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ECAMP IX

6-11" May 2007, Heraklion, Crete

Conference Programme

Sunday 6/5

Welcome Reception 20:30-21:30

Monday 7/5

Opening 08:45-09:00

Plenary session Chair: Lars Andersen

1. PRECZISION MASS MEASUREMENT: ®¢yciotron IS NOT gB/m, DOES
[E)z\rlr:g E Pritchard 09:00-10:00

Coffee Break 10:00-10:30

Parallel Sessions

la: Coherent control Chair: Gustav Gerber

la-1 QUANTUM CONTROL OF CHEMICAL REACTIONS AND FUNCTIONS
Leticia Gonzélez (Invited) 10:30-11:00

la-2 QUANTUM AND MIXED QUANTUM/CLASSICAL APPROACHES TO
THE CONTROL OF ULTRAFAST MOLECULAR WAVE PACKET
INTERFERENCES
Christoph Meier (Invited) 11:00-11:30

1a-3 DRESSED STATE TAILORING WITH ULTRASHORT LIGHT PULSES
Matthias Wollenhaupt (Invited) 11:30-12:00

la-4 COHERENTLY CONTROLLED ADIABATIC PASSAGE TO
MULTICHANNEL CONTINUUM STRUCTURE
loannis Thanopulos and Moshe Shapiro (Oral) 12:00-12:15



la-5 NEW WAY TO INDUCE AND CONTROL ELEMENTARY CHEMICAL

TRANSFORMATIONS ON A GAS-SOLID INTERPHASE BY MEANS OF

RESONANT LASER RADIATION

V. V. Petrunin (Oral) 12:15-12:30
1b: Clusters Chair: Wolfgang Ernst
1b-1 PROPERTIES OF CLUSTER IONS PROBED BY MASS

SPECTROMETRY, LASER SPECTROMETRY, ELECTRON

DIFFRACTION AND QUANTUM CHEMISTRY

M. M. Kappes, O. Hampe, M. Neumaier, D. Schooss, A. Lechtken, M. Kordel,

P. Weis, E. Oger, O. Ehrler, K. Matheis, C. Rensing and A. Gldss (Invited)

10:30-11:15

1b-2 NEAR-INRARED SPECTROSCOPY ON C60 ANIONS

J.U. Andersen (Invited) 11:15-11:45
1b-3 MOLECULAR DYNAMICS FOR FISSION PROCESSES

O.1. Obolensky, A. Lyalin, I1.LA. Solov’yov, A. Yakubovich, E. Henriques,

A.V. Solov’yov, W. Greiner (Invited) 11:45-12:15
1b-4 FEMTOSECOND OPTICAL SPECTROSCOPY OF A SINGLE METAL

NANOPARTICLE

Natalia Del Fatti, Otto Muskens, and Fabrice Valée (Invited) 12:15-12:45
Lunch 12:30-15:00
Parallel Sessions
2a: Attosecond Physics Chair: George Tsakiris
2a-1 ATTOSECOND PHYSICS

Ferenc Krausz (Invited) 15:00-15:45
2a-2 THE OTHER HALF OF THE STORY: ATTOSECOND TIME-RESOLVED

ELECTRON DYNAMIC

Marc Vrakking (Invited) 15:45-16:15
2a-3 ATTOSECOND METROLOGY IN THE SINGLE-CYCLE REGIME

G. Sansone, E. Benedetti, F. Calegari, C. Vozzi, S. Stagira, S. De Silvestri, M.

Nisoli, L. Avaldi, R. Flammini, L. Poletto, P. Villoresi, C. Altucci, R. Velotta

(Invited) 16:15-16:45
2a-4 AUTOCORRELATION MEASUREMENT OF ATTOSECOND PULSES

BY XUV TWO-PHOTON PROCESS
Yasuo Nabekawa, Toshihiko Shimizu, Hirokazu Hasegawa, and Katsumi
Midorikawa (Invited) 16:45-17:15



2b: Cold atoms and molecules Chair: Wolfgang von Klitzing

2b-1 NOVEL INTERACTIONS IN QUANTUM GASES
Tilman Pfau (Invited) 15:00-15:30

2b-2 QUANTUM DEGENERATE GASES OF METASTABLE HELIUM-3 AND
HELIUM-4 ATOMS
Wim Vassen (Invited) 15:30-16:00
2b-3 SCATTERING LENGTH OF SPIN-POLARIZED HELIUM
Bogumit Jeziorski (Invited) 16:00-16:30

2b-4 SIGNATURES OF EFIMOV’S EFFECT IN ULTRACOLD GASES

Thorsten Kohler (Invited) 16:30-17:00
Coffee Break & Poster Session 17:00-20:00
Tuesday 8/5
Plenary session Chair: Andrey Solov’yov
2. SWEETNESS AND LIGHT: FROM GLUCOSE TO GLYCOBIOLOGY
John P. Simons 9:00-10:00
Coffee Break 10:00-10:30

Parallel Sessions

3a: Biophysics Chair: Frederik Merkt

3a-1 CONICAL INTERSECTIONS AND PHOTOSTABILITY OF THE
BUILDING BLOCKS OF LIFE
Wolfgang Domcke and Andrzej L. Sobolewski (Invited) 10:30-11:15

3a-2 PROBING THE SECONDARY STRUCTURES OF SHORT PEPTIDE
CHAINS IN THE GAS PHASE: IR / UV DOUBLE RESONANCE STUDIES
E Gloaguen, F. Pagliarulo, F. Piuzzi, V. Brenner, I. Dimicoli and M. Mons
(Invited) 11:15-11:45

3a-3 IR AND UV SPECTROSCOPY OF COLD, BIOMOLECULAR IONS
Thomas R. Rizzo (Invited) 11:45-12:15

3a-4 ON MAGNETORECEPTION MECHANISMS IN BIRDS



llia A. Solov'yov, Danielle Chandler, Klaus Schulten and Walter Greiner
(Oral) 12:15-12:30

3b: Cavity QED, Quantum information Chair: Fernande Vedel

3b-1 OPTICAL CAVITY QED

Gerhard Rempe (Invited) 10:30-11:00
3b-2 SINGLE PHOTONS FROM STRONGLY COUPLED ATOM-CAVITY

SYSTEMS

Axel Kuhn (Invited) 11:00-11:30
3b-3 QED THEORY OF HEAVY IONS AND ATOMS

V.M. Shabaev (Invited) 11:30-12:00
3b-4 INDIVIDUAL ADDRESSING AND ERROR RESISTANT SINGLE QUBIT

GATES WITH TRAPPED Yb IONS

A. Braun, V. Elman, M. Johanning, W. Neuhauser, N. Timoney, C. WeiB,

Chr. Wunderlich (Oral) 12:00-12:15
3b-5 A SCHEME FOR CAVITY COOLING OF INTERNAL AND EXTERNAL

DEGREES OF FREEDOM OF MOLECULES

P.W.H. Pinkse, G. Morigi, M. Kowalewski, R. de Vivie-Riedle (Oral)

12:15-12:30

Lunch 12:30-15:00
Parallel Sessions
4a: Electron collisions Chair: Reinhold Schuch
4a-1 ANION RESONANCES, THRESHOLD PHENOMENA, AND CHEMICAL

CHANGE REVEALED BY ELECTRON-SCATTERING

Michael Allan, Bogdan C. Ibanescu and Olivier May (Invited)  15:00-15:30
4a -2 THEOR)( OF ELECTRON COLLISIONS WITH POLAR MOLECULES

Roman Curik and David Field (Invited) 15:30-16:00
4a-3 SYNTHESIS OF AMINO ACIDS BY LOW-ENERGY ELECTRONS IN

MOLECULAR ICES

A. Lafosse, M. Bertin, I. Martin, E. lllenberger, and R. Azria (Invited)

16:00-16:30

4a-4 STRUCTURAL ASPECTS OF THE RADIOLYSIS OF PROTEINS AND

PEPTIDES: THE EXAMPLE OF DISULFIDE BONDS
Chantal Houée-Levin (Invited) 16:30-17:00



4b: Rydberg and cold plasmas Chair: Uwe Becker

4b-1 RYDBERG EXCITATION AND PLASMA FORMATION IN AN
ULTRACOLD ATOMIC ENVIRONMENT
Jan M. Rost (Invited) 15:00-15:30

4b-2  DIPOLE BLOCKADE IN HIGH-RESOLUTION LASER EXCITATION OF
RYDBERG STATES
Pierre Pillet (Invited) 15:30-16:00

4b-3 COHERENT PHENOMENA IN ULTACOLD RYDBERG GASES
Matthias Weidemdller (Invited) 16:00-16:30

4b-4 ZEEMAN DECELERATION OF NEUTRAL GROUND STATE ATOMS
S. D. Hogan, N. Vanhaecke, M. Andrist, U. Meier, D. Sprecher, B. H. Meier
and F. Merkt (Oral) 16:30-16:45

4b-5 MESOSCOPIC PHYSICS WITH ULTRACOLD ATOMS: FROM
CONFINED SCATTERING TO RYDBERG ATOMS IN MAGNETIC

TRAPS

P. Schmelcher (Oral) 16:45-17:00
Coffee Break & Poster Session 17:00-20:00
Wednesday 9/5
Plenary session Chair: Hartmut Hotop
3. THE OPTICAL FREQUENCY COMB - A REMARKABLE TOOL WITH

MANY USES

John L. Hall 09:00-10:00
Coffee Break 10:00-10:30
Plenary session Chair: Hartmut Hotop

4. QUANTUM INFORMATION PROCESSING WITH TRAPPED CA" IONS -
MULTI-PARTICLE ENTANGLEMENT AND QUANTUM METROLOGY -

Rainer Blatt 10:30-11.30
ECAMP assembly 11:30-12:30
Lunch 12:30-15:00

Poster Session 20:00-22:00



Thursday 10/5

Plenary session Chair: Christophe Blondel

5. COLD QUANTUM GASES: WHEN ATOMIC PHYSICS MEETS
CONDENSED MATTER
Jean Dalibard 09:00-10:00

Coffee Break 10:00-10:30

Parallel Sessions

5a: Alignment and polarization Chair: Gerard Meijer

5a-1 CONTROLLING THE ROTATIONAL MOTION OF ASYMMETRIC TOP
MOLECULES BY LASER PULSES
Henrik Stapelfeldt (Invited) 10:30-11:15

5a-2 NEW METHODS FOR THE PRODUCTION AND DETECTION OF SPIN-
POLARIZED HYDROGEN
T. Peter Rakitzis (Invited) 11:15-11:45

5a-3 KINEMATICALLY COMPLETE STUDY OF DISSOCIATIVE
IONIZATION OF D, BY ION IMPACT
G. Laurent, J. Fernandez, S. Legendre, M. Tarisien, L. Adoui, A. Cassimi, X.
Fléchard, F. Frémont, B. Gervais, E. Giglio, J. P. Grandin, and F. Martin

(Invited) 11:45-12:15
5a-4 LASER INDUCED MOLECULAR ALIGNMENT OF ETHYLENE

A. Rouzée, S. Guérin, B. Lavorel, and O. Faucher (Oral) 12:15-12:30
5b: Quantum information Chair: Krystof Pachucki

5b-1 QUANTUM COMMUNICATION IN OPTICAL NETWORKS
Nicolas Gisin (Invited) 10:30-11:15

5b-2 LARGE HOT ATOMIC GASSES AS IDEAL QUANTUM SYSTEMS FOR
QUANTUM INFORMATION
Klaus Mglmer (Invited) 11:15-11:45

5b-3 QUANTUM TELEPORTATION BETWEEN LIGHT AND MATTER
J. F. Sherson, H. Krauter, R. K. Olsson, B. Julsgaard, K. Hammerer, J.I. Cirac,
and E.S. Polzik (Invited) 11:45-12:15

5b-4 COLLECTIVE EXCITATIONS AND INSTABILITY OF AN OPTICAL
LATTICE DUE TO UNBALANCED PUMPING
P. Domokos, J. K. Asbéth, H. Ritsch (Oral) 12:15-12:30
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Lunch

12:30-15:00

Parallel Sessions

6a: Fundamental physics Chair: Eva Lindroth

6a-1

6a-2

6a-3

6a-4

REALIZATION AND APPLICATION OF FREQUENCY COMBS
Thomas Udem, Akira Ozawa, Christoph Gohle, Jens Rauschenberger, Ronald

Holzwarth, Maximilian Herrmann, Elisabeth Peters, Birgitta Bernhardt, and
Theodor W. Hénsch (Invited) 15:00-15:30

MEASURING THE ELECTRON’S ELECTRIC DIPOLE MOMENT WITH
HEAVY, POLAR MOLECULES.

J.J. Hudson, D. Kara, H.T. Ashworth, M.R. Tarbutt, B.E. Sauer, E.A. Hinds

(Invited) 15:30-16:00

ON A VARIATION OF THE PROTON-ELECTRON MASS RATIO
W. Ubachs (Invited) 16:00-16:30

MATTER-ANTIMATTER CHEMISTRY WITH ANTIPROTONS
E. Lodi Rizzini, L. Venturelli, N. Zurlo (Invited) 16:30-17:00

6b: Molecular spectroscopy Chair: Fernando Martin

6b-1

6b-2

6b-3

6b-4

6b-5

AB INITIO QUANTUM DEFECT THEORY: FROM X-RAY EXCITATION
TO MILLIMETER WAVE SPECTROSCOPY
R. Gueérout, H. Oueslati, Ch. Jungen and M. Telmini (Invited) 15:00-15:30

INTERSTELLAR POLYCYCLIC AROMATIC HYDROCARBONS: FROM
SPACE TO THE LABORATORY
C. Joblin (Invited) 15:30-16:00

BIOMOLECULES STUDIED BY HIGH RESOLUTION LASER
SPECTROSCOPY: STATE OF THE ART
W. Leo Meerts (Invited) 16:00-16:30

VACUUM ULTRAVIOLET PHOTODISSOCIATION IMAGING OF HeH"
USING INTENSE FREE ELECTRON LASER PULSES

H. B. Pedersen, S. Altevogt, B. Jordon-Thaden, O. Heber, M. L. Rappaport, D.
Schwalm, J. Ullrich, D. Zajfman, R. Treusch, N, Guerassimova, M. Matrtins,
J.-T Hoeft, M. Wellhofer and A. Wolf (Oral) 16:30-16:45

SINGLE PHOTON-INDUCED SYMMETRY BREAKING OF H
DISSOCIATION

F. Martin, J. Fernandez, T. Havermeier, L. Foucar, Th. Weber, K. Kreidi, M.
Schoffler, L. Schmidt, T. Jahnke, O. Jagutzki, A. Czasch, E. P. Benis, T.

11



Osipov, A. L. Landers, A. Belkacem, M. H. Prior, H. Schmidt-Bocking, C. L.

Cocke, R. Dorner (Oral) 16:45-17:00
Coffee Break & Poster Session 17:00-19:00
Conference Dinner 19:30
Friday 11/5
Plenary session Chair: Ken Taylor
6. FEW-PHOTON MULTIPLE IONIZATION OF ATOMS BY INTENSE FEL

RADIATION

R. Moshammer, L. Foucar, A. Rudenko, Th. Ergler, C.D. Schréter, K. Zrost,

S. Ludemann, D. Fischer, J. Tietze, T. Jahnke, M. Schoffler, T. Weber, R.

Dorner, T. Zouros, A. Dorn,T. Ferger, K.U. Kihnel, R. Treusch, P. Radcliff,

E. PI6njes, Y.H. Jiang, and J. Ullrich 09:00-10:00
Coffee Break 10:00-10:30

Parallel Sessions

7a: Few-body dynamics

Chair: Horst Schmidt Bocking

7a-1 COINCIDENCE STUDIES OF PHOTOIONIZATION PROCESSES

P. Bolognesi and L. Avaldi (Invited) 10:30-11:00
7a-2 DOUBLE PHOTOIONIZATION OF SMALL MOLECULES AND

RELATED PHENOMENA

A. Belkacem (Invited) 11:00-11:30
7a-3 UNRAVELING MODE-SPECIFIC REACTIVITY BY PRODUCT PAIR -

CORRELATION MEASUREMENTS

Kopin Liu (Invited) 11:30-12:00
7a-4 EFFECT OF THE GEOMETRIC PHASE ON CHEMICAL REACTION

DYNAMICS

Stuart C. Althorpe (Invited) 12:00-12:30
7b: Cold atoms and molecules Chair: Jaques Vigue
7b-1 EVIDENCE FOR EFIMOV QUANTUM STATES IN EXPERIMENTS

WITH ULTRACOLD CESIUM GASES

Hans-Christoph Négerl (Invited) 10:30-11:00
7b-2 DECELERATION AND TRAPPING OF NEUTRAL POLAR MOLECULES

12



Sebastiaan Y.T. van de Meerakker (Invited) 11:00-11:30

7b-3 TRAPPING RYDBERG ATOMS AND MOLECULES USING ELECTRIC

FIELDS

E. Vliegen and F. Merkt (Invited) 11:30-12:00
7b-4 MANY-BODY DYNAMICS OF REPULSIVELY BOUND PAIRS OF

PARTICLES IN A PERIODIC POTENTIAL

David Petrosyan, Bernd Schmidt, James R. Anglin, and Michael Fleischhauer

(Oral) 12:00-12:15
7b-5 CREATION OF AN ULTRACOLD MIXTURE OF FERMIONIC LITHIUM

AND POTASSIUM

F.M. Spiegelhalder, E. Wille, G. Kerner, D. Naik, A. Trenkwalder, C. Aiello,

R. Chulia Jordan, G. Hendl, F. Schreck and R. Grimm (Oral) 12:15-12:30
Lunch 12:30-14:00
Parallel Sessions
8a: Hot Topics Chair: Ninolay Kabachnik
8a-1 ATTOSECOND IONIZATION DYNAMICS

P. Johnsson, J. Mauritsson, T. Remetter, K. J. Schaferand A. L'Huillier

14:00-14:20

8a-2 A FEMTOSECOND IMAGING STOPWATCH FOR THE BOND

BREAKAGE OF A POLYATOMIC MOLECULE

R. de Nalda, J.G. Izquierdo, J. Duré, L. Bafares 14:20-14:40
8a-3 VISUALIZING AND CONTROLING ULTRAFAST WAVE-PACKET

INTERFERENCE IN DIATOMIC MOLECULES

Hiroyuki Katsuki, Hisashi Chiba, Kenji Ohmori, Christoph Meier, and

Bertrand Girard 14:40-15:00
8a-4 MAPPING THE VIBRATION OF FAST MOLECULES WITH

ULTRASHORT LASER PULSES

C R Calvert, J McKenna, D S Murphy, W A Bryan, E M L English, J Wood, |

C E Turcu, J F McCann, W R Newell and I D Williams 15:00-15:20
8a-5 FEMTOSECOND LASER INDUCED FUSION OF GAS PHASE

FULLERENES

K.Hansen, M.Kjellberg, A.V.Bulgakov, E.E.B.Campbell 15:20-15:40
8a-6 BEYOND MEAN FIELD: USING LASER PULSES TO PROBE PAIR

CORRELATIONS IN CONDENSATES
J. Mur-Petit, P. Naidon, E. Luc-Koenig, and F. Masnou-Seeuws 15:40-16:00

13



8b: Hot Topics Chair: Christian Bordas

8b-1

8b-2

8b-3

8b-4

8b-5

8b-6

ELECTRON SPIN RELAXATION IN ALKALI SAMPLES ON THE

SURFACE OF HELIUM NANODROPLETS

Johann Nagl, Gerald Aubdck, Carlo Callegari, and Wolfgang E. Ernst
14:00-14:20

RESONANCES IN TRANSITION METAL COMPLEXES BY TDDFT
CALCULATIONS
P. Decleva, G. Fronzoni and M. Stener 14:20-14:40

NON-METALLIC BEHAVIOR OF C¢ ELECTRON SHELL
M. Ya. Amusia and A. S. Baltenkov 14:40-15:00

8Sr OPTICAL LATTICE CLOCK USING SPIN-POLARIZED ATOMS

X. Baillard, M. Fouché, R. Le Targat, P. Westergaard, A. Lecallier, F.

Chapelet, S. Bize, P. Rosenbusch, M. Abgrall, P. Laurent, Y. Lecoq, G.D.

Rovera, A. Clairon, P. Lemonde, B. Lipphardt, G. Grosche, H. Schnatz
15:00-15:20

PHOTOIONIZATION MICROSCOPY: EXPERIMENT AND
SIMULATIONS

A. Ollagnier, F. Lépine, M-A. Lebeault, F. Robicheaux, M.J.J. Vrakking and
C. Bordas 15:20-15:40

FLUORESCENCE OF HELIUM DOUBLY EXCITED STATES BELOW N
=2 IN HOMOGENEOQOUS EVLECTRIC FIELD
Andrej Miheli¢ and Matjaz Zitnik 15:40-16:00
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POSTERS

(Few of the contributions listed bellow were presented as oral or hot topic
contributions at the conference. Those are not indicated here as their selection was
finalized after this book went to press)

Monday 7/5

1. Attosecond Physics

Mol-1

Mol-2

Mo1-3

Mol-4

Mol-5

Mol-6

Mol-7

Mol-8

Mol-9

ATTOSECOND REAL-TIME OBSERVATION OF ELECTRON
TUNNELLING AND MULTI-ELECTRON DYNAMICS IN ATOMS

M. Schultze, M. Uiberacker, Th. Uphues, A.J. Verhoef, V. Yakovlev, M.F.
Kling, J. Rauschenberger, N.M. Kabachnik, H. Schréder, M. Lezius, K.L.
Kompa, H.-G. Muller, M.J.J. Vrakking, S. Hendel, U. Kleineberg, U.
Heinzmann, M. Drescher & F. Krausz.

THE ROUTE TO INTENSE ATTOSECOND PULSES USING HIGH
POWER LASERS

R. Horlein, Y. Nomura, S. Rykovanov, M.. Geissler, P. Tzallas, S.
Karsch, Zs. Major, J. Osterhoff, D. Charalambidis, F. Krausz, and G. D.
Tsakiris

TOWARDS INTENSE ISOLATED ATTOSECOND PULSES
P. Tzallas, E. Skantzakis, C. Kalpouzos, E. P. Benis, A. Bonarou, G. D.
Tsakiris and D. Charalambidis

SPATIOTEMPORAL EFFECTS IN ATTOSECOND PULSE TRAINS
METROLOGY
E.P. Benis, J. Kruse, P. Tzallas, E. Skantzakis, G.D.Tsakiris and D.
Charalambidis

SINGLE ATTOSECOND PULSES FROM SURFACE HARMONICS
USING POLARIZATION GATING TECHNIQUE
S.G. Rykovanov, M. Geissler, J. Meyer-ter-Vehn, and G. D. Tsakiris

FULL TEMPORAL RECONSTRUCTION OF LOWER ORDER
HARMONIC SUPERPOSITIONS

E. Skatzakis, P. Tzallas, , E. Papalazarou, C. Kalpouzos, A. Bonarou, E. P.
Benis, G. D. Tsakiris and D. Charalambidis

ATTOSECOND ELECTRON PULSES FROM INTERFERENCE OF
ABOVE-THRESHOLD DE BROGLIE WAVES

Sandor Varr6 and Gy6z6 Farkas

ATTOSECOND IONIZATION DYNAMICS
P. Johnsson, J. Mauritsson, T. Remetter, K. J. Schafer and A. L'Huillier

THEORETICAL STUDY OF ATOMIC PHOTOIONIZATION BY
ATTOSECOND XUV PULSES IN A STRONG LASER FIELD
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Mol-10

Mol-11

A K. Kazansky and N.M. Kabachnik

MECHANISMS FOR EFFICIENT PRODUCTION OF SINGLE
ATTOSECOND PULSE: BREMSSTRAHLUNG VERSUS
RECOMBINATION

M. Yu. Emelin, A. A. Gonoskov, M. Yu. Ryabikin and A. M. Sergeev

SUPER INTENSE LASER FIELD ON SURFACE WITH FORMING
THE ATTO-SECOND LASER PLASMA AND NEW LASER
SPECTROSCOPY OF NUCLEAR ISOMERS

Alexander V. Glushkov

2. Advanced Radiation and Particle Sources

Mo2-1

Mo2-2

Mo2-3

Mo2-4

Mo2-5

Mo2-6

Mo2-7

Mo2-8

Mo2-9

A BRIGHT ULTRACOLD ATOMS - BASED ELECTRON SOURCE
G. Taban, M.P. Reijnders, S.B. van der Geer, O.J. Luiten, and E.J.D.
Vredenbregt

AN INTENSE CHANNELING RADIATION X-RAY SOURCE
W. Wagner, B. Azadegan and J. Pawelke

ON THE POSSIBILITY OF A CRYSTALLINE “UNDULATOR” FOR
LOW-ENERGY ELECTRONS
A.V. Korol, M. Tabrizi, A.V. Solov’yov, W. Greiner

ULTRASHORT TUNABLE UV PULSES FROM SELF-FOCUSING OF
FEW-CYCLE PULSES IN ARGON AND APPLICATION FOR PUMP-
PROBE SPECTROSCOPY
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VAPORIZATION OF RUBIDIUM AND POTASSIUM CLUSTERS BY
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A. Burchianti, A. Bogi, A. Cappello, C. de Mauro, S. Di Renzone, A.
Khanbekyan, C. Marinelli, C. Maibohm, E. Mariotti, L. Moi
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COHERENTLY CONTROLLED ADIABATIC PASSAGE TO
MULTICHANNEL CONTINUUM STRUCTURE
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Mo6-13 LASER PULSE INTERACTION WITH INHOMOGENEOUS
CYLINDRICAL PLASMA
N. Mirnes and A. H. Belbachir

Mo6-14 CORRECTION OF MEASURED EMISSION SPECTRA OF LASER
INDUCED PLASMA
K. Yu. Catsalap, E. A. Ershov-Pavlov, Yu. A. Stankevich, K. L. Stepanov

Mo6-15 3D SIMULATIONS OF LASER ELECTRON ACCELERATION
Michael Geissler, Sergey Rykovanov, Jorg Schreiber and Jiirgen Meyer-
ter-Vehn

Mo6-16 Investigation of x-ray and high energy ions produced by laser-generated
plasma in H2- and He-droplets
Nikos Petridis, Rui A. Costa Fraga, Robert E. Grisenti and Reinhard
Dorner

Mo6-17 MEASUREMENTS OF ELECTRON TEMPERATURE AND DENSITY,
IN AN AC PULSED OXYGEN PLASMA DISCHARGE
H Martinez, F. B. Yousif and F Castillo

Mo6-18  APPLICATION OF A LASER-INDUCED-PLASMA TO THE STUDY
OF STARK WIDTHS OF Pb III SPECTRAL LINES
A.Alonso-Medina and C. Colén

Mo6-19  ATOMIC DATA FOR FUSION REACTOR IMPURITIES
K. Katsonis, R.E.H. Clark, M. Cornille, Ch. Berenguer, D. Humbert, A.
Ndiaye, G. Maynard
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1. Electron, atom, molecule and ion collisions
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ELECTRON-IMPACT DISSOCIATIVE IONIZATION OF CCIF; AND
CCI3F
Borja Sierra, Roberto Martinez, Fernando Castafio
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ELECTRON IMPACT EXCITATION OF THE INITIALLY EXCITED
ATOMS: A FULLY RELATIVISTIC APPROACH
Rajesh Srivastava, Lalita Sharma and A. D. Stauffer

EFFECT OF FINITE DETECTION EFFICIENCY ON THE
OBSERVATION OF DIPOLE-DIPOLE INTERACTION OF A FEW
RYDBERG ATOMS

LI.Ryabtsev, D.B.Tretyakov, I.I.Beterov, and V.M.Entin

-2+
A HIGH RESOLUTION STUDY OF THE N2 (X ) RESONANCE IN
g

ELECTRON SCATTERING
T. H. Hoffmann, M. Allan, G. Sauter, W. Meyer, K. Franz, M.-W. Ruf, H.
Hotop

INTRAMOLECULAR BOND REARRANGEMENT IN CH;0H
Jyoti Rajput, Sankar De, A. Roy, P. N. Ghosh and C. P. Safvan

DOUBLE IONIZATION OF HYDROGEN MOLECULE BY FAST
ELECTRON IMPACT: CALCULATION USING EXACT WAVE
FUNCTIONS OF TWO-CENTER CONTINUUM

V. V. Serov, V. L. Derbov, B. Joulakian and S.I.Vinitsky

SIGNATURE OF TARGET EXCITATION IN NITROGEN
FRAGMENTATION
Jyoti Rajput , Sankar De , A. Roy and C. P. Safvan

RELATIVISTIC CALCULATION OF THE EMISSION SPECTRA OF
W IONS AND ELECTRON IMPACT IONIZATION OF W/W*
Yong-joo Rhee, Duck-hee Kwon, Yong-ki Kim

LOWLY IONIZED Xe SPECTRA IN THE UV REGION
K. Katsonis, E. Biémont, H.-P. Garnir, M. Cornille, Ch. Berenguer, R.E.H.
Clark

ROTATIONAL ENERGY TRANSFER EFFICIENCY FOR NEUTRAL
AND IONIC MOLECULAR TARGETS: Li,’Z) AND Li? (*%) IN
COLLISION WITH “He AT LOW TEMPERATURES.

M. Wernli, E. Bodo and F. A. Gianturco

THE IONIZATION OF Mg 3s AND 2p ORBITALS BY ELECTRON
IMPACT

P. Bolognesi, G. Bogachev, V. Borovik, S. Veronesi, R. Flammini, E.
Fainelli, A. Borovik, C:T. Whelan, H.R.J. Walters and L. Avaldi

BREMSSTRAHLUNG IN INTENSE LASER-ASSISTED ELECTRON
SCATTERING

Erik Lotstedt, Stephan Schnez, Ulrich D. Jentschura, and Christoph H.
Keitel
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TOTAL CROSS SECTION FOR DOUBLE IONIZATION OF HELIUM
BY ELECTRON IMPACT
Z. S. Machavariani, T. M. Kereselidze, 1. L. Noselidze, P. Defrance

ABSOLUTE CROSS SECTIONS FOR ELECTRON IMPACT
IONIZATION AND DISSOCIATION OF CD*

J. Lecointre, J.J. Jureta, D.S. Belic, Becker, H. Deutsch, T.D. Mirk, M.
Probst, R.K. Janev and P. Defrance

DYNAMIC POLARIZATION EFFECTS IN INTERACTIONS OF FAST
MOLECULES WITH GRAPHENE
1. Radovi¢, Z.L. Miskovié, Lj. Hadzievski and N. Bibi¢

ELECTRON IMPACT IONIZATION AND DISSOCIATION OF NeD"
J. Lecointre, J.J. Jureta, J.B.A. Mitchell and P. Defrance

CORRECTION OF FRINGING FIELD EFFECTS IN HEMISPHERICAL
DEFLECTOR ANALYZERS USING BIASED PARACENTRIC ENTRY
Omer Sise, T.J.M. Zouros, Melike Ulu, Mevlut Dogan

DISSOCIATIVE ELECTRON ATTACHMENT TO NITROTOLUENE
ISOMERS

P. Sulzer, S. Denifl, A. Mauracher, F. Zappa, N. Wendt, A. Aleem, F.
Rondino, S.Jaksch, A. Bacher, V. Grill, S. Ptasinska, S. Matejcik, P.
Scheier, T.D. Mirk

QUENCHING OF SHe EXCITED STATES (n>2) BY COLLISIONS
WITH NEON ATOMS
A. Dimova

TREATMENT OF CLOSE COUPLING APPROXIMATION IN
ALLOWED ATOMIC TRANSITION
Smail Bougouffa, Saud AL-Awfi

LOW-ENERGY ELECTRON COLLISIONS WITH CH;Br: THE
DEPENDENCE OF ELASTIC SCATTERING, VIBRATIONAL
EXCITATION, AND DISSOCIATIVE ATTACHMENT ON THE
INITIAL VIBRATIONAL ENERGY

M. Braun, I. I. Fabrikant, M.-W. Ruf, and H Hotop

DIELECTRONIC RECOMBINATION OF PARTIALLY-FILLED M-
SHELL IONS

D. Nikoli¢, S.A. Abdel-Naby, J. Fu, T.W. Gorczyca, N.R. Badnell, and
D.W. Savin

H + He" ELECTRON TRANSFER CROSS-SECTIONS FOR PLASMA

PHYSICS
J. Loreau, F. Rosmej, M. Desouter Lecomte and N. Vaeck
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COMPLEX ELECTRON DYNAMIC IN He'-He-COLLISIONS AT 60
keV/u

M. S. Schoéffler, J. Titze, L. Ph. H. Schmidt, O. Jagutzki, T. Jahnke, S.
Otranto, R. Olson, R. Dérner and H. Schmidt-Bocking

COLLISIONAL DEPOLARIZATION AND POLARIZATION
TRANSFER FOR MOLECULAR AND ATOMIC LINES.
ASTROPHYSICAL APPLICATIONS

Moncef Derouich

PLATEAU AND CUT-OFF IN THE ELECTRON ENERGY
SPECTRUM FROM IONIZATION IN LASER-ASSISTED ION-ATOM
COLLISIONS

M. F. Ciappina and L. B. Madsen

MECHANISMS OF MULTIPLE AUGER DECAY FOLLOWING
SINGLE PHOTON IONISATION OF THE n=4 SHELL IN XENON.

F. Penent, P. Lablanquie, Y. Hikosaka, T. Kaneyasu, E. Shigemasa,

J.H.D. Eland, T. Aoto and K. Ito

LOW ENERGY ELECTRON INTERACTIONS WITH MOLECULES IN
THE CONDENSED PHASE

R. Balog, P. Cicman, N.C. Jones, K. Haydalsvik, D. Field, L. Feketeova
T.A. Field, K.Graupner, J.-P. Ziesel

HIGHER-ORDER BORN CALCULATIONS FOR (e,2e) REACTIONS
AT LARGE MOMENTUM TRANSFER
P.S. Vinitsky, K.A. Kouzakov, Yu.V. Popov

(e,2e) REACTIONS NEAR THE BETHE RIDGE: AN ANALYSIS OF
FIRST-ORDER MODELS
P.S. Vinitsky, K.A. Kouzakov, Yu.V. Popov, C. Dal Cappello

EXPLORING NUCLEAR STRUCTURE AND DYNAMICS BY
ELECTRON CAPTURE
A. Palffy, Z. Harman, A. Surzhykov, U. D. Jentschura, W. Scheid

ISOTOPICAL EFFECTS IN ELECTRON AND ATOM MOLECULE
SCATTERING
S.A.Pozdneev

FEW-BODY THEORY OF ELECTRON MOLECULE COLLISION
S.A.Pozdneev

INTERACTION OF LOW-ENERGY ELECTRONS WITH ORGANIC
MOLECULES CONTAINING TRIPLE BONDS

A.V. Kukhta, I.N.Kukhta, S.M. Kazakov, O.V.Khristophorov, V.A.
Andreev, O.L.Neyra, E.Meza
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GROUND STATE CORRELATION AND DYNAMICAL PROCESSES
IN FAST ION-HELIUM COLLISIONS

M. S. Schéffler, J. Titze, L. Ph. H. Schmidt, O. Jagutzki, T. Jahnke, R.
Dorner, H. Schmidt-Bocking, J. Walters, A. Godunov and C. Whelan

ELECTRON-ION RECOMBINATION MEASUREMENTS OF IRON M-
SHELL IONS MOTIVATED BY ACTIVE GALACTIC NUCLEI X-RAY
ABSORPTION FEATURES

E. W. Schmidt, S. Schippers, C. Brandau, D. Bernhardt, D. Yu, A. Miiller,
M. Lestinsky, F. Sprenger, J. Hoffmann, D. A. Orlov, M. Grieser, R.
Repnow, A. Wolf, D. Luki¢, M. Schnell, D. W. Savin

COMPREHENSIVE CALCULATIONS OF ELASTIC, IONIZATION
AND TOTAL CROSS SECTIONS FOR INERT GASES ON
ELECTRON IMPACT

Minaxi Vinodkumar, Chetan Limbachiya, K. N. Joshipura, Nigel Mason

ELECTRON TRANSFER INTO FIXED-IN-SPACE HYDROGEN
MOLECULES IN SLOW COLLISIONS

Sven Schossler, Lothar Ph. H. Schmidt, Lutz Foucar, Horst Schmidt-
Bocking, Reinhard Dérner

LONG RANGE DISPERSION FORCES BETWEEN ATOMS AND
DIATOMIC MOLECULES
M. Lysebo and L. Veseth

PROBING THE NONLOCAL APPROXIMATION TO NUCLEAR
DYNAMICS OF RESONANT COLLISIONS OF ELECTRONS WITH
DIATOMIC MOLECULES USING NUMERICALLY SOLVABLE
MODEL

Karel Houfek, T.N. Rescigno, and C.W. McCurdy

LOW-ENERGY ELECTRON SCATTERING FROM LITHIUM AND
POTASSIUM
S.Y. Yousif Al-Mulla

ELECTRON-IMPACT IONIZATION TOTAL CROSS SECTIONS FOR
H-, Li- AND Na-LIKE POSITIVE IONS
L. U. Ancarani and P.-A. Hervieux

RESONANCES IN LASER-ASSISTED ELECTRON-HYDROGEN
SCATTERING
K.M. Dunseath, M. Terao-Dunseath

THE PLANNED HITRAP FACILITY FOR EXPERIMENTS ON
HEAVY HIGHLY CHARGED IONS

T. Beier, L. Dahl, S. Eliseev, F. Herfurth, B. Hofmann, O. Kester, H.-J.
Kluge, S. Koszudowski, C. Kozhuharov, G. Maero, W. Nortershiuser, J.
Pfister, W. Quint, U. Ratzinger, A. Schempp, M. Vogel, G. Vorobyev, D.
Winters and the HITRAP Collaboration
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ENERGY APPROACH TO QED THEORY OF CALCULATING THE
ELECTRON-COLLISION STRENGTHS AND RATE COEFFICIENTS
A.V.Glushkov, A.V. Loboda, D.A.Sukharev and T.A.Florko

RESONANT CHARGE EXCHANGE CROSS-SECTIONS OF IONS IN
HELIUM, NEON, ARGON, KRIPTON, XENON, RUBIDIUM, CESIUM,
MERCURY

S.A. Maiorov

ATTOSECOND TIME-SCALE MULTI-ELECTON COLLISIONS IN
THE COULOMB FOUR-BODY PROBLEM: IMPRINTS ON DOUBLE
AND SINGLE ENERGY DIFFERENTIAL CROSS SECTIONS

Agapi Emmanouilidou

MONTE-CARLO SIMULATIONS OF THE RELAXATION OF
EXCITED ELECTRONS IN SWITH HEAVY ION TRACKS
A.E. Volkov, N.A. Medvedev

ELECTRON IMPACT SINGLE IONIZATION OF Na, Mg, K AND Ca
ATOMS- A COMPARATIVE STUDY
G. Purohit, U. Hitawala and K. K. Sud

DISSOCIATIVE RECOMBINATION OF POLYATOMIC IONS AND
FREE ELECTRONS

J. Ojekull, P.U. Andersson, H. Danared, A.M. Derkatch, M.B. Négérd,
J.B.C. Pettersson,. A. Neau, S. Rosén, R.D. Thomas, M. Larsson, J.
Semaniak, A.Killberg, N. Markovic, M. af. Ugglas and F. Osterdahl

THE CAPTURE OF NEGATIVE MUONS BY ATOMS: ENERGY
APPROACH
Khetselius O.Yu. and Dubrovskaya Yu.V.

FRAGMENTATION STUDIES OF CF" IN COLLISIONS WITH
ELECTRONS

O. Novotny, S. Novotny, J. Hoffmann, M. Mendes, H. Buhr, B. Jordon-
Thaden, M. Lange, A. Petrignani, D. Bing, M. Berg, C. Krantz, A.S.
Jaroshevich, M. Lestinsky, D.A. Orlov, H. Fadil, A. Wolf

ASYMPTOTIC GREEN FUNCTION APPROXIMATION TO e™-He
SCATTERING
S. N. Tiwary

ANGULAR DEPENDENCE IN THE DISSOCIATIVE
RECOMBINATION PROCESS OF HD*

S. Novotny, H. Rubinstein, H. Buhr, J. Hoffmann, M. Mendes, O.
Novotny, D.A. Orlov, M. Berg, B. Jordan-Thaden, A.S. Jaroshevich, C.
Krantz, M. Lestinsky, A. Petrignani, I.F. Schneider, D. Shafir, M. Lange,
D. Zajfman, D. Schwalm, A. Wolf
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CROSS-SECTION AND RATE COEFFICIENT CALCULATION FOR
ELECTRON IMPACT  EXCITATION, IONISATION AND
DISSOCIATION OF H, AND OH MOLECULES

R. Riahi, Ph. Teulet, Z. Ben Lakhdar, and A. Gleizes

AB INITIO TREATMENT OF H'+N, COLLISIONS
L.F. Errea, L. Méndez, I. Rabadan and A. Riera

QUANTUM HYDRODYNAMICS CALCULATIONS OF THE
STOPPING CROSS SECTION OF H° FOR 1 keV - 2 MeV PROTON
AND ANTIPROTON IMPACTS.

Mario M. Jakas

THEORY OF ELECTRON COLLISIONS WITH POLAR MOLECULES
Roman Curik and David Field

PARTIALLY INTEGRATED DIFFERENTIAL CROSS SECTIONS of
etCa SCATTERING
Sergey Gedeon, Viktor Gedeon, Vladimir Lazur and Ludmila Bandurina

REDISTRIBUTION OF THE SPIN-POLARIZATION AT THE
INTERACTION BETWEEN GROUND STATE ALKALI AND
NITROGEN ATOMS.
Victor A .Kartoshkin

POLARIZATION OF MOLECULAR PARTICLES DURING ATOM-
MOLECULAR INTERACTIONS.
Victor A. Kartoshkin and George V. Klementiev

PROTONIUM ATOM Pn(n=30, 1) FORMATION IN 'p + H(ls)
COLLISIONS AT VERY LOW ENERGIES
A. V. Matveenko , E. O. Alt and Hiroshi Fukuda

NUCLEAR FINITE-SIZE EFFECTS IN BOUND-FREE PAIR
PRODUCTION AT RELATIVISTIC HEAVY ION COLLISIONS
Kh.Yu. Rakhimov and D.U. Matrasulov

SINGLY  DIFFERENTIAL CROSS  SECTION FOR  Ps-
FRAGMENTATION WITH EXCHANGE
Hasi Ray

SUPERELASTIC ELECTRON SCATTERING BY METASTABLE
THALLIUM ATOMS

Fedorko R.O., Marushka V.., Snegurskaya T.A., Margitich M.O.,
Shafranyosh LI.

ELECTRON-PHOTON COINCIDENCE EXPERIMENTS AT VERY
LARGE SCATTERING ANGLES WITH APPLICATION OF
MAGNETIC ANGLE CHANGER

L. Ktosowski, M. Piwinski, D. Dziczek, K. Wisniewska, S. Chwirot

33



Tul-67 EXCITATION OF He ATOMS INTO 2°P STATE IN BINARY LOW-
ENERGY He-He COLLISIONS
S.Yu. Kurskov, A.S. Kashuba

2. Strong field — Ultrafast phenomena - Non linear
propagation
Tu2-1  TIME-DEPENDENT THEORY OF DOUBLE IONIZATION OF

HELIUM UNDER XUV RADIATION
L. A. A. Nikolopoulos and P. Lambropoulos

Tu2-2 FORMATION OF DOUBLY CHARGED IONS UPON MULTIPHOTON
IONIZATION OF BARIUM ATOMS BY DIFFERENT POLARIZED
RADIATION
V. V. Suran and I. I. Bondar’

Tu2-3 TWO-PHOTON DIRECT DOUBLE IONIZATION: A NON-LINEAR
MEDIUM FOR XUV METROLOGY
E.P. Benis, P. Tzallas, G.D.Tsakiris and D. Charalambidis

Tu2-4 PULSE FRONT DISTORTION CAUSED BY ABERRATIONS
Z. L. Horvath and A. P. Kovacs

Tu2-5 NUMERICAL SOLUTION OF THE ONE-DIMENSIONAL DIRAC
EQUATION FOR AN ATOM IN EXTERNAL LASER FIELD: THE
ROLE OF THE POTENTIAL DEPTH.
Madalina Boca and Viorica Florescu

Tu2-6 MAPPING THE VIBRATION OF FAST MOLECULES WITH
ULTRASHORT LASER PULSES
C R Calvert, ] McKenna, D S Murphy, W A Bryan, E M L English, J
Wood, I C E Turcu, J F McCann, W R Newell and I D Williams.

Tu2-7 HIGH-HARMONIC GENERATION WITH MULTI-ELECTRON
MOLECULES
Gerald Jordan, and Armin Scrinzi

Tu2-8 TIME-DEPENDENT THEORY OF MULTIPHOTON SINGLE AND
DOUBLE IONIZATION OF TWO-ELECTRON ATOMIC SYSTEMS
EXPOSED TO XUV RADIATION.

Emmanuel Foumouo and Bernard Piraux

Tu2-9 PROBING COLLAPSES AND REVIVALS OF MOLECULAR
VIBRATIONAL WAVE PACKET USING HIGH HARMONIC
GENERATION
M. Yu. Emelin, M. Yu. Ryabikin, and A. M. Sergeev
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PUMP-PROBE EXPERIMENTS ON CH; FRAGMENTATION IN
INTENSE LASER FIELDS

U. Wiedemann, A. Rudenko, Th. Ergler, B. Feuerstein, K. Zrost, C.D.
Schroter, R. Moshammer and J. Ullrich

DISSOCIATION OF VIBRATIONALLY COLD HD® MOLECULES BY
AN INTENSE LASER FIELD

J. Alexander, P.A. Orr, 1.D. Williams, J.B. Greenwood, I.C.E. Turcu, W.A.
Bryan, J. Pedregosa-Gutierrez, C.W. Walter

HIGH EFFECTIVE THG OF HIGH INTENSIVE FEMTOSECOND
LASER PULSE
Vyacheslav A. Trofimov , Vladislav V. Trofimov

SIGNATURE OF FINAL STATE ELECTRON-ELECTRON
CORRELATION IN TWO-PHOTON IONIZATION OF HELIUM
Philippe Antoine, Emmanuel Foumouo and Bernard Piraux, Hirokazu
Hasegawa, Yasuo Nabekawa and Katsumi Midorikawa

PHOTOELECTRON SPECTROSCOPY OF RARE GAS ATOMS
AFTER MULTI-PHOTON IONIZATION BY FEL RADIATION
M.Braune, A. Reinkoster, J. Viefhaus, B. Lohmann, and U.Becker

THREE-PHOTON-EXCITED STIMULATED HYPER-RAMAN
SCATTERING IN SODIUM FROM TWO LASER BEAMS
Hrvoje Skenderovic

TUNNEL IONIZATION AS A HIGH-DYNAMIC RANGE AT-FOCUS
ULTRAFAST PULSE MEASUREMENT

W A Bryan, E M L English, J] McKenna, J] Wood, C R Calvert, I C E
Turcu, I D Williams and W R Newell

ATOMS IN LASER FIELDS: THE FLOQUET ANALYSIS OF WAVE
FUNCTIONS
Mihai Dondera

ULTRAFAST CARBONYL DISSOCIATION REACTION IN
TETRAHEDRAL RUTHENIUM AND OSMIUM COMPLEXES
Robertas Kananavicius,  Viivi Lehtovuori, Pasi Myllyperkio, Juha
Linnanto, Cristian Manzoni, Dario Polli, Giulio Cerullo, Matteo Rini, Erik
Nibbering, Matti Haukka and Jouko Korppi-Tommola

IONIZATION OF HELIUM BY 5.9fs ELLIPTICAL LASER PULSES
Mathias Smolarski, André Staudte, Markus Schéffler, Ottmar Jagutzki,
Reinhard Dorner, Petrissa Eckle, Philip Schlup, Jens Biegert, and Ursula
Keller

PHOTOELECTRON RESCATTERING SIGNATURE IN ABOVE

THRESHOLD IONIZATION OF ATOMS BY INTENSE LASER
RADIATION OF LINEAR POLARIZATION
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H. K. Avetissian and A. G. Markossian

SPATIO-SPECTRAL SHAPING AND COMPRESSION OF FS LASER
PULSES IN SELF-INDUCED WHITE-LIGHT FILAMENT

Nickolai Zhavoronkov, Gero Stibenz, Giinter Steinmeyer, Stefan Skupin
and Luc Bergé

THE DYNAMICS OF META-STABLE STATES DESCRIBED WITH A
COMPLEX SCALED HAMILTONIAN
J. Bengtsson, E. Lindroth, and S. Selsto

RELATIVISTIC DYNAMICS OF HIGHLY CHARGED HYDROGEN
LIKE SYSTEMS EXPOSED TO INTENSE HIGH-FREQUENCY
ELECTROMAGNETIC FIELDS

S. Selste, J. Bengtsson, and E. Lindroth

QED THEORY OF LASER-ATOM AND LASER-NUCLEUS
INTERACTION AND ATOMIC DYNAMICS WITH NON-
RECTANGULAR LASER PULSES

Alexander V. Glushkov

SPECTRAL FEATURES OF HHG IN DIATOMIC MOLECULES
DRIVEN BY FEMTOSECOND LASER PULSE
I. A. Gonoskov, M. Yu. Ryabikin, and A. M. Sergeev

CONTROL OF THIRD-ORDER DISPERSION USING A
BIREFRINGENT CRYSTAL
A. P. Kovacs, M. Erdélyi, K. Mecseki, G. Szabo

ALL-IN-ONE PULSE SHAPING AND MEASUREMENT OF
ULTRASHORT UV PULSES
N. Forget, S. Coudreau, F. Lepetit, O. Albert and T. Oksenhendler

MULTIPHOTON ABSORPTION IN LASER PRODUCED PLASMAS
Caroline Banahan, John T Costello, Paul van Kampen

ON MECHANISM UNDERLYING NO SUPPRESSION IN STRONG-
FIELD IONIZATION OF LASER-IRRADIATED F;
Vladimir I. Usachenko and Vyacheslav V. Kim

IONIZATION OF AN ATOM IN A STRONG LASER PULSE:
NUMERICAL INTEGRATION VERSUS STRONG FIELD THEORIES
Yulian V. Vanne and Alejandro Saenz

DIRECT INTERACTION OF LASER FIELDSWITH DIPOLE-
FORBIDDEN TRANSITIONS IN NUCLEI
Adriana Palffy, Thomas J. Biirvenich, Jorg Evers, Christoph H. Keitel

POLARIZATION CONTROL OF DIRECT TWO-PHOTON DOUBLE-
IONIZATION OF He BY VUV LIGHT
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Alicia Palacios, Henri Bachau and Fernando Martin

THE EXPERIMENTAL INVESTIGATIONS OF MULTIPHOTON
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L I. Bondar’ and V. V. Suran

IONIZATION-INDUCED CONVERSION OF FEW-CYCLE LASER
PULSES INTO TERAHERTZ RADIATION
V.B. Gildenburg and N.V. Vvedenskii
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Yacob Ben-Aryeh

RELATIVISTIC IONIZATION AND RESCATTERING
K. Z. Hatsagortsyan , M. Klaiber, R. Fischer, M. Lein, M. Verschl, and C.
H. Keitel

NEW FORMULATION TO CALCULATE HARMONIC GENERATION
M.V. Frolov, A.V. Flegel, N.L. Manakov, and Anthony F. Starace

AN IMPROVED QUSICLASSICAL APROACH FOR HIGH-ORDER
HARMONIC GENERATION
M.V. Frolov, A.V. Flegel, N.L. Manakov, Anthony F. Starace

ULTRAFAST PHOTOPROCESSES IN CONTACT ION PAIRS OF
INDOTRICARBOCYANINE DYES

Tikhomirov S.A., Samtsov M.P., Dubovskii, V.L., Buganov O.V.,
Melnikov D.G., Voropay E.S.

STRONG-FIELD NON-SEQUENTIAL DOUBLE IONIZATION:
WAVELENGTH SCALING SIMILARITY OF ION MOMENTUM
DISTRIBUTIONS FOR Ne AND Ar

A.S. Alnaser, D. Comtois, A.T. Hasan, D.M. Villeneuve, J.-C. Kieffer and
LV. Litvinyuk
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Tu2-44

Tu2-45

TIME-DEPENDENT EFFECTIVE RANGE THEORY OF INTENSE
LASER PROCESSES
M. V. Frolov, N.L. Manakov, Anthony F. Starace

CONVERGENT CLOSE COUPLING CALCULATIONS OF
MULTIPHOTON IONIZATION OF HELIUM
I.A. Ivanov and A. S. Kheifets

3. Biomolecules - Biophysics

Tu3-1

Tu3-2

Tu3-3

Tu3-4

Tu3-5

Tu3-6

Tu3-7

Tu3-8

Tu3-9

Tu3-10

DISPERSION OF DARK BACTERIORHODOPSIN AT 800 NM
G. Szalay, Zs. Heiner, K. Osvay

THE BACKBONE EFFECTS IN INTERMOLECULAR NORMAL
MODE VIBRATIONS OF ADENINE-THYMINE SIMPLE AND
DOUBLE SEQUENCED BASE PAIRS SYSTEM

A. Bende and S. Suhai

WATER IONIZATION BY CHARGED PARTICLES: MEDICAL
APPLICATIONS
Christophe Champion

ON MAGNETORECEPTION MECHANISMS IN BIRDS
Ilia A. Solov'yov, Danielle Chandler, Klaus Schulten and Walter Greiner

ANTIBODY-ANTIGEN DISSOCIATION: FRAGMENTATION OF
COMPLEX MULTI-ATOMIC AGGREGATES
Elsa S. Henriques and Andrey V. Solov’yov

AB INITIO DESCRIPTION OF PHASE TRANSITIONS IN FINITE
BIO- NANO-SYSTEMS

Alexander V. Yakubovich, Ilia A. Solov'yov, Andrey V. Solov'yov

and Walter Greiner

QUANTUM BUILDING BLOCKS CONCEPT FOR
BIOMACROMOLECULES
0. L. Obolensky, I. A. Solov’yov, A. V. Solov’yov, W. Greiner

STRUCTURE OF UNFOLDED POLYPEPTIDES
0. L. Obolensky, K. Schlepckow, H. Schwalbe, A. V. Solov’yov

EVALUATION OF RADIOLOGY PERSONNEL PRACTICE OF
MAZANDARAN UNIVERSITY OF MEDICAL SCIENCES
Seyed Ali Rahimi

ION-INDUCED IONIZATION AND FRAGMENTATION OF o- AND
B-ALANINE

P. Sobocinski, S. Bari, F. Alvarado, R. Hoekstra, T. Schlatholter, V.
Bernigaud, J. Rangama, B. Manil and B. Huber
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Tu3-11

Tu3-12

Tu3-13

Tu3-14

Tu3-15

Tu3-16

Tu3-17

Tu3-18

Tu3-19

Tu3-20

ION INDUCED FRAGMENTATION OF SINGLE NUCLEOBASES VS
THEIR CLUSTERS: HOW HYDROGEN BONDING AFFECTS
FRAGMENTATION

Thomas Schlathélter, Fresia Alvarado, Sadia Bari, Ronnie Hoekstra, Virgil
Bernigaud, Bruno Manil, Jimmy Rangama, Bernd Huber

AUTOFLUORESCENT BIOMOLECULAR SENSOR FOR EARLY
CANCER DIAGNOSTICS

V.M Kravchenko, O.M.Buriy, I[.M.Kovalchuk, V.M.Yashchuk and
K.M.Kushnir

HIGH RESOLUTION SPECTROSCOPIC STUDIES OF ORGANIC
CATIONS
Anna M. Schulenburg, Frédéric Merkt

NUCLEAR y-RESONANCE AT CATION-BINDING SITES IN
BIOCOMPLEXES: NOVEL APPLICATIONS OF EMISSION
MOSSBAUER SPECTROSCOPY

Alexander A. Kamnev

ABSOLUTE CROSS SECTIONS OF ION PRODUCTION IN
ELECTRON COLLISION WITH CYTOSINE MOLECULES
M.L.Sukhoviya, ~M.L.Shafranyosh, V.V. Medulych, P.M.Vichniy,
L.L.Shimon, I.I.Shafranyosh

NEW METHOD TO STUDY THE FRAGMENTATION PROCESSES
UNDER WELL CONTROLLED INTERNAL ENERGY.
S. Martin, L. Chen, R. Brédy, J. Bernard, X. Ma, B.Li

EXCITON DYNAMICS IN LIGHT-HARVESTING COMPLEXES AND
REACTION CENTERS: CONCEPTION OF HYSTONS USED FOR
SPECTRAL BROADENING AND ELECTRON TRANSFER

Vladimir S. Pavlovich

ON THE ENERGETICS OF keV ION-INDUCED RADIATION
DAMAGE TO DEOXYRIBOSE

Fresia Alvarado, Sadia Bari, Przemek Sobocinski, Ronnie Hoekstra,
Thomas Schlathélter, Li Chen, Richard Bredy, Jerome Bernard, Serge
Martin

ELECTRON INDUCED CAPTURE DISSOCIATION OF PEPTIDE
CATIONS.

Anne 1. S. Holm, Preben Hvelplund, Umesh Kadhane, Steen Brendsted
Nielsen, Subhasis Panja, Kristian Stachkel and Esben S. Worm

QUANTUM MECHANICAL SELFASSEMBLING OF ARTIFICIAL
MINIMAL CELLS AND CONTROL BY MOLECULAR
ELECTRONICS AND SPINTRONICS LOGICAL DEVICES

Arvydas Tamulis and Vykintas Tamulis
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Tu3-21

Tu3-22

Tu3-23

Tu3-24

Tu3-25

Tu3-26

Tu3-27

Tu3-28

Tu3-29

Tu3-30

QUANTUM MECHANICAL MODELING OF MINIMAL LIVING
ORGANISMS AND PROGRAMMABLE NANO BIOROBOTS
Arvydas Tamulis and Vykintas Tamulis

QUANTUM PROCESSES OF SELFASSEMBLY, PHOTOSYNTHESIS
AND MOLECULAR COMPUTING IN ARTIFICIAL MINIMAL
LIVING CELLS

Arvydas Tamulis and Vykintas Tamulis

DETERMINATION OF TRACE ELEMENTS OF
PHYTOCOMPOSITION WITH USING HERB BY INDUCTIVELY
COUPLED PLASMA OPTICAL SPECTROMETRY (HYDRIDE
GENERATION)

Alena Muravitskaya, Michail Belkov

DIRECT FORMATION OF AMINO ACID BY UV IRRADIATION TO
SIMPLE ORGANIC MOLECULES
A. Hiraya, M. Morita, Y. Harada, H. Tamaki, M. Kuwajima

INELASTIC SCATTERING AND STOPPING POWER OF
ELECTRONS IN BIOMOLECULAR SYSTEMS
A. Muiioz, J. C. Oller, F. Blanco, P Lim&o-Vieira and G. Garcia

IMAGING OF ISOLATED GASEOUS BIOMOLECULES PRODUCED
BY LASER DESORPTION
T L Merrigan, C A Hunniford, R W McCullough and D J Timson

LOW ENERGY ION DAMAGE TO DNA
L. Sellami, S. Lacombe, Z. Deng, M. Imhoff, 1. Bald, E. Illenberger, and
M. A. Huels

METASTABLE DECAYS OF NEGATIVE IONS FORMED UPON
ELECTRON ATTACHMENT TO SMALL BIOMOLECULES AND
EXPLOSIVES

A. Mauracher, M. Beikircher, S. Denifl, F. Zappa, A. Bacher, O. Echt,
T.D. Mirk, P. Scheier

GAS-PHASE STUDIES OF THE PHOTOABSORPTION DYNAMICS
IN CHROMOPHORE IONS
L. Lammich, I.B. Nielsen, H. Sand, A. Svendsen and L.H. Andersen

EPOTRAN: A FULL-DIFFERENTIAL MONTE CARLO CODE FOR
ELECTRON AND POSITRON TRANSPORT IN LIQUID WATER
Champion Christophe

Wednesday 9/5

1. Alignment-Orientation-Polarization
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Wel-1

Wel-2

Wel-3

Wel-4

Wel-5

Wel-6

Wel-7

Wel-8

Wel-9

Wel-10

Wel-11

Wel-12

ON THE ANGULAR DISTRIBUTION AND SPIN POLARIZATION OF
PHOTOELECTRONS FROM SEMI-FILLED SHELL ATOMS
M. Ya. Amusiaand L. V. Chernysheva

MOLECULAR IONIZATION PROBABILITY MEASURED BY
MOLECULAR ALIGNMENT
V. Loriot, E. Hertz, A. Rouzée, B. Lavorel, and O. Faucher

EFFICIENT ORIENTATION OF MOLECULES
S. Guérin, D. Sugny, H.R. Jauslin

LASER CONTROL OF PHOTOINDUCED PROCESSES. L
ALIGNMENT AND REACTIVITY
D. Sugny, M. Desouter-Lecomte, Y. Justum L. Bomble and M. Ndong

FIELD-FREE DYNAMIC ALIGNMENT OF DEUTERIUM WITH
INTENSE FEW-CYCLE PULSES

J Wood, E M L English, C R Calvert, ] McKenna, W A Bryan, R Torres, [
C E Turcu, I D Williams and W R Newell

NEW METHODS FOR THE PRODUCTION AND DETECTION OF
POLARIZED ATOMS: HYDROGEN AND CHLORINE

Dimitris Sofikitis, Luis Rubio-Lago, Andrew J. Alexander, Marion R.
Martin, Davida J. Ankeny Brown, Antonis Koubenakis, Nathaniel C.-M.
Bartlett, Richard. N. Zare, Theofanis N. Kitsopoulos and T. Peter Rakitzis

LASER INDUCED MOLECULAR ALIGNMENT OF ETHYLENE
A. Rouzée, S. Guérin, B. Lavorel, and O. Faucher

ELECTRON RE-SCATTERING IN ALIGNED H, AND CO, USING
THE R-MATRIX METHOD
Alex Harvey and Jonathan Tennyson

PULSE SHAPING FOR OPTIMIZING FIELD-FREE MOLECULAR
ALIGNMENT
E. Hertz, A. Rouzée, B. Lavorel, and O. Faucher

DETERMINATION OF ATOMIC LEVEL POLARIZATION TIME
DECAY
E.G. Kanetsyan, G.G. Adonts

ALIGNMENT DEPENDENCE IN STRONG-FIELD IONIZATION OF
LASER IRRADIATED MOLECULAR DIMERS
Vladimir 1. Usachenko, Pavel E. Pyak and Shih-I Chu

CIRCULAR DICHROISM IN TWO-PHOTON IONIZATION OF

ORIENTED AND ALIGNED ATOMS
M. Ya. Agre
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2. BEC-Quantum Gases

We2-1

We2-2

We2-3

We2-4

We2-5

We2-6

We2-7

We2-8

We2-9

We2-10

GENERALIZED MEAN FIELD THEORY OF RESONANT BOSE-
FERMI MIXTURES
Alexander V.Avdeenkov, Daniele C. E. Bortolotti, and John.L.Bohn

TIME-AVERAGED ADIABATIC POTENTIALS (TAAP) FOR
MATTER-WAVE INTERFEROMETRY

M. Baker, V. Bolpasi, P. Condylis, G. Konstantinidis, N. Lagos, A.
Lazoudis, I. Lesanovsky, O. Morizot, M. Pappa, A. Protopapadakis, D.
Sanchez, W. von Klitzing

CREATION OF SOLITONS IN ATOMIC BEC
G. Juzelitinas, P. Ohberg, J. Rusecka and M. Fleischhauer

ROUTES TOWARDS Cs ATOM BEC VIA HIGH DENSITY DIPOLE
TRAP.
G. Stern, D. Sofikitis, E. Dimova, A. Fioretti, D. Comparat and P. Pillet

INTERACTION OF A RYDBERG ATOM WITH A TRAPPED BOSE-
EINSTEIN CONDENSATE
Cenap Ates and Jan-Michael Rost

MULTICOMPONENT GAP SOLITONS IN SPINOR BOSE-EINSTEIN
CONDENSATES

Beata J. Dabrowska-Wiister, Elena A. Ostrovskaya, Tristram J. Alexander,
Yuri S. Kivshar

GROUND STATE PROPERTIES AND ELEMENTARY EXCITATION
OF ¥Rb BOSE- EINSTEIN CONDENSATE : ANALYTICAL METHOD
FOR MODIFIED THOMAS-FERMI MODEL WITH LARGE GAS-
PARAMETER

Moumita Gupta and Krishna Rai Dastidar

BEYOND MEAN FIELD: USING LASER PULSES TO PROBE PAIR
CORRELATIONS IN CONDENSATES
J. Mur-Petit, P. Naidon, E. Luc-Koenig, and F. Masnou-Seeuws

DYNAMICAL INTERFERENCES AS A PROBE OF SHORT-PULSE
PHOTOASSOCIATION
J. Mur-Petit, E. Luc-Koenig, and F. Masnou-Seeuws

GAP  SOLITON  SELF-FORMATION IN  BOSE-EINSTEIN
CONDENSATE

Michal Matuszewski, Wieslaw Krolikowski, Marek Trippenbach, Yuri S.
Kivshar
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We2-11

We2-12

GROUND STATES OF SPIN-3 BOSE-EINSTEIN CONDENSATES
FOR CONSERVED MAGNETIZATION
H. Mikeld and K.-A. Suominen

NON-MARKOVIAN DYNAMICS IN ATOM-LASER OUTCOUPLING
FROM A DOUBLE-WELL BOSE-EINSTEIN CONDENSATE
G. M. Nikolopoulos, C. Lazarou and P. Lambropoulos

3. Cold atoms and molecules

We3-1

We3-2

We3-3

We3-4

We3-5

We3-6

We3-7

We3-8

We3-9

PRODUCTION, STATE SELECTION AND DECELERATION OF
COLD LITHIUM HYDRIDE

S. K. Tokunaga, J. O. Stack, J. J. Hudson, B. E. Sauer, E. A. Hinds and M.
R. Tarbutt

ATOM TRAP TRACE ANALYSIS OF CALCIUM ISOTOPES
Albert K. Mollema, Lorenz Willmann, Klaus Jungmann and Ronnie
Hoekstra

ZEEMAN DECELERATION OF NEUTRAL GROUND STATE
ATOMS

S. D. Hogan, N. Vanhaecke, M. Andrist, U. Meier, D. Sprecher, B. H.
Meier and F. Merkt

QUANTUM ENGINEERING OF ULTRACOLD ATOMS IN ONE-
DIMENSIONAL TRAPPING POTENTIALS
D.S. Murphy and J.F. McCann

A SCHEME FOR CAVITY COOLING OF INTERNAL AND
EXTERNAL DEGREES OF FREEDOM OF MOLECULES.
P.W.H. Pinkse, G. Morigi, M. Kowalewski, R. de Vivie-Riedle

CREATION OF AN ULTRACOLD MIXTURE OF FERMIONIC
LITHIUM AND POTASSIUM

F.M. Spiegelhalder, E. Wille, G. Kerner, D. Naik, A. Trenkwalder, C.
Aiello, R. Chulia Jordan, G. Hendl, F. Schreck and R. Grimm

COHERENT LIGHT TRANSPORT IN ULTRACOLD ATOMIC
VAPORS
G. Labeyrie, D. Wilkowski, R. Kaiser, C. Miniatura, D. Delande

PHOTOASSOCIATION OF METASTABLE HELIUM REVISITED
B. Dequilhem, F.X. Gadéa, T. Leininger, A.S. Dickinson

AN ELECTRODYNAMIC TRAP FOR NEUTRAL ATOMS
Sophie Schlunk, Adela Marian, Peter Geng, Allard Mosk, Gerard Meijer,

and Wieland Schollkopf
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We3-10

We3-11

We3-12

We3-13

We3-14

We3-15

We3-16

We3-17

We3-18

We3-19

We3-20

We3-21

A TOOLBOX FOR THE THEORETICAL DESCRIPTION OF
ULTRACOLD ATOMIC COLLISIONS
Yulian V. Vanne and Alejandro Saenz

ENHANCING RAMAN ANALYSIS IN OPTICAL TWEEZERS BY
PHASE-SENSITIVE DETECTION.
A. C. De Luca, G. Pesce, G. Rusciano and A. Sasso

PHOTO-ASSOCIATIVE SPECTROSCOPY OF WEAKLY BOUND
MOLECULES. LU-FANO ANALYSIS.
H. Jelassi, B. Viaris de Lesegno and L. Pruvost

TRANSPORT AND LOCALIZATION IN TILTED AND DRIVEN
OPTICAL LATTICES
Dirk Witthaut, Friederike Trimborn, and Hans Jiirgen Korsch

SYMPATHETIC COOLING OF MOLECULAR IONS AT ULTRALOW
ENERGIES: INTERACTION AND DYNAMICS FOR MgH'(X'Sh
WITH Rb('S).

M. Tacconi, E. Bodo, F.A. Gianturco

MESOSCOPIC PHYSICS WITH ULTRACOLD ATOMS: FROM
CONFINED SCATTERING TO RYDBERG ATOMS IN MAGNETIC
TRAPS

P. Schmelcher

DETERMINATION OF THE SCATTERING LENGTH OF THE a’c’
POTENTIAL OF *"RbCs
E. Tiesinga, M. Anderlini, and E. Arimondo

ELECTROMAGNETICALLY INDUCED TRANSPARENCY OF COLD
Rb ATOMS IN A MAGNETO-OPTICAL TRAP
K. Kowalski, S. Gateva, M. Gt6dz, M. Janowicz, J. Szonert, K. Vaseva

STIMULATED RAMAN TRANSITIONS IN A CO, LATTICE
M. G. Bason, K. J. Weatherill and C. S. Adams

UNIVERSAL METHOD FOR COOLING/HEATING OF THE ULE
FABRY-PEROT CAVITES TO THE ZERO EXPANSION
TEMPERATURE

J. Alnis, A. Matveev, N. Kolachevsky, Th. Udem, T.W. Hénsch

TRANSPORT PROPERTIES IN A MOTT-LIKE STATE OF
MOLECULES

D.M. Bauer, N. Syassen, T. Volz, M. Lettner, D. Dietze, S. Diirr, and G.
Rempe

FEMTOSECOND LASER INDUCED FLUORESCENCE IN DENSE
RbCs VAPOR
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We3-22

We3-23

We3-24

We3-25

We3-26

We3-27

We3-28

We3-29

We3-30

We3-31

We3-32

Skenderovi¢ and Goran Pichler,

SPIN EXCHANGE SHIFTS IN MAGNETIC RESONANCE OF COLD
ATOMIC HYDROGEN GAS
J. Ahokas, J. Jarvinen, S. Vasiliev

TRAPPING AND GUIDING ULTRACOLD ATOMS WITH THE HELP
OF QUANTUM REFLECTION
Javier Madrdnerol, Florian Arnecke and Harald Friedrich

COLD AND PURE GUIDED BEAMS OF POLAR MOLECULES
P.W.H. Pinkse, L.D. van Buuren, M. Motsch, S. Pohle, T. Rieger, C.
Sommer and G. Rempe

PHOTOASSOCIATION OF COLD CESIUM ATOMS: ANALYSIS OF
THE LONG-RANGE 0, STATE REVISITED.
Nadia Bouloufa, Anne Crubellier, and Olivier Dulieu

THEORETICAL STUDY OF THE OPTICAL MANIPULATION OF
COLD ATOMS
Naceur Gaaloul

ULTRACOLD ATOM-ATOM COLLISIONS IN TRAP WITH TIME-
DEPENDENT WAVE-PACKET METOD
V.S. Melezhik

AUTOIONIZATION OF SPIN-POLARIZED METASTABLE HELIUM
IN TIGHT ANISOTROPIC HARMONIC TRAPS
T.J. Beams, G. Peach and 1. B. Whittingham

COLLECTIVE EXCITATIONS AND INSTABILITY OF AN OPTICAL
LATTICE DUE TO UNBALANCED PUMPING
P. Domokos, J. K. Asboth, H. Ritsch

HIGH SENSITIVE DETECTION SYSTEM FOR WEAK Fr MAGNETO-
OPTICAL TRAP

S.N. Atutov, R. Calabrese, L. Corradi, A. Dainelli, C. de Mauro, A.
Khanbekyan, E. Mariotti, L. Moi, P. Minguzzi, S. Sanguinetti, G.
Stancari, L. Tomassetti, S.Veronesi

DIPOLE-DIPOLE INSTABILITY OF ATOM CLOUDS IN AN
OPTICAL DIPOLE TRAP
D. Nagy and P. Domokos

ATOM INTERACTIONS WITH THE EVANESCENT FIELD OF A

SUBMICRON FIBRE
K. Deasy, M. J. Morrissey, T. N. Bandi, B. J. Shortt, S. Nic Chormaic
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We3-33

We3-34

We3-35

We3-36

We3-37

We3-38

We3-39

We3-40

We3-41

PRODUCTION AND QUANTUM CONTROL OF MOLECULES WITH
OPTICAL AND MICROWAVE FIELDS
Svetlana Kotochigova

POLARIZATION-DEPENDENT EFFECTS ON OPTICALLY PUMPED
COLD CESIUM ATOMS

Yu. S. Domnin, G. A. Elkin, A.V. Novoselov, L. N. Kopylov, Yu. M.
Malychev, V. N. Baryshev , V. G. Pal'chikov

PERFORMANCE OF AN INERTIAL SENSOR BASED ON COLD
ATOMS INTERFEROMETRY

A. Gauguet, W. Chaibi, B. Canuel, N. Dimarcq, D. Holleville, A.
Landragin

LOW-DENSITY, ONE DIMENSIONAL TONKS-GIRARDEAU GAS IN
A SPLIT TRAP
J. Goold and Th. Busch

GRAVITATIONAL STATES OF COLD ANTIHYDROGEN ATOMS
REFLECTED FROM A SOLID SURFACE
P. Froelich and A. Voronin

ULTRA-THIN COHERENT ATOM BEAM BY STERN-GERLACH
INTERFEROMETRY
F. Perales, J. Robert, J. Baudon, J. Grucker, J.-C. Karam, V. Bocvarski, G.
Vassilev, M. Ducloy

NOVEL SURFACES FOR ATOM CHIPS

T. David, R. Salem, S. Machluf, E. Fleminger, S. Younnis, O. Arzouan, P.
Petrov, V. Dikovsky, M. Rosenblit, Y. Japha, D. Groswasser, M. Keil, and
R. Folman

DEMONSTRATION OF A THREE-DIMENSIONAL RYDBERG ATOM
TRAP
S. D. Hogan and F. Merkt

PHOTOASSOCIATION OF METASTABLE HELIUM REVISITED
B. Deguilhem, F.X. Gadea, T. Leininger and A.S. Dickinson

4. Quantum Information-Cavity QED

Wed-1

We4-2

ENTANGLED EFFECT OF THREE-LEVEL ATOMS WITH &,  AND
A CONFIGURATIONS IN QUANTUM BIMODAL CAVITY FIELD
Ciobanu Nellu and Enaki Nicolae A.

INDIVIDUAL ADDRESSING AND ERROR RESISTANT SINGLE
+
QUBIT GATES WITH TRAPPED Yb IONS
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We4-3

Wed-4

We4-5

We4-6

We4-7

We4-8

We4-9

We4-10

A. Braun, V. Elman, M. Johanning, W. Neuhauser, N. Timoney, C. Weil,
Chr. Wunderlich

PERFECT STATE TRANSFER IN NETWORKS OF ARBITRARY
TOPOLOGY AND INTERACTIONS
G. M. Nikolopoulos, V. Kostak and I. Jex

PHOTONIC PHASE TRANSITIONS, MANY BODY SPIN MODELS,
AND QIP IN COUPLED CAVITY ARRAYS
Dimitris G. Angelakis, Marcelo F. Santos, and Sougato Bose

HIGH-FIDELITY LOGIC GATES FOR SQUID QUBITS IN A
MICROWAVE CAVITY
E. Paspalakis, Z. Kis, N. Sangouard, J. Janszky and M. Fleischhauer

FACTORING NUMBERS WITH ULTRASHORT LASER PULSES
B. Chatel, D. Bigourd, E. Baynard, C. Meier, B. Girard, W. Merkel, and
W. P. Schleich

NAVIGATION IN HILBERT SPACE BY QUANTUM STATE
REFLECTIONS
P. A. Ivanov, E. S. Kyoseva, B. T. Torosov and N. V. Vitanov

LASER CONTROL OF PHOTOINDUCED PROCESSES II. LOGICAL
GATES
M. Desouter-Lecomte, D. Sugny, D. Lauvergnat L. Bomble and M. Ndong

PERSISTENT SUPERCURRENT AS A RESOURCE FOR ATOM CHIP
POTENTIAL
Tetsuya Mukai, Christoph Hufnagel, and Fujio Shimizu

ADIABATIC PASSAGE TECHNIQUE FOR QUANTUM
INFORMATION
X. Lacour, S. Guérin, H.R. Jauslin

5. Precision measurements

Wes-1

Wes-2

Wes-3

DETERMINING THE ANTIPROTON MAGNETIC MOMENT FROM
MEASUREMENTS OF THE HYPERFINE STRUCTURE OF
ANTIPROTONIC HELIUM

Dimitar Bakalov, Eberhard Widmann

MATTER WAVE EXPERIMENTS WITH POTASSIUM MOLCULES
Horst Knockel, Sha Liu, I. Sherstov, C. Lisdat, E. Tiemann

PROGRESS TOWARDS A HIGH-PRECISION MEASUREMENT OF

THE g-FACTOR OF A SINGLE ISOLATED (ANTI)PROTON IN A
HYBRID DOUBLE PENNING-TRAP
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Wes-4

Wes-5

Wes-6

Wes-7

We5-8

Wes-9

Wes-10

Wes-11

Wes-12

We5-13

S. Ulmer, K. Blaum, H. Kracke, S. Kreim, C. C. Rodegheri, W. Quint, S.
Stahl, J. Verdu, J. Walz

VISUALISATION OF INSTABILITIES IN A STABLE TRAPPING
AREA OBSERVED ON PR IONS STORED IN A PAUL TRAP
W. Koczorowski, G. Szawiota, A. Walaszyk, A. Buczek, E. Stachowska

OPTICAL LATTICE POLARIZATION EFFECTS ON
HYPERPOLARIZABILITY AND LATTICE-FIELD-INDUCED 'Sy- P,
TRANSITIONS IN EVEN ISITOPES OF ALKALINE-EARTH ATOMS
Ovsiannikov V. D., Pal'chikov V. G, Taichenachev A. V and Yudin V. I

PRECISION SPECTROSCOPY OF ANTIPROTONIC HELIUM
E. Widmann

NEW PECULIARITIES OF SATURATED-ABSORPTION AND
MAGNETO-OPTICAL RESONANCES IN ELLIPTICALLY
POLARIZED LIGHT FIELDS

D.V. Brazhnikov, A.V. Taichenachev, A.M. Tumaikin, V.I. Yudin, S.A.
Zibrov, Ya.O. Dudin, A.G. Radnaev, V.V. Vasil’ev, V.L. Velichansky

LINE BROADENING BY OPTICAL PUMPING IN THE WEAK
EXCITATION LIMIT

E. Saks, I. I. Beterov, P. Spels, 1. Sydoryk, K. Miculis, A. Janovs, N. N.
Bezuglov, I. 1. Ryabtsev, A. Ekers

COMPARISON OF DOUBLE RESONANCE MAGNETOMETERS
BASED ON ATOMIC ALIGNMENT AND ORIENTATION

A. Weis, G. Di Domenico, G. Bison, P. Knowles, M. Loutsch, and H.
Saudan

SHE METASTABILITY EXCHANGE OPTICAL PUMPING STUDIES
AT HIGH MAGNETIC FIELD

A. Nikiel , T. Patasz, M. Suchanek, M. Abboud, A. Sinatra, Z. Olejniczak,
T. Dohnalik, G. Tastevin, P-J. Nacher

I.C.EE:. A BOSON-FERMION ATOM INTERFEROMETER FOR
MICROGRAVITY

RA Nyman, G Varoquaux, J-F Clément, J-P Brantut, T Bourdel, A Aspect,
P Bouyer, N Zahzam, Y Bidel, A Bresson, F Pereira Dos Santos, A
Landragin, M Rouzé, L Mondin, J Mignot

RESONANT FEMTOSECOND PULSE-TRAIN EXCITATION OF
RUBIDIUM ATOMS
D. Aumiler, T. Ban, S. Vdovi¢, N. Vujic¢i¢, H. Skenderovi¢ and G. Pichler

EXPERIMENTAL DEMONSTRATION OF THE FLUCTUATION-

DISSIPATION THEOREM IN A THERMAL RUBIDIUM VAPOR
G. E. Katsoprinakis, A. T. Dellis and I. K. Kominis
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Wes-14

Wes-15

We5-16

Wes-17

We5-18

We5-19

We5-20

Wes-21

We5-22

We5-23

We5-24

We5-25

FEMTOSECOND LASER FREQUENCY COMB TREATMENT OF
VELOCITY GROUPS BY USING ATOMIC HYPERFINE FILTER
WITH PURE RUBIDIUM ISOTOPES

Goran Pichler, Ticijana Ban, Damir Aumiler, Hrvoje Skenderovié¢, Natasa

STRONGLY INTERACTING ATOMS IN OPTICAL LATTICES
Servaas Kokkelmans, Johan Mentink

ENHANCED SENSITIVITY RUBIDIUM VELOCITY COMB
MEASUREMENTS
T. Ban, S. Vdovi¢, D. Aumiler, H. Skenderovi¢, N. Vuji¢i¢ and G. Pichler

HIGH RESOLUTION LASER SPECTROSCOPY OF Cs-VAPOUR
LAYERS WITH THICKNESS COMPARABLE TO THE
WAVELENGTH OF THE IRRADIATING LIGHT

S. Cartaleva, K. Koynov, S. Saltiel, D. Sarkisyan, D. Slavov, P.Todorov,
K.Vaseva

87Sr OPTICAL LATTICE CLOCK USING SPIN-POLARIZED ATOMS
X. Baillard, M. Fouché, R. Le Targat, P. Westergaard, A. Lecallier, F.
Chapelet, S. Bize, P. Rosenbusch, M. Abgrall, P. Laurent, Y. Lecoq, G.D.
Rovera, A. Clairon, P. Lemonde, B. Lipphardt, G. Grosche, H. Schnatz

HIGH-RESOLUTION SPECTROSCOPY OF FORMALDEHYDE FOR
DIAGNOSTICS OF GUIDED COLD MOLECULES
P.W.H. Pinkse, M. Motsch, M. Schenk, M. Zeppenfeld, and G. Rempe

PRECISION ELECTRONICS FOR PRECISION EXPERIMENTS
S. Stahland S. Djekic

EVIDENCE FOR LASER-INDUCED RELAXATION IN
METASTABILITY EXCHANGE OPTICAL PUMPING OF *HE
M. Batz, W. Heil, P.-J. Nacher, G. Tastevin

HYPERFINE STRUCTURE OF THE ONE- AND TWO-PHOTON

.
TRANSITION LINES IN HD
Dimitar Bakalov, Vladimir I. Korobov, Stephan Schiller

FROM NEWTON TO CASIMIR AND BACK: FUNDAMENTAL
PHYSICS USING ATOMIC BEAM SPIN ECHO.
M.F.M. DeKieviet

A Ca" SINGLE ION FOR FREQUENCY METROLOGY IN THE
OPTICAL RANGE

C. Zumsteg, C. Champenois, G. Hagel, M. Houssin, M. Knoop, M. Vedel
and F. Vedel

JONES EFFECT ON ATOMS WITH DOUBLET STRUCTURE OF
LEVELS
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We5-26

We5-27

V.V. Chernushkin, P.V. Mironova and V.D. Ovsiannikov

HIGH-ACCURACY MASS AND g-FACTOR MEASUREMENTS ON
HIGHLY-CHARGED IONS IN PENNING TRAPS

K. Blaum, J. Alonso, I. Bergstrom, T. Fritioff, H.-J. Kluge, Sz. Nagy, W.
Quint, B. Schabinger, R. Schuch, A. Solders, M. Suhonen, G. Werth

ATOM INTERFEROMETRY EXPERIMENTS WITH LITHIUM
M. Jacquey, A. Miffre , M. Biichner, G. Trénec and J. Vigué

Thursday 10/5

1. Atomic and Molecular Astrophysics

Thl-1

Thl-2

Thl-3

Thl-4

Thl-5

Thl-6

Th1-7

Th1-8

RELATIVISTIC CORRECTION TO LYMAN AND WERNER BAND
SYSTEMS OF HYDROGEN MOLECULE
E.A.Pazyuk, A.N.Drozdova, V.V.Meshkov, A.V.Stolyarov, M. Tamanis

TRANSITION FREQUENCY SHIFTS WITH FINE STRUCTURE
CONSTANT VARIATION FOR Fe II

K. V. Koshelev, S. G. Porsev, 1. I. Tupitsyn, M. G. Kozlov, D. Reimers,
and S. A. Levshakov

THE FERRUM-PROJECT: EXPERIMENTAL AND THEORETICAL
TRANSITION RATES OF FORBIDDEN [Scll] LINES AND
RADIATIVE LIFETIMES OF METASTABLE ScIl LEVELS

Hartman H., Gurell J., Lundin P., Schef P.,Hibbert A, Lundberg H.,
Mannervik S, Norlin L-O. and Royen P.

INFRARED EMISSION SPECTRUM OF INTERSTELLAR
MOLECULAR HYDROGEN FORMED ON THE SURFACE OF DUST
Junko Takahashi

COLLISIONAL EXCITATION OF AMMONIA BY HELIUM AND
MOLECULAR HYDROGEN IN SPACE
E. Scifoni, P. Valiron, A. Faure, C. Rist

RECENT ADVANCES IN CALCULATING COLLISIONAL RATES
FOR ASTROPHYSICS

Faure A., Valiron P., Wiesenfeld L., Tennyson J., Dubernet M.L.,
Kokoouline V., Greene, C. H.

THEORETICAL STUDY OF STARK WIDTH AND SHIFT
PARAMETERS OF Pb III TRANSITIONS

C. Colén, A. Alonso-Medina, F. Fernandez, C. Rivero, A. Zanén, J.
Maduefio and J. Albeniz

ELECTRON-ION RECOMBINATION FOR ASTROPHYSICS
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1.Orban, Z. Altun, S. B6hm, P.Glans, E. Lindroth, and R. Schuch

2. Atomic and Molecular Spectroscopy

Th2-1

Th2-2

Th2-3

Th2-4

Th2-5

Th2-6

Th2-7

Th2-8

Th2-9

Th2-10

VUV SPECTROSCOPY AND PHOTOPHYSICS OF ACETONITRILE
Sydney Leach, Martin Schwell, Hans-Werner Jochims, Helmut
Baumgirtel

HIGH RESOLUTION LIF SPECTROSCOPY OF THE NaCs B(1)'TI
STATE AND CONSTRUCTION OF THE POTENTIAL ENERGY
CURVE

J.Zaharova, O.Docenko, M. Tamanis, R.Ferber, A.Pashov, H.Kndckel and
E.Tiemann

COMPUTATION OF THE MOLECULAR FINE STRUCTURE OF
DIPOLAR ALKALI MOLECULES

Johannes Deiglmayr, Mireille Aymar, Olivier Dulieu and Fernand
Spiegelman

HIGH RESOLUTION FOURIER TRANSFORM SPECTROSCOPY OF
ATOMIC NIOBIUM

Ipek K. Oztiirk, Alev Er, Goniil Basar, Giinay Basar, Sophie Kroger,
Andrey Jarmola, Maris Tamanis, and Ruvin Ferber

HIGH RESOLUTION ULTRA-VIOLET ABSORPTION CROSS
SECTIONS OF SULPHUR DIOXIDE AT 200K

D. Blackie, R. Blackwell-Whitehead, G. Stark, J.C. Pickering, J. Rufus, A.
Thorne, P.L. Smith

HYPERFINE STRUCTURE CONSTANTS OF THE 7, 9, 10Ds;
STATES OF CESIUM

M. Auzinsh, K. Bluss, R. Ferber, F. Gahbauer, A. Jarmola, M. S.
Safronova, U. I. Safronova, and M. Tamanis

ON THE STARK BROADENING OF TWO Xe II LINES FROM THE
MULTIPLET 5d [3] — 4f [4]0,
S. Djurovi¢, R. J. Pelaez, M. CiriSan, J. A. Apparicio and S. Mar

IONIZATION OF ALKALI-METAL RYDBERG ATOMS BY
BLACKBODY RADIATION
L.I.Beterov, D.B.Tretyakov,l.I.Ryabtsev, A.Ekers, N.N.Bezuglov

READOUT OF DELAYLINE DETECTORS USING TRANSIENT
RECORDER TECHNIQUE

Lutz Foucar, Achim Czasch, Ottmar Jagutzki, Sven Schoessler, Till
Jahnke, Horst Schmidt-Boecking, and Reinhard Doerner

LsMy—MNys X-RAY SATELLITES SPECTRA IN the Lf; REGION OF
5d TRANSITION ELEMENTS
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Th2-11

Th2-12

Th2-13

Th2-14

Th2-15

Th2-16

Th2-17

Th2-18

Th2-19

Th2-20

Th2-21

Surendra Poonia

LITHIUM HYPERFINE SPLITTING AND THE NUCLEAR VECTOR
POLARIZABILITY
M. Puchalski and K. Pachucki

PROBABILITIES OF MULTIPLE SHAKE PROCESSES IN SUDDEN
APPROXIMATION
A.G.Kochur, V.A.Popov

INTERACTION BETWEEN RYDBERG SERIES OF DOUBLY
EXCITED STATES IN Kr AND Xe AFTER EXCITATION WITH
NARROW BANDWIDTH SYNCHROTRON RADIATION OBSERVED
BY PHOTON INDUCED FLUORESCENCE SPECTROSCOPY (PIFS)
S. Klumpp, W. Kielich, L. Werner, A. Ehresmann, H. Schmoranzer, K.-H.
Schartner, V.L Sukhorukov, I.D. Petrov, and Ph.V. Demekhin

THEORETICAL MODELS FOR THE CASCADE DECAYS
A.G.Kochur

OSCILLATOR STRENGTHS FOR SINGLY IONIZED SILICON
USING NON-ORTHOGONAL WAVE FUNCTIONS
S. S. Tayal

STARK REDISTRIBUTION OF RADIATION TRANSITION
PROBABILITIES IN ATOMIC MULTIPLET LINES
A. A. Kamenski and V. D. Ovsiannikov

ROVIBRATIONAL SPECTROSCOPY OF PARA-H*" ENRICHED
POPULATIONS IN A CRYOGENIC 22-POLE ION TRAP
Annemieke Petrignani, Holger Kreckel, Max Berg, Dennis Bing, Sascha
Reinhardt, Andreas Wolf

MODIFIED FUES POTENTIAL FOR GROUND-STATE
WAVEFUNCTIONS OF MULTIVALENT ATOMS
E.Yu. II’inova and V.D. Ovsiannikov

ON DETERMINATION OF ABSOLUTE ATOMIC DENSITIES FROM
MEASURED RELATIVE INTENSITIES WITHIN RESONANCE
MULTIPLETS DISTORTED BY SELF-ABSORPTION

B.P. Lavrov, A. S. Mikhailov

EFFECTS OF ELECTRIC FIELD ON THE DECAY BRANCHING
RATIO OF 'P° DOUBLY EXCITED STATES IN HELIUM

M. Zitnik, F. Penent, P. Lablanquie, A. Miheli¢, K. Bucar, R. Richter, M.
Alagia and S. Stranges

HIGH-RESOLUTION STUDY OF THE DOUBLY EXCITED STATES

OF HELIUM - EXCITATION OF '°S METASTABLE HELIUM
ATOMS.
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Th2-22

Th2-23

Th2-24

Th2-25

Th2-26

Th2-27

Th2-28

Th2-29

Th2-30

Th2-31

Th2-32

M. Alagia, M. Coreno, H. Farrokhpour, P. Franceschi, K. C. Prince, R.
Richter, J. Soderstrém, S. Stranges

STARK SHIFTS OF SOME Xe II BLUE LINES
M. CiriSan, R. J. Pelaez, S. Djurovié, J. A. Apparicio and S. Mar

LANDE g- FACTORS OF ROVIBRONIC LEVELS OF THE (4d) 1’3Hg_

AND (4d)l"3Ag7 STATES OF HYDROGEN AND DEUTERIUM

MOLECULES
S.A. Astashkevich

DISTRIBUTION OF VIBRATIONAL EXCITATIONS ACCOMPANIED
INNER-SHELL IONIZATION IN MOLECULES
A. A. Pavlychev and D. A. Mistrov

THEORETICAL STUDY OF RESONANT STATES OF H; AND D,H"

MOLECULAR IONS.
Bruno C. Silva, Paolo Barletta, James J. Munro and Jonathan Tennyson

RELATIVISTIC CI OSCILLATOR STRENGTHS FOR LOWEST
TRANSITIONS IN SILVER AND GOLD ISOELECTRONIC
SEQUENCES

L Glowacki and J Migdalek

MEASUREMENT OF PRESSURE DEPENDENT DISPERSION OF
INERT GASES
A. Borzsonyi, K. Osvay, A. P. Kovécs, Zs. Heiner, M.P. Kalashnikov

USE OF MAPPED GRIDS AND ABSORBING POTENTIALS IN
MULTICHANNEL SCATTERING CALCULATIONS
T.P. Grozdanov and R. McCarroll

2psn'3x'-3x'4d" X-RAY SATELLITES SPECTRA IN THE LB,
REGION
Surendra Poonia

PRODUCTION OF NEGATIVE IONS AFTER S 2p SUBSHELL
PHOTOIONIZATION IN SFs IN THE SHAPE RESONANCES
VICINITY

A. A.Pavlychev and X. O. Brykalova

STARK EFFECT ON THE PROBABILITY OF THE RADIATION
TRANSITIONS BETWEEN SINGLET STATES IN ATOMS
Ovsiannikov V. D., Kamenski A. A. and Tarusin A. A.

ROTATIONAL EXCITATION OF DEUTERATED ISOTOPOLOGUES

OF NH; BY He AND H,
Machin L., Roueff E., Valiron P.
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Th2-33

Th2-34

Th2-35

Th2-36

Th2-37

Th2-38

Th2-39

Th2-40

Th2-41

Th2-42

Th2-43

THE BINOMIAL POTENTIAL OF ELECTRON-PROTON
INTERACTION ALTERNATIVE TO THE COULOMB LAW
VK. Gudymand E.V. Andreeva

PHASE-SHIFTED MULTICHANNEL QUANTUM DEFECT THEORY
ANALYSIS OF THE OBSERVED 5dnd J = 11/2 AUTOIONIZING
RYDBERG SERIES OF EUROPIUM ATOM

S. Bhattacharyya, M. A. N. Razvi, S. Cohen and S. G. Nakhate

MANY-PARTICLE QUANTUM THEORY OF RESONANCE
INELASTIC SCATTERING OF AN X-RAY PHOTON BY ATOM AND
ION

AN.Hopersky, A.M.Nadolinsky, V.A.Yavna

OBSERVATION OF PERTURBATIONS IN TRANSITION
PROBABILITIES FOR ROVIBRONIC LINES OF THE (4po) £3," (4pm)
I°II," — (256) 2’%,” BANDS OF H,

B.P. Lavrov, A. V. Modin, and I. S. Umrikhin

RELATIVISTIC CORRECTIONS TO ISOTOPE SHIFT IN LIGHT
MANY-ELECTRON IONS
V. A. Korol, and M. G. Kozlov

ON THE S-WAVE MODEL OF TWO-ELECTRON ATOMS
L. U. Ancarani

RELATIVISTIC NUCLEAR RECOIL, ELECTRON CORRELATION
AND QUANTUM ELECTRODYNAMIC EFFECTS IN BE- AND B-
LIKE ARGON IONS

Z. Harman, R. Soria Orts, A. Lapierre, J.R. Crespo Lopez-Urrutia, A.N.
Artemyev, U.D. Jentschura, C.H. Keitel, V.M. Shabaev, H. Tawara, LI
Tupitsyn, J. Ullrich, A.V. Volotka

BLACKBODY INDUCED IONIZATION OF RYDBERG STATES IN
HELIUM.
Glukhov I. L. Ovsiannikov V.D.

INNER SHELL IONISATION AND RELAXATION OF CO
MOLECULE STUDIED BY COINCIDENCE SPECTROSCOPIES

P. Bolognesi, V. Feyer, L. Avaldi, A. Lahmam-Bennani, E. M. Staicu
Casagrande, S. Semenov, V.V. Kuznetsov and N. Cherepkov

SUB-DOPPLER SPECTROSCOPY OF Tm I VAPOUR IN THE
SPECTRAL REGION 410-420 nm

N. Kolachevsky, A. Akimov, K. Chebakov, I. Tolstikhina, P. Rodionov, S.
Kanorsky, and V. Sorokin

LASER OPTOGALVANIC SPECTROSCOPY OF NEON AND MONTE
CARLO LEAST-SQUARES FITTING OF ASSOCIATED
WAVEFORMS
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Th2-44

Th2-45

Th2-46

Th2-47

Th2-48

Th2-49

Th2-50

Th2-51

Th2-52

Th2-53

Th2-54

Th2-55

Prabhakar Misra and Xianming L. Han

GROUND STATE POTENTIAL OF KCs MOLECULE
Ruvin Ferber, Ilze Klincare, Olga Nikolayeva, Maris Tamanis, Asen
Pashov, Horst Knéckel, Eberhard Tiemann

SPECTROSCOPIC STUDIES OF THE HIGHLY EXCITED
VIBRATIONAL LEVELS OF THE A'TI AND X'S" STATES IN “C'°0
U. Domin, R. Kepa, M. Ostrowska-Kope¢

1 e 3 e
SERIES OF DOUBLY-EXCITED STATES S AND S OF He
T. T. Gien

PHOTODOUBLE IONIZATION OF HE WITH CIRCULARLY
POLARIZED RADIATION
P. Bolognesi, V. Feyer, A. Kheifets, S. Turchini, N. Zema and L. Avaldi

THE B*s' - X" TRANSITION OF *C"70+: 2-v” PROGRESSION
W. Szajna, R. Hakalla, R. Kepa, M. Zachwieja

PHOTOIONIZATION OF N, VALENCE SHELL BETWEEN 200 AND
400 eV: DIPOLE AND NON-DIPOLE PARAMETERS
P. Bolognesi, V. Feyer, R. Flammini, L. Avaldi, D. Toffoli, P. Decleva

AB INITIO CALCULATION OF HIGH ANGULAR MOMENTUM
STATES FOR H; NEAR DISSOCIATION.
P Barletta, B C Silva and J Tennyson

ROVIBRONIC TRANSITION PROBABILITES FOR THE (3d) “A’g —
(2p)'* A", BAND SYSTEMS OF H,, HD AND D,
S.A. Astashkevich, B.P. Lavrov

LASER PROBING MEASUREMENTS AND CALCULATIONS OF
LIFETIMES OF THE 2D3/2 AND 2D5/2 METASTABLE STATES IN Ba Il
Gurell J., Biémont E., Blagoev K., Fivet V., Lundin P., Mannervik S.,
Norlin L.-O., Quinet P., Rostohar D., Royen P. and Schef P.

ANOMALOUS MAGNETO-OPTICAL RESONANCES ON THE 2p53s
STATES IN A Ne DISCHARGE
P. Todorov, A. Gorbenko, V. Polischuk, D. Slavov, L. Petrov, G. Todorov

AB INITIO CALCULATIONS OF THE SULFUR ELECTRON
AFFINITY IN THE MCHF APPROACH

Thomas Carette, Oliver Scharf, Michel R. Godefroid and Charlotte Froese
Fischer

LONG-LIVED *c(v’) STATES OF THE HgAr, HgKr AND HgXe VAN
DER WAALS MOLECULES.
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Th2-56

Th2-57

Th2-58

Th2-59

Th2-60

Th2-61

Th2-62

Th2-63

Th2-64

Th2-65

Th2-66

Th2-67

O.S. Alekseeva, A.Z. Devdariany, M.G. Lednev, A.L. Zagrebin

THE Cd (5 3PJ)-Kr INTERACTION POTENTIALS.
O.S. Alekseeva, A.Z. Devdariany, M.G. Lednev, A.L. Zagrebin

SOFTWARE FOR MAGNETIC FLUX DENSITY CALIBRATION
A. Buczek, G. Szawiota, W. Koczorowski, A. Walaszyk, E. Stachowska

ATOMIC STRUCTURE CALCULATION FOR Zn-like W ION
A. Mihailescu, V. Stancalie

LIFETIME DETERMINATIONS IN Xe VII- Xe IX
E. Biémont, M. Clar, V. Fivet, H.-P. Garnir, P. Palmeri, P. Quinet, D.
Rostohar

ON THE FINE STRUCTURE BRANCHING RATIOS OF
PHOTODETACHMENT INTENSITIES THROUGH THE
IRREDUCIBLE TENSORIAL EXPRESSION OF SECOND
QUANTIZATION OPERATORS

Oliver Scharf and Michel R. Godefroid

SPECTROSCOPIC MANIFESTATION OF RADIATION TRAPPING IN
A SUPERSONIC BEAM

E. Saks, A. Janovs, P. Spels, I. Sydoryk, N. N. Bezuglov, 1. I. Beterov, I. I.
Ryabtsev, K. Miculis, A. Ekers,

FLUORESCENCE OF HELIUM DOUBLY EXCITED STATES BELOW
N=2IN HOMOGENEOUSV ELECTRIC FIELD
Andrej Miheli¢ and Matjaz Zitnik

EXCITATION-IONIZATION CROSS-SECTION Na-LIKE TIN
A. Yumak, U. Golcek, I. Yavuz and Z. Altun

SPECTROSCOPY OF HEAVY MULTI-CHARGED IONS AND
EXOTIC ATOMIC SYSTEMS: QED PERTURBATION THEORY
APPROACH

A.V.Glushkov, E.P.Gurnitskaya, O.Yu.Khetselius and L.A.Vitavetskaya

ISOBAR SELECTIVE LASER PHOTODETACHMENT IN TRACE
ELEMENT ANALYSIS
P. Andersson, A. Lindahl, O. Forstner, D. Hanstorp

DETERMINATION OF THE HYPERFINE STRUCTURE CONSTANTS
OF HIGH-LYING EVEN PARITY ELECTRONIC LEVELS OF
LANTHANUM ATOM

B. Furmann

THEORY OF THE STARK EFFECT: INFLUENCE OF DIMENSION
V.V. Bondarchuk, I.M. Shvab
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Th2-68

Th2-69

Th2-70

Th2-71

Th2-72

Th2-73

Th2-74

Th2-75

Th2-76

Th2-77

Th2-78

NEW LASER-ELECTRON NUCLEAR EFFECTS IN THE NUCLEAR vy
TRANSITION SPECTRA IN ATOMIC AND MOLECULAR SYSTEMS
A.V.Glushkov and S.V.Malinovskaya

DIRECT DIAGONALIZATION OF THE HYPERFINE STRUCTURE
MATRIX - EXAMPLE OF THE EVEN CONFIGURATIONS OF
LANTHANUM ATOM

J. Ruczkowski, J. Dembezynski, M. Elantkowska

RESONANT DOUBLE PHOTOIONISATION SPECTROSCOPY OF
STRONTIUM
Dr E. Sokell, Dr M. Grimm, P. Sheridan

TRANSITION PROBABILITIES IN SINGLY IONIZED
PROMETHIUM (Pm II)
V. Fivet, P. Quinet and E. Biémont

ATOMIC STRUCTURE CALCULATIONS IN THE ACTINIDES: THE
CASES OF PLUTONIUM (Pu II) AND OF AMERICIUM (Am I)
V. Fivet, P. Quinet and E. Biémont

VIBRATIONAL ANALYSIS OF THE N,'(C-X) FLUORESCENCE
AFTER INNER-SHELL EXCITATION OF N,

A Ehresmann, L Werner, S Klumpp, Ph V Demekhin, V L Sukhorukov, H
Schmoranzer and K-H Schartner

AUGER EFFECT IN ATOMS AND SOLIDS: CALCULATION OF THE
AUGER DECAY CHARACTERISTICS IN ATOMS AND SOLIDS
S.V.Ambrosov, A.V.Glushkov, L.V.Nikola and T.A.Florko

RESOLUTION ENHANCEMENT BY DECONVOLUTION IN
ELECTRON ENERGY LOSS SPECTROSCOPY
S. Aksela, A. Mikinen, and S. Urpelainen

HYPERFINE INTERACTION-AFFECTED METASTABLE LEVEL
LIFETIMES IN Ni-LIKE IONS OF XENON
E. Tribert, P. Beiersdorfer , G. V. Brown

LIFETIME VIBRATIONAL INTERFERENCE EFFECTS DURING THE
NO 1s'n* (vg)) RESONANCE AUGER DECAY INTO THE NO' A 'TI
STATE INVESTIGATED THROUGH NO* (AIH—> X 's*) DISPERSED
FLUORESCENCE

A Ehresmann, W. Kielich, L Werner, S Klumpp, Ph V Demekhin, V L
Sukhorukov, H Schmoranzer and K-H Schartner

SOLVENT EFFECT ON THE 0-0 PHOSPHORESCENCE BAND AND
CHANGE OF POLARIZABILITY UNDER THE a'A ¢ —>X3Z;

TRANSITION IN MOLECULAR OXYGEN
Vladimir S. Pavlovich
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Th2-79

Th2-80

Th2-81

Th2-82

Th2-83

Th2-84

Th2-85

Th2-86

Th2-87

Th2-88

Th2-89

UNRAVELLING THE STRUCTURE OF THE METASTABLE
DIHYDROGEN ANION
F. Mezdari, N. de Ruette, X. Urbain

LASER SPECTROSCOPY OF SCANDIUM ISOTOPES AND ISOMERS
Yu.P.Gangrsky, K.P.Marinova, S.G.Zemlyanoi, M. Avgoulea, J.Billowes,
P.Campbell, B. Cheal, B. Tordoff, M. Bissel, D.H. Forest, M. Gardner,
G.Tungate, J.Huikari, H. Penttild and J.Aysto

VIBRATIONAL RELAXATION OF HIGHLY EXCITED CO(X'%,v)
MOLECULES ON THE CO; IN THE DISCHARGE PLASMA
G.M.Grigorian, 1.V.Kochetov

FINE-STRUCTURE ENERGY LEVELS AND LIFETIMES IN Co XV
G. P. Gupta and A. Z. Msezane

NUCLEAR ELECTRIC QUADRUPOLE MOMENTS, HFS
CONSTANTS FOR HEAVY IONS AND RADIATION TRANSITION
PROBABILITIES BETWEEN HFS COMPONENTS FOR IONS OF Fe
IN SUPERNOVA

Khetselius O.Yu.

THE LINE SHAPE OF L, - LyLsMys -My.sMy.s(My;s) SATELLITES IN
THE AUGER SPECTRA OF SOLIDS: AN 4B INITIO APPROACH.
M. Cini, S. Ugenti, E.Perfetto

INELASTIC PHOTON SCATTERING AS A COMPLEMENTARY
DIPOLE (TWO-PHOTON) MECHANISM CONTRIBUTING TO THE
ANGULAR DISTRIBUTION OF PHOTOELECTRONS

R.Yu. Kilin, V.A. Kilin, A. Ehresmann, K.-H. Schartner, H. Schmoranzer

COMPUTATION OF THE MOLECULAR FINE STRUCTURE OF
STRONG DIPOLAR MOLECULES
Johannes Deiglmayr, Mireille Aymar, and Olivier Dulieu

IDENTITY OF MAGNETIC FIELD-INDUCED FRINGE AND
TRAJECTORY DISPLACEMENTS, IN ELECTRON
INTERFEROMETERS, CHECKED BY PHOTODETACHMENT
MICROSCOPY

Christophe Blondel, Walid Chaibi, Christian Delsart and Cyril Drag

IS CADMIUM DIMER A TRULY VAN DER WAALS MOLECULE:
ROTATIONS AT THE '0f (53'P)<X'0; AND 'I,5'P)—X'0;
TRANSITIONS

M. Strojecki, M. Ruszczak, M. Lukomski and J. Koperski

DOUBLE AUGER DECAY IN CARBON MONOXIDE AFTER C(1s)
EXCITATION OR IONISATION
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AN APPROACH TO THE DIRECT CALCULATION OF THE ATOMIC
FLUORESCENCE SPECTRA INDUCED BY PHOTOEXCITATION
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Mireille Aymar and Olivier Dulieu

A CONSISTENT CENTRAL POTENTIAL TO SIMULATE METHANE
SCATTERING CALCULATIONS
F. Shojaei, M.A. Bolorizadeh, E. Ghanbari Adivi

THE Cl1s AND N1s NEXAFS SPECTRA OF FIVE AZA-BENZENES IN
THE GAS PHASE

G. Vall-llosera, B. Gao, H. Agren, E. Rachlew, M. de Simone, A.
Kivimiki and M. Coreno

THE ATOMIC PARITY VIOLATION EFFECT: CONSISTENT
QUANTUM CALCULATION
Khetselius O.Yu.

RADIATIVE LIFETIMES AND TRANSITION PROBABILITIES OF
THE NaCs 'TT STATES

E.A.Pazyuk, A.Zaitsevskii, A.V.Stolyarov, 1. Klincare, J. Zaharova, M.
Tamanis, R.Ferber

TRANSITION PROBABILITIES FOR LINES ORIGINATING FROM
6d AND 7s CONFIGURATIONS IN SINGLY IONIZED GOLD
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Th2-103
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Th2-108
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Blagoev

THE EFFECTS OF THE PRESENCE OF LOW LYING EXCITED
STATES ON 4d PHOTOABSORPTION OF La AND Ce IONS
Nicola Murphy, Lynn Gaynor, Padraig Dunne and Gerry O’Sullivan

THEORETICAL STUDY OF E1 SPECTRA OF Sn"'?> TO Sn*'® IONS
Konrad Koc, L. Glowacki and J. Migdatek

ELECTRONIC TRANSITIONS IN H- TO Be -LIKE IONS IMMERSED
IN ELECTRON GAS
Marek Moneta

ON A COMPARISON BETWEEN BREIT-PAULI AND FULLY
RELATIVISTIC APPROACHES AT HIGH Z: THE 1s2s2p 4P°5/2
HIGHLY MAGNETIC METASTABLE STATE IN THE Li
ISOELECTRONIC SEQUENCE

P. Palmeri, P. Quinet, C. Mendoza, M. R. Godefroid, P. Indelicato and N.
R. Badnell

RADIATIVE AND AUGER DECAY OF K-VACANCY LEVELS IN
THE Ne, Mg, Si, S, Ar AND Ca ISONUCLEAR SEQUENCES

P. Palmeri, P. Quinet, C. Mendoza, M.A. Bautista, J. Garcia and T.R.
Kallman

ATOMIC PROPERTIES OF Ca’, Sr', Cd", Hg", AND Ra"
M.S. Safronova, Dansha Jiang, and U.IL. Safronova

OZONE MOLECULE: GLOBAL VARIATIONAL CALCULATION
AND ASSIGNMENT OF HIGHLY EXCITED RO-VIBRATIONAL
STATES

Vladimir Tyuterev, Sergei Tashkun, Habib Seghir, and Alain Barbe

STORAGE-RING MEASUREMENT OF THE HYPERFINE INDUCED
417i"%*(252p *Py — 25 'Sg) TRANSITION RATE

S. Schippers, E. W. Schmidt, D. Bernhardt, D. Yu, A. Miller, M.
Lestinsky, D. A. Orlov, M. Grieser, R. Repnow, A. Wolf

3. Few body dynamics

Th3-1

Th3-2

TWO-BODY SYSTEM AT FINITE TEMPERATURE
D.U. Matrasulov, F.C. Khanna, Kh.Yu. Rakhimov, and Kh.T. Butanov

AB  INITIO POTENTIAL SURFACE AND VIBRATIONAL

PREDISSOCIATION DYNAMICS OF Hel,(B) CLUSTER
R. Prosmiti, A. Valdés, P. Villarreal, G. DelgadoBarrio
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Th3-4

Th3-5

Th3-6

Th3-7

Th3-8

Th3-9

Th3-10

Th3-11

Th3-12

PHOTOIONIZATION MICROSCOPY: EXPERIMENT AND
SIMULATIONS.

A. Ollagnier, F. Lépine, M-A. Lebeault, F. Robicheaux, M.J.J. Vrakking
and C. Bordas

A CLASSICAL AND QUANTUM MECHANICAL INVESTIGATION
OF THE ROLE OF NONDIPOLE EFFECTS ON THE BINDING OF A
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1. Sundvor, L. Salen, T. Birkeland, S. Selstg, and M. Forre

SIGNATURES OF QUANTUM CHAOS IN DOUBLY EXCITED
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R. Piittner, Y. H. Jiang, D. Delande, M. Martins, and G. Kaindl

INNER-SHELL PHOTODETACHMENT OF NEGATIVE IONS WITH
HALF-FILLED NP-SUBSHELL: EFFECT OF STRONG MANY-
ELECTRON CORRELATION

G.Yu. Kashenock and V.K. Ivanov

DIELECTRONIC RECOMBINATION OF PARTIALLY-FILLED M-
SHELL IONS

D. Nikoli¢, Sh.A. Abdel-Naby, J. Fu, T.W. Gorczyca, N.R. Badnell, and
D.W. Savin

DIELECTRONIC RESONANCE ENERGIES AND STRENGTHS IN
HIGHLY CHARGED IONS TO INVESTIGATE CORRELATED
HIGHFIELD FEWELECTRON DYNAMICS AND QED
CONTRIBUTIONS

Z. Harman, V. Mickel, A.J. Gonzalez Martinez, A.N. Artemyev, J.R.
Crespo LopezUrrutia, U.D. Jentschura, C.H. Keitel, H. Tawara, 1L
Tupitsyn, J. Ullrich

ON THE DOUBLE EQUIVALENT OF THE C3 DOUBLE
CONTINUUM WAVE-FUNCTION
L. U. Ancarani and G. Gasaneo

TWO-CENTER PROBLEM FOR THE DIRAC EQUATION WITH A
COULOMB AND SCALAR POTENTIAL
V.V. Bondarchuk, I.M. Shvab

MANY-BODY DYNAMICS OF REPULSIVELY BOUND PAIRS OF
PARTICLES IN A PERIODIC POTENTIAL

David Petrosyan, Bernd Schmidt, James R. Anglin, and Michael
Fleischhauer

A TWO-BODY GREEN FUNCTION TECHNIQUE FOR
CALCULTATING TRIPLY DIFFERENTIAL CROSS SECTIONS FOR
DOUBLE PHOTOIONIZATIONS OF ATOMS AND MOLECULES
Luca Argenti and Renato Colle
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Kh.Yu. Rakhimov and Kh.T. Butanov
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Nadine Neumann, Dorota Hant, Lothar Schmidt, Markus Schoffler, Jasmin
Titze, Ottmar Jagutzki and Reinhard Dorner

Th3-16 TWO ELECTRON RESONANT EMISSION FROM ATOMS AND
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F.Da Pieve, S.Di Matteo, D.Sebilleau, R.Gunnella, C.R.Natoli and
G.Stefani

Th3-17 TEMPERATURE EFFECTS ON DISSOCIATIVE ELECTRON
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M. Cinge, J. Fedor, J.D. Skalny, J. Horacek, A. Stamatovic, S. Denifl, P.
Scheier and T.D. Mirk
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Dominique Akoury, Katharina Kreidi, Thorsten Weber, Till Jahnke, Rui
Alexandre Costa Fraga, Nadine Neumann, Markus Schoeffler, Lothar
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Boecking, Reinhard Doerner, Sun Lee, Hidehito Adaniya, Marcus
Hertlein, Timur Osipov, Mike Prior, Ali Belkacem, Allen Landers, Predrag
Ranitovic, Lewis Cocke
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EQUATION FRAMEWORK
V.V. Bondarchuk, .M. Shvab

Th3-20 METHYL-SUBSTITUTED PYRIDINE-WATER COMPLEXES
REVISITED
C. G. Floare

Th3-21 A TRUE NATURE OF HELIUM DOUBLE PHOTOIONIZATION
AMPLITUDES
S Cvejanovi¢, M Wiedenhoeft, J. Viethaus and U. Becker

4. General Physics

Th4-1 DECOMPOSITION OF THE BOSE DISTRIBUTION OF BLACK-

BODY RADIATION IN TERMS OF FERMION BINARY PHOTONS
Sandor Varro
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Th4-4

Th4-5

Th4-6

Th4-7

MONTE CARLO SIMULATIONS OF NON-MARKOVIAN OPEN
SYSTEMS
J. Piilo, S. Maniscalco, and K.-A. Suominen

MEASUREMENT INDUCED MANIPULATION OF THE QUANTUM-
CLASSICAL BORDER
Sabrina Maniscalco, Jyrki Piilo, and Kalle-Antti Suominen

PHASE SPACE SUB-PLANCK STRUCTURES: EXPERIMENTAL
REALIZATION IN TIME-FREQUENCY DOMAIN

Ludmita Praxmeyer, Piotr Wasylczyk, Czestaw Radzewicz, Krzysztof
Woadkiewicz

THE UNIVERSAL VIEW OF THE HAMILTONIAN OF THE
EXCANGE INTERACTION FOR THE SYSTEM OF PARTICLES
WITH ARBITRARY SPINS.

E.Orlenko

EINSTEIN COEFFICIENTS FOR ACTIVATION BARRIER
Anatoly V. Stepanov

LOSCHMIDT ECHO IN A SYSTEM OF INTERACTING ELECTRONS
G. Manfredi and P.-A. Hervieux
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FORMATION AND TIME-RESOLVED FLUORESCENCE OF Cs He,
EXCIPLEXES IN SOLID “He
A. Hofer, P. Moroshkin, A. Weis Mo 7/5, (Clusters and Nanoparticles)

SELF-SUSTAINED OSCILLATING MODE OF OPERATION OF A HOLLOW
CATHODE DISCHARGE AT POSITIVE DYNAMIC RESISTANCE
V. Steflekova, E. Dimova and D. Zhechev Mo 7/5, (Plasma)

ONE- AND TWO-PHOTON COHERENT CONTROL OF ATOMIC IONIZATION
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A. Bolovinos, S. Cohen Mo 7/5, (Coherent Control)

EXACT SOLUTION OF THE THREE-BODY SCHRODINGER EQUATION FOR
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S. Paul Thu 10/5, (Few body dynamics)

TWO-COLOR PUMP-PROBE STUDIES COMBINING EUV FREE ELECTRON
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ASSIGNMENT OF HIGHLY EXCITED RO-VIBRATIONAL STATES
Vladimir Tyuterev, Sergei Tashkun, Habib Seghir, and Alain Barbe

Thu 10/5, (Atomic and Molecular Spectroscopy)

PHOTODISSOCIATION OF ALKALI DIMER MOLECULES AND DIATOMIC
BUBBLES IN SOLID *HE
P. Moroshkin, A. Hofer, and A. Weis Mo 7/5, (Clusters and Nanoparticles)

ATOM-DIMER RESONANCE IN AN ULTRACOLD GAS
F. Ferlaino, M. Mark, M. Berninger, J. G. Danzl, S. Knoop, T. Kraemer, H. Schobel,
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Yang Wang, Goar Sanchez, Sergio Diaz-Tendero, Fernando Martin and Manuel
Alcami Mo 7/5, (Clusters and Nanoparticles)
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STATE SELECTIVE DIFFERENTIAL CROSS SECTIONS FOR SINGLE
ELECTRON CAPTURE IN H*-, He*- and He?* -COLLISIONS WITH He

M.S. Schoffler, J. Titze, L.Ph.H. Schmidt, O. Jagutzki, T. Jahnke, R. Dorner, H.
Schmidt-Bocking and 1. Mancev Thu 10/5, (Few body dynamics)

MESOSCOPIC COHERENT QUANTUM DYNAMICS IN THE STRONG
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Tilman Pfau
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Plenary 1

Precision Mass Measurement: (cyclotron is not gB/m, does E=mc??
Prof. Dave Pritchard, MIT.
We have developed an ion balance that has improved atomic and molecular mass
measurement accuracy to ~ 10-11. It compares the cyclotron frequency of two
individual molecular or atomic ions trapped in a uniform magnetic field to find the
mass ratio. Besides improving the mass of fundamental particles, this has led to
discovery of a correction to the cyclotron resonance formula, a new route to
determining the fine structure constant using simple physics, the best
measurement of the dipole moment of any charged molecule, recalibration of the x-
ray wavelength standard, a possible route to replace the artifact kilogram with an
atomic mass standard, and a precise test of E=mc?®. We can also weigh chemical
bonds.
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Plenary 2

SWEETNESS AND LIGHT: FROM GLUCOSE TO GLYCOBIOLOGY

John P Simons
Chemistry Department, Physical and Theoretical Chemistry Laboratory, South Parks
Road, Oxford OX1 3QZ, UK

The functional importance of carbohydrates in biological processes, particularly
those involving specific molecular recognition, is immense. The molecular interactions
involved in the recognition of carbohydrates by proteins mediate an extraordinarily wide
range of biological processes ranging from cell growth, adhesion and death to the
enzymatic recycling of photosynthetically generated plant cell-wall polysaccharides, such
as cellulose and xylan — the most abundant polymers on Earth. Characterizing the three-
dimensional structures of carbohydrates and glycoproteins, and their interactions with
other molecules, not least the ubiquitous solvent, water, are key starting points on the
road towards the understanding of these processes.

The talk will introduce some of the milestones already passed along this road,
driven by a combination of laser-based electronic and vibrational spectroscopy of mass-
selected carbohydrate molecules and their molecular complexes conducted under
molecular beam conditions, with ab initio computation. This approach has been revealed
as a uniquely powerful means of characterizing carbohydrate conformations and the
structures of their hydrated complexes; the hydrogen-bonded networks they support (or
which support them); the factors which determine their conformational and structural
preferences; the specificity of their interactions with other molecules; and the physical

basis of their molecular recognition by proteins.
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Plenary 3

The Optical Frequency Comb - a remarkable tool with many uses

John L. Hall

JILA, University of Colorado and NIST
Boulder CO 80309-0440
jan@HallStableLasers.com, jhall@jila.colorado.edu

The Optical Frequency Comb concept and technology exploded in 1999-2000 as the
synthesis of advances in independent fields of Laser Stabilization, UltraFast Lasers,
and NonLinear Optical Fibers. The Comb was developed first as a method for optical
frequency measurement, and has enabled a new "industry" developing to check in the
16th digit for time-variation of physical "constants". The Comb methods also
empower enhanced time-domain control, with broad applications in spectroscopy,
metrology, and the extension of nonlinear optics to the XUV range and beyond.
Combs should be a major help in frequency-based length metrology, whereby the
incredible resolution is accessible ALONG WITH intrinsic resolution of the integer
fringe question: two great applications will be next-generation interferometric planet-
finder space missions, and cold-start dimensional metrology for tasks like layout of
airplanes and accurate photolithography of large semiconductor wafers.
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Plenary 4

Quantum Information Processing with Trapped Ca" Ions

- Multi-particle entanglement and quantum metrology —

Rainer Blatt

Institut fiir Experimentalphysik, Universitdt Innsbruck,
Technikerstrafie 25, A-6020 Innsbruck, Austria,
and
Institut fiir Quantenoptik und Quanteninformation,
Osterreichische Akademie der Wissenschaften,
Otto-Hittmair-Platz 1, A-6020 Innsbruck, Austria.
Rainer Blatt@uibk.ac.at

Tel: +43-512-507-6350, Fax: +43-512-507-2952

Trapped strings of cold ions provide an ideal system for quantum information processing. The
quantum information can be stored in individual ions and these qubits can be individually
prepared; the corresponding quantum states can be manipulated and measured with nearly
100% detection efficiency. With a small ion-trap quantum computer based on two and three
trapped Ca” ions as qubits we have generated genuine quantum states in a pre-programmed
way. These states are of particular interest for the implementation of an ion quantum register:
we have demonstrated selective read-out of single qubits and manipulation of inidvidual
qubits of the register conditioned on the read-out results. Moreover, entangled states of up to
eight particles were generated using an algorithmic procedure and the resulting states were
analyzed using state tomography proving genuine multi-partite entanglement. With Bell states
as a resource, entangled states are applied for teleportation and for improved precision

measurements.

This work is supported by the Austrian Science Fund (FWF), by the European Commission
(QGATES, CONQUEST) and in parts by ARDA and ARO.
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Plenary 5

Cold Quantum Gases: when Atomic Physics meets Condensed
Matter

Jean Dalibard
Laboratoire Kastler Brossel, Ecole Normale Supérieure,
24 rue Lhomond, 75005 Paris, France

A decade ago, when Bose-Einstein condensation was achieved in a cold atomic
vapour, it came as a nice confirmation of the well established theory of the ideal gas.
Since this initial discovery, the research on cold quantum gases has undergone a
tremendous advance. It provides experimentalists with a wide variety of tools
allowing one to study many-body and strongly correlated quantum systems, with the
high control and precision achievable in atomic physics and quantum optics. Atomic
motion in the periodic potential of an optical lattice simulates the physics of electrons
in solid-state devices. Feshbach resonances are specific tools of atomic physics which
enable one to adjust the sign and strength of the interaction between atoms. Quantized
vortices in rotating gases lead to physical phenomena strongly connected with the
Quantum Hall effect. The talk will review some recent advances in the domain, and
show how these cold atomic assemblies can be considered as quantum simulators,
mimicking the rich dynamics of condensed-matter systems.
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Plenary 6

FEW-PHOTON MULTIPLE IONIZATION OF ATOMS BY
INTENSE FEL RADIATION

R. Moshammerl, L. Foucarz, A. Rudenkol, Th. Erglerl, C.D. Schr('jterl, K. Zrostl,
S. Liidemann', D. Fischer’, J. Tietze?, T. Jahnke?, M. Schéffler’, T. Weber>?,
R. Do6rner2, T. Zouross, A. Dornl,T. Fergerl, K.U. Kijhnell, R. Treusch4,

P. Radcliff*, E. Plonjes*, Y.H. Jiang', and J. Ullrich'

! Max-Planck-Institut [fur Kernphysik, Saupfercheckweg 1, 69117 Heidelberg, Germany
2 Institut [fur Kernphysik, Universitdt Frankfurt, D 60486 Frankfurt, Germany
3 Stockholm University, Stockholm, Sweden
4DESY, Notkestrasse 85, 22607 Hamburg, Germany
’ University of Crete, Greece
r.moshammer@mpi-hd.mpg.de

The investigation of few-electron ejection from atoms induced by interaction with light
is a clean way to study the dynamics of many-body systems [1]. The simplest example
of such process is double ionization by a single photon, which is nowadays considered
to be well understood. In contrast, multi-photon double ionization, where about 50
optical photons are needed to release both electrons, has until now resisted any
comprehensive theoretical description. Few-photon multiple ionization, i.e. the
interaction of two or three photons with two or more electrons bridges the gap between
these two regimes and, thus, is of decisive importance for advancing non-linear theories.

Especially intriguing is the so-called ‘direct’ or ‘non-sequential’ (NS) few-photon-
induced few-electron emission in the wavelength range where one of the ionization
steps can not be made with a single photon, whereas the sum of the photon energies is
enough to overcome the total binding potential of all emitted electrons. Very recently
NS two-photon double ionization of He with 42 eV high-harmonics [2] and with 44 eV
free-electron laser (FEL) radiation [3] has been demonstrated.

Here we report on the experimental study of the few-photon multiple ionization of
rare-gas atoms by intense FEL radiation with a dedicated ‘Reaction microscope’ [4].
Measurements were performed at the wavelengths of 44 nm (28.2 eV), 32 nm (38.7 eV)
and 27 nm (45.9 eV) with the intensities of ~ 10'2-10"* W/cm®. Analyzing the intensity-
dependent rates of doubly charged Ne ions at 32 nm at low intensities (I < 10" W/cm?),
we observe a quadratic dependence, which indicates a dominance of the direct two-
photon process. However, at higher intensities the yield curve becomes steeper, coming
close to the I dependence expected for the three-photon sequential ionization, which for
the case of Ne at 32 nm is enhanced due to the intermediate resonant state [3]. Thus, we
observe a transition between two different ionization mechanisms, which is also
reflected in the measured momentum distributions of doubly charged Ne ions [5].

Signatures of NS processes were also observed for multiple ionization of Ar at 44
nm, and for the fragmentation of H, and D, molecules at 32 nm. A detailed analysis of
these data, as well as of the latest results obtained at 27 nm is currently underway.

References
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1a-1
QUANTUM CONTROL OF CHEMICAL REACTIONS AND FUNCTIONS
Leticia Gonzalez

Institut fiir Chemie und Biochemie
Freie Universitit Berlin, Takustrasse 3, D-14195 Berlin
leti@chemie.fu-berlin.de

This talk will address the problem of tracking the ultrafast dynamics of light induced
reactions in real time and its possible manipulation. Using ultrashort laser pulses it is
possible to follow carefully the movement of the nuclei. Furthermore, today’s laser
technology has made it possible to shape laser pulses in such a way that a particular
nuclear motion can be artificially imprinted, leading to the so-called coherent control of
molecular reactions.

Using ab initio potential energy surfaces and wave packet propagations, we will show
how a sequence of laser pulses with appropriate frequencies and time delays can
manipulate the formation of particular products. As an example, we will show recent
results on the control of selective bond breaking in the organometallic complex
CH3Co(CO)4 and in the halomethane CH,CIBr. Besides structure, we will also show how
functions can be also manipulated using laser pulses.

Acknowledgements: The author wishes to thank the DFG via the SFB 450 “Analysis and
control of ultrafast photoinduced reactions” for financial support.
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1a-2

Quantum and mixed quantum/classical approaches
to the control of ultrafast
molecular wave packet interferences

C. Meier

Laboratoire Collisions, Agrégats et Réactivité, IRSAMC

Université Paul Sabatier, Toulouse

An important aspect of quantum dynamics in an environment is ultrafast vibrational
relaxation. Additionally, if several initial vibrational states are excited coherently, the
system-solute interaction not only leads to energy relaxation but also to decoherence. One
way to study decoherence is considering interferences of moving wave packets.

Among others, we plan to consider the I, molecule, both free and in a dense rare gas
environment. The excitation by femtosecond laser pulses and the subsequent relaxation
dynamics is studied using quantum and mixed quantum/classical methods.

We first consider the interference of counterpropagating wave packets which create nodal
structures that appear and disappear at a femtosecond timescale, and which have a spatial
resolution defined by the de Broglie wavelength. Specifically, it is shown that these sub-
picometric interference structures can be measured within a pump-probe setup by a
thorough choice of laser parameters employed.

In a natural way, localised counterpropagating wave packets appear in weakly anharmoinc
systems by the revival phenomena, albeit with fixed relative phases. Using a multiple
pulse set up, a control of the relative phase should be possible, which in turn alters the
fringes of the matter interferences. Additionally, further possibilies to actively control the
quantum wave packet dynamics and their spatio-temporal nodal pattern will be addressed.

In a second part, we show the effect of random rare gas collisions onto the coherent wave
packet motion. To this end, the quantum wave packet propagation is combined with a
classical molecular dynamics simulation for the large number of degrees of freedom
forming the environment . The coupling between classical and quantum degree of freedom
is established via quantum trajectories, determined by the quantum flux associated with the
moving wave packet. The possibility to include time-dependent external fields of arbitrary
shapes allows for a direct comparison with experimentally measured pump-probe spectra.

References:

C. Meier, Phys. Rev. Lett 93, 173003 (2004)

H. Katsuki, H. Chiba, B. Girard, C. Meier and K. Ohmori, Science, 311, 1589, (2006)
C. Meier, J. A. Beswick, in Quantum Dynamics of Complex Molecular Systems,

ed. by D. Micha, 1. Burghardt (Springer, 2006)
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1a-3

DRESSED STATE TAILORING WITH ULTRASHORT LIGHT
PULSES

Matthias Wollenhaupt

Universitit Kassel, Institut fiir Physik und CINSaT, Heinrich-Plett-Str. 40, D-34132
Kassel, Germany, E-mail: wollenha@physik.uni-kassel.de, phone: +49 561 804 4294

Modern elaborate quantum control strategies making use of tailored ultrashort light
pulses are enormously successful to manipulate a great variety of physical and
chemical properties of matter. However, in many cases the underlying physical
processes are not very well understood - particularly when shaped resonant intense
pulses are applied. This class of pulses is of general importance because resonant
control scenarios will be the dominant pathways as shorter and shorter pulses with
ultra broad spectra become available.

In this contribution the physical mechanism of quantum control using tailored intense
resonant optimal pulses is investigated on model systems (atoms and small molecules
[1-3]). Switching among different final electronic states is realized by manipulation
of dressed state energies and dressed state population. Selective Population of
Dressed States (SPODS) is a general approach to strong field control because specific
implementations of SPODS by suitable pulse shapes comprise different physical
mechanisms such as Photon Locking and Rapid Adiabatic Passage techniques.

| AT ) Figure 1: Selective Population of Dressed

" 'l' W States (SPODS) is directly mapped into the

L - measured photoelectron spectra by variation of

i . = the phase ¢. The maximum of the asymmetric
photoelectron distribution alternates between

0.33eV and 0.52eV. These results are
obtained at a laser energy of W=0.5u]. A
section through the distribution along the
i“ll energy axis at ¢ =0.7 © — indicated with the
violet trajectory — yields the photoelectron
) || spectrum (A) where the lower dressed state is
& =5 = gelectively populated as depicted in the inset.
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In the experiment different realizations of SPODS are demonstrated. High selectivity
of the dressed state population, i.e. a switching efficiency of more than 90% is
demonstrated (see Fig. 1). Because we achieve tunability of dressed state energies in
the range of several hundred meV, our approach is attractive for control of chemical
reactions. SPODS is ultrafast, i.e. proceeds within a few optical cycles. Therefore our
strategy might be operative in the presence of decoherence processes as well.
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Properties of Cluster Ions Probed by Mass Spectrometry, Laser
Spectroscopy, Electron Diffraction and Quantum Chemistry

M. M. Kappes'?, O. Hampe', M. Neumaier', D. Schooss', A. Lechtken', M. Kordel', P. Weis?, E. Oger’,
0. Ehrler?, K. Matheis, C. Rensing and A. Gloss
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Clusters of refractory elements have been of interest for many years and for many reasons ranging
from benchmarking quantum chemical calculations, through understanding heterogeneous catalysis, to
providing appropriate building blocks for nanotechnology. A useful experimental approach continues
to be cluster size-specific measurement under collisionless conditions — concentrating in particular on
mass-selected ions. Methods for this have become increasingly sophisticated over the years. The
starting situation more than 25 years ago was characterized by cluster beam source development
coupled with mass spectrometric analysis of the resulting cluster abundances (e.g. “magic numbers”).
Today, the field has advanced to the point that it is possible to rigorously determine molecular
structures as well as many physical and chemical properties in the (free) cluster size range of up to 100
atoms. This is the consequence not only of experimental method development but also of significant
advances in quantum chemistry.

The talk will concentrate on recent work from the group on boron (B;, x<30), carbon (CXZ', x= 170, 76,
78 and 84) and gold clusters (Au, ", x=3-65) in various positive and negative charge states - examples
chosen to illustrate the potential of present-day methods. Boron cluster cations were studied by ion
mobility spectroscopy to yield collision cross sections which can in turn be interpreted by density
functional calculations to allow structural assignment. With increasing particle size, boron cluster
cations go from planar to stacked-ring geometries. Carbon cluster dianions have been studied using
photoelectron- and photodissociation-spectroscopies. Together with measurements of the kinetics and
energetics of bimolecular electron transfer reactions, these experiments yield insights into the size-
dependence of electronic structure and Coulomb barrier heights in these model multianions. Gold
cluster ions have been probed using a combination of ion mobility, laser spectroscopic methods and
trapped ion electron diffraction. Together with calculations of ground and excited electronic states,
these measurements have allowed structure determination for many cluster sizes. These structural
inferences can be used to understand cluster size-dependent variations in the kinetics of simple
radiative association reactions (e.g. Au," +CO — AuXCO+)4
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Near-infrared spectroscopy on Cg, anions

J.U. Andersen, University of Aarhus, DK-8000 Aarhus C, Denmark

The anions of Cg are of great interest for several reasons. The Cgp molecule has very high
symmetry (icosahedral) and the lowest unoccupied electronic level (¢, symmetry) is triply
degenerate, with orbitals analogous to p-states in an atom, and the orbitals are subject to Jahn-Teller
splitting. Additional electrons couple mainly to quadrupole deformations of the Cq cage, and there
is a close analogy to the coupling between single particle and collective excitations in heavy nuclei.
Another interesting aspect is the connection to superconductivity of A3Cgo compounds (A= alkali
metal) at fairly high temperatures. We have carried out spectroscopic studies of both Cgy [1] and
C(,Ozf at the electrostatic storage ring ELISA in Aarhus. The anions have mostly been studied in
liquid or solid solution where the charge is stabilised by neighbouring counter ions, but
spectroscopy in the gas phase has

obvious advantages. The photon
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into an advantage because the decay

dynamics gives information about the

structure of the low-lying electronic levels [2]. The figure shows absorption spectra recorded at two
different times after injection of Cgo®~ ions into ELISA. At the longer time, the hottest ions have
decayed so the average ion temperature is lower and the thermal population of the ground state is
higher. The line at about 925 nm can therefore be identified as a transition from the ground state.
The experiments are still in progress, with development of both the ion source and the laser
facilities at ELISA.
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storage ring. J. Chem. Phys. 124, 024310 (20006).

78



1b-3
MOLECULAR DYNAMICS FOR FISSION PROCESSES

O. L. Obolensky, A. Lyalin, I. A. Solov’yov,
A. Yakubovich, E. Henriques, A. V. Solov’yov, W. Greiner

AF. loffe Physical Technical Institute, 194021 St. Petersburg, Russia
Frankfurt Institute for Advanced Studies, 60438 Frankfurt am Main, Germany

Fission is a ubiquitous process playing important roles in many physical
phenomena. In fission, the initial and final states of a system are separated by a
potential barrier, the so-called fission barrier. The height and the shape of this barrier
determine most of the experimental observables of the process, such as characteristic
fission times and branching ratios between different fission channels.

We discuss relative advantages and disadvantages of two general approaches
which are used for carrying out a molecular dynamics analysis of fission processes
[1]. The goal of both approaches consists in finding the optimum fission pathway
which minimizes the fission barrier. The optimum fission pathway frequently involves
complicated rearrangements of the ionic structure including formation of intermediate
metastable configurations [2] which makes this problem rather difficult.

The first approach to the molecular dynamics analysis is the conventional
molecular dynamics simulations which emulate the evolution of a system with time
[3,4]. This approach relies on the assumption that the system explores sufficiently
large volumes of its phase space (thus covering sufficiently large areas of the potential
energy surface) if a sufficiently large number of runs of the simulations are made and
each run is sufficiently long. In order to shorten the required CPU time one usually
assigns rather high initial temperatures to the system. In such a case, however, the
system tends to fission along the shortest path rather than along the path with the
lowest potential barrier. Therefore, one has to find the optimum balance between the
reliability and the feasibility of simulations.

The second approach consists in a direct (manually- or algorithmically-driven)
exploration of the potential energy surface of the system [5]. This approach allows
one to perform a systematic analysis of the various fission scenarios, reducing the
chance of an accidental omission of an important fission pathway. We review one of
the possible algorithms for exploration of the potential energy surface [3,5] and give
examples of its applications to fission processes in atomic clusters, bio- and macro-
molecules.

We acknowledge partial financial support from INTAS (contract 03-51-6170)
and from European Commission (project EXCELL).
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Femtosecond optical spectroscopy of a single metal nanoparticle
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The reduction of a material size to a nanometric scale drastically modifies its physical
and chemical properties as compared to the parent bulk material. This is in particular the case
in the optical domain for metallic nanostructures with apparition of new resonances, namely
the surface plasmon resonances. They are at the origin of the large and growing interest for
metal based optical nanomaterials, with many applications in new fields such as
nanophotonics or plasmonics. In this context, confinement effects on the electronic and
vibrational properties play central roles, as they determine most of the observed optical linear
and nonlinear responses. With the advance of femtosecond laser sources, time-resolved
optical spectroscopy has become an efficient and versatile tool to investigate the nonlinear
optical response and the fundamental electronic and vibrational properties of nanomaterials.
In particular, it constitutes a powerful tool for analyzing electron interactions processes and
vibrational kinetics in nanoparticles embedded into a matrix [1].

Up to now most time-resolved optical investigations were performed on large
ensembles of nanoparticles dispersed in a liquid or solid matrix, with the concomitant
difficulty of nanoparticle size, shape and environment fluctuations. In the case of
nanospheres, this has been circumvented by using high quality samples with weak size and
shape dispersions and performing experiments in environment independent conditions [2].
However, precise investigation of the impact of the particle shape and environment on the
electron response requires the development of femtosecond spectroscopy of single
nanoparticles identified in-situ in size, shape and orientation on the substrate.

With the recent development of the far-field spatial modulation spectroscopy
technique such characterization of a nanoparticle can now be performed optically [3]. We
report here on coupling of this approach with a high sensitivity pump-probe time-resolved
femtosecond setup. It permits to investigate the transient absorption of an identified single
metal nanoparticle and, in particular, to obtain information on electron-lattice energy
exchanges in a single nano-object [4,5]. Experiments were performed in silver nanospheres
with size down to 20 nm. The measured nanoparticle size dependence of the extinction
change kinetics is compared to theoretical models and to the ensemble response. Its
application to other nanoparticle shapes will also be discussed.
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Attosecond Physics

Ferenc Krausz
Max-Planck-Institut fir Quantenoptik, Garching,
Ludwig-Maximilians-Universitédt Minchen, Germany

Fundamental processes in atoms, molecules, as well as condensed matter are triggered or
mediated by the motion of electrons inside or between atoms. Electronic dynamics on atomic
length scales tends to unfold within tens to thousands of attoseconds (1 attosecond [as] = 1078
s). Recent breakthroughs in laser science are now opening the door to watching and controlling
these hitherto inaccessible microscopic dynamics.

The key to accessing the attosecond time domain is the control of the electric field of (visible)
light, which varies its strength and direction within less than a femtosecond (1 femtosecond =
1000 attoseconds). Atoms exposed to a few oscillations cycles of intense laser light are able to
emit a single extreme ultraviolet (xuv) burst lasting less than one femtosecond [1,2]. Full control
of the evolution of the electromagnetic field in laser pulses comprising a few wave cycles [3]
have recently allowed the reproducible generation and measurement of isolated sub-
femtosecond xuv pulses [4], demonstrating the control of microscopic processes (electron
motion and photon emission) on an attosecond time scale. These tools have enabled us to
visualize the oscillating electric field of visible light with an attosecond “oscilloscope” [5], to
control single-electron and probe multi-electron dynamics in atoms [6,7], molecules [8] and
solids [9]. Recent experiments [10] hold promise for the development of an attosecond x-ray
source, which may pave the way towards 4D electron imaging with sub-atomic resolution in

space and time.
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The other half of the story: attosecond time-resolved electron
dynamic

Marc Vrakking
FOM-Institute AMOLF, Kruislaan 407,1098 SJ Amsterdam, The Netherlands

Femtosecond time-resolved experiments allow the real-time observation of atomic and
molecular processes. Often however, these experiments tell only half the story: they
show the motion of atoms moving under the influence of potential energy curves that
result from a time-average over the motion of all electrons in the system. Real-time
observation of these electrons requires recently developed attosecond laser techniques.

In my talk I will present results from recent experiments where isolated attosecond
pulses and attosecond pulse trains are used to gain insight into electronic processes
that occur in atoms and molecules on these ultrafast timescales. I will discuss
experiments on the dissociative ionization of molecular hydrogen where electronic
motion has been controlled on attosecond timescales, as well new experiments where
attosecond pulse trains are used to develop a new type of interferometry, that may
allow the reconstruction of atomic and molecular orbitals.
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ATTOSECOND METROLOGY IN THE SINGLE-CYCLE REGIME
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The generation of attosecond pulses represents one of the fiontier in the Ultrafast Optics for the
possibility to influence, control and monitor the motion of electronic wave packet inside molecules and
atoms. Complete temporal characterization is a fundamental step towards the application of attosecond
pulses to time resolved studies.

In this work we report on the generation, compression and temporal characterization of isolated
attosecond pulses down to the single cycle regime. Broadband spectra in the extreme ultraviolet have been
generated focusing phase-stabilized few-optical-cycle driving pulses with a time dependent ellipticity in
an Argon cell with static pressure. The infrared (IR) driving radiation and the low order harmonics
generated in the gas cell have been filtered out using a 300 nm thick aluminum foil. The metallic filter also
provides compensation of the intrinsic positive chirp of the attosecond pulse The high energy harmonic
radiation and a portion of the IR field (streaking beam), with variable temporal delay with respect to the
XUV pulse, have been spatially overlapped and focused on a second argon gas jet The energy spectra of
the photoelectrons emitted by single XUV photon absorption and accelerated by the streaking beam, have
been detected using a time-of flight (TOF) electron spectrometer. We have acquired photoelectron spectra
as a function of the delay between the attosecond pulse and the IR streaking pulse. Applying an iterative
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Fig. 1A. Photoelectron spectra acquired as a function of the delay between the IR and the XUV fields with an

aluminum foil of 300 nm thickness.
Fig 1B. Reconstructed time profile of the attosecond pulse from the trace of Fig. 1A. The phase presents only residual

oscillations indicating a good compensation of the intrinsic chirp of the attosecond pulse.

procedure to these measurements, it is possible to retrieve the envelope and the temporal phase of the
attosecond pulse [1]. Figure 1A and 1B show the experimental trace and the reconstructed pulse profile,
respectively. The duration of the isolated pulse is 130 as and the temporal phase is almost flat. The duration
is close to the Fourier limit of 110 as and corresponds to only 1.2 oscillation of the central frequency of the
spectrum (36 eV) [2]. These results indicates the possibility of experiments for the determination of the
CEP of the attosecond pulses.
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AUTOCORRELATION MEASUREMENT OF
ATTOSECOND PULSES BY XUV TWO-PHOTON PROCESS

Yasuo Nabekawa, Toshihiko Shimizu, Hirokazu Hasegawa, and Katsumi Midorikawa

Laser Technology Laboratory, RIKEN
2-1 Hirosawa, Wako, Saitama 351-0198, Japan

The progress of chirped pulse amplification and femtosecond Ti:sapphire laser
enables the study of the interaction of strong optical fields with atoms and molecules.
A variety of interesting phenomena, including high-harmonic generation, high energy
radiation/particles emission, and Coulomb explosion of molecules, have been
investigated intensively. The underlying physics of these nonlinear optical phenomena
have been emerging through the interaction with low-frequency optical radiations
such as infrared or visible light; however, little has been understood concerning the
interaction of intense high-frequency radiation such as xuv or soft x-ray. Great
interest has been aroused recently in the interaction of intense high-frequency
radiation with matters. Yet no one could observe it because of the lack of an intense
coherent light source in this spectral region. The induced phenomena are expected to
be much different from those caused by low frequency radiation because the electron
quiver energy-the cycle averaged electron energy in the optical field-is proportional to
a square of the wavelength. Photon energy higher than ionzation potentials of atoms
and molecules also would differenciate mutliphoton ionization process from those
observed with infrared or visible photons.

We have demonstrated nonlinear multiphoton process with intense xuv and soft x-
ray pulses produced by phase-matched high-order harmonics. The observation of
nonlinear optical process in the soft x-ray region has been a very attractive and
challenging area of research in quantum electronics since the first obsrevation of
second-harmonic generation and two-photon exciation in the visible region in 1961.
Using two-photon double ionization in He, the temporal width of the 42-eV soft x-ray
pulse was measured directly by an autocorrelation technique [1]. A train of attosecond
pulses was also characterized by energy-resolved autocorrelation with photoelectrons
produced through two-photon above threshold ionization (ATI) [2]. Although
characterization of attosecond pluses is of great imporatnce for the progress of
ultrafast optical science, most of reseaches owe their success to the indirect methods
using two-color ATI [3, 4]. An autocorrelation signal given by the nonlinear
interaction between optical fields and matter, on the other hand, directly reflects the
shape of the pulse in the primary data, whether it is trainlike or isolated. Our methd
using two-photon proecess is the naural extenstion of the well-developed method in
the infrared or visible region.
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Novel interactions in quantum gases

Tilman Pfau

5. Physikalisches Institut, Universitit Stuttgart, Germany

Interactions in atomic quantum gases — i.e. cold collisions - make them a model
system for many branches of physics including condensed matter, and nonlinear
dynamics. So far all the impressive phenomena (like superfluidity, soliton and vortex
formation, BEC-BCS crossover etc.) in atomic Bose and Fermi gases are caused by a
contact interaction, originating from s-wave scattering off the van der Waals potential.

Here we report on our experiments on Bose Einstein condensation in a gas of
chromium atoms [1] with a sizable magnetic dipolar interaction. We prove the
anisotropic nature of the dipolar interaction by releasing the condensate from a cigar
shaped trap and observe, in time of flight measurements, the change of the aspect-
ratio for different in-trap orientations of the atomic dipoles [2]. One consequence of
the anisotropic dipolar interaction is coupling between spin and motion, which we
used for the first demonstration of demagnetization cooling of a gas of atoms [3], and
which might lead to a quantum version of the Einstein de Haas effect [4].

We also report on our experiments on interacting ultracold Rydberg atoms excited
from a Rb Bose-Einstein condensate or a thermal cloud. We observed a blockade of
the Rydberg excitation due to the strong repulsive van der Waals interaction of
Rydberg atoms in the 43 s state. We confirm the coherent collective nature of the
excitation by the measurement of the scaling law for the excitation time [5]. We
confirm the coherence of excitation also by reversing the excitation by a  phase-shift
in the driving laser field.
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Quantum Degenerate Gases of
Metastable Helium-3 and Helium-4 Atoms

Wim Vassen

Laser Centre Vrije Universiteit, Amsterdam, the Netherlands

Bose-Einstein condensation (BEC) of metastable *He (‘He*) atoms has been observed
for the first time in 2001 [1,2]. Since then research of ultracold *He* focused on
determining ultracold collisional properties such as scattering length and two-body
loss rate coefficients on the one hand and photo-association of (long-range) molecules
on the other hand. In 2005, for the first time, atom bunching was observed for ‘He*
bosonic atoms [3]. In Amsterdam we have observed BEC of *He* in 2005 and
realized condensates containing more than 107 atoms [4]. Adding the fermionic
isotope *He we have realized a degenerate Fermi gas (DFG) by sympathetic cooling
of *He* by “He* [5]. Being able to create ultracold samples of either *He*, *He*, or a
mixture of the two, we studied, in collaboration with the group of Chris Westbrook in
Orsay, the analogue of the Hanbury Brown Twiss effect for *He* fermions and
observed antibunching, as shown, together with bunching observed for *He* in the
same apparatus, in Fig. 1 [6]. In my presentation I will discuss these experiments.
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Fig. 1. Normalized probability of the joint detection of two atoms at two points

separated by a distance Az along the vertical z-axis, for *He* (bosons) in the upper
plot, and>He* (fermions) in the lower plot (from Ref. [6]).
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SCATTERING LENGTH OF SPIN-POLARIZED HELIUM

Bogumit Jeziorski
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The s-wave scattering length of metastable, spin-polarized helium has been deter-
mined for the first time in the BEC experiments performed in 2001. The experiments
performed by Alain Aspect’s (Orsay) and Claude Cohen-Tannoudji’s (Paris) groups
gave the values of 20 nm and 16 nm, respectively, with error bounds as large as 50%
of the measured values. A more recent, 2004 experiment from the Paris group led to a
value between 10.3 and 13.7 nm. Initial theoretical calculations were confirming these
large values. Our group became interested in this problem in 2003. Using a combina-
tion of state-of-the-art electronic structure methods, we obtained a Born-Oppenheimer
interaction potential for the lowest 52; state of the helium dimer with an accuracy of
the order of 0.01% at the minimum and even better at the inner and outer parts of
the potential. By including also the adiabatic coupling of the nuclear and electronic
motion, as well as an estimate of the leading relativistic and QED corrections, we pre-
dicted in 2005 a new theoretical value of the scattering length, equal to 7.6440.20 nm,
lying outside the error bounds of all previous experimental determinations based on
the properties of Bose-Einstein condensate. Shortly after, Kim et al. (Paris group)
measured the light induced frequency shifts in photoassociative spectra of metastable
helium atoms and inferred the value of 7.240.6 nm for the s-wave scattering length, in
full agreement with our prediction. In a subsequent development, Moal et al. (Paris
group) carried out a two-photon photoassociation experiment and determined very ac-
curately the energy of the least-bound, v=14 state of the metastable helium dimer.
Their result of 91.3540.06 MHz was used to scale the inner part of our ab initio po-
tential, which led to a new ”experimental” value of 7.51240.005 nm for the scattering
length. This value turns out to be in a slight disagreement with the most recent ab
initio calculation from our group which takes higher relativistic effects into account.
The possible origin of this disagreement will be discussed. It will also be shown that
the very accurately measured value of the energy of the v=14 state provides a very

stringent test for the relativistic theory of interatomic interactions.
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Signatures of Efimov’s effect in ultracold gases
Thorsten Kohler

Department of Physics, University of Oxford, Clarendon Laboratory,
Parks Road, Oxford, OX1 3PU, United Kingdom

Abstract

Based on the approach of Ref. [1], we present numerically exact
calculations of resonance enhanced three-body recombination in ultra-
cold 1?3Cs Bose gases. We discuss associated atom-loss-rate constants
at low magnetic-field strengths in comparison with recent experiments
[2] on Efimov’s effect [3] and interpret these measurements in terms of
their relation to similar studies on helium trimers in molecular beams
[4, 5]. We show how, as yet unobserved, excited Efimov-trimer states
might be detected in ultracold gases of 8°Rb, as well as 133Cs at high
fields in the vicinity of 800 G. This involves schemes for the association
of such exotic molecules using magnetic-field sweeps in optical lattices
with three atoms per site [6].

[1] G. Smirne et al., e-print cond-mat/0604183 (Phys. Rev. A, in press)
[2] T. Kraemer et al., Nature (London) 440, 315 (2006)

(3] V. Efimov, Phys. Lett. 33B, 563 (1970)

[4] W. Schollkopf and J.P. Toennies, Science 266, 1345 (1994)

[5] R. Bruehl et al., Phys. Rev. Lett. 95, 063002 (2005)

[6] M. Stoll and T. Kohler, Phys. Rev. A 72, 022714 (2005)
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Conical Intersections and Photostability of the

Building Blocks of Life

Wolfgang Domcke
Department of Chemistry, Technical University of Munich, Germany
Andrzej L. Sobolewski
Institute of Physics, Polish Academy of Sciences, Warsaw, Poland

It is nowadays well established that conical intersections of electronic potential-energy
surfaces are ubiquitous in polyatomic molecules and that they play a decisive role in
photochemistry [1-3]. This talk addresses the ab initio calculation of potential-energy surfaces
of excited electronic states of fundamental biomolecules, in particular the reaction paths
leading to conical intersections. Time-dependent quantum wave-packet calculations have
been performed which confirm the ultrafast time scale of the photophysical dynamics at
conical intersections. Indole and phenol serve as models for the investigation of the
photochemistry of aromatic amino acids (tryptophan and tyrosine). Adenine is considered as
an example of the DNA bases. The calculations reveal the role of hitherto uncharacterized
low-lying dark excited electronic states of 'nc" character, which intersect both the 'mr”
excited singlet states as well as the electronic ground state [4]. The resulting conical
intersections provide a pathway for the ultrafast radiationless deactivation of the UV
absorbing excited states. For the guanine-cytosine and adenine-thymine Watson-Crick base
pairs, an additional mechanism of ultrafast excited-state deactivation has been identified [5, 6]
which involves proton transfer driven by electron transfer. A novel and specific picture of the
ultrafast excited-state deactivation in biomolecules emerges: the energy deposited by an UV
photon in the molecule is first transferred to a hydrogen-bonded proton within about 50 fs and
subsequently dissipated into the vibrations of the surrounding heavier atoms. Preliminary
results indicate that this picture also applies for hydrogen bonds in peptides [7]. These
findings suggest that electron-driven proton-transfer processes play an universal role in the
photochemistry of biomolecules and biopolymers (proteins and DNA). The ultrafast
photochemistry of hydrogen bonds may be the origin of the exceptional photostability of these
compounds, which has lead to their selection at the very beginning of the biological evolution.
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Probing the secondary structures of short peptide chains in the
gas phase: IR/ UV double resonance studies

E Gloaguen, F. Pagliarulo, F. Piuzzi, V. Brenner, I. Dimicoli and M. Mons

Laboratoire Francis Perrin, URA CEA-CNRS 2453,
Service des Photons, Atomes et Molécules,
CEA Saclay, Bat 522, Gif-sur-Yvette Cedex, France

A bottom-up approach involving conformer-specific IR studies of short peptide sequences
enables us to map the intramolecular interactions that shape the peptide backbone, in particular those
H-bonds that are responsible for stability and formation of secondary structures in proteins, like turns
or helices.

The combination of laser-desorption of solid samples coupled to the efficient cooling in a
supersonic expansion makes it possible to isolate in the gas phase the lowest conformations of the
energy landscape of small flexible biomolecules. The low temperature achieved enables
spectroscopists to record UV spectra in which the contribution of each conformer populated can be
distinguished and the corresponding conformation identified using IR/UV double resonance
spectroscopy. Data collected are directly comparable to the best quantum chemistry calculations on
these species and therefore constitute a severe test for the theoretical methods used.

It will be shown how investigation of sequences with an increasing number of building blocks
permits to deduce the robust structural trends of a peptide backbone:

i) local conformational preference of the backbone in one-residue chains,

ii) the competition between a succession of local conformational preferences and overall folded
structures in longer chains (capped dipeptides), in particular with the formation of beta-turns, the
secondary structures responsible for chain reversals in proteins,

iii) the role of the conformation of the residues (L or D chirality) within the chain on the type of
structure formed and, finally,

iv) evidence for the spontaneous helical folding (short 3-10 helix) of three-residue chains will be

presented.
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IR and UV Spectroscopy of cold, biomolecular ions

Thomas R. Rizzo

Laboratoire de chimie physique moléculaire, Ecole Polytechique Fédérale de
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The spectroscopic study of small neutral biological molecules in supersonic free jets
has provided a wealth of information on their energy landscapes and represents an
important means to test the reliability of structure calculations. In such studies, the
spectral simplification afforded by the cooling in a supersonic expansion is essential
for being able to extract useful information. Many, if not most, biological molecules
exist in the form of closed-shell molecular ions in solution, however, and one would
like to have the same degree of spectral simplification for such species as for neutrals.
Toward this end, we have constructed a tandem mass spectrometer with a linear 22-
pole ion trap that can be cooled down to ~6K [1]. Ions produced by nanospray are
mass-selected, injected into the trap and cooled through collisions with helium. We
then irradiate the cold ions with different combinations of UV and IR laser pulses and
measure spectra by detecting fragments that are produced after photon absorption as a
function of the laser frequency.

This talk will focus on electronic and vibrational spectroscopy of cold, protonated
amino acids [1], small protonated peptides as well small clusters of these species with
a controlled number of solvent molecules [2]. The almost complete absence of hot-
bands in the electronic spectra demonstrate that the trapped ions attain a vibrational
temperature of ~10K. Features in the spectra arising from distinct conformations of
the molecules clearly appear, and we characterize these different conformers by using
IR-UV double-resonance to measure vibrational spectra. When combined with
calculations, these spectra provide insights into the driving forces that determine the
gas-phase conformation.
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OPTICAL CAVITY QED
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This year sees the 20th anniversary of the first experiment demonstrating the strong
coupling between single Rydberg atoms and single microwave photons. At that time,
the investigation of light-matter interaction at the single-particle level was considered
purely academic. Today, fundamentally new applications are on the horizon, in
particular in the optical domain where laser cooling and trapping techniques for atoms
can be implemented. New light forces have been discovered, enabling one to store
atoms for such a long time that genuine quantum protocols can be realized with just
one single atom. The first example of such a protocol concerns the realization of a
source of single photons with realtime control of its performance. The bit stream of
photons delivered by such a single-photon server is useful for many applications, e.g.
in quantum information science. A second experiment concerns the deterministic
entanglement of an atom with a flying photon, with information stored in magnetic
states of the atom and the polarization state of the photon. Subsequent mapping of the
atomic state onto a second photon makes possible to produce entangled photons on
demand. The experimental demonstration of such a novel scheme is an important step
towards the production of highly entangled many-photon quantum states and scalable
quantum networks of atom-cavity systems. The fascinating possibilities opened up by
cavity quantum electrodynamics continue to keep the field young and exciting.
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Single Photons from Strongly Coupled Atom-Cavity Systems

Axel Kuhn
University of Oxford

A plethora of new experiments, e.g. in quantum information science [1], rely on deterministically
controlled light-matter interactions at the single-atom and single-photon level. This can be achieved
with a single atom coupled to an optical cavity. Therefore many efforts are made to govern atom-
cavity coupling, and to trap and cool single atoms in micro cavities.

Here, it is shown that the controlled energy exchange between an atom and the quantized light field
of the cavity allows generating single photons on demand [2-4]. An atom coupled to a high-finesse
optical cavity is exposed to classical laser pulses that trigger the single-photon emissions. The
photons are produced in an adiabatically driven Raman transition, with the vacuum field of the
cavity acting as stimulating field. Antibunching is found in the intensity correlation of the light,
showing that single atoms emit photons one-by-one [2]. Two-photon interference effects [5], with
pairs of photons impinging simultaneously on a beam splitter [6-8], reveal that the photons are
nearly indistinguishable, which is essential in optical quantum computing [9] and cavity-mediated
entanglement and teleportation schemes [10,11]. The interference effects are studied in a time-
resolved manner, which allows an unprecedented insight into the structure and phase variations of
the photons. In particular, long photons of different frequencies give rise to a quantum beat of high
visibility in the two-photon correlation function, with the beat amplitude being a measure for the
coherence properties. Most remarkably, simultaneous photodetections are not observed, so that a
temporal filter allows one to obtain perfect two-photon coalescence in any case.

Furthermore, a major step towards a network of addressable atoms located in different cavities has
been taken. A dipole-trapping and cavity-cooling scheme is used to cool atoms in all directions, and
it is shown that this scheme can be used for capturing and storing individual atoms in a cavity for
almost one minute [12]. To deterministically address these atoms by the cavity, a standing-wave
dipole-force trap [13] is used to adjust their position with respect to the cavity mode. In this way,
single atoms are repeatedly moved into and out of the region of strong atom-cavity coupling with a
sub-micron precision [14]. This paves the way to permanent atom-cavity coupling, which is
essential in cavity-based quantum information science.
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QED THEORY OF HEAVY IONS AND ATOMS

V.M. Shabaev
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Petrodvorets, 198504 St.Petersburg, Russia

Quantum electrodynamic (QED) theory of highly charged few-electron ions is
reviewed. Theoretical predictions for the Lamb shift, the hyperfine splitting, and the
bound-electron g-factor are compared with available experimental data. Special
attention is focused on tests of quantum electrodynamics at strong fields and on
determination of the fundamental constans. Calculation of the full gauge-invariant set
of the one-loop QED corrections to the parity nonconserving 6s-7s transition
amplitude in neutral cesium is also discussed.
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Anion resonances, threshold phenomena, and chemical change
revealed by electron-scattering

Michael Allan, Bogdan C. Ibanescu and Olivier May
Department of Chemistry, University of Fribourg, Fribourg, Switzerland

The talk will report on recent findings concerning the mechanisms of chemical and
physical change induced by free electrons. A series of molecules containing the
hydroxyl group will be treated, motivated by the importance of this functional group in
biological materials.

The specific molecules will include formic acid and its hydrogen-bound dimer, a series
of alcohols including methanol, ethanol, cyclopentanol, tetrahydrofuran-3-ol, cis- and
trans-cyclopentane-1,2-diols and other molecules. The processes treated will be
dissociative electron attachment and vibrational excitation mediated by dipole-bound
resonances, 6° and " resonances, and Feshbach resonances with double occupation of
Rydberg-like orbitals.

Scattering theory treating the detailed reaction dynamics is not yet available for these
polyatomic molecules. Model compounds where detailed theory is available, in
particular hydrogen halides [1] and water [2], will therefore be discussed first and the
phenomena encountered and understood in these simple systems will then be transferred
qualitatively to the larger molecules.

The relevant phenomena are the changing of nature of the anion potential surfaces from
valence to dipole-bound as a function of internuclear distances and the ensuing
vibrational Feshbach resonances, the vibronic coupling between ¢” and n* resonances
leading to symmetry-lowering and dramatic reduction of activation barriers, and the
dynamics of dissociation of the electronic Feshbach resonances.

The experimental results will include the study of resonances in formic acid by means
of vibrational excitation by electron impact, the observation of the surprisingly large
capacity of the formic acid dimer (held together by hydrogen bonds) to quasithermalize
incident electrons, explained by a rapid electron-induced intra-complex proton transfer,
and recent results on the dissociative electron attachment to larger alcohols [5],
revealing both " shape resonance and Feshbach resonance bands, large H/D isotope
effects, interesting fragmentation patterns, and state and site selectivity in the Feshbach
resonance regime.
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Theory of electron collisions with polar molecules

Roman Curik' and David Field?

'J. Heyrovsky Institute of Physical Chemistry, Dolejskova 3, Prague 8, Czech Republic
“Institute for Physics and Astronomy, Aarhus University, DK-8000 Aarhus, Denmark

The phenomenon of low energy rotationally inelastic scattering by electrons was first observed in
Randell et al 1993 and data on a variety of molecules may be found for example in Field e a/ 2001.
These results are of fundamental theoretical interest and also have numerous potential applications in
atmospheric, interstellar and man-made plasmas. We developed a theory for the interaction of electrons
with polar species, extending methods in Mittleman ez a/ 1965 and Greene et a/ 1985. In our work we
show how state-to-state rotationally inelastic cross-sections may be derived from experimental cold
electron scattering data for polar molecules, using H,O as an example. Fig. 1 shows state-to-state
inelastic cross sections extracted from the experimental data.
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Figure 1: Selected state-to-state integral cross-sections for rotational excitation
of the H,O molecule determined from experimental data. Full curves represent
results for para-H,O and dashed for ortho-H,O.The dotted curve represents elastic
scattering for para-H,O in its lowest rotational state. Curves with diamonds show
the results of R-matrix calculations in Faure et al 2004.
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Synthesis of amino acids by low-energy electrons in molecular ices
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Zlnstitutﬁir Chemie — Physikalische und Theoretische Chemie, Freie Universitct Berlin, Takustr. 3,
D-14195 Berlin, Germany
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Reactions in pure condensed material (ices frozen at ~20-40 K) initiated by low-energy electrons
have attracted considerable interest within the last few years due to their potential to induce specific
chemical reactions'?. Recently the ability of low-energy electrons to initiate complex chemical
reactions in mixed ices has been demonstrated™*.

In particular the synthesis of the simplest amino acid, the glycine, in its zwitterionic form
("NH3CH,COO") in binary molecular films of ammonia (NH;) and acetic acid (CH;COOH)
deposited at 25 K was demonstrated by means of High Resolution Electron Energy Loss
Spectroscopy (HREELS).? Glycine formation results from the electron irradiation alone without any
need for thermal activation. Glycine identification has been recently confirmed by comparison of
HREELS spectra obtained after electron irradiation of the NH3/CH3COOH condensed films with
vibrational energy loss spectra of vapor glycine’.

The mechanisms involved in this electron induced synthesis is quite complex, since in the explored
energy range (0-25 eV) electrons induce dissociations leading to the formation of negative ions®’,
positive ions® and radicals’. Probable mechanisms will be discussed considering (i) the electron
energy and dose used to irradiate the mixed ices and (ii) the role played by carbon dioxide CO, as
reaction intermediate in the synthesis process, since CO, is produced by electron irradiation of pure
films of acetic acid”. For that purpose the chemical modifications induced in binary condensed films
of CO,-NHj3 (1:1) by low-energy electron irradiation have been studied. This mixture undergoes
important chemical modifications after electron irradiation above 9 eV. The obtained vibrational
spectra lead us to conclude in favour of the formation of the carbamic acid rather than formamide
HCONH,.
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Structural aspects of the radiolysis of proteins and peptides: the example of
disulfide bonds

Chantal Houée-Levin!

LCP, UMR 8000, F-91405 Orsay Chantal.houee-levin@]lcp.u-psud.fr

Radiolysis is extensively used for studies of free radical reactions on biopolymers. Radiolysis
provided a wealth of data that allowed the understanding of the effect of ionising radiation
and of the chemical basis of disease, i. e. oxidative stress. Although the main lines of the
redox reactions of proteins are understood, some uncertainties remain, that can have important
consequences when they take place in living organisms. One of the main systems that should
be understood is the disulfide/dithiol interconversion, because it intervenes in the control of
genes and thus in the induction or development of diseases such as cancer or AIDS.

It is known that this system is very sensitive to one-electron transfers. Gamma and pulse
radiolysis studies have shown that generally the disulfide bonds can be converted in dithiols
and vice-versa. Thus if one considers that in living cells enzymes can restore the equilibrium
concentrations of both forms, the disulfide/dithiol system can be considered as a protection
against ionising radiation or oxidative stress. However we have recently shown that these
reactions are modulated by the protein structure and environment. Moreover, the adjacent
carbon-sulfur bonds are sensitive and can be broken, which leads to degraded forms of
proteins.
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Rydberg excitation and plasma formation in an ultracold

atomic environment

Jan M. Rost
Maz Planck Institute for the Physics of Complex Systems, D-01187 Dresden, Germany

The long range interaction of ultracold Rydberg atoms in an ensemble has attracted
considerable attraction recently. This includes particularly the effect of Rydberg excita-
tion blockade [1-3] since it might become relevant in addressing single atoms which is
necessary for the realization of quantum computation [4].

A theoretical quantum description of many interacting atoms, even if they have only two
levels, is prohibitively expensive [5]. In [2] a mean field model has been formulated to
describe the experiment published in the same paper.

However, the special two-step excitation scheme of the Rydberg atoms used in the other
two key experiments [1, 3] allows one to reduce the atomic excitation process to classical
rate equations. Given this approximation, one can easily take into account the full
interaction among a large ensemble of cold atoms. Our results are in good agreement with
those of [3], identifying a sub-possonian distribution of Rydberg atoms as a consequence
of the blockade effect.

Moreover, we have made another, surprising observation: under the conditions of exci-
tation as used in the experiments [1, 3|, antiblockade may occur, that is, an increased
Rydberg excitation despite the increasing interaction between the atoms in the ensemble

[6].
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DIPOLE BLOCKADE IN HIGH-RESOLUTION LASER
EXCITATION OF RYDBERG STATES
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Rydberg atoms have long been known to have huge polarizabilities leading to
exaggerated collisional properties of room temperature atoms, in particular, large
cross sections and long interaction times. These properties have stimulated great
interest in the possibility to control the strong long-range interactions between cold
atoms [1,2], which could be particularly exciting for quantum information
applications. One interesting process is the possibility of the dipole blockade in the
Rydberg excitation of atoms, due to the dipole-dipole interaction shifting the Rydberg
energy from its isolated atomic value. The use of the dipole blockade of the excitation
has been proposed as a very efficient realization of a scalable quantum logic gate [3].
In a large ensemble of atoms, the first excited Rydberg atoms shift the resonance for
their non-excited neighbors and prevent their excitation with a narrow-bandwidth
laser. A partial, or local, blockade of the Rydberg excitation is expected in a high
resolution spectroscopy. If the volume of the laser excitation is small enough, no two-
atom collective excitation can occur, producing an atomic ensemble in a singly
excited collective state.

Two different configurations for laser excitation of states, np, have been studied in the
case of cesium. A first evidence of the dipole blockade consists in adding a static
electric field, inducing a permanent dipole for each Rydberg atom with high principal
quantum number (40 < n < 120) by mixing the p and d characters in the p Stark level.
A second approach considers Forster resonances corresponding to the resonant energy
transfer of the np + np -> ns + (n+1)s reaction. Here the dipole — dipole interaction is
tuned on and off by adding a small electric field with relatively low », smaller than 42
[4]. The effects due to saturation in laser excitation, to Penning ionization result of
cold Rydberg collisions or to the presence of eventual spurious ions can perturb the
blockade. They are carefully analyzed. For both configurations, efficient dipole
blockade has been demonstrated.

References

[1] I. Mourachko et al., Phys.Rev. Lett. 80, 253 (1998), W.R. Anderson et al.,
Phys.Rev. Lett. 80, 249 (1998).

[2] A. Fioretti ef al., Phys.Rev. Lett. 82, 1839 (1999).

[3] M. Lukin et al., Phys.Rev. Lett. 87, 037901 (2001).

[4] T. Vogt, M. Viteau, J. Zhao, A. Chotia, D. Comparat, P. Pillet, Phys.Rev. Lett.
97, 083003 (2006).

100



4b-3

Coherent phenomena in ultracold Rydberg gases
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Due to the long-range character of the interaction between highly excited atoms, the dynamics of
an ultracold gas of Rydberg atoms is entirely determined by van-der-Waals and dipole-dipole
interactions. One outstanding property is the tunability of the strength and the character of the
interactions with static electric fields. This allows one to explore the transition from a weakly
coupled two-body system to a strongly coupled many-body system. The long-range interaction
leads to many-body entanglement and has possible applications in quantum computing.

In a recent series of experiments we studied coherent phenomena in an ultracold gas of
Rydberg atoms under the influence of dipolar interactions. The Rydberg gas is formed in in a
magneto-optical trap via cw two-photon excitation of Rb atoms into states with principal
quantum number 30...100 using cw lasers at 780 nm and 480 nm [1]. Our recent results include
coherent Rabi oscillations between ground and Rydberg states and the observation of the dipole
blockade in a mesoscopic sample [2,3], stimulated rapid adiabatic passage with 90% transfer
efficiency into Rydberg states [4], and studies of the many-body character of resonant energy
transfer processes [S]. Our experiments also reveal the role of interaction-induced mechanical
forces [6]. In my lecture I will present an overview over recent developments in the field with
special emphasis on the experiments in Freiburg.

* Work performed in collaboration with M. Reetz-Lamour, T. Amthor, K. Singer, J. Deiglmayr,
S. Westermann, J. Denskat, A.L. de Oliveira, L.G. Marcassa.
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Controlling the rotational motion of asymmetric top molecules by laser pulses
HENRIK STAPELFELDT

Department of Chemistry, University of Aarhus, Denmark

While the vast majority of previous studies on laser induced alignment of small molecules dealt
with linear systems, interest is now shifting to asymmetric tops due to both the new physics
involved and the broad range of applications. However, controlling the rotational motion of
asymmetric tops represents, in general, a much harder task because they are characterized by three
axes with different moments of inertia and different polarizability components.

This talk will discuss recent studies on laser alignment of asymmetric tops. First, we show how the
alignment dynamics induced by a single linearly polarized short laser pulse can be controlled by the
fluence. When the fluence is increased the complex non-periodic revival structure of an asymmetric
top approaches a simple periodic rotation around a single axis. Second, we introduce a new method
for 3-dimensional (3D) alignment control by combining two linearly polarized pulses laser pulses,
one short and one long compared to the molecular rotational periods. The long pulse strongly aligns
the most polarizable molecular axis along its polarization axis while the orthogonally polarized
short pulse sets the molecule in to controlled rotation about the axis aligned. As a result strong 3D
alignment occurs immediately after the short pulse and is repeated periodically reflecting the
revolution about the axis aligned. Our method opens new directions for field-free 3D alignment and
for controlling internal rotations of molecules.
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NEW METHODS FOR THE PRODUCTION AND DETECTION
OF SPIN-POLARIZED HYDROGEN

T. Peter Rakitzis
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Crete, P.O. 2208, 71003 Voutes-Heraklion, Greece

Two methods for the production of polarized atoms, based on molecular
photodissociation, are presented. One method involves the polarization of the
electronic angular momenta of the photofragments, by exciting to specific molecular
electronic states, and by taking advantage of the correlation of molecular electronic
states to separated (polarized) atomic states [1]. The second, complementary, method
polarizes the rotational polarization of the molecule with a pulsed laser, without
hyperfine resolution; the ensuing hyperfine quantum beats produce nuclear
polarizations that can approach 100% in selected cases, and at specific time delays.
Photodissociation at the maximum nuclear polarization “freezes” the polarization in
the nuclei [2,3]. The combination of these two techniques allow the production of
highly polarized atoms, at very high pulsed-densities which can approach the density
of the parent molecule (well in excess of 1016/cm3), and can be produced on the
nanosecond timescale. These techniques are demonstrated for the cases of spin-
polarized hydrogen, chlorine, and bromine.

In addition, a new pulsed-laser method for the detection of spin-polarized hydrogen is
presented, using polarized fluorescence of Lyman-alpha radiation [4,5]. Together,
these techniques allow the production and detection of spin-polarized hydrogen
nanosecond timescales, so that studies can be performed under singe-collision
conditions.
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Kinematically Complete Study of Dissociative Ionization of D, by Ion
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Ionization of the simplest H, molecule by the impact of photons [1,2],
electrons [3,4], and ions [5,6] has been the subject of extensive experimental and
theoretical investigations for almost three decades. With the advent of kinematically
complete collision experiments, in which the full momentum vector of all charged
particles is determined, it is now possible to investigate these processes with
unprecedented detail and precision. In contrast with photoionization, in which a well-
defined amount of energy is absorbed by the target (the photon energy), the energy
absorbed by H; in a collision with a fast charged projectile follows a distribution with
practically no upper limit. Thus all processes capable of ionizing the molecule are
energetically allowed and can, in principle, occur simultaneously. It also means that
ionization can involve one or all electrons of the molecule. In this talk we present a
kinematically complete experimental study of the collision between 13.6 MeV/u S'>*
ions and D, molecules. We detect in coincidence all ejected ions and electrons in the
whole energy range accessible in the collision. The experiment allows us to unravel
the competing mechanisms leading to dissociative ionization of D,. The
measurements are supported by theoretical calculations in which the motion of all
electrons and nuclei as well as correlations and interferences between them are
described from first principles [7].
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Large hot atomic gasses as ideal quantum systems for quantum
information

Klaus Melmer
Lundbeck Foundation Theoretical Center for Quantu System Research
Department of Physics and Astronomy
University of Aarhus
DK 8000 Aarhus C.m Denmark
Moelmer@phys.au.dk

Large samples of atoms have collective degrees of freedom associated with their
internal electronic state that can be monitored and manipulated with light fields at the
quantum level.

We discus the features that make hot atomic gasses ideal for the study of very
sensitive quantum phenomena such as quantum squeezing, entanglement, and
teleportation, and we describe our collective variable formalism, that allows analytical
and simple numerical treatments of atomic losses, light absorption, and measurement
back action.

Our quantum description of collective atomic properties follows the spirit of classical
parameter estimation, discussed in seminal works by Gauss as early as 1792. This
spirit was revived and an effective formalism for the classical problem, the so-called
Kalman filter, was derived in 1960.
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QUANTUM TELEPORTATION BETWEEN LIGHT AND
MATTER
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*Max Planck Institute for Quantum Optics, Hans-Kopfermann-Str. 1, Garching, D-
85748, Germany.

In this talk I will discuss the first experimental demonstration of interspecies
teleportation between an atomic and a photonic object[1]. The state of a mesoscopic
light pulse containing up to 300 photons is transferred onto the collective state of an
atomic ensemble of 10'? Cesium atoms. This is an important step towards e.g.
distributed quantum networks in which the exchange of information between “flying”
and long lived “stationary” systems is essential.

The teleportation is enabled by the entanglement created by sending an auxiliary light
pulse through the atomic sample. This is created by a quantum Faraday-type
interaction in which the polarization state of the light pulse is rotated conditioned on
the atomic spin state and simultaneously the atomic spin state is rotated based on the
light polarization state.

An essential parameter in such experiments is the teleportation distance. In our
realization it was 0.5 meters — representing an improvement by a factor 10° compared
to previous teleportation experiments involving atomic objects. The teleportation
distance is in practice limited by the entanglement distance. Since our entanglement is
light-mediated it is scalability to much larger distances should be feasible.
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Since 1997, the cross-fertilization of precision spectroscopy and ultrafast science has led
to several spectacular accomplishments. The advent of femtosecond laser optical frequency
combs has revolutionized the measurement of optical frequencies [1] and enabled optical atomic
clocks [2]. A femtosecond frequency comb is a simple and compact tool that allows the phase
coherent connection of the radio frequency domain (below 100 GHz) with the optical domain
(above 200 THz). A large variety of narrow optical transitions, such as the 15-2S two-photon
resonance in atomic hydrogen [3], has been measured with this technology allowing to test
fundamental physics and the determination of fundamental constants with high precision. The
same comb techniques are employed to control the carrier-envelope phase and therefore the
waveform of ultrafast laser pulses, which permitted the generation of single attosecond pulses [4],
and have been used in a recently demonstrated “oscilloscope” for light waves [5].

Thus far femtosecond laser optical frequency combs are produced by pulse trains from
infrared mode locked lasers. Coherent radiation up into the X-ray region may be produced by
higher order harmonic generation (HHG) when focusing intense pulses into a gas. The standard
technique to achieve the required high intensities of (> 10"*W/cm?) effectively concentrates
the available time averaged laser power into a small number of ultrashort pulses per second.
This limits the pulse repetition rates for HHG to typically a few kHz. In order to exploit the
mode structure for high resolution spectroscopy, a larger mode spacing appears to be necessary.
Using an external buildup cavity we have recently succeeded to produce HHG’s with unamplified
pulses of a ~ 100 MHz femtosecond oscillator [7]. The method is similar to resonantly enhanced
second harmonic generation that has been in use for many years.

Such a laser system could enable new high precision tests for fundamental physical theories
such as Quantum Electrodynamics (QED). For example the 1S-2S transition of singly charged
helium can be probed with the 13th harmonic of a Ti:Sapphire laser at 60 nm. Hydrogen
like “He is an even simpler atom than hydrogen as it shows no hyperfine structure. The
QED contributions to the energy levels scale as Z* with the nuclear charge Z. Even more
interesting are higher order contributions which makes helium more sensitive for this kind of
test. Hydrogen like helium is charged and can be readily trapped and sympathetically laser
cooled. Additionally one can envision many other applications of such a quasi-continuous
compact and coherent XUV source, including XUV holography, microscopy, nano lithography
or even X-ray atomic clocks.
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Measuring the electron’s electric dipole moment with heavy, polar
molecules.
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Centre for Cold Matter, The Blackett Laboratory,
Imperial College London, London SW7 2BW

Measurement of the electric dipole moment of the electron (e-edm) provides a very
sensitive probe for physics beyond the Standard Model [1]. Such a measurement
explores CP-violating physics at the tera-eV level, possibly shedding light on the
origin of the thus-far-unexplained matter-antimatter asymmetry of the universe [2].

Precision spectroscopy of cold, heavy, polar molecules allows us to measure the
electron's interactions at the atto-eV level [3,4]. I will outline our experimental
technique, paying particular attention to diagnostic techniques we have developed
recently. These diagnostics employ velocity-resolved Stark- and Zeeman-
spectroscopy and Ramsey- and Zeeman-interferometery to produce detailed maps of
the electric, magnetic and radio-frequency fields inside our apparatus. Such maps are
crucial for understanding and eliminating possible sources of systematic error.
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ON A VARIATION OF THE PROTON-ELECTRON MASSRATIO

W. Ubachs

Laser Centre Vrije Universiteit, Amsterdam

Recently the finding of an indication for a decrease of the proton-to-electron mass
ratio u=mp/m. by 0.002% in the past 12 billion years was reported [1]. We will
discuss the methods that led to that result and put it in perspective. Laser spectroscopy
on molecular hydrogen, using a narrow-band and tunable extreme ultraviolet laser
system at the Laser Centre Vrije Universiteit Amsterdam, results in transition
wavelengths of spectral hnes in the B-X Lyman and C-X Werner band systems at an
accuracy of (4 - 10) x 10 , depending on the wavelength region. This corresponds to
an absolute accuracy of 0.000004 - 0.000010 nm. A database of 233 accurately
calibrated H; lines is produced for future reference and comparison with astronomical
observations. Recent observations of the same spectroscopic features in cold hydrogen
clouds at redshifts z=2.5947325 and z=3.0248970 in the line of sight of two quasar
light sources (Q 0405-443 and Q 0347-383) resulted in 76 rehably determmed
transition wavelengths of Hy lines at accuracies in the range 2 x 107 to 10°. Those
observations were performed with the Ultraviolet and Visible Echelle Spectrograph at
the Very Large Telescope of the European Southern Observatory at Paranal, Chile. A
third ingredient in the analysis is the calculation of an improved set of sensitivity
coefficients Kj, a parameter associated with each spectral line, representing the
dependence of the transition wavelength on a possible variation of the proton-to-
electron mass ratio p. The new model for calculation of the sensitivity coefficients is
based on a Dunham representation of ground state and excited state level energies.
Moreover, the model includes adiabatic corrections to electronic energies as well as
local perturbation effects between B and C levels.

A statistical analysis of the data yields an indication for a variation of the proton-to-
electron mass ratio of Ap/p = (2.45 + 0.59) x 10” for a weighted fit and Ap/p = (1.98
+0.58 x 10” for an unweighted fit. This result has a statistical significance of 3.5 .
Mass-variations as discussed relate to inertial or kinematic masses, rather than
gravitational masses. The observed decrease in p corresponds to a rate of change of
dln wdt=-2x 107" per year, if a linear variation with time is assumed. Experiments
for detecting a possible variation of p in the modern epoch via ultra-precision
experiments on H, quadrupole transitions are proposed.

References

[1] E. Reinhold, R. Buning, U. Hollenstein, A. Ivanchik, P. Petitjean, W. Ubachs,
Phys. Rev. Lett. 96, 151101 (2006)

109



6a-4
Matter-Antimatter Chemistry with Antiprotons

E. Lodi Rizzini, L. Venturelli, N. Zurlo

Dipartimento di Chimica e Fisica per I’Ingegneria e i Materiali, Universita di Brescia,
25133 Brescia, Italy

A chemical reaction between the building-block antiatomic nucleus, the antiproton
(pbar), and the hydrogen molecular ion (H,") has been observed by the ATHENA
collaboration at the Antiproton Decelerator at CERN [1]. The oppositely charged pair
interacts via the long-range Coulomb force in the environment of a nested Penning
trap which was built to produce antihydrogen [2], as it routinely did from 2002 to
2004. The presence of H," ions was essentially serendipitous, as we believe that the
positrons injected into the trap to produce antihydrogen could have ionized some H,
molecules from the residual gas.

The final result of the low energy collision of the pair is the creation of an antiproton-
proton bound state, known as antiprotonic hydrogen or protonium (Pn), together with
the formation of a hydrogen atom. The protonium produced by this reaction is
metastable, having a lifetime against annihilation of about 1 ps, as it is formed in a
highly excited state (n = 70 and / < 10). With respect to the older experiments in
molecular hydrogen (H>), the new method will make possible higher rates in a volume
of the order of some mm’. Moreover, this small volume is well suited for laser
irradiation, with further enhancement of the protonium mean lifetime, thanks also to
the absence of the collisional de-excitation (Stark mixing) due to the Ultra High
Vacuum environment.

Finally, a clear effect of the H," temperature before the interaction has been
observed, and it is worth noticing that protonium production occurs at temperatures up
to thousands kelvin.

This result can be considered as a first milestone towards protonium laser-
spectroscopy experiments, leading to values of the antiproton properties relative to
those of the proton, and so to a new class of CPT-invariance tests. A further, more
futuristic application of this work could consist in using the protonium production like
a tool to investigate the properties of different molecular ions species.
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Ab initio quantum defect theory
R. Guérout*, H. Oueslati, Ch. Jungent and M. Telminif

¥ Laboratoire Aimé Cotton du CNRS, Batiment 505,
Université de Paris-Sud, F-91405 Orsay, France
f LSAMA Department of Physics, Faculty of Sciences of Tunis,
University of Tunis El Manar, 2092 Tunis Tunisia

Multichannel quantum defect theory is well established as a theoretical
tool to aid the analysis of complex spectra involving electronically highly ex-
cited states of molecules, and it has also proven useful for the description of
the non-adiabatic fragmentation of electronically highly excited species (ion-
ization and/or dissociation including resonance effects). However, it is often
difficult to determine the relevant non-diagonal quantum defect or reaction
matrices in instances where a large number of interacting channels needs to
be taken into account. Such instances occur when many partial waves be-
come mixed by the molecular field, when electronic and nuclear spin effects
are observable, when configuration interaction between singly and doubly
excited channels is important, or when several nuclear degrees of freedom
are present such as in polyatomic molecules. Standard quantum chemical
codes are limited to low excited states, typically n <5 (n effective principal
quantum number).

In this contribution we shall describe our efforts to devise calculational
schemes that allow reaction matrices in the discrete as well as in the contin-
uum ranges to be calculated directly ab initio. Our aim is to take advantage
of existing quantum chemical computer codes and to combine them with
scattering theory (quantum defect theory). Several approaches have been
implemented which are all inspired by the R-matrix concept which divides
the configuration space into an inner 'reaction’ or ’core’ region where multi-
electron interactions dominate, and an outer ’asymptotic’ region where long
range fields (Coulomb and/or multipole and polarization contributions) dom-
inate. We describe the electronic motion in the asymptotic zone in spheroidal
coordinates such as to be able to account for strong long range dipole fields.
The inner and outer regions are separated by an ellipsoid (R-matrix radius,
’hard’ wall) or by an artificial wall potential (AWP, ’soft wall’).

Several applications will be described (Ha, NO, No, N3, CaF, H,O) where
spectroscopic and dynamical problems have been solved with the help of the
present approach.
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The question of the carriers of the Aromatic Infrared Bands (AIBs) is very
intriguing for the astrochemist and the chemical physicist. The AIBs are major
spectral features of interstellar matter located between 3.3 and 12.7 um and observed
in emission in many astronomical environments irradiated by UV photons. Polycyclic
Aromatic Hydrocarbons (PAHs) are the best candidates to account for these bands but
despite a wealth of observational data, no individual molecule could be identified so
far. The exact nature of interstellar PAHs has therefore to be explored by considering
the formation mechanism of these species, the processing by UV photons and the
reactivity with gas-phase species. This is one of the topics addressed by the Molecular
Universe European network.

Spectro-imagery performed with infrared and sub-millimeter space
observatories provides a unique tool to probe the evolution of the AIB carriers.
Studies show that the carriers are produced by the destruction/processing of very
small grains that are also strong emitters in the mid-IR. These nanograins could be
PAH clusters or PAH-iron complexes. On the laboratory side, one of the challenges is
hence to try to reproduce the physical conditions that prevail in interstellar space: a
cold environment (10-50 K), absence of collisions on long timescales and presence of
stellar far-UV photons. PIRENEA, “Pi¢ge a lons pour la Recherche et I'Etude de
Nouvelles Espéces Astrochimiques”, is an experimental set-up which has been
developed according to these specifications. Using the trapping, and the mass
spectrometry analysis of an ion cyclotron resonance (ICR) cell that is connected to
cryogenic shields, novel studies can be performed on processes which occur on long
timescales and which are of interstellar relevance: IR radiative cooling,
photodissociation in low energy channels, radiative association. Recent results
obtained on the photophysical and chemical evolution of carbon macromolecules and
nanograins of interstellar interest will be presented.
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Biomolecules studied by High resolution laser spectroscopy: State of
the art.
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The conformations of a molecule play a crucial role in molecular recognition
processes, which are the basis for all selective biochemical reactions. Even small
biomolecules have a structure with several conformers of partly comparable energies.
Nevertheless, under physiological conditions, generally only a few conformers show
up. This is a surprising and important observation, because the reactivity and
functionality of biologically active substances is governed by their structure.
Especially the interaction of those molecules with surrounding molecules most
importantly water is determined by their structure. The controlled complexation by a
small number of water molecules and the subsequent mapping of the conformational
landscape after each solvation step should result in a deeper understanding of how and
why biomolecules change their molecular shape when they are dipped into a water
bowl.

High Resolution UV Laser spectroscopy [1, 2] is an excellent tool to obtain detailed
structural information on large molecules and their hydrogen bonded clusters. The
experimental technique which allows us to obtain rotationally resolved Ultra Violet
spectra with a resolution of typically 10 MHz will be discussed.

From these rotationally resolved spectra we can deduce not only the relevant
structural information, but in addition the direction of the electric dipole moment
from the intensities and the lifetimes of the electronically excited states from the
line widths. The latter can be used to investigate radiative and nonradiative relaxation
channels in these molecules.

We have applied the method of Genetic Algorithm [3] in the analysis of these
complex spectra. This has proven to be a very powerful tool which can be used
for routine like analyses but also turned out to be very valuable in an automatic
assignment of entangled spectra.
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CNR-IMIP, Area della Ricerca di Roma 1, CP10, 00016 Monterotondo Scalo, ITALY

In the last years several types of coincidence techniques, which involve the
simultaneous detection of up to four-charged particles, have provided valuable
information on single and double ionization of atoms and molecules by synchrotron
radiation.

Recent results on photodouble ionization, PDI, of atoms and molecules and inner shell
photoionization of molecules obtained at Elettra storage ring, Trieste, will be
reviewed.

The possibility to measure the basic quantities, i.e. the amplitudes and their relative
phase, which determine the fully differential cross section of the PDI of He via a
combination of experiments with linearly and circularly polarized radiation as well as
the observation of “dynamic nodes” in the measured circular dichroism in He will be
discussed.

It will be also shown how a set of three different types of electron-electron and
electron-ion coincidence experiments can provide unique information on inner shell
ionization and decay in diatomic molecules.
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Double Photoionization of Small Molecules and Related Phenomena*

A. Belkacem
Chemical Sciences Division, Lawrence Berkeley National Laboratory, Berkeley, CA 94720
Email: abelkacem@]bl.gov

Understanding correlated interactions among electronic and nuclear components of
complex systems and ultimately their control gives rise to the exciting possibility to
control matter at the atomic level. This involves breaking and rearranging intra- or
intermolecular bonds. Often we are interested in the atomic position changes during a
transformation; however, it is what the valence electrons are doing that determines the
chemistry. In this work we study photo-double ionization of simple diatomic and
polyatomic molecules to investigate the interplay between nuclear and electronic motion
that happens on a femtosecond time scale. For example double excitation of hydrogen
molecules followed by autoionization; we find that at some ion kinetic energies (which
classically could be associated with bond length distances) the autoionization pathways
interfere leading to symmetry breakup. In this talk | will focus primarily on double
photoionization of the simplest polyatomic systems acetylene (C,H;) and ethylene
(CoHy). In the acetylene study we investigate the K-shell photoionization and the
dynamics of the following breakup pathways by measuring the momenta of the positively
charged ions in coincidence with Auger electrons. The photoionization and the
subsequent Auger process lead to the formation of the doubly charged C,H,"™ ion that
dissociates into two or more fragments. We observe two clearly separated Auger
electron peaks correlated with different kinetic energies taken by the fragments. The
result of this analysis in the 2-D plot (Auger energy — kinetic energy of ions) shows that
the isomerization to vinylidene is associated with a very sharp peak around 255 eV
Auger energy and 4.5 eV ion kinetic energy. This gives a clear insight on the
isomerization process. Following the emission of the 255 eV Auger electron {C;H," >
C:H,®" + ea (255 eV) } the di-cation ends up in the lower laying states 'Z,", 'Ag and °%.
The di-cation is trapped behind a high (3-4 eV) and wide barrier preventing it from
directly dissociating along the C-C bond or C-H bond. The dissociation appears to be
achieved after an isomerization to vinylidene first followed by dissociation along the C-C
bond forming C* + CH," fragments. In contrast, neutral ethylene has a planar geometry
while in the di-cation ground state the two CH; radicals form a 90° with respect to each
other. Thus a direct double ionization from the neutral molecules ground state does not
yield a stable C,H,%* di-cation while a two step process consisting of an K-shell
ionization followed by an Auger relaxation appears to very efficiently yielding stable
C,H2*. This may be an indication that the first ionization “launches” a nuclear motion
and the nuclear motion is of the same order of magnitude as the Auger process itself.

* Work done in collaboration with the group of Pr. R. Doerner at the university of Frankfurt, the
group of Pr. C.L. Cocke at Kansas State University and Pr. A. Landers at Auburn University.
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UNRAVELING MODE-SPECIFIC REACTIVITY BY PRODUCT
PAIR-CORRELATION MEASUREMENTS

Kopin Liu

Institute of Atomic and Molecular Sciences (IAMS),
Academia Sinica, P. O. Box 23-166, Taipei, Taiwan 10617.
Email: kpliu@gate.sinica.edu.tw

In this talk I will highlight some of our recent studies on mode-specific behaviors in the
reaction of atomic chlorine with methane. The experiments were performed under crossed-
beam conditions with a time-sliced, ion velocity-imaging detection scheme [1]. An
OPO/OPA was exploited to prepare the stretch-excited methane, and a heated pulsed valve
was used in a separate experiment for bending and/or torsional excitations of the reagent [2].
The results will then contrast to the ground-state reaction with equivalent amount of total
energy [3.,4]. Contrary to the general belief, we found that both types of vibrational excitation
do not enhance the reaction rate more than the translational factor - thus, none mode-specific
behaviors in total reactivity. However, in terms of pair-correlated angular and state
distributions, the stretch-excited reaction is very different from the ground-state reaction,
whereas the bend-excited methane behaves nearly identical to the latter. A new method [5]
will also be introduced on how to determine, effectively and reliably, the fraction of
molecules being excited in a molecular beam by laser - a crucial quantity in deducing any

quantitative vibration effect from measurements.
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Effect of the geometric phase on chemical reaction dynamics
Stuart C. Althorpe
Department of Chemistry, University of Cambridge
Lensfield Road, Cambridge, CB2 IEW, UK.

If a molecular system follows a path which encircles a conical intersection (an electronic
degeneracy), then the electronic wave function changes sign. This sign-change is an example of
the geometric (or Berry) phase (GP). There has been much debate recently about how the GP
can affect a reaction mechanism which loops around a conical intersection. It is known that, in
bound systems, the GP changes the nodal structure of the nuclear wave function, causing shifts
in the energy levels. Hence one might expect comparable changes to the nuclear wave function
in a reactive system. However, recent studies' on the hydrogen-exchange reaction (which is the
simplest reaction with a conical intersection) showed that, although GP effects are present in
individual partial wave contributions to the wave function, these effects cancel out completely
in the cross sections. Recently, we demonstrated®™ that these cancellations and other effects of
the GP on the reaction observables are a consequence of the fact that classes of paths that loop
different numbers of times around the conical intersection can be separated in the Feynman
sum-over-paths®. We explain how these paths can be separated from the computed wave
function of a chemical reaction, and show that this separability leads, amongst other things, to
the cancellation of GP effects in the cross sections of the hydrogen-exchange reaction.

1. B.K. Kendrick, J. Phys. Chem. A 107, 6739 (2003).

2.J.C. Juanes-Marcos and S.C. Althorpe, J. Chem. Phys. 122, 204324 (2005).

3.J.C. Juanes-Marcos, S.C. Althorpe and E. Wrede, Science 309, 1227-1230 (2005).

4.].C. Juanes-Marcos, S.C. Althorpe and E. Wrede, J. Chem. Phys. 126, 044317 (2007).

5. L. S. Schulman, Techniques and Applications of Path Integration, (Wiley, New York, 1981).
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Evidence for Efimov Quantum States in Experiments with Ultracold
Cesium Gases

Hanns-Christoph Nagerl

Institut fiir Experimentalphysik und Forschungszentrum Quantenphysik, Universitét
Innsbruck, Technikerstrasse 25, 6020 Innsbruck, Austria.

Three interacting particles form a system which is well known for its complex physical
behavior. A landmark theoretical result in few-body quantum physics is Efimov's
prediction of a universal set of weakly bound trimer states appearing for three identical
bosons with a resonant pairwise interaction [1]. While Efimov's scenario has attracted
great interest in many areas of physics, experimental evidence was missing so far. In
our talk we report the observation of an Efimov resonance in an ultracold thermal gas
of Cs atoms [2]. For Cs atoms the binding energy of a weakly bound dimer state can be
magnetically tuned near a Feshbach resonance, giving access to the regime of resonant
two-body interaction which can be either attractive or repulsive. The Efimov resonance
occurs in the range of large attractive two-body interaction and arises from the coupling
of three free atoms to an Efimov trimer. We observe its signature as a giant three-body
recombination loss when the strength of the two-body interaction is tuned. In addition,
we find a scattering resonance in ultracold collisions between atoms and weakly bound
dimer molecules as the dimer binding energy is tuned. It is likely that this resonance
arises from the coupling of the dimer and an atom to an Efimov trimer, thus providing a
direct link between the weakly bound dimer state and the appearance of Efimov states.
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DECELERATION AND TRAPPING OF NEUTRAL POLAR
MOLECULES

Sebastiaan Y.T. van de Meerakker

Fritz-Haber-Institut der Max-Planck-Gesellschaft,
Faradayweg 4-6, 14195 Berlin, Germany

Over the last years our group has been developing methods to get improved control
over the absolute velocity and over the velocity spread of molecules in a molecular
beam. These methods rely on the, quantum state specific, force that polar molecules
experience in inhomogeneous electric fields. This force is rather weak, but
nevertheless suffices to achieve complete control over the molecular motion, using
techniques akin to those used for the control of charged particles. This has been
explicitly demonstrated by the construction of two types of linear
accelerators/decelerators, a buncher, traps, and a storage ring for neutral polar
molecules [1]. With the Stark decelerator, a part of a molecular beam can be selected
and transferred to any arbitrary velocity, producing bunches of state-selected
molecules with a computer-controlled velocity and with longitudinal temperatures as
low as a few mK.

We will report on the deceleration and electrostatic trapping of ground state OH and
OD radicals. Depending on details of the trap loading sequence, typically 10° OH or
OD radicals in the X “TTy,, v =10, J=3/2 state are trapped at a density of 10’ — 10
em™ and at a temperature in the 50-500 mK range [2]. The blackbody radiation
limited trap lifetime is determined to be 2.8 s and 7.1 s for the OH and OD radical,
respectively [3]. The long interaction time afforded by the trap is exploited to measure
the radiative lifetime of the long-lived first vibrationally excited state of the OH
radical [4]. The trap loading has been optimized using evolutionary strategies [5], and
using a new trap geometry that is better matched to the geometry of the Stark
decelerator.

Recently, we have performed the first scattering experiments using a Stark
decelerated beam of polar molecules. A beam of ground-state OH (X 2H3/2, v=0,J=
3/2, f) radicals is decelerated or accelerated, and scattered with a beam of Xenon
under 90 degrees, allowing to measure the energy dependence of the cross-sections
for inelastic scattering to higher rotational states around the energetic thresholds [6].
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Trapping Rydberg atoms and molecules using electric fields
E. Vliegen and F. Merkt
Laboratorium fiir Physikalische Chemie, ETH Zurich, Switzerland

In recent years considerable efforts have been invested in producing slow,
cold samples of atoms and molecules in the gas phase [1]. Supersonic gas
beams are a convenient starting point to create such samples because
the particles in these beams are already translationally and internally
cold. However, the particles travel with a high velocity in the laboratory
frame. Therefore to bring such cold particles to rest in this frame, they
must be decelerated.

I shall present a method to slow down and subsequently trap Rydberg
particles in a supersonic beam using inhomogeneous electric fields. The
deceleration mechanism relies on the large dipole moments (%eagnz) that
Rydberg particles exhibit as a result of the linear Stark effect [2, 3]. At
n values between 20 and 30 the dipole moments are more than three or-
ders of magnitude larger than those typically found in dipolar molecules.
These large dipole moments can be exploited to apply forces on these
particles accelerating them on the order of up to 10% m/s?. The deceler-
ation path length is therefore only a few mm [4, 5] and it is possible to
create very deep electrostatic traps. Measurements on atomic hydrogen
will be presented in which deceleration to zero velocity in the laboratory
frame and subsequent trapping for 100s of us was achieved.
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COHERENTLY CONTROLLED ADIABATIC PASSAGE TO
MULTI-CHANNEL CONTINUUM STRUCTURE

Ioannis Thanopulos* and Moshe Shapiro

Department of Chemistry, University of British Columbia, Vancouver B.C., Canada
*E-mail: ioannis @chem.ubc.ca

We present the merging of Coherent Control (CC) and Adiabatic Passage (AP) and

the type of problems that can be solved using the recently developed ~ Coherently
Controlled Adiabatic Passage’” (CCAP) method [1].

We start by discussing the essence of CC as the guiding of a quantum system to arrive
at a given final state via a number of different quantum pathways.

The guiding is done by ™tailor-made” external laser fields. We show that selectivity
in a host of physical and chemical processes can be achieved by controlling the
interference between such quantum pathways. We then discuss the AP process, in
which a system is navigated adiabatically along a single quantum pathway, resulting
in a complete population transfer between two energy eigenstates. The merging of the
two techniques (CCAP) is shown to achieve both selectivity and completeness,
demonstrated in a series of applications involving bound-states.

We lastly present a solution to the ““Multi-Channel Quantum Control’” problem,
where the CCAP is successfully applied for first time to a system including
continuum structures. Selective and complete population transfer from an initial
bound state to M energetically degenerate continuum channels is achieved under loss-
free conditions. The control is affected in an adiabatic fashion proceeding via N bound
intermediate states. In a realistic situation, where presence of real loss is inevitable,
we further demonstrate that the control efficiency remains significant. We illustrate
the viability of the method by computationally controlling the multi-channel
photodissociation of methyl-iodide [2,3].
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NEW WAY TO INDUCE AND CONTROL
ELEMENTARY CHEMICAL TRANSFORMATIONS
ON A GAS-SOLID INTERPHASE
BY MEANS OF RESONANT LASER RADIATION

V. V. Petrunin

Physics and Chemistry Department, University of Southern Denmark
5230 Odense M, Denmark

We will briefly review different approaches used in laser chemistry. By considering
them under a specific angle and using basic theoretical arguments, we will point out
that one particular possibility to conduct laser-induced chemical transformations is
left unexplored.

It will be shown how this theoretical prediction can be realized experimentally. In
contrast to the majority of photochemical studies dealing with molecular
fragmentations, our recent experiment [1] reports a highly endothermic associative
chemical reaction, in which only a small fraction of the excitation energy being lost to
heat, whereas the rest is used to establish new chemical bonds. We will present
several experimental observations justifying the interpretation of the phenomenon and
show how microscopic amount of the outcome of the reaction can be produced.
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ON MAGNETORECEPTION MECHANISMS IN BIRDS

Ilia A. Solov'yov', Danielle Chandler?, Klaus Schulten® and Walter Greiner'

"Frankfurt Institute for Advanced Studies, Max-von-Laue str. 1
60438 Frankfurt am Main, Germany

*Department of Physics, University of Illinois at Urbana-Champaign, and
Beckman Institute for Advanced Science and Technology.
E-mail: ilia@fias.uni-frankfurt.de

The ability of some animals, most notably migratory birds, to sense magnetic
fields is still poorly understood. Two, likely co-existing, mechanisms underlying
animal magnetoreception are discussed.

It has been suggested [1, 2] that animal magnetoreception is mediated by the
blue light receptor protein cryptochrome, which is known to be localized in the retinas
of migratory birds. Cryptochromes are a class of photoreceptor signaling proteins
which are found in a wide variety of organisms and which primarily perform
regulatory functions, such as the entrainment of circadian rhythm in mammals and the
inhibition of hypocotyl growth in plants. Recent experiments have shown that the
activity of cryptochrome-1 in Arabidopsis thaliana is enhanced by the presence of a
weak external magnetic field, confirming the ability of cryptochrome to mediate
magnetic field responses. Cryptochrome's signaling is tied to the photoreduction of an
internally bound chromophore, flavin adenine dinucleotide (FAD). The spin chemistry
of this photoreduction process, which involves electron transfer from a chain of three
tryptophans, can be modulated by the presence of a magnetic field through the so-
called radical pair mechanism based on Zeeman and hyperfine coupling. We present
calculations showing that the radical pair mechanism in cryptochrome can produce an
increase in the protein's signaling activity of approximately 10% for magnetic fields
on the order of 5 Gauss, which is consistent with experimental results. These
calculations, in view of the similarity between bird and plant cryptochromes, provide
further support for a cryptochrome-based model of avian magnetoreception.

An alternative avian magnetoreception mechanism is based on the interaction of
two iron minerals (magnetite and maghemite) which were experimentally found in
subcellular compartments within sensory dendrites of the upper beak of several bird
species [3]. The iron minerals in the beak form platelets of crystalline maghemite and
assemblies of magnetite nanoparticles. We develop a theoretical model [4] to
quantitatively describe the interaction between the iron-mineral containing particles.
We demonstrate that depending on the external magnetic field the external pull or
push to the magnetite assemblies, which are connected to the cell membrane, may
reach a value of 0.2 pN. This might be principally sufficient to excite specific
mechanoreceptive membrane channels leading to different nerve signals and causing a
certain orientational behavior of the bird.
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INDIVIDUAL ADDRESSING AND ERROR RESISTANT SINGLE
QUBIT GATES WITH TRAPPED YB' IONS

A. Braun, V. Elman, M. Johanning, W. Neuhauser, N. Timoney, C. Weil,
Chr. Wunderlich

Universitét Siegen, 57068, Siegen, Germany

Recently it has been shown that the simulation of one quantum system by means of
observing the dynamics of another suitably tailored quantum system can be
experimentally far less demanding than universal quantum computation. A system of
pair-wise coupled spins described by a Heisenberg model, or a variant thereof, is
particularly useful for quantum simulations that in turn are relevant, for instance, for
condensed matter physics. We work on the implementation of a pseudo-spin many-
body system that will serve as a well controlled prototype system and will allow for
the exploration of quantum simulations: in a particular type of ion trap individual
atomic ions interact via an adjustable pseudo-spin-spin coupling and, in addition, each
spin is individually accessible, thus providing us with an “ion spin molecule” [1].

An important milestone towards realizing such ion spin molecules is the individual
addressing of a particular spin employing a spatially varying magnetic field. We
demonstrate for the first time individual addressing of ions using radio frequency
radiation. Yb" ions are confined in a linear Paul trap and laser cooled such that they
form a linear Coulomb crystal. Then, an rf-optical double resonance experiment is
performed: The ions are optically pumped into the |m; |=3/2 Zeeman states of the
electronic metastable state “Dj;. Coherent transitions between the |m; |[= 3/2 and
|m;|=1/2 states are induced by rf radiation and the population of the |m; |=1/2 states is
monitored using an optical transition. Thus individual addressing of trapped ions in
frequency space is demonstrated for the first time.

Another line of work with trapped Yb' ions is the implementation of error-resistant
single qubit gates. In particular, we demonstrate for the first time single qubit gates
with trapped ions that have been developed using optimal control theory [2] and are
robust against experimental imperfections over a wide range of parameters. It is
shown that errors caused by an inaccurate setting of either frequency, amplitude, or
duration of the field driving a qubit transition, or a combination of these errors are
tolerable (in terms of a desired accuracy, or error probability per gate) when a suitable
shaped pulse is applied instead of, for instance, a single rectangular n/2-pulse [3].
Multi-qubit gates (involving two or more qubits) are usually synthesized by applying
a sequence of such elementary unitary operations on a collection of qubits. Thus an
essential prerequisite for fault-tolerant, scalable quantum computation with trapped
ions is demonstrated here.
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A Scheme for Cavity Cooling of Internal and External
Degrees of Freedom of Molecules.

P.W.H. Pinkse', G. Morigiz, M. Kowalewski3, R. de Vivie-Riedle?
! Max-Planck-Institut-fiir Quantenoptik, Hans-Kopfermannstr. 1,
D-85748 Miinchen, Germany
? Departament de Fisica, Universitat Autonoma de Barcelona,
E-08193 Bellaterra, Spain
3 Department Chemie, LMU, Butenandtstr. 11, D-81377 Miinchen, Germany.

Ultracold molecules are of interest for the study of cold chemistry, cold collisions,
astrochemistry and quantum information processing. Their preparation, in particular
of ultracold ground state molecules, however, is still challenging. Adapted versions of
laser cooling, which try to optimize optical pumping into the molecular ground state,
have been proposed [1], but their efficiency is limited by the absence of closed
transitions in molecules. A more viable optical avenue seems the use of cavities for
cooling, which would avoid the leakage by open transitions. For instance, efficient
cavity cooling of the external degrees of freedom has been proposed [2] and
demonstrated for atoms [3].

In this contribution we propose to cool the internal and external degrees of freedom of
molecules by suitably tailored Raman processes, where absorption of photons from a
laser beams is followed by emission into the cavity resonances. On average, this
removes rovibrational and translational excitations. The method relies on the
enhancement of emission along resonances of a resonator, while the laser, driving the
molecules, is sequentially set to different frequencies corresponding to anti-Stokes
lines, in order to empty the higher excited rovibrational states of the molecules.

) high-finesse resonator b) Rayleigh cavity modes
peak
<W }Uﬂlﬂ'\’\/‘} frequency
+ molecular
laser light laser light anti-Stokes lines

Fig. a) Schematic of the cooling setup. b) Sketch of the involved frequencies. The cavity defines a
comb of resonances at which photon emission into the cavity is enhanced. The grey bars
symbolize the molecular lines, which in OH extend over several 10 nm. The laser sequentially
addresses several anti-Stokes lines.

The cooling efficiency is investigated numerically for the case of the OH radical,
using ab initio data and taking into account the rovibrational dependence of the
Raman scattering into the cavity modes.
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Zeeman deceleration of neutral ground state atoms

S. D. Hogan, N. Vanhaecke, M. Andrist, U. Meier, D. Sprecher, B. H. Meier
and F. Merkt

Laboratorium fiir Physikalische Chemie,
ETH Zurich, Switzerland

The development of general methods with which to control the translational
motion of atoms and molecules in the gas phase is of particular interest in high
resolution spectroscopy and studies of cold reactive collisions. Several of these
techniques start from cold samples formed in supersonic expansions and aim
at stopping them in the laboratory frame. So far interest has centred on the
deceleration and manipulation of atoms and molecules produced in such sources
using electric field gradients. The techniques employed include multi-stage Stark
deceleration of polar molecules [1], optical Stark deceleration [2], and Rydberg
Stark deceleration [3,4]. With the construction, in our laboratory, of a multi-
stage Zeeman decelerator for neutral ground state radicals, the possibility to
manipulate a wider range of species has been demonstrated [5].

The Zeeman decelerator is composed of a series of co-axial solenoids through
which a pulsed gas beam propagates. By switching the current in each solenoid
to generate a pulsed magnetic field as the gas pulse enters we can take advan-
tage of the linear Zeeman interaction of a ground state atom or molecule with
unpaired electrons to decelerate the gas pulse in a manner analogous to that
employed in a multi-stage Stark decelerator [1]. The pulse sequences which we
generate, in numerical particle trajectory simulations, and apply to the coils
are completely programable and permit us to implement the concepts of phase
stability as in the Stark decelerator and charged particle accelerators [6].

The results of a recent series of experiments in which we have decelerated
ground state atomic hydrogen with the Zeeman decelerator will be presented.
In these experiments magnetic fields of 1-2 T were pulsed in each coil for tens
of microseconds, with rise and fall times as short as 5 us. We have charac-
terised the decelerated part of the gas pulse and studied the effect of zero field
time windows, in which electron spin flips can occur, on the deceleration process.
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Mesoscopic Physics with Ultracold Atoms: From Confined
Scattering to Rydberg Atoms in Magnetic Traps

P. Schmelcher

Physikalisches Institut, Universitat Heidelberg, Philosophenweg 12, 69120 Heidelberg, Germany and
Theoretische Chemie, Institut fiir Physikalische Chemie, Universitat Heidelberg, INF 229, 69120
Heidelberg, Germany
E-mail:peter.schmelcher@pci.uni-heidelberg.de

Mesoscopic physics of ultracold atoms is discussed at hand of two different examples. We
demonstrate that scattering strongly interacting particles in three dimensions (3D) can be sup-
pressed at low energies in a quasi-one dimensional (1D) confinement. A wave-packet dynamical
simulation of the collisional process is performed in harmonic cylindrical confinement by employ-
ing a fully 3D screened Coulomb interaction. An almost lossless total transmission is observed.
The underlying mechanism is the interference of the s- and p-wave scattering contributions with
large s- and p-wave scattering lengths being a necessary prerequisite. This low-dimensional
quantum scattering effect might be probed in gases of “strongly” interacting ultracold atoms
in elongated traps or in impurity scattering in strongly confined quantum wire-based electronic
devices [1].

Ultracold Rydberg atoms exposed to magnetic traps such as the quadrupole field and the
Toffe-Pritchard trap are studied subsequently. A general Hamiltonian which describes the quan-
tum dynamics of an atom in an arbitrary linear magnetic field configuration is derived. The
coupled center of mass and electronic motion is solved by incorporating an adiabatic separation
of the dynamics. We provide the adiabatic energy surfaces and discuss under which conditions
trapped center of mass states can be achieved for Rydberg atoms. Energies and wavefunctions
of the corresponding quantum hybrid states are studied thereby entering a new regime where
both the external and internal motion are coupled and quantized leading to e.g. ring states. By
analyzing the properties of the resulting combined motion we demonstrate that the extension
of the electronic wavefunction can exceed that of the center of mass motion in a loffe-Pritchard
trap. Such atoms cannot be considered as being point-like [2,3].
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Molecular orientation and alignment play a key role in strong field-molecule
interactions, chemical reactions, and gas-phase solid interactions. For example, in
chemistry, the product of a reaction can be maximized by aligning molecules, or in
gas-phase solid interaction, stereodynamic effects on surface adsorption processes can
be studied by guiding molecules [1]. To investigate the effects of molecular alignment
on these processes, it is necessary to control the rotational degrees of freedom of the
molecules. The last years, it has been established that strong non-resonant laser pulses
of duration T >> h /B, with B the rotational constant of the molecule, align molecules
during the interaction with the field, while impulsive pulses (t << h /B) yield to post-
pulse transient alignment revivals [2]. These effects have been studied both
theoretically and experimentally, principally in linear molecules. However, lot of
applications implies asymmetric top molecules. It is necessary therefore to implement
experiments in order to control their rotational motions.

Here, we show that a single elliptically polarized laser pulse with appropriate
ellipticity allows to align the three axes of an asymmetric top molecule. We present a
theoretical model where we define the ellipticity that maximizes simultaneously the
alignment of two molecular axes, and therefore the 3-D alignment. Experimentally,
field free 3-D molecular alignment has been probed using the optical kerr effect in a
molecular jet of ethylene. One-dimensional alignment experiments have been first
conducted with linearly polarized laser pulses in order to estimate peak intensity and
temperature. Then, using elliptically polarized laser pulses, we have induced and
measured three-dimensional alignment of ethylene.
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Optical lattices (OL) are perfectly periodic arrays of particles trapped by the stand-
ing wave interference pattern of several laser beams. They have important applications
as model systems for solid state physics as well as for quantum information science.
The back-action of the trapped particles on the trap light is carefully avoided in most
OL experiments. However, it is known to give rise to intriguing phenomena in re-
lated systems, e.g., cavity cooling, mirror cooling, and optical binding. For OL’s this
back-action has been predicted [1] and observed [2, 3] to reduce the lattice constant d
compared to the naive expectation.

We will consider the effects of optical back-action in one-dimensional OL’s, brought
about by tuning a hitherto neglected parameter: the relative intensity of the lattice
beams. Introducing an asymmetry in the trap not only enhances the reduction of the
lattice constant, but, more importantly, alters the interaction between the trapped par-
ticles mediated by the light. The asymmetry gives rise to traveling density waves even
in the presence of arbitrarily strong viscous damping [6]. This is directly related to
the wavelike excitations in other crystals driven far from equilibrium, such as arrays of
vortices in a type-II superconductor [4], and trains of water drops dragged by oil [5].
These waves arise resonantly at specific values of the asymmetry, and destabilize the
lattice at a critical asymmetry that decreases sharply as the lattice size is increased.
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The new Free Electron LASer in Hamburg (FLASH) [1] delivers unprecedented
intense light pulses in the VUV and soft X-ray regime that, combined with fast ion
beam techniques, allows the regime of valence shell excitation so far inaccessible for
molecular ions to be explored by 3D momentum imaging of photofragments. These
excitations are of importance in astrophysically occurring radiation fields [2,3] and
the fragment momenta reflect the dynamics of the excited quantum chemical system,
thus providing a sensitive probe of molecular theory.

We report a first benchmark crossed-beams photodissociation experiment with
FLASH, where the photofragment geometry and absolute photodissociation cross
section were measured at 38.7 eV excitation energy (32 nm) for HeH" on the channel
H" + He(lsnl). HeH" is a benchmark case as the ionic analogue of H,; its excited
states have only been addressed theoretically [4] while being of potentially high
importance in both astrophysical environments [2,3] and in neutrino mass
measurements [5].

The experiment used a novel ion beam infrastructure installed for this purpose at the
plane grating monochromator beam line (PG2) [6] at FLASH, performing three-
dimensional event-by-event fragment imaging of cold molecular ions in a crossed
beams geometry with ~100 HeH" ions in the interaction region for each FLASH
pulse.

The absolute photodissociation cross section at 32 nm into the He-fragment channel
was determined to 1.4-10"® ¢cm?® with a systematic error of ~50 %. The measured
energy release spectrum of HeH' showed a remarkably large fraction of ~50 % in
highly excited states of n =3. The angular distributions showed an unexpected
dominance of fragmentation transverse to the photon polarization, originating from
excitation into curves of 'II symmetry. In contrast, theoretical studies [4] and
astrophysical models of the early universe [2] and planetary nebulae [3] have so far
emphasized parallel transitions via the low-lying excited states of 'Y symmetry.
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The indistinguishableness of the two protons in the dissociating H," molecule

prohibits the electron to prefer one nucleus for the generation of the neutral hydrogen.

In this contribution a method is shown to break this symmet