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1 - Introduction 
 

In this chapter we discuss the important contributions that Arturo Bambini 
gave to the development of  laser cooling and to Bose-Einstein condensation of 
potassium atoms in Florence over more than a decade. In various occasions, his deep 
and accurate theoretical investigation of atom-light and atom-atom interactions has 
put experiments on the right track. His counterintuitive predictions for the potassium 
isotopes, which are rather unique among alkali atoms, have always turned out to be 
right, although challenging for the experimentalists. 

The collaboration between Arturo Bambini and our group at LENS started 
as early as 1995. In June of that year  the first Bose-Einstein condensate of dilute 
atomic gases was announced by E. A. Cornell at the Twelfth International 
Conference on Laser Spectroscopy held in Capri. Soon after, besides the paper from 
the JILA group reporting the condensation of 87Rb atoms [1], two other groups 
succeeded in observing the quantum degeneracy of dilute bosonic samples using 
other two different alkali atoms, respectively 7Li in the group of R. Hulet at the Rice 
University [2] and 23Na in the group of W. Ketterle at the MIT [3]. The successfully 
strategy to obtain atomic samples where the de Broglie wavelength exceeds the 
inter-particle distance resulting in quantum degeneracy, was based on a two steps 
cooling process: first laser cooling in a magneto-optical trap (MOT) [4] and then 
forced evaporation of the polarized sample in a magnetostatic trap [5]. 

At that time our group at LENS was studying electromagnetically induced 
transparency in cold  
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samples of 133Cs atoms laser cooled and trapped in a magneto-optical trap. 
The impact of the experimental observation of Bose-Einstein condensates 

in dilute atomic systems on the atomic physics community was so strong that many 
groups in the world decided to start an experiment to produce quantum degenerate 
dilute gases.  

We were no exception, however, in order to maximize our chances for 
success we had long discussion on the choice of the atomic species. As a matter of 
fact in order to succeed, both the laser cooling stage and the forced evaporation 
mechanisms have to be “efficient”. More precisely, the laser cooling stage should 
allow to reach temperatures in the range of tens of K and density in the range of 
1010-1011 atoms/cm3; while the key parameter in order to have an efficient 
evaporative cooling is a large enough ratio between elastic and inelastic collisions 
rates. In the end, the laser cooling efficiency depends on the specific level structure 
of the atomic transition used for the close-to-resonance interaction and the 
effectiveness of the evaporation depends on the peculiar inter-atomic potential.  

In 1996-1997 we started our project deciding to work at the production of 
quantum degenerate gases of potassium atoms. The choice was mainly guided by the 
fact that, among the alkali-metal atoms, only lithium and potassium have stable 
fermionic isotopes. An ordinary potassium sample is composed of three isotopes: 
bosonic 39K with a natural abundance of  93.26%, bosonic 41K with a natural 
abundance of 6.73% and fermionic 40K which is weakly radioactive with a half-life 
of 1.28x109 years and has a natural aboundance of 0.012%. 

Our starting strategy consisted in bringing to degeneracy one of the two 
bosonic isotopes and, with this, use sympathetic cooling with the bosonic sample to 
reach degeneracy also with the spin polarized fermionic sample. As a matter of fact, 
at very low temperatures spin polarized fermions being identical cannot collide as a 
consequence of the Pauli exclusion principle, and this prevents evaporative cooling 
to work. 

Unfortunately but also interestingly, at the time we started our project little 
was known about the laser cooling of potassium [6] and very little was known about 
its collisional properties. This is where we decided to turn to Arturo Bambini who 
had, at the time, just published a paper [7] calculating laser cooling forces on atoms 
with magnetic degeneracy to the case where the excited state is composed by a 
multiplet of levels with arbitrary energy separation. 

In the following paragraph we will discuss both the laser cooling 
mechanisms and the collisional properties of potassium ultracold samples, 
highlighting the illuminating contribution given by Arturo Bambini in advancing in 
this field over the past 15 years. 

