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Electronic fluorescence spectra of some diatomic species (I2, K2 and NaK) have been recorded by intra-cavity laser induced fluorescence (ICLIF) and Fourier transform (FT) spectroscopy. Both active and passive optical cavities have been used with visible continuous wave (cw) laser sources.  The active cavity is a modified commercial ring dye laser, able to hold an intracavity source up to 25 cm in length.  Dispersed fluorescence signals were enhanced by an order of magnitude when a molecular source was placed within the resonator. This system was also tested with a heatpipe source, producing alkali metal vapour at about 300° C.  We observed many cascade excitation mechanisms in K2; fluorescence to the highest vibrational levels of the electronic ground state of K2 can be observed with surprising ease. The increase in available power within the cavity has also led to the observation of fluorescence following non-resonant two-photon excitation. Work is of course limited to weakly absorbing transitions which cause minimal disruption to the laser effect.  To overcome this, we transfer the experiment to a passive, buildup cavity, which also overcomes some of the spatial limitations

Our broad-band (590-650 nm) build-up cavity is locked by a Hänsch-Couillaud servo-loop to an input laser of bandwidth ~1 MHz. Power enhancement factors of around 30 have been obtained with a 2.6 % input coupler.  The optical arrangement will be presented in some detail, and the performance investigated on the electronic spectrum of iodine. The combination of intracavity excitation and well resolved fluorescence spectroscopy clearly has useful applications for weakly-absorbing species, or for those whose electronic states are inaccessible to single-photon absorption techniques.
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We have observed the photoassociative spectra of colliding ultracold 39K and 85Rb atoms to produce KRb* in all eight bound electronic states correlating with the 39K (4s) + 85Rb(5p1/2 and 5p3/2) asymptotes.1,2  These electronically excited KRb* ultracold molecules are detected after their radiative decay to the metastable triplet (a3(+) state and (in some cases) the singlet (X1(+) ground state.  The triplet (a3(+) ultracold molecules are detected by two-photon ionization at 602.5 nm to form KRb+, followed by time-of-flight mass spectroscopy.  We are able to assign a majority of the spectrum to three states  (2(0+), 2(0-), 2(1)) in a lower triad of states with similar C6 values correlating to the K(4s) + Rb (5p1/2) asymptote; and to five states in an upper triad of three states (3(0+), 3(0-), 3(1)) and a dyad of two states (4(1), 1(2)), with one set of similar C6 values within the upper triad and a different set of similar C6 values within the dyad.  We are also able to make connection with the short-range spectra of Kasahara et al. (J. Chem. Phys. 111, 8857 (1999)), identifying three of our levels as v = 61, 62 and 63 of the 11( ~ 4(1) state they observed.  We also argue that ultracold photoassociation to levels between the K(4s) + Rb (5p3/2) and K(4s) + Rb (5p1/2) asymptotes may be weakly or strongly predissociated and therefore difficult to observe by ionization of a3(+ (or X1(+) molecules; we do know from Kasahara et al. that levels of the 11( ~ 4(1) and 21( ~ 5(1) states in the intraasymptote region are predissociated.  A small fraction ((1/3) of the triplet (a3(+) ultracold molecules formed are trapped in the weak magnetic field of our magneto-optical trap (MOT).  

In addition, in unpublished work involving tuning our detection laser in the 580-690 nm range, we have been able to observe the final vibrational level distributions produced by photoassociation, followed by spontaneous emission into the X1(+ and a3(+ electronic states.  Finally, by photodepletion using an additional cw laser, we have been able to observe the full rovibrational distributions of these highly excited levels for the first time.

Partial support by the National Science Foundation is gratefully acknowledged.
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ELECTRONIC STATES MANIFOLD

OF THE RYDBERG ArH MOLECULE:

AB INITIO AND QUANTUM-DEFECT THEORY TREATMENT
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Potential energy curves, permanent multipole and transition dipole moments were evaluated for the ground and low-lying excited electronic states of the neutral molecule ArH and ArH+ cation over a wide range of internuclear distance by the multi-reference averaged quadratic coupled cluster method. The electric dipole polarisability of the ground X1Σ+ state of ArH+ was evaluated by the finite-field method. 

The reaction matrix was extracted from the ab initio potentials for the Rydberg's states of the neutral molecule and the low-lying states of the ArH+ in the framework of multi-channel quantum-defect theory. The derived quantum-defect functions were applied to generate higher excited penetrated ns2Λ and np2Λ Rydberg states manifold of the neutral ArH molecule while the analytical low-order polarization model based on the calculated permanent multipoles and electric dipole polarisabilities of the ArH+ ground state provided the required quantum-defect functions for the nonpenetrating nd2Λ and n f2Λ Rydberg states.

The ground state ArH+ dipole moment and potential curve were tested by a simulation of intensity distributions in the rovibrational (v=1 bands, radiative lifetimes and rotational g-factors for the X1Σ+ state. The calculated energy differences and transition dipole moments of the neutral molecule were used to estimate Einstein emission coefficients of the excited ArH states. The calculated energies and radiative transition probabilities agree well with their experimental and preceding theoretical counterparts. The predicted energy and radiative properties for the higher excited electronic states prove to be useful for the interpretation of new Rydberg-Rydberg electronic transitions, dissociative ArH++e recombination and Ar*+H2 low-energy collisions processes. 

The authors are indebted to Prof. A.Zaitsevskii for assistance in a set up of COLUMBUS program and fruitful discussion. The work was supported by the Joint UK-Russia Project of the Royal Society (Grant KAC11/52002/BB03) and by the Russian Foundation for Basic Researches (Grant N03-03-32805).
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We have observed level crossing resonances and alignment-orientation conversion in nD3/2 states (n = 7, 9, 10) of cesium atoms under the influence of an external electric field. Two-step laser excitation 6S1/2 ( 6P3/2 ( nD3/2 was applied. The effect results from the evolution of coherently excited atomic sublevels and is therefore also a function of the Stark splitting of these sublevels in an external electric field. Cesium vapor was produced in a sealed glass cell kept at room temperature. An electric field up to Eel = 2400 V/cm was applied via transparent Stark electrodes separated by a 2.5 mm gap. For the first step, the 852.1 nm beam of the diode laser (LD-0850-100sm laser diode) was used to excite the 6P3/2 state. The laser beam e1 was linearly polarized along the external electric field Eel direction (e1||z). The second laser beam e2 was used to induce the 6P3/2 → nD3/2 transition and sent in a contra-propagating direction. To excite the 6P3/2 → 7D3/2 transition at 698.3 nm a Hitachi HL6738MG laser diode was used, the 6P3/2 → 9D3/2 transition at 584.7 nm and the 6P3/2 → 10D3/2 transition at 563.6 nm a Coherent CR699-21 dye laser was used. 

To observe level crossing resonances e2 was polarized perpendicular to the external electric field Eel e2||y and the laser induced fluorescence (LIF) nD3/2 → 6P1/2 was observed along the z-axis. The intensity I(y) of LIF linearly polarized along y axis was detected as dependent on Eel. The experiment reveals two resonance signals centered at the positions of coherently excited magnetic sublevels crossings with mF  = ± 2 at ca. 1300 and 1800 V/cm for 7D3/2, at 180 and 250 V/cm for 9D3/2, and at 85 and 120 V/cm for 10D3/2 states. 

To observe alignment-orientation conversion e2 was polarized at an angle of  to the Eel​​ and the LIF nD3/2 → 6P1/2 was observed along the laser beams. The creation of Cs (nD3/2) state orientation was certified by measuring the appearance of circular polarization of nD3/2 ( 6P1/2 of LIF. The normalized quantity, namely the degree of circularity C = (I1-I2)/(I1+I2) was detected, I1 and I2 being right-handed and left-handed circularly polarized LIF intensities measured using an achromatic quarter-wave plate.

