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Hot topics

Tuesday 17:10 Hot topics

Frequency metrology in quantum degenerate helium

Rob van Rooij'!, Joe Borbely!, Juliette Simonet?, Maarten Hoogerland?, Kjeld Eikema!,

Roel Rozendaal'!, and Wim Vassen'*

1. LaserLaB VU University, Amsterdam, the Netherlands

2. ENS, LKB, Paris, France

3. Department of Physics, University of Auckland, New Zealand

* w.vassen@vu.nl

We have measured the absolute frequency of the 1557-nm doubly forbidden transition between
the two metastable states of helium, 2 3S; (lifetime 8000 s) and 2 'Sy (lifetime 20 ms), with 1 kHz
precision [1]. With an Einstein coefficient of 10~7 s~! this is one of weakest optical transitions ever
measured. The measurement was performed in a Bose-Einstein condensate of “He* as well as in a
Degenerate Fermi Gas of 3He*, trapped in a crossed dipole trap. From the isotope shift we deduced the
nuclear charge radius difference between the ¢t-particle and the helion. Our value differs by 40 with a
very recent result obtained on the 2 3S — 2 3P transition [2].

References
[1] R. van Rooij, J.S. Borbely, J. Simonet, M.D. Hoogerland, K.S.E. Eikema, R.A. Roozendaal, W.
Vassen, “Frequency metrology in quantum degenerate helium: Direct measurement of the 2 3S;
—2 150 transition”, Science 333, 196 (2011).
[2] P. Cancio Pastor, L. Consolino, G. Giusfredi, P. De Natale, M. Inguscio, V.A. Yerokhin, K.
Pachucki, “Frequency metrology of helium around 1083 nm and determination of the nuclear
charge radius”, Phys. Rev. Lett. 108, 143001 (2012).



Posters

Mo-075 (instead of Th-073) Bose gases

Instability in the Riemann problem of the two-fluid hydrodynamic equations
for Bose-Einstein condensate

Viadimir I. Tsurkov*
* Vavilov str., 40, Moscow, 119333, Russia, tsur@ccas.ru

We consider the time dependent two-fluid hydrodynamic equations with one spatial coordinate x
for the degenerate ideal Bose gas. The equation of state is p = BS>/3, where p is the pressure, S is the
entropy per unit volume (B = const). We obtain two splitting pair of equations. The second set is

dvs/dt+vsdvs/dx =0

IR/t + RAvs/dx +vsdR/dx =0

where vy is the superfluid velocity, R = p — AS, p is the density (A = const). The Riemann problems
with the initial values p(0,x) = pg, S(0,x) = So (po,So — const) and vg(0,x) = v;(x < 0), vs(0,x) =
va(x > 0),v; > vy lead to an unstable solution where the density becomes unbounded by analogy to
[1, 2, 3]. Although equation of two-component hydrodynamic is not applicable to ideal degenerated
Bose gas, obtained solutions may be treated as limit ones for non-ideal gas.
References

[1] V.LTsurkov, Comput. Math. Math. Phys. 11, 488 (1971).

[2] V.I.Tsurkov, Majorant Catastrophe of Eulerian Gas Dynamics Equations for Bosons, Felicity
Press, USA (1998).

[3] V.L.Tsurkov, J. Low Temp. Phys. 138, 717 (2005).

Mo-109bis Bose gases

Contact Measurements on Atomic BEC

Catherine E. Klauss, Philip P. Makotyn, Robert J. Wild

Eric A. Cornell, and Deborah S. Jin

JILA, National Institute of Standards and Technology and University of Colorado
and Department of Physics, Boulder, Colorado 80309-0440, USA

* Catherine.Klauss @ Colorado.edu

For ultracold fermions, a powerful set of universal relations, centered on a quantity called the con-
tact, connects the strength of short-range two-body correlations to the thermodynamics of a many-body
system with zero-range interactions [1]. When extended to bosons, the contact can be used to study is-
sues such as three-body interactions and decreased stability of BECs that arise as repulsive interactions
are increased [2]. We present measurements of the contact for an 85Rb atomic Bose-Einstein conden-
sate (BEC) near a Feshbach resonance using RF spectroscopy. At large interaction strengths we were
able to set a limiting value for the three-body contribution to the contact.

References
[1] S. Tan, Ann. Phys. 323, 2971 (2008).

[2] E. Braaten, D. Kang, and L. Platter, Phys. Rev. Lett. 106, 153005 (2011).



Mo-123 Quantum optics...

Complete Reconstruction of the Sidebands Modes of Intense Optical Fields

Felippe Barbosa'*, Antonio Coelho?, Katiliscia Cassemiro?, Alessandro Villar2,

Paulo Nussenzveig®, Claude Fabre® and Marcelo Martinelli’
1. University of Sdo Paulo, Sao Paulo, Brazil

2. Federal University of Pernambuco, Recife, Brazil

3. University of Paris 6, Paris, France

* felippe @if.usp.br

Homodyne detection has been in the heart of many measurements of continuous variables in quan-
tum optics. While this technique can be used to obtain a complete reconstruction of the state at a given
frequency, there is the challenge of overcoming classical noises at low frequencies. This is the reason
why entanglement or squeezing measurements uses the demodulation with an electronic reference at
radio frenquency. The resulting measurement corresponds to the beatnote of the optical sidebands with
the central carrier and is a mixture of the information present in both sidebands. Although widely used
by the community, this measurement is not complete, unless symmetries between the sidebands modes
are assumed. A way to completely recover the quantum state of the sidebands involves measuring the
light reflected by an empty optical cavity. In this case, the phase of each sideband mode and of the car-
rier are shifted independently, enabling access to the modes of the sidebands. We applied this technique
to reconstruct the state coming from an optical parametric oscillator (OPO) operating above threshold.
We perform the measurement of the pair of sidebands of each mode (pump, signal and idler), recovering
the covariance matrix of the sideband modes at the detected frequency.

Tu-073 Bose gases

Interaction between cold atoms and carbon nano tubes

B. Jetter!*, J. Markle'-*, P. Schneeweiss!2, M. Gierling',

S. Scheel’, A. Giinther!, J. Fortagh', and T.E. Judd'

1. CQ Center for Collective Quantum Phenomena and their Applications in LISA+,
Physiklaisches Institut, Eberhard-Karls-Universitdt Tiibingen,

Auf der Morgenstelle 14, D-72076 Tiibingen, Germany

2. Vienna University of Technology, Institute of Atomic and Subatomic Physics,
Stadionallee 2, 1020 Vienna, Austria

3. Institut fiir Physik, Universitit Rostock, D-18051 Rostock, Germany

* jetter @pit.physik.uni-tuebingen.de, oc maerkle @pit.physik.uni-tuebingen.de

We perform a theoretical study of cold atoms interacting with static and vibrating carbon nanotubes.
We construct the full finite temperature Casimir-Polder interaction and explore the scattering of atoms
on the tube. We find that elastic quantum reflection can typically be ignored for thermal atom clouds
but is important if a Bose-Einstein condensate is used. Atom loss from the condensate is shown to
be highly non-trivial, but provided atomic interaction effects and quantum pressure are included in the
description , our simulations describe experiments [1] well. Finally, we study a vibrating nanotube in a
condensate and show that vibration frequencies typical to nanoscaled objects do not significantly reduce
the condensate’s coherence, but certain low frequency oscillations dramatically heat the cloud.

References

[1] M. Gierling, P. Schneeweiss, G. Visanescu, P. Federsel, M. Haftner, D.P. Kern , T.E. Judd, A.
Giinther, and J. Fortdgh, Nat. Nano. 6, 446 (2011).



Tu-158 Cooling and trapping...

Progress towards MOTs of Yb and CaF, loaded from a slow buffer-gas beam

Garrett K. Drayna'>*, Matthew Wright', Eunmi Chae!, Bérge Hemmetling',

and John M. Doyle!
1. Harvard University Department of Physics, 17 Oxford Street, Cambridge, MA 02138 USA,
2. Harvard University Department of Chemistry, 12 Oxford Street, Cambridge, MA 02138 USA

* gdrayna@fas.harvard.edu

The high brightness, low forward velocity, and versatility of slow buffer-gas beams could allow
direct loading of MOTs. Using a structured nozzle, we have developed a very slow cryogenic beam
source of atoms and molecules, with velocities in the range for MOT capture [1]. We have demonstrated
this beam source for atomic Yb, creating a beam of adjustable pulse length (up to 15 ms) and consisting
of approximately 10° ground state atoms moving with a narrow forward velocity distribution peaked at
70 m/s, with a width of ~ 35 m/s , as measured at 0.4 m from the source (10'3 atoms/st/pulse). We will
describe progress toward directly loading a MOT of Yb atoms on the 1Sy —! P; line. We also propose
a scheme for the laser cooling and confinement of CaF molecules, following a similar approach used in
the cooling of SrF [2].

References
[1] H-I.Luetal., A cold and slow molecular beam, Phys. Chem. Chem. Phys.13, 18986-18990 (2011).

[2] E.E. Shuman, J.F. Barry, and D. DeMille, Laser Cooling of a diatomic molecules, Nature 467,
820-823 (2010).

Tu-160 (instead of Th-163) Atomic interactions...

Threshold resonances in ultracold chemical reactions

lonel Simbotin!, Subhas Ghosal!:2 and Robin Coté!*

1. 2152 Hillside Road, University of Connecticut, Storrs, Connecticut 06962, U.S.A.
2. Department of Chemistry, BITS Pilani, Hyderabad Campus, Hyderabad - 700078, India.
* rcote @phys.uconn.edu

We extend our previous work on ultracold reactive scattering of D + Hj [1] to study the role of
resonances on cross sections and rate coefficients, by scaling the mass of the system. We analyze the
effects of near threshold resonances on the low energy behavior of cross sections for reactive scattering
systems with reaction a barrier (e.g. Cl + Hp, D + H). We find an anomalous behavior when a res-
onance pole is very close to the threshold of the entrance channel. For inelastic processes, including
reactive ones, the anomalous energy dependence of the cross sections is given by ¢ ~ E ~3/2_ However,
at vanishingly low energies, the standard Wigner’s threshold behavior (o ~ E 12y s eventually recov-
ered, but limited to a much narrower range of energies. When the cross sections are averaged to obtain
rate coefficients, the anomalous behavior persists; indeed, we find an intermediate regime of ultralow
temperatures, where the inelastic rate coefficients behave as K ~ 1/T, before recovering the Wigner
regime’s constant rate.

References

[1] L Simbotin, S. Ghosal, and R. C6té, A case study in ultracold reactive scattering: D + H,, Phys.
Chem. Chem. Phys. 13, pp. 19148-19155 (2011).



Tu-180 Cooling and trapping...

Laser cooling of Iron atoms

N. Huet, S. Krins, and T. Bastin
Institut de Physique Nucléaire, Atomique et de Spectroscopie, Université de Liege, Belgium

We report on the first laser cooling of Iron atoms. Our laser cooling setup makes use of 2 UV laser
radiation sent colinearly in a 0.8 m Zeeman slower. One laser is meant for optical pumping of the Iron
atoms from the ground state to the lowest energy metastable state. The second laser cools down the
atoms using a quasi-perfect closed transition from the optical pumped metastable state. The velocity
distribution at the exit of the Zeeman slower is obtained from a probe laser crossing the atom beam at
an angle of 50 degrees. The fluorescence light is detected using a photomultiplier tube coupled with a
boxcar analyzer. The Iron atom beam is produced with a commercial effusion cell working at around
1950 K. Our laser radiations are stabilized using standard saturated-absorption signals in both an Iron
hollow cathode absorption cell and an Iodine cell. We will present our experimental setup, as well as
the first evidences of cooled down Iron atoms at the exit of the Zeeman slower.