 
2 - Theoretical treatment on the laser cooling of potassium   
      isotopes and first experiments 
 
The laser cooling of atomic samples is fundamentally due to the exchange of 
momenta between red detuned counter-propagating laser beams and atoms during 



Laser cooling and Bose Einstein condensation of potassium isotopes                           51 

 

cycles of absorption and re-emission of photons. More precisely two different 
mechanisms have been recognized as being responsible of laser cooling and are 
labeled respectively as Doppler cooling and sub-Doppler cooling mechanism. 
Without entering into the details of the two processes and limiting the discussion to 
the one-dimensional case, the Doppler cooling mechanism firstly proposed in [8] 
comes from a series of absorptions of photons from two counter-propagating red-
detuned laser beams and spontaneous re-emissions. This mechanism produces a 
minimum temperature TD known as the “Doppler temperature”, given by the 
following relation: 

    kB TD =   /2,                                     (1) 
 
where  is the natural line-width of the resonance transition. 

The sub-Doppler cooling mechanism instead is a consequence of cycles of 
absorption and stimulated emission when optical pumping and light shifts in a 
transition between levels with a multiplet structure, takes place in the presence of 
laser field with spatial gradient of the polarization. The reader can find a detailed 
explanation of the sub-Doppler laser cooling in [9]. In principle, the lowest 
temperature Tmin achievable with sub-Doppler cooling is only connected to the 
intensity I of the radiation and its detuning  from the resonance 

 
    kB Tmin�I/,                                     (2) 

 
and can be much lower than the Doppler temperature TD (hence naming “sub-
Doppler”). Indeed only the granularity of the electromagnetic radiation limits sub-
Doppler cooling to the equivalent temperature of an atom recoiling a single photon. 
This laser cooling mechanism is profoundly affected by the level structure of the 
resonance transition.  

In Fig.1 we show the hyperfine structure of the D2 resonance line for the 
three potassium atoms 39K, 40K and 41K at 767nm used for the laser cooling. As one 
can see, the hyperfine structure of the 42P3/2 excited state for the two bosonic 
isotopes (39K, 41K) is comparable with the natural linewidth of the transition which is 
=26 MHz. Red detuned of few linewidths (as in standard experiments) the laser 
beams will then excite Zeeman sublevels belonging to different levels in the 
multiplet inducing coherence among them. As a result, interference processes appear 
and have to be taken into account to evaluate the force experienced by the atoms [7].  
This causes a peculiar behaviour in the laser cooling of the two bosonic potassium 
isotopes. 

At the beginning of our project, together with Arturo Bambini, we used the 
theoretical model he had developed in [7] to simulate laser cooling of the different 
potassium isotopes. We then proceeded with the experiment comparing our results 
with the simulation.  
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Fig. 1 - Energy level diagram of the D2 transition at 766.7 nm for the three potassium isotopes 
39K, 40K and 41K.  

 
2.1 - Trapping and cooling of 39K and 41K: theory and first  
         experiments 
 

As mentioned, a detailed  theoretical model to calculate the radiative force 
experienced on a 39K atom interacting with two counter-propagating laser beams 
with opposite circular polarization (+--) had been obtained together with Arturo 
Bambini and described in [10]. Radiative cooling had been evaluated deriving the 
full set of Optical Bloch Equations (OBEs) by transforming from the eigenstates of 
the uncoupled Hamiltonian, with angular momenta labeled by (L, ML; S, MS ;I, MI) 
to a fully coupled hyperfine basis (F, MF). Two different cases were studied: in the 
first one the laser field consisted in a monochromatic field while in the second case a 
bichromatic field was considered with a frequency difference between the two fields 
close to the ground state hyperfine separation. 