The Stark energies for magnetic sublevels mF of the hyperfine F=2,3,4,5 levels of states under study was calculated based on the Cs atom D state polarizabilities from [1]. The calculated level crossing resonances and alignment-orientation conversion signals performed by applying the density matrix rate equations [2] for Zeeman coherences. The calculated signals agree with the experimental data.

We acknowledge support from NATO Grant SfP-978029 “Optical Field Mapping”, EC 5th Frame Growth Grant G1MA-CT-2002-04063, Latvian Government Grants TOP-04-44 and ES-03-40, Latvian Science Council Grants 04.1308, 05.1865 and from the European Social Fund program.
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The G(3)1Π state of NaCs was studied by high resolution Fourier transform spectroscopy. The G(3)1Π ( X1Σ+ laser induced fluorescence (LIF) was excited by an Ar+ laser and a single-mode frequency cw Nd:YAG laser. Due to the presence of the argon buffer gas we were able to observe rich rotational relaxation spectra. This allowed us to enlarge the data set for the G(3)1Π state significantly, as well as to obtain the information about Λ-splitting and q-factors in a wide range of rotational and vibrational quantum numbers. The data field includes about 720 energy levels and covers the range of rotational quantum numbers from J΄=3 to 190 and the range of vibrational quantum numbers from v΄=1 to 31, which corresponds to 85 % of the potential well depth. Direct fit of the potential energy curve to the level energies is realized using the IPA method [1].

Stark effect in the G(3)1Π state of NaCs was studied in order to determine the permanent electric dipole moment (PEDM) values d(v΄, J΄)  [2, 3]. After selecting and identifying a definite Ar+ laser induced G(3)1Π ( X1Σ+ LIF progression consisting of either singlets or doublets, the external dc electric field has been applied causing e – f parity mixing between the Λ-doubling components of G(3)1Π state. As a result extra (“forbidden”) lines appear in LIF spectra when Stark splitting energy becomes comparable to the Λ-splitting Δef. The ratio of “forbidden” to “allowed” line intensity is governed by the parameter d/Δef which was obtained by fitting. The known Δef values [4] allowed us to determine PEDM values for 13 rovibronic levels with v΄=0 to 32, J΄=19 to 75. The measured d(v΄, J΄) values fall within the 4.5 D to 8.5 D range. The ab initio d(v΄, J΄) calculations were performed exhibiting good agreement with experimental data.

The work is supported by DFG through SFB 407 and GRK 665, as well as by the European Social Found. O.D., J.Z., M.T. and R.F. acknowledge support by NATO SfP 978029 Optical Field Mapping grant and by EC 5th Frame “Competitive and Sustainable Growth” grant G1MA-CT-2002-04063, as well as by Latvian Science Council grant No. 04.1308 and Latvian Government grants ES 03-40 and TOP 04-44. Moscow team is grateful to the Russian Foudation for Basic Research (grants No 03-03-32857 and No 03-03-32805). 
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FROM ATOM PAIRS TO BOSE-EINSTEIN CONDENSATION 
EBERHARD TIEMANN
Institut fuer Quantenoptik, Universitaet Hannover, Germany

Recently, the study of atom pairs with low relative kinetic energy became a very active field of research by application of ultracold atomic ensembles. This spans the alkali and alkaline earth species mainly, because of convenient access of appropriate laser sources for cooling. Additionally, the isotope variation of the alkali species in the periodic table allows studying the different conditions of pair formation from Fermions or Bosons. Such pairs are composite particles for which one should ask about their behaviour on particle exchange or i.e. statistical properties.

This talk will put together the different points of view and will present spectroscopic results which are needed to describe the pairs under the two extreme cases: long range pairs (internuclear separation > 20Å) and deeply bound pairs. Here I will use examples which result from joint efforts by the groups in Riga, Hannover and Warsaw, namely NaRb or other mixed alkali species. This complements the recent studies by photo association and Feshbach resonances from ultracold ensembles of mixed species traps in other groups also present at the work shop.

DEPERTURBATION ANALYSIS

OF THE A2Π-B2Σ+ COMPLEX OF LiAr ISOTOPOMERS 

IN THE FRAMEWORK OF CLOSE COUPLING APPROACH

E.A.PAZYUK , V.V.MESHKOV, A.ZAITSEVSKII, and A.V.STOLYAROV 
Department of Chemistry, Moscow State University, 
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Direct deperturbation analysis of the highly accurate experimental rovibronic term values assigned to the A2Π~B2Σ+ complex of LiAr (R.Bruhl and D.Zimmermann, J.Chem.Phys., 114, 3035 (2001)) have been performed in the framework of inverted close coupling approach adjusted implicitly to a simultaneous treatment of both local and regular perturbations without reducing the vibrational dimensionality. The A2Π~X2Σ+ mutual perturbation effect on the A2Π term values and γ-splitting parameters of the ground X2Σ+ state was evaluated for both isotopomers as well using the approximate sum rules.
The non-linear deperturbation fitting procedure was supported by the many-body multi-partitioning perturbation theory calculations on the spin-orbit coupling parameters using the relativistic shape-consistent core pseudopotential approximation. The required non-adiabatic angular coupling matrix elements and dipole transition moments between the lowest LiAr electronic states were evaluated by the multi-reference averaged quadratic coupled cluster method. 
The grid mapping procedure based on the reduced variable representation of the radial coordinate R was used  to decrease the boundary condition effect at R→∞ as well as to improve an accuracy of numerous solutions of the close-coupling radial equations near the dissociation threshold. 
The resulting adiabatic potential energy curves for both A2Π and B2Σ+ states accompanied by the refined A~B non-adiabatic coupling parameters as a function of the internuclear distance restore the 388 experimental rovibronic term values of the 7LiAr complex with the standard deviation 0.003 cm-1. A reliability of the deperturbed parameters was confirmed by the calculation of the 6LiAr term value positions which coincide with their 198 experimental counterparts within 0.004 cm-1. 

The authors are indebted to Dieter Zimmermann for providing of raw experimental data and useful discussion. The work has been supported by the Russian Foundation for Basic Researches (grants N03-03-32805 and N03-03-32857).
AB INITIO DATA FOR PROCESSING AND MODELLING OF HIGH RESOLUTION SPECTRA: MULTI-PARTITIONING PERTURBATION THEORY CALCULATIONS ON MOLECULAR EXCITED STATES

ANDREI ZAITSEVSKII  
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Multi-partitioning perturbation theory (MPPT) is a general approach to the construction of perturbative expansions for state-universal or state-selective effective Hamiltonians based on the simultaneous use of several partitioning of the total Hamiltonian into an unperturbed part and a perturbation. Many-body MPPT formulation ([1] and references therein) provides a natural multireference and multistate generalization of the conventional Moeller-Plesset perturbation theory, giving rise to efficient computational tools for ab initio studies on molecular excited states and  electronic transitions particularly suitable for rather large numbers of states with the same symmetry under study. The method is readily extended to relativistic electronic structure treatment [2] within the frames of relativistic core pseudopotential model, properly incorporating spin-dependent effects (spin-orbit interactions) as well as their interplay with correlation effects. During the last decade the second-order many-body MPPT has been successfully applied to the calculations of various characteristics required for processing and modelling of high resolution molecular spectra, namely electronic transition energies, permanent and transition electric and magnetic dipole moments, angular-momentum and other kinds of non-adiabatic couplings of electronic states as functions of the molecular geometry. 
The present communication reviews some results of MPPT calculations on energetic, electric, magnetic and radiative properties of heteronuclear alkali diatomics. Our approach appears to be particularly suitable for the studies of excited states of alkaline atom clusters because their electronic structure naturally lead to the definition of the model space as the linear span of all possible distributions of valence electrons among valence and virtual orbitals (full valence configuration-interaction (CI) space) and perturbative incorporation of effective interactions arising from outer-core - valence correlations. Ensuring approximately the same level of accuracy for transition energy estimates as the popular polarization pseudopotential / valence-shell CI method, MPPT provides a more correct description of one-electron properties due to a proper account for "non-classical" (two-body) terms of corresponding valence-shell effective operators. The accuracy of the MPPT treatment of electronic-rotational and spin-orbit interactions is demonstrated.