Tu-216 Atomic interactions...

Magic Wavelength for A Few States of Interest of ¥’Sr

Zhong Yi Chia, Pramod Mysore Srinivas, Elnur Hajiyey, Frédéric Lerous,
Kwong Chang Chi, Tao Yang, David Wilkowski

1. Centre for Quantum Technologies, National University of Singapore, Singapore

2. Division of Physics and Applied Physics, School of Physical and Mathematical Sciences
Nanyang Technological University, Singapore

3. INLN, Université de Nice Sophia Antipolis, France

A few experiments were planned to be done using the tripod scheme of 87Sr atoms in the states
582 1SoF = 9/2mp = 5/2,7/2,9/2 and 5s5p P\ F = 7/2my = 7/2. In order to estimate the optimal
optical dipole trap laser frequency, the lightshift of these states was calculated using time-dependent
perturbation method so as to find the “magic wavelength” [1] For comparison and checking of the
above result, the same calculation was also performed using a different formulation developed by V.
Ovsiannikov et al. [2]. A slight difference in the “magic wavelength” was found between the two
methods.

References
[1] M. M. Boyd. High Precision Spectroscopy of Strontium in an Optical Lattice: Towards a New
Standard for Frequency and Time. PhD thesis, University of Colorado, 2007.

[2] V. Ovsiannikov, V. Palchikov, H. Katori, and M. Takamoto, Polarisation and dispersion properties
of light shifts in ultrastable optical frequency standards, Quantum Electronics 36 3, 2006.



Th-073 Bose gases

Coherent backscattering of a dilute Bose-Einstein condensate

Guillaume Labeyrie'*, Tomasz Karpiuk?->, Jean-Francois Schaff'*, Benoit Grémaud?~,

Christian Miniatura!?> and Dominique Delande’

1. Institut Non Linéaire de Nice, UNS, CNRS, 1361 route des Lucioles, 06560 Valbonne, France

2. Center for Quantum Technologies, NUS, 3 Science Drive 2, Singapore 117543, Singapore

3. Wydziat Fizyki, Uniwersytet w Biatymstoku, ul. Lipowa 41, 15-424 Biatystok, Poland

4. Vienna Center for Quantum Science and Technology, Atominstitut, TU Wien, 1020 Vienna, Austria
5. Laboratoire Kastler Brossel, ENS, CNRS, UPMC, 4 Place Jussieu, 75005 Paris, France

* guillaume.labeyrie @inln.cnrs.fr

We study both experimentally and numerically the quasi-bidimensional transport of a 3’Rb Bose-
Einstein condensate launched with a wave vector kg inside an optical disordered potential generated by
a laser speckle pattern. A time-of-flight analysis reveals a pronounced enhanced density peak in the
backscattering direction —kg. Numerical simulations indicate that in addition to the coherent backscat-
tering (CBS) effect, a “backscattering echo” effect is present due to the high position-momentum cor-
relations of the initial wave packet. A radial integration of the atomic distributions after a finite time of
flight allows to recover the CBS peak]1].

References

[1] G. Labeyrie, T. Karpiuk, J.-F. Schaff, B. Grémaud, C. Miniatura, and D. Delande, Coherent
backscattering of a dilute Bose-Einstein condensate, arXiv:1206.0845v1 [cond-mat.quant-gas].

Th-109bis Fermi gases

A diffusion Monte Carlo study of spin polarized fermionic systems

Sumita Datta
Indian Association for the Cultivation of Science, Kolkata, India

* tpsd4@iacs.res.in

We perform a quantum Monte Carlo simulation ( based on Generalized Feynman-Kac path integral
method) for the two component unitary Fermi gas confined in a three dimensional harmonic potential.
The calculation of the energies of a spin polarized Fermi gas at unitarity has been motivated by the
experimental effort at MIT and RICE University on the fate of a BCS state for a spin imbalanced Fermi
system. Even though both groups found phase separation and no sign of FFLO, they differed for the
other outcomes. For example the critical polarization is vastly different for them. MIT group found a
third partially polarized phase in addition to a superfluid phase and a normal phase which is absent in
the case of Rice experiment. In our work the ground state energy has been calculated for a small system
of atoms interacting with an attractive potential. At this point our energies are in excellent agreement
with the previous calculations. We believe that our path integral method will also help in exploring the
bulk behavior of such fermionic system as a function of number of atoms and provide a benchmark for
other theoretical methods.



Th-196 Cooling and trapping...

Single atom lensing

Sylvi Hiandel!, Andreas Jechow', Benjamin G. Norton!, Erik W. Streed!

and David Kielpinski!
1. Centre for Quantum Dynamics, Griffith University, Brisbane QLD 4111, Australia

* s.haendel @ griffith.edu.au

Singly trapped ions can be utilised to explore the intriguing world of quantum optics. In particular,
fundamental optical devices such as a mirror [1] or a lens can be demonstrated by atom-light interac-
tions. We have observed the first lensing of light by a single atom. We employ a three dimensional
RF Paul trap to laser cool a '7#Yb™ ion near the Doppler limit on the A = 369nm transition. The ion
is imaged at wavelength scale resolution [2] with a large aperture phase Fresnel lens (NA=0.64). The
shadow of the ion is recorded and changes to the wavefront of the illumination light field are measured
from background-subtracted images. The refractive index of the single atom was changed as the laser
detuning of the cooling transition was varied and images were taken at different defocusings. The wave-
front was observed to converge for negative laser detunings (positive focal lengths), diverge for positive
detunings (negative focal lengths), and agrees with an analytic microscope model of a dipole radiator.
We find the effective focal length to be on the order of several lambda near resonance.

References
[1] G. Hétet, L. Slodicka, M. Hennrich and R. Blatt, Phys. Rev. Lett. 107, 133002 (2011)
[2] E. W. Streed, A. Jechow, B. G. Norton and D. Kielpinski, http://arxiv.org/abs/1201.5280

Th-208 Intense fields...

Attosecond measurements of photoemission time delays

D. Guénot'*, K. Kliinder' , C. Arnold', D. Kroon!, J. Mauritsson', M. Gisselbrecht!,

A. Lhuillier!, A. Maquet?, R. Taieb?

1. Department of Physics, Lund University, P.O. Box 118, 22100 Lund, Sweden

2. Laboratoire de Chimie Physique-Matiére et Rayonnement, Université Pierre et Marie Curie,
11 rue Pierre et Marie Curie, 75231 Paris Cedex, 05, France

* diego.guenot @fysik.lth.se

The development of ultrashort light pulses in the attosecond range allows scientists to tackle tem-
poral aspects of electron transitions in atoms, molecules and more complex systems. In this work, we
present experimental measurements and theoretical calculations of photoemission time delays differ-
ence between the 3s and 3p shells in Argon as well as between Argon and other valence shells from
noble gases (Krypton, Neon, Xenon). The experimental measurements are performed by interferometry
(RABITT technique) using attosecond pulse trains and the infrared laser used for their generation. The
measured delays span between 10 and 100 attosecond depending on the gas and the electron energy.
The theoretical approach includes intershell correlation effects between the valence (shell) and the inner
shells within the framework of the random phase approximation with exchange (RPAE).

References
[1] M. Schultze et al., Science 328, 1658 (2010).

[2] K.Klnder, Phys. Rev. Lett. 106, 143002 (2011).
[3] P. M. Paul et al., Science 292, 1689 (2001).