For the monochromatic field configuration we identified two different 
regimes. The first is a regime of high intensity (well above the saturation) and large 
detuning (laser frequency red detuned with respect to the whole manifold of the 
excited state levels) where the radiative force is characterized by a large velocity 
capture range (Fig. 2). Here, a very efficient loading of the magneto-optical trap is 
obtained even if the friction force is small and no sub-Doppler cooling feature 
appears. The second regime instead can be obtained when a low intensity and small 
detuned laser field is considered. In this case the laser frequency is tuned just below 
the hyperfine transition F=2-F’=3 which provides the strongest radiative force and, 
as one can see from Fig.3, a sub-Doppler force appears at small velocities. 
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Fig. 2 - Radiative force acting on 39K atoms in a 1D +-- configuration as a function of the 
atomic velocity. The monochromatic laser field is characterized by a Rabi frequency r=5.5  
and the detuning with respect to the F=2-F’=3 transition of the D2 line is -6.5 . 
 
 

 
Fig. 3 - Radiative force acting on 39K atoms in a 1D +-- configuration as a function of the 
atomic velocity. The monochromatic laser field is characterized by a Rabi frequency r=0.25 
 and the detuning with respect to the F=2-F’=3 transition of the D2 line is -0.5 . 
 

We then considered a laser field configuration, closer to the experimental 
one, with two frequencies. The additional field consisting of two counter-
propagating beams with the same +--  polarizations as the first laser field and a 
frequency increased by the hyperfine splitting of the ground state. Both laser 
components were then acting as cooling fields and, to evaluate the total force 
resulting, the full set of OBEs was integrated starting from an arbitrary initial 
condition.  

In the bichromatic case with intense laser fields both detuned with respect 
to the whole hyperfine manifold of the excited state, the force shows no sub-Doppler 
structure and an increase of two orders of magnitude with respect to the 
monochromatic case. Also in the bichromatic case a sub-Doppler efficient cooling 
was identified in the low intensity small detuning regime carefully choosing the 
parameters as one can see in Fig. 4. 
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Fig. 4 - Radiative force acting on 39K atoms in a 1D +-- configuration and a  bichromatic 
field as a function of the atomic velocity. A laser field is characterized by a Rabi frequency 
r=0.55  and its detuning with respect to the F=2-F’=3 transition of the D2 line is -0.5  the 
second laser field is characterized by r=0.7  and its detuning with respect to the F=1-F’=2 
transition is -0.5 . 

 
After calculating the force, we also obtained an estimation of the minimum 

temperature reachable, i.e. 1K in the 1D configuration and 20K in 3D. The 
estimations lie both well below the Doppler limit of 150K but Arturo reminded us 
experimentalists, that the stability of the laser intensity and frequency was a key 
ingredient in order to reach such low temperatures [10]. 

In 1997 we tried to verify the theoretical expectation of the model in our 
experiment at LENS measuring the loading and the temperature of a 39K MOT. To 
explore also the region of bichromatic fields parameters of low intensities and small 
detunings, we were first loading the MOT for few seconds using the laser 
parameters which optimized the MOT loading and then we changed the trapping 
field parameters for a few milliseconds. The temperature was measured using the 
release and recapture procedure introduced in [11]. In [10] we reported a minimum 
measured temperature of 240±100 K. The large uncertainty prevented us to 
conclude if the sub-Doppler mechanism was really effective. Furthermore, as 
identified by the theoretical model, the limit temperature is strongly affected by the 
stabilization of laser intensities and frequencies and at that time we were using a 
commercial Ti:sapphire laser with a line-width of 2MHz and an uncertainty in the 
frequency stabilization of about 1. Later on we measured the temperature looking 
at the expansion of the cold cloud: after the cooling phase the laser beams where 
switched off to let the atoms expand in the dark. for different expansion times a 
short resonant laser pulse was used to image the fluorescence on a CCD camera. 
From this sets of measurements we extracted a minimum temperature of 136K for 
a MOT of 39K and 143K for a MOT of 41K [12] both consistent with the Doppler 
limit (report errorbar). 
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2.2 - Laser cooling of  40K (the fermionic isotope) 
 

A different story is the one of the laser cooling for the fermionic isotope of 
potassium. The hyperfine level structure of the cooling transition at 767nm for 40K, 
as shown in Fig. 1, is larger and more importantly inverted with respect to the one of 
the two bosonic isotