decay branchesElh\theavelength range) to the displaced terms,
thereby affecting the line ratios of the latter levelsinigtayround. The density-sensitive line ratios thus
range in wavelength from about 20 nm to about 357 nm.

Fe XII (P-like) has been particularly dif cult to analyztherbasis of EUV spectra of the solar corona.
However, after combining available spectral data witkghksrof calculations (by Biémont, Del Zanna,
Storey, and others), we have been able to undertake dgptione measurements at TSR, so that now exper-
imental lifetimes of all of the long-lived n=3 levels of IFer&hvailable for collisional-radiative modeling.

E. T. acknowledges support by the German Research Ass{oiaG). Work at UC LLNL was per-
formed under the auspices of DoE under Contract No. W-74Q5+&

P48: Searching for the-process in cool, luminous stars: A vital role for laborayor
astrophysics
1;2;3 4 5 5

1Catholic University of America
2NASA - GSFE@NIST Guest Researcher
“National Institute for Standards and Technology
SLund Observatory

We report on progress in determining the chemical coropasitnassive, cool supergiant photospheres
for the purpose of investigating whether nuclear by-psddum relatively recent nucleosynthesis have been
brought up to the photosphere by convective processegol#ed emassive stars, the post iron-group ele-
ments (Z = 30 - 42) are theorized to be created by slow neajitareqthe weadcprocess) in their interiors.

For cool stars the infrared spectral region offers the$ehbkigher stellar ux and a number of observ-
ing windows where the absorption from molecular spe@dséed relative to that at optical wavelengths.
However, the oscillator strengths needed for spectrysisaglR wavelengths carry high uncertainties and
for many atoms and rst ions of interest no oscillator skrelaga exists. Our initial work has therefore been
focused on identifying atomic transitions at infraredleveytbs that are useful for stellar abundance work
and gathering accurate atomic data for these transiti@isut{ér task includes the measurement of oscillator
strengths, and represents a vital role for laboratophgsios in this project.

We use high-resolution optical and infrared spectra ofabsv®, cool star Betelgeus@rionis) as a
primary target for line identi cation and synthetic spettmodeling. Abundances have been determined
for a number of heavy elements, and our results illumimapgdhlems with the atomic data that must
be overcome before we are able to derive chemical abunithritesaccuracy required for a meaningful
comparison with theoretical predictions fesprocess nucleosynthesis.

One element of immediate interest is selenium, and we havedhbaboratory spectra of Se hollow-
cathode lamps from 4000 A to 1.4 using the NIST 2m FTS. Additional data will be collectenhb&000
A and above 1.2m to allow us to update wavelengths and energy levels amingebeanching fractions
for transitions in Se | and Se Il. The branching fractiohisexdbmbined with atomic lifetimes to be recorded
at the Lund Laser Center to determine oscillator strengiivet of astrophysical importance.
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P49: Precise Oscillator Strengths for Hydrogen, Helium,dahithium

National Institute of Standards and Technology, Gaigh&tabyland 20899 USA

We have completed a new tabulation of oscillator streagthsafge number of transitions of H, He,
and Li. This compilation supersedes the NBS/NIST tabulaitit066[1] and provides substantial improve-
ments in the quantity as well as quality of the criticallyat@d material. Most of the tabulated data are the
results of two extensive very high precision calculd&mmnseutral helium and singly-ionized lithium, we
have tabulated the results of sophisticated variatitlmughtoans by Drake.[2,3] Drake applied his compu-
tational approach to more than 2400 transitions of He | amat &00 transitions of helium-like Li Il. For
Li 11, his calculations are non-relativistic, but for Heelirttludes some relativistic effects. We estimate th
the remaining higher order corrections and nite nucless teams produce only very small changes, abo
0.2% or less, so that for many practical purposes, hstossiliength data can be considered as essentic
exact. The other major set of transitions for this tabwuktcfully relativistically calculated hydrogen data b
Baker.[4] These are for the rst four digits usually id&nith the earlier NIST tabulation of non-relativistic
values.[1] For Li |, we tabulated the results from seveaaicad, but smaller calculations. When there i
overlap, the results agree normally within 0.1%. The ardpteoxns to this table of precision data are a fev
very weak transitions, where large differences among &atfwrs occur, up to factors of two.

[1] W. L. Wiese, M. W. Smith, and B. M. Glennon, Atomic TraositProbabilities - Hydrogen through
Neon, Vol. I, NSRDS-NBS 4 (1966).

[2] G. W. F. Drake, Springer Handbook of Atomic, Molecula©gtical Physics, edited by G. W. F.
Drake, Part B/11, 199-219, Springer Science + Business MediNew York, NY (2006).

[3] G. W. F. Drake and D. C. Morton, Astrophys. J., Suppl. I54), 251 (2007).

[4] J. Baker, to be published.
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