The work has been supported by the NATO SfP 978029 – Optical Field Mapping grant.
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PROPOSED MEASUREMENT OF THE ELECTRON’S ELECTRIC DIPOLE MOMENT USING PbF MOLECULES CONFINED BY STATIC ELECTRIC FIELDS
NEIL SHAFER-RAY 
The University of Oklahoma Department of Physics and Astronomy
I propose a new measurement to improve the limit on the electron's electric dipole moment.  This technique probes high-field seeking PbF molecules produced by laser ablation, cooled by ³He, and confined in two dimensions to circular orbits by a radial electric field.  This configuration has several advantages.  First, the cold temperatures and confinement allows for a long coherence time and a large ground-state population.  Second, the lowest-energy (high-field seeking) state of PbF is uniquely insensitive to background magnetic fields.  (In fact, at a field of roughly 64kV/cm, the G-factor crosses zero.)  Third, sensitivity to background magnetic fields is reduced further by the rotating orbit of the PbF.  Finally, the technique is far simpler than other proposals using cold molecules, requiring no sophisticated cooling or trapping techniques.  Indeed, the only fields required are the static DC electric fields of a guide and the only lasers required are a Nd:YAG ablation laser and a diode laser split into two paths for pumping and probing. 

LASERS AND SPECTROSCOPY IN MEDICAL APPLICATIONS – CLINICAL ASPECTS ON PHOTODYNAMIC THERAPY AND LASER-INDUCED FLUORESCENCE 
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Laser-induced fluorescence for tumour detection
The most important prognostic factor for cancer patients is early tumour discovery. If malignant tumours are detected during the early non-invasive stage, most tumours show a high cure rate of more than 90 %. If detected in a late stage, the success rate is often very low. There is a variety of diagnostic procedures to be used when a patient has a suspicious tumour. The most common is conventional x-ray imaging. More advanced results are given in computerised investigations, such as CT scanning and MRI. For certain types of tumours scintigraphic techniques are of great value. Recently, PET scanning has been introduced as a complementary modality, in particular for patients with head and neck cancer. A limiting factor is tumour size and, by definition, lymph nodes with a diameter smaller than 1 cm are defined as benign. For many organs visual inspection is performed, either with a magnification unit, such as in the female genital tract or for the hollow organs, with various endoscopes with high quality optics. The epithelium outlining all these organs is the starting site for most malignancies. Actually all cancers start from some type of epithelium. There is a clinical dilemma in differentiating early cancer or precancer from other type of diseases, such as inflammation, infection or chronic irritation of other genesis. The visual characteristics may be the same whether it is a precancer, an early non-invasive malignancy or only benign proliferation. 

Laser-induced fluorescence (LIF) for tissue characterisation is a technique that can be used for monitoring the biomolecular changes in tissue under transformation from normal to dysplastic and cancer tissue. It has been shown that these changes appear early in the biological process, before structural tissue changes are seen at a later stage. The technique is based on UV or near-UV illumination of biological tissue for excitation of fluorescence. The fluorescence from the endogenous chromophores in the tissue alone, or enhanced by exogenously administered tumour seeking substances can be utilised. The technique is non-invasive and gives the results in real-time. LIF can be applied for point monitoring or in an imaging mode for larger areas, such as the vocal cords or the portio of the cervical area. Clinical examples of the technique will be discussed. 

Photodynamic treatment of malignant tumours
Photodynamic therapy (PDT) is a selective tumour treatment modality for local eradication of tumours, where tumour-seeking substances, such as pophyrins, clorines and phtalocyanines are employed in combination with red/near-IR laser light to bring about a selective release of toxic singlet oxygen and free radicals in the malignant tumour cells. The use of the haem precursor (-amino levulinic acid for tumour selective induction of the photodynamically very active substance protoporphyrin IX opens up wide applications for the treatment of various malignancies, such as tumours in the skin, on the vocal cords or in the bronchus. Interstitial PDT with fibres inserted into the tumour mass widens up the indications to deeper tumours. An interactive treatment system for feed-back dosimetry calculations during the treatment course has been developed and the first clinical use of this system will be presented. 

Development of a diffuse reflectance hyperspectral imaging method
E. G. SALERUD, M. ILIAS and E. HÄGGBLAD
Department of Biomedical Engineering, Linköping university, Linköping Sweden

The most common, clinical available, method to detect skin diseases and conditions has up until now been naked eye assessment by trained dermatologists. Unfortunately, the dermatological diagnostic task can at times, prove to be impossible to perform by ocular inspection due to the elusiveness and similarity between conditions of the discriminatory signs. Awareness of this issue has led to the development of non-invasive techniques aiming at objective assessment of skin viability. In the line-up of the developed non-invasive techniques, diffuse reflectance spectroscopy (DRS) is the one most closely related to visual observations. In physiological studies of superficial tissue, DRS is often referred to as an in vivo optical biopsy technique because of its ability to identify and quantify molecular structures in the sample, based on the analysis of the reradiated or absorbed light by tissue chromophores. DRS can be used to detect individual absorption features due to specific chemical bonds or substances in the investigated tissue, a feature that makes the method suitable for tissue physiology and viability studies. The technique’s inherent shortcoming of single-point probing is addressed by the ongoing evolutionary step of spectroscopic modalities, namely hyperspectral imaging systems (HIS) that makes it possible to extract 2D datasets for studying both geometrical and cooperative processes.

Hyperspectral imaging is the application of DRS to every pixel in a spatial image or 2D dataset that yields functional maps revealing not only the identity and quantity but also the precise localization of biological molecules within a tissue area. We have developed a hyperspectral imaging system based on the fusion of a digital camera system (BCi4, CMOS Camera, Belgium) with an electronically tuneable filter (VariSpecTM, CRi, Inc., USA). High intensity diodes ordered in a matrix (ILP ACIS-100/100-W-24, Volpi AG, Switzerland) deliver uniform illumination through a semi-transparent mirror to the tissue under study and also permit the capture of the hyperspectral image. The system has the possibility to demarcate spatial sources of different spectral information in every imaged pixel. All spectra are normalized for any possible variations in illumination (both temporal and spatial) with a reference spectrum recorded from a white balance card (ColorChecker White Balance, Gretag-Macbeth AG, Switzerland).

In order to demonstrate the system’s capability, UVB induced skin responses were studied during a period of 5 days, following the transition of the initial inflammatory response (erythema) to increased skin pigmentation (melanin formation). The extracted reflectance spectra were then compared and mathematically modelled for a best fit to tabulated reference spectra of the most common chromophores in human tissue (i.e. oxy-, deoxy-haemoglobin and melanin). This allowed the detection of specific viability markers (e.g. tissue oxygen delivery and consumption), their relative concentrations and spatial extent and finally the alterations of the named parameters over the given period of time.

Future project activities include partial delineation of spectral information in depth through the use of polarized light properties, calibration of the equipment aiming at absolute outcomes and refinement of the data analysis methods according to the specific
dermatological applications. The information possible to retrieve with the above system is considered to be of paramount interest in clinical studies of skin viability, some of them initially performed with DRS, but now given the advantage of high spatial resolution.

SKIN MICRO - CIRCULATION STUDIES BY THE PHOTOPLETHYSMOGRAPHY TECHNIQUE

R. ERTS, U. RUBINS, M. OZOLS, I. KUKULIS, J. SPIGULIS 
University of Latvia

Time resolved detection and analysis of the skin back-scattered optical signals (reflection photoplethysmography or PPG) provide rich information on skin blood volume pulsations and can also serve for cardiovascular assessment. The multi-channel PPG concept has been developed and clinically verified in this work. Simultaneous data flow from several body locations allows to study the heartbeat pulse wave propagation in real time and to evaluate the vascular resistance. Portable two - and four-channel PPG monitoring devices and special software have been designed for real -time data acquisition and processing. 


The advanced PPG sensor devices have been tested in laboratory, hospital bed-site and field environment. The available physiological and/or diagnostic information include heart rate, arrhythmia, and narrowing/occlusion of the arteries. The overall physical condition and adaptation ability of the body to physical loads during exercises have been evaluated by analysis of time development of the PPG signals, as well.


The two channel measurements have been experimentally made in 3-stage orthostatic test and analyzed on 40 volunteers. Clinical tests were made in hospital with 30 occlusion patients having vascular problems at arm or leg arteries also. 


The results show a good clinical potential of studies of skin micro-circulation, it can give much useful information about different parts and organs of the body.

We acknowledge support from European Social Fund program and LU#14 grant.

SKIN STRUCTURE STUDIES BY THE DIFFUSE REFLECTANCE AND FLUORESCENCE TECHNIQUES

I. KUZMINA (University of Latvia), L. GAILITE (University of Latvia),

A. LIHACHEV (University of Latvia), R. KARLS (Riga Stradinsh University),

J. SPIGULIS (University of Latvia)


Diffuse reflectance and fluorescence spectrometry are non-invasive skin diagnostic methods. This work was aimed at development of methodology for complex studies of skin pathologies using these optical techniques simultaneously. Healthy and pathologic skin areas were compared from the point of spectral features. Skin surface and diffuse reflectance, as well as the blue (=405nm) and green (=532nm) laser excited auto-fluorescence spectra in the visible and near-infrared range were studied. 

Intensity ratio of lesion to healthy skin spectra was obtained in order to investigate skin lesion diffuse reflectance characteristics. The processed spectra of malignant and non-malignant pathologies were compared. Although the number of inspected patients was not high enough to draw convincing conclusions, it seems that the proposed processing method of spectra enables to distinguish between Clark and dermal nevi and shows correlation between slope parameter of intensity ratio and pigmentation degree of disease. Slope parameter of the hyperpigmented Clark nevus is very high compared to the other nevi and almost reaches the slope parameter of melanoma. That can be explained, since the Clark nevus is a precursor of the melanoma. It means that Clark nevus can transform to melanoma with very high probability.

Fluorescence spectra and photobleaching were measured on the healthy and pathologic skin on the different parts of body at intensities of exciting laser beam in the range 7-371 mW/cm2. Experimental results show that fluorescence spectra of healthy and pathologic skin area are almost equal, differences are noticed only for intensity of the signal. The maxima of autofluorescence spectra were noted at 480nm and 600nm for excitation with the blue and the green laser accordingly. Decrease of fluorescence signal reaches its saturation after approximately 3 minutes. The fluorescence fading is 10-20% higher for the healthy skin than for skin pathologies and depends on intensity of exciting laser beam. The highest decrease of fluorescence (50-60%) is observed at 371mW/cm2, the lowest (~20%) – at 7mW/cm2. 

Global monitoring of atmospheric trace gases, clouds and aerosols from UV/vis/NIR satellite instruments: Current status and near future perspectives.
T. Wagner, S. Beirle, T. Deutschmann, C. Frankenberg, 

M. Grzegorski, J. Hollwedel, M.F. Khokhar, B. Kirchhoff, 

O. Klimm, S. Kraus, S. Kühl, C. Leue, T. Marbach, 

A. Morgner, J. Pukite, S. Sanghavi, C. von Friedeburg, M. Wenig, W. Wilms-Grabe, and U. Platt.
Insitute for Environmental Physics of the University of Heidelberg

INF 229, 69120 Heidelberg, Germany

During recent years a new generation of UV/vis satellite instruments like GOME and SCIAMACHY were put in orbit enabling us to map global distributions of several important tropospheric trace gases like NO2, HCHO, SO2, BrO, and H2O as well as clouds and aerosols. Recently, these datasets were complemented with greenhouse gases (CO2, CH4) and CO analysed in the near IR spectral range of SCIAMACHY. Compared to ground-based observations, tropospheric satellite observations have limited spatial resolution (horizontally and vertically) as well as low sampling frequency for a given location. Often it is also difficult to derive accurate absolute trace gas concentrations. On the other hand, satellite observations are a helpful tool, providing global observations. The derived data sets can yield a comprehensive view of the tropospheric trace gas distribution. In particular, they include remote regions, e.g. in polar regions or over the oceans. From satellite data, it is thus possible to investigate the temporal and spatial variation and e.g. to separate chemical and dynamical effects. Also different sources can be characterised and quantified. This is an important step forward for gaining more knowledge on the composition and evolution of the atmosphere, and the implications for societally relevant issues, such as climate, ecosystems or human health. The global distributions can serve as input and for the validation of current atmospheric and oceanic models. 

This presentation aims to give an overview of the current status of these new instruments and data products and their recent applications to various atmospheric and oceanic phenomena. Possible future instrumental and algorithmic improvements are outlined.

SO2 COLUMN DENSITIES FROM SATELLITE REMOTE SENSING: GLOBAL SOURCES AND INSTRUMENTS 
MUHAMMAD FAHIM KHOKHAR 
Ulrich Platt and Thomas Wagner
Institute of Environmental Physics, University of Heidelberg,Germany 

Satellite remote sensing is a power full tool along with several advantages over the conventional measurement techniques. Satellite instruments give us opportunity to observe the whole globe with same instrument and to discriminate the spatial and temporal variations.

Sulfur Dioxide (SO2) is an important trace gas in the atmosphere. It is released to the troposphere from both human activities and natural sources.
 
Volcanic emissions can cause significant variations of climate on a variety of time scales; just one very large eruption can cause a measurable change in the Earth's climate with a time scale of a few years. Volcanoes and Forest fires (causing Biomass burning) are one of the important sources of atmospheric SO2. 
Satellites provide the best opportunity to quantify the impact of SO2 released from volcanoes and forest fires on global atmospheric chemistry as the regions in which the fires predominantly take place are remote and inaccessible areas.
The GOME’s (Global Ozone Monitoring Experiment, since 1995) Earthshine-spectra contain the absorption structures of many trace gases in the earth’s atmosphere. To determine each of the absorbing atmospheric trace gases from the raw spectra, the DOAS (Differential Optical Absorption Spectroscopy) method is used. GOME SO2 observations are analyzed for the period 1996 - 2002.
In this work we give a comprehensive overview on the retrieval of SO2 column densities from GOME data for the years 1996 – 2002 and inter comparison of SCIAMACHY and GOME observations. The global maps show enhanced SO2 column densities reflecting various natural and anthropogenic sources like volcanoes, industry, heating, and biomass burning.

LIGHT SOURCE AND THE TELESCOPE FOR ILLUMINATING SPACE OBJECTS FROM THE EARTH SURFACE 

L.OSIPOVA, M. ABELE, A.UBELIS, J.VJATERS 
University of Latvia 
Results of calculations show a possible way of using broadband (white) light sources on ground for active Remote Sensing of atmosphere by space/air-based onboard instruments. The calculations were made for the satellite with Sun-synchronized orbit used for Remote Sensing of the atmosphere and troposphere now. 
Line production incandescent and xenon short arc medium power lamps parameters were used to calculate satellite illumination for illustration. In these calculations the spotlight optical system with 600 mm mirror was selected for satellite illumination.
To realize the active Remote Sensing of atmosphere a simple design of telescope is proposed.
 The minor changes in the construction of proposed telescope design give possibilities to use it for ranging (sound) Near Earth Objects with high power Laser transmitter. The laser energy distribution on the far zone was calculated with real laser parameters and the telescope with 600 mm main mirror and Mangin secondary mirror.

RESEARCH AND MONITORING OF AIR POLLUTION FROM SATELLITES.  THE ASPECTS OF LATVIA

J. PUĶĪTE, E. ŠMALIŅŠ, A. ŪBELIS

University of Latvia
Along with the fast development and use of satellite technologies for science and different sectors of economy, the possibilities to use space-borne instruments in research and monitoring of the chemical composition of atmosphere have increased. Data acquired from satellites complementing observations from ground stations provide information improving concepts of the processes affecting the atmosphere. 
The ground-based stations have spatially well-pointed measurements but the satellite instruments measure data averaged over some area. Therefore, the satellites do not fix pollution extremes, and comparison of the two kinds of data sets may improve the quality of information about concentrations of trace gases in the atmosphere. 
The discussed problem mostly relates to the boundary layer of troposphere significantly affected by economical activity in short time scales; there major part of ground-based measurements (in Latvia all of them) is made. 
The present study is aimed to show advantages and possibilities the use of satellites may have for monitoring and research of the troposphere having contribution to assessment of situation in Latvia in the context of acquisition of space-borne remote sensing data and ground measurements.

MARIE CURIE ACTIONS IN THE 6TH FRAMEWORK PROGRAMME AND THE PROPOSAL TOWARDS THE NEXT FRAMEWORK PROGRAMME
T. G. PAPAZOGLOU
European Commission Research Directorate-General, D2 Unit, Marie Curie Host Fellowships
“PEOPLE”: Marie Curie Actions in the FP 7 - The EC proposal
Objectives: Strengthening, quantitatively and qualitatively, the human potential in research and technology in Europe, by stimulating people to enter into the researcher’s profession, encouraging European researchers to stay in Europe, and attracting to Europe researchers from the entire world, making Europe more attractive to the best researchers. This will be done by putting into place a coherent set of “Marie Curie” actions, addressing researchers at all stages of their careers, from initial research training to life long learning and career development.

Abundant and highly trained qualified researchers are a necessary condition to advance science and to underpin innovation, but also an important factor to attract and sustain investments in research by public and private entities. Against the background of growing competition at world level, the development of an open European labour market for researchers and the diversification of skills and career paths of researchers are crucial to support a beneficial circulation of researchers and their knowledge, both within Europe and in a global setting.

Mobility, both trans-national and intersectoral, including stimulating industrial participation and the opening of research careers and academic positions at European scale, is a key component of the European Research Area and indispensable to increase European capacities and performances in research.
NEAR-FIELD OPTICS

MARIA ALLEGRINI
Dipartimento di Fisica ”Enrico Fermi”, Università di Pisa 

Largo Bruno Pontecorvo 3, 56127 Pisa, Italy

There is an increasing need for instruments that characterize material structures on the nanometer scale and produce or manipulate structures of nanometer scale. In this talk, the focus will be on scanning near-field optical microscopy (SNOM). It is a modern techique that has opened up direct inspection of optical processes on the nanoscale. Conventional optical microscopy, based on freely propagating photons, suffers from the diffraction limit. The spatial resolution is about half of the wavelength of the exciting radiation, that is a few 100 nm in the visible range. It is then fundamentally impossible to confine electromagnetic energy to volumes sufficiently small for the purposes of nanometer scale characterization. In contrast to the freely propagating waves, near-field optics is based on evanescent waves. They are characterized by amplitudes that decay rapidly into at least one direction in space. The corresponding wave vector is imaginary and the space uncertainty can be much smaller than λ/2π ≈ 100 nm. Thus the advent of SNOM about twenty years ago has been the key to optics on the nanometer scale. The subsequent progress in near-field microscopy and spectroscopy, often combined under the term nanoscopy, has opened the new area of research called nano-optics. Nano-optics deals with the interaction of light and matter on the nanoscale, both for nano-local characterization and for manipulation. It addresses basic issues in physics, chemistry and biology with significant impact on novel technologies.
Here, the basics of SNOM are recalled. Special attention is given to the probes that are the crucial tools in any SNOM. Examples of few important applications, such as nano-writing, are illustrated with recent results from our laboratory. Future perspectives are also briefly discussed. 

APPLICATIONS OF SLICE IMAGING TO PHYSICS AND CHEMISTRY
THEOFANIS N. KITSOPOULOS  
Institute of Electronic Structure and Laser-Foundation for Research and Technology-Hellas, 
and 
University of Crete, 71110 Heraklion Greece


In the first part I will present a new approach to the already popular methods of ion imaging and velocity mapping. The novelty of this approach is that the speed and angular distributions are measured directly from the images without the need of inverse Abel transformation as in the conventional approaches. This is achieved by using delayed pulsed extraction of the ions following photodissociation and positioning of the nascent products. 

In the second part I will present the hydrogen abstraction reactions of atomic chlorine with ethane and n-butane studied using a skimmerless crossed molecular beam experiment by imaging of state-selected products.  The differential cross section for HCl(v=0, J=1-5) product is directly determined from the product velocity map image. The state selection of products is achieved using (2+1) resonance enhanced multiphoton ionization, a method generally not used in crossed-molecular beam experiments due to sensitivity problems.  This technique opens the way for a plethora of polyatomic reactions (more than 3 atoms) to be studied with scattering angle and rotational resolution.  

CONTROL OF POPULATION FLOW IN COHERENTLY DRIVEN QUANTUM LADDERS
R. GARCIA-FERNANDEZ and K. BERGMANN 
Department of Physics, Universitiy of Kaiserslautern, Germany

A. EKERS 
Institute of  Atomic Physics and Spectroscopy, University of Latvia, Latvia

L. P. YATSENKO 
Institute of Physics of the Academy of Sciences, Kiev, Ukraine

N. V. VITANOV 
Department of Physics, University of Sofia, Bulgaria

O. DULIEU and M. AYMAR 
Laboratoire Aimé Cotton, CNRS, Orsay Cedex, France

We present a technique for adiabatic control of population flow through a pre-selected decaying excited level in a three-level quantum ladder. The population flow through the intermediate or upper level is controlled efficiently and precisely by varying the delay between partly overlapping coherent pulses of P and S lasers. The experiments were performed in a collimated supersonic beam of Na2 molecules. The ladder consists of a non-decaying initial level 1 and rapidly decaying intermediate and upper levels 2 and 3. The P laser field couples a ro-vibrational level in the ground electronic state to the intermediate level, which in turn is coupled to the final level by the S laser field (Fig. 1). Population of levels 2 and 3 is monitored via laser induced fluorescence in separate detection channels.

                 
[image: image1]
                                        Fig. 1: The three-level ladder system.

In addition, we demonstrate a new scheme allowing the determination of absolute population transfer efficiency to the short lived upper level. The population of this level decays to a range of ro-vibrational levels in lower lying electronically excited states. The decay of those levels, in turn, leads to the population of initially empty excited ro-vibrational levels of the electronic ground state. The rotational level J’’ = 11 of any excited vibrational level in the electronic ground state is populated exclusively due to the decay of the upper level of the ladder (v = 10, J = 9). If the population of a given (v’’>0, J’’=11) level in the ground state is monitored via saturated laser induced fluorescence, the fluorescence signal can be used as a measure of population flow via the upper level. Population transfer efficiencies of nearly 100% have been measured.

This work was supported by the EU RTN project QUACS, and the EU TOK projects LAMOL and CAMEL.

CONTROLLED COHERENT SUPERPOSITIONS OF DEGENERATE STATES  
K. BERGMANN

University of Kaiserslautern, Germany
Adiabatic transfer, based on stimulated Raman adiabatic passage (STIRAP) has been widely used in many experiments [1]. Here, a new direction - namely the preparation and characterization of a superposition of degenerate states - is discussed. The coherent superposition of non-degenerate states using femto-second laser pulses leads to the formation of a wave packet because the various components evolve differently in time. In contrast, the coherent superposition of degenerate states is stationary, as long as external perturbations (e.g. magnetic fields)  are negligible. 

In approach A, the extended tripod coupling scheme [2] is used, to transfer all the population of the  3P0 state of Ne atoms in a supersonic beam to the degenerate manifold of M-levels in 3P2 (with coupling via the  3P1 level). Thus  a coherent superposition of M-levels is prepared. It has been shown that the full eight-dimensional parameter space of the superpositions in the J = 2 level (four ratios of amplitudes and four differences of phases) can - in principle - be reached [3]. In approach B, coherent coupling of the 3P2 and  3P1 levels results in some population loss by decay out of the system of coupled levels. However, coherent population trapping (CPT) leads also to the formation of  a coherent superposition. The latter differs from the superposition prepared by approach A essentially in the relative phase (by ()  between two of the components. 

It will be discussed how the relative phase of the components of the coherent superposition is measured [4], using the method of phase-to-population mapping. It will also be shown that the method of preparation can be changed from approach A to approach B - and thus the relative phase of the components of the superposition can be varied by ( - simply by tuning one of the laser frequencies (Stokes laser or pump laser) by some 10 MHz [5]. 

Possible applications of these methods to the coherent control of bimolecular collisions or the preparation of a coherent superposition of Fock-states in a high Q cavity will be mentioned. 
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FORMATION RATES OF ULTRACOLD POLAR MOLECULES VIA PHOTOASSOCIATION

S. AZIZI, M. AYMAR, O. DULIEU
Laboratoire Aimé-Cotton, CNRS, Bât. 505, Campus d'Orsay, 91405 Orsay cedex, France

Controlling the external and internal degrees of freedom of atomic and molecular systems is an ongoing quest of physicists for many years. In particular, cooling of ions and atoms, and more recently of molecules, via processes driven by external fields or by collisions represent well-established techniques to slow down their external motion to temperatures well below 1 mK. For instance, ultracold samples of homonuclear alkali dimers are routinely created by photoassociation (PA) [1] of a pair of ultracold atoms followed by spontaneous emission [2,3]. However, it is highly desirable to look for new ways to form other species of ultracold molecules. Besides several promising non-optical techniques [4], PA of a pair of different alkali atoms to create samples of dipolar molecules is appealing as well [5], and has been recently demonstrated [6].
The purpose of this work is to provide estimates for PA and cold molecule formation rates in cold heteronuclear alkali pairs [7], as a guidance for ongoing and future experiments. A first attempt  to establish a hierarchy for the PA efficiency of mixed alkali pairs has been proposed [8], based on a semiclassical modelling of the wave functions. Here we start instead from realistic potential curves available from the literature, to compute the wave functions of the relative radial motion of the atom pair and the reaction rates, following previous work in our group [9]. These rates are scaled to the cesium experimental rates, which have been carefully measured  in our group [10]. We also discuss the expected vibrational distribution of the formed ultracold molecules, which could be interpreted as a probe of the actual dynamical  couplings within the molecules.
Moreover, the prediction of processes yielding to the formation of ultracold samples of dipolar molecules requires the accurate knowlege of their electronic and spectroscopic properties. Using  a standard quantum chemistry approach based on pseudopotentials for atomic core representation, Gaussian basis sets and effective core polarisation potential we investigate the properties of homonuclear and heteronuclear alkali dimers emphasizing on convergence and accuracy issues with respect to the size of the basis sets and to the optimization of effective potentials.
We will first present a first set of results on the permanent dipole moments of the ground and lowest triplet states of all mixed alkali pairs [11]. We will display their variation with the interatomic distance as well with the vibrational level. Most of the results were not previously available elsewhere. A second set of results concerns transition dipole moments for alkali pairs under investigation in various spectroscopic studies, or in cold molecule experiments.
Finally, in the perspective of photoassociation of cold francium atoms, we will present preliminary results on pseudopotential for the francium atom. The knowelge of this pseudopotential is  prerequisite to the determination of potential energy curves for systems involving this atoms. Of course for this heaviest alkali atoms, relativistic effects cannot be neglected and the inclusion of these  effects in molecular  calculations is under study.

References

[1]    H.R. Thorsheim, J. Weiner and P.S. Julienne, Phys. Rev. Lett. 58, 2420 (1987)
[2]    A. Fioretti, et al, Phys. Rev.Lett. 80, 4402 (1998)

[3]    A.N. Nikolov et al, Phys. Rev. Lett. 82, 703 (1999); C. Gabbanini et al, Phys. Rev. Lett. 84 2814 (2000); F. K. Fatemi et al, Phys. Rev. A  66. 053401 (2002)
[4]    H. L. Bethlem et al, Phys. Rev. Lett. 83, 1558 (1999) ; J. D. Weinstein et al, Nature 395, 148 (1998);  M.S. Elioff et al Science 302, 1940 (2003);  S.A. Rangwala et al, Phys. Rev. A 64,043406 (2003)
[5]    J. P. Shaffer et al, Phys. Rev. Lett. 82 1124 (1999);  M.W. Mancini et al, Phys. Rev. Lett. 92, 133203 (2004); A.J. Kerman et al, Phys.Rev. Lett. 92, 033004 (2004)
[6]    A. J. Kerman,et al, Phys. Rev. Lett. 92,. 153001 (2004); D. Wang et al, Phys. Rev. Lett. 93, 243005 (2004) 
[7]    S. Azizi, M. Aymar et O. Dulieu, Eur. Phys. J. D 31, 195 (2004) 
[8]    H. Wang and W.C. Stwalley, J. Chem.Phys. 108, 5767 (1998)
[9]    C.M. Dion et al Phys. Rev. Lett. 86, 2253 (2001)
[10]  C. Drag et al, IEEE J. Quant. Electron. 36, 1378 (2000)
[11]  M. Aymar et O. Dulieu, submitted to J. Chem. Phys., Pre-print arXiv.org/quant-ph/0502059 (2005) 

PROGRESS  IN  HYDROGEN  PRECISION  SPECTROSCOPY

J. ALNIS, Th. UDEM, N. KOLACHEVSKY, and T.W. HÄNSCH
Max Planck Institute of Quantum Optics

Hans Kopfermann St. 1, D-85748 Garching, Germany

E-mail: Janis.Alnis@mpq.mpg.de

For many years, we have been extending the limits of  resolution and measurement accuracy for the particularly sharp 1S-2S ultraviolet two-photon resonance. Such measurements provide stringent tests of fundamental theories, and they have yielded accurate values of fundamental constants. This quest has motivated many advances in laser spectroscopy and optical frequency metrology, including the recent invention of femtosecond laser optical frequency comb synthesizers.
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The two most recent precision measurements of this transition frequency in 1999 and 2003 have both suffered from an unfortunate systematic error. Doppler-free excitation of this transition requires an ideal standing wave field, with matching wavefronts for the forward- and backward running waves. Unfortunately, the ultraviolet build-up cavity used in our experiment has a relatively low finesse, so that this condition is hard to meet. A slight misalignement of the incoming laser beam or optical diffraction from any apertures inside the cavity leads to wavefront distortions, which result in small first-order Doppler shifts. On a given day, with fixed alignement, the statistical errors can be very small. However, the measured frequencies  from different days scatter by much more than the individual statistical errors, limiting the measurement precision to about 2 parts in 10-14. Nonetheless, the comparison of these two measurements establishes new limits for possible slow variations of fundamental constants [1]. However, an order-of-magnitude improvement appears well within reach, if the systematic wavefront alignement errors can be eliminated.

One possible cure would be the use of a build-up cavity of much higher finesse. As an additional  benefit, the needed injected laser power would be much reduced so that it appears quite feasible to replace the present krypton-laser-pumped dye laser with a much smaller and quieter solid state laser system, such as a diode laser MOPA system with two stages of frequency doubling. In this way, our hydrogen spectrometer would come much closer to a practical optical atomic clock. 
Currently we have set up a new diode-laser based system and are trying to reduce it’s linewidth. The optical beat linewidth between the diode and the dye laser output is smaller than 1 kHz. 
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ULTRALONG-RANGE INTERACTIONS IN A COLD RYDBERG GAS

MATTHIAS WEIDEMÜLLER, M. REETZ-LAMOUR, T. AMTHOR, J. DEIGLMAYR, K. SINGER, L.G. MARCASSA,

Physikalisches Institut der Albert-Ludwigs-Universität Freiburg, 79104 Freiburg, Germany

We report on experimental evidence for ultralong range interactions in a frozen Rydberg gas and present high-resolution spectroscopic signatures of these interactions. In particular, we observe a suppression of Rydberg excitation which can be interpreted as the onset of a dipole blockade as shown in Fig. 1 [1]. Indications of suppressed excitation have recently been observed in pulsed Rydberg excitation from a cold gas [2]. Our experiment makes use of a tunable narrow-bandwidth continuous-wave (cw) laser for Rydberg excitation and thus allows for high-resolution spectroscopy of the resonance lines. By varying the density of Rydberg atoms in a controlled way, the influence of interactions on the strength and the shape of these lines is investigated in detail [1].
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Figure 1. Rydberg peak densities on the 82S1/2 resonance versus launch state density for low and high excitation laser intensities. The dashed line is a linear extrapolation from the origin through the first data point.

We have also investigated the onset of plasma formation in a cold Rydberg gas through mechanical forces between Rydberg atoms. We observe a pronounced asymetry in the formation rate when tuning the Rydberg excitation laser to either the red or the blue detuned side of the resonance. This can be explained by selective population of pair states on either attractive or repulsive asymptotes of the interaction potential [3]. In the first case the Rydberg atoms are accelerated towards each other and eventually undergo Penning ionization whereas in the latter case ionization is suppressed.

References:

[1]  K. Singer et al., Phys. Rev. Lett. 93, 163001 (2004); K. Singer et al., J. Phys. B 38, 321 (2005).
[2]  D. Tong et al., Phys. Rev. Lett. 93, 063001 (2004).
[3]  K. Singer et al., J. Phys. B 38, 295 (2005).

QUANTUM COMPUTING WITH RYDBERG ATOMS
I. I. RYABTSEV, D. B. TRETYAKOV, I. I. BETEROV, V. M. ENTIN
Institute of Semiconductor Physics, Pr.Lavrentyeva 13, 630090, Novosibirsk, Russia

E-mail: ryabtsev@isp.nsc.ru

Dipole-dipole and van der Waals interactions between highly excited Rydberg atoms are very promising tools to achieve quantum entanglement of qubits in a quantum computer based on cold atoms in optical lattices. Quantum computation is performed using single-qubit and two-qubit operations. Entangled states of two atoms required for two-qubit gates may be generated using a sequence optical pulses applied to chosen qubits to excite Rydberg states that strongly interact, or using dipole-induced changes in the spectra of collective excitations of cold atomic ensembles [1,2]. In the first part of the report we analyze appropriate conditions to implement these scheme in practice [3]. Principal quantum numbers n~30-40, low orbital moments L~(0, 1, 2), average distance between atoms 5 (m, exciting laser pulses of 50 ns, and 500 ns time of dipole-dipole interaction have been shown to be optimal to realize a conditional quantum phase gate for the simplest two-qubit quantum logic operation.

The van der Waals and dipole-dipole interactions in large ensembles of cold Rydberg atoms have been observed recently in the laser [4,5] and microwave [6] spectroscopy experiments. However, the observation of interaction between a few Rydberg atoms was not reported yet. 

In the second part of the report we present our last experimental results on the study of the influence of dipole-dipole interaction on the spectra of microwave transitions between Rydberg states of Na in a small ensemble of Rydberg atoms. The microwave spectroscopy allows for the detection of shifts and broadenings of resonances on the order of several kHz, providing an opportunity to study very weak interactions between Rydberg atoms [6]. In addition, the number of excited Rydberg atoms can be selectively measured using a channeltron and selective field ionization technique, allowing us to record the microwave spectra for a pre-defined, low number of atoms [3]. The experiment was carried out in a dense Na atomic beam with the 37S1/2(37P1/2 microwave transition at 70 GHz. The Rydberg atoms in the initial 37S1/2 state were excited in a small volume of 15-20 µm size formed at the point of intersection of two tightly focused exciting laser beams (589 nm and 410 nm). The peculiarities of the observed microwave spectra will be presented discussed.

This work was supported by the Russian Foundation for Basic Research, Grant No.02-02-16332, Russian Science Support Foundation, and partly by INTAS, Grant Nos. 2001-155, 04-83-3692.
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QUANTUM OPTICS AT THE NIELS BOHR INSTITUTE

NILS ANDERSEN 
The Niels Bohr Institute, University of Copenhagen, Denmark

In recent years new developments in laser technology and laser cooling techniques have enabled manipulation of atoms and molecules that allow for a kind of investigations that in former times were referred to mainly as “Gedanken Experiments”. These experiments highlight in instructive ways various fundamental aspects of atomic entanglement, quantum information, interference of matter waves, etc, etc. The paper outlines some current activities in this area at the Niels Bohr Institute in Copenhagen that may be of interest for the forthcoming TOK activities.

METASTABLE RYDBERG STATES

N. N.BEZUGLOV

Fock Institute of Physics, St Petersburg State University, 198904 St Petersburg, Russia
A. EKERS

University of Latvia, Dept. of Physics, Zellu iela 8, LV-1002, Riga, Latvia
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The reasons for suppressed photoionization (the Cooper minimum in atomic photoionization cross sections) were discussed in details by Seaton [1]. His arguments about small overlap of wave functions associated with optical transitions 
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 between quantum defects of the initial and final state must be close to a half-integer value for the transition to be unefficient. The decrease in the efficiency of radiative processes can be interpreted using classical orbits of Rydberg electrons (RE) [2]. When a given l-state is very close to the continuum, the semi-classical treatment yields that the value 
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 of the slow RE by the ionic core. Hence, classical scattering does not occur when (( = 0.5, and, consequently, the probability of photon absorption is small, and there is no emission. The absence of classically emitted radiation obviously results in anomalously small natural linewidths. Such l-states can be considered as metastable, and one could expect that these states possess some specific (quantum) futures that are caused solely by vacuum fluctuations. These features can be explored, for instance, by evaluating the entropy quanta (Ssp, which are carried away by spontaneously emitted photons. The interaction of RE with vacuum fluctuations can be described using the thermodynamics notation proposed by de Broglie [3]. Variation of the quantum spontaneous emission probability 
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, is shown in Fig. 1 for the case of a Sommerfeld type model potential 
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 [2]. Photons are emitted by the (nr = 8, l = 1) level to a range of lower levels with radial quantum number 
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), the probability distribution of the emission acquires a form characteristic for black-body radiation, which agrees with the conceptions of de Broglie [3].

This work was supported by EU FP6 TOK project LAMOL and RFBR-05-03-33252.

References

[1] Fano U. Rev.Mod.Phys., 1968, 40, p.431.

[2] Bezuglov N.N., Borisov E.N., Verolainen Ya.F. -Sov.Phys.Usp. , 1991, 34, p.1.

[3] de Broglie Louis, La Thermodynamique de la particule   isolee, 1964, Paris. 

Time resolved studies in low Rydberg states of potassium
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The cell experiments and theoretical calculations concerning the ns (n=7, 8, 9, 10), n'd and n'f (n'=5, 6, 7, 8) states of potassium atoms will be reported. The results of natural lifetimes, as well as thermally averaged quenching- and energy-transfer- cross sections, will be presented and discussed. The experiments were performed at the Institute of Physics PAS in Warsaw and the theoretical treatments were developed in Newark, Rennes and Riga. The list of authors contains all, who at various stages contributed to these investigations. At the end of the presentation, some words will be devoted to planned experiments with cold rubidium in a magnetooptical trap recently constructed at IP PAS. 


The K atoms were selectively excited to the states of interest by short laser light pulses. Resulting fluorescence, direct-, from these states, and sensitised-, from the states populated from them in collisions with the ground state K atoms, was detected time-resolved and analysed, in a similar way as described in [1]

Lifetimes.   For each state, the effective rates for depopulation Γeff(T) were obtained from decays of direct fluorescence registered at varied cell temperatures T. Γeff(T) were first corrected for rates induced by thermal radiation. From a Stern-Volmer type dependence, besides natural lifetime, also quenching cross section σq was determined. The lifetimes of K(nF) states have not been measured before. These are compared in Table 1 with the theoretical values calculated by M. Safronova. 
	tate
	Natural lifetimes, ns

	
	Experiment
	Theory by M. Safronova

	5f
	117(4)
	117(3)

	6f
	190(6)
	195(3)

	7f
	309(9)
	299(5)

	8f
	422(13)
	436(8)


Table 1  

Measured and calculated lifetimes of the K(nf) states
The reduced matrix elements were calculated for all allowed electric-dipole nf5/2 - n'd5/2, nf5/2 - n'd3/2, and nf7/2 - n'd5/2 transitions with n = 4 - 8 in K using the relativistic linearized coupled-cluster method with single and double excitations of Dirac-Fock wave functions included to all orders in many-body perturbation theory. These matrix elements were used to evaluate the lifetimes and their uncertainties. The contributions from the nf5/2 - n'g7/2, nf7/2 - n'g7/2, and  nf7/2 - n'g9/2 transitions to the lifetimes of the 6f, 7f, and 8f states are evaluated using the third-order many-body perturbation theory and are found to be very small.

Quenching cross sections.   The measured and calculated values of σq for the s and d states are plotted in Fig. 1.
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Fig. 1  Thermally averaged quenching cross sections for s and d states of potassium

The theoretical calculations performed by V. Grushevsky and K. Michulis were based on potential scattering model in the impulse approximation with the presence of ³P resonance. For low s and d potassium Rydberg states of the experiment (n*( 5 - 8), it is the potential scattering which gives main contribution to the quenching cross section.
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Fig. 2  Thermally averaged cross sections for the energy transfer 7s(5f in potassium. Line is for theory, full rectangles are for experimental values (in the inset).

Energy transfer (ET).

ET reactions: (i)  K((n+2)s)+K(4s)(K(nf)+K(4s)((E  and  (ii)  K(nd)+K(4s)(K(nf)+K(4s)((E were investigated. The ET cross sections σET(7s(5f), i.e. for the reaction (i) with n=5  and (E = ( cm-1, measured in a range of temperatures, are compared in Fig. 2 with the calculated ones by S. Magnier.  02/06/2005 In processing of experimental data, the time dependence of both direct- and sensitised- fluorescence was analysed with models compensating for spurious effects. The calculations were performed in the framework of a semiclassical multicrossing Landau-Zener model. All K2 potential energy curves adiabatically correlated from K(4s)+K(6p) up to K(4s)+K(5f) have been considered. 
Reference
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OPTICAL FORCES FROM NON-MONOCHROMATIC LIGHT

HAROLD METCALF  
Physics Dept, Stony Brook University, Stony Brook NY 11794-3800 USA 


The usual radiative forces on neutral atoms from monochromatic light that have been exploited for laser cooling and atom trapping for the past 25 years have limits derived from the excited state lifetime τ ≡  1/γ The maximum radiative damping force is Frad  ≡ kγ/2 where k ≡  2π/λ. By contrast, the bichromatic force derives from a controlled sequence of absorptions and stimulated emissions using two light frequencies separated by 2δ. Its magnitude is ~ kδ/π >>  Frad   since δ >> γ, so this unsaturable force can easily be 10 to 100 times larger than  Frad.  Its velocity range is  ~ δ/k as compared with γ/k for Frad, and its spatial range is ~ c/2δ ~ 1 m. 


We have already demonstrated the bichromatic force in metastable 23S He (He*) in the simple symmetric detuning scheme where the two beams are equally detuned above and below atomic resonance.  We have used it to decelerate a thermal beam of He* over a ~1 cm distance, resulting in much less atom loss since the cooling length for He* using Frad is typically 1 - 2 meters. In addition, we have actively collimated such a beam to extremely high brightness (see Phys. Rev. Lett. 93, 213004 (2004) and references therein). 


The huge bichromatic force derives from a coherently controlled exchange of momentum between the atoms and the light field, but using two frequencies is not the only way to accomplish such exchange.  Sweeping or modulating the laser frequency can also accomplish such exchange, for example by adiabatic rapid passage.  We have also already demonstrated this crude​ly, and are beginning to explore its capabilities further.  Although a detailed description of the nature of such polychromatic forces can be quite involved, the basic ideas of coherent control of momentum exchange between atoms and light fields can be explained in terms of simple models.  These ideas will be presented in the context of the experiments and will account for some of the observed and predicted phenomena.  These will also be compared with direct numerical calculations in various cases.  


Up to now our experiments have been done in He* on the transition at λ = 1083 nm using fiber amplifiers injected by diode laser light.  The first application for our extremely bright and cold beam is nanofabrication using neutral atom lithography, and some of these experiments have begun.  Preliminary results and future plans will also be presented.


Our exploration of optical forces on atoms with non-monochromatic light has opened new areas of study in coherent control of momentum exchange, and new possibilities for the application of such forces.  Unlike the traditional laser cooling techniques, there is far less than one spontaneous emission for each excitation.  Thus the technique is readily applied to molecules where the rich level structure precludes the closed transitions that make laser cooling possible for atoms.   We exploit controllable stimulated emission to manipulate the optical forces, and there​by enhance them enormously by reducing the number of spontaneous emissions for a given momentum change.
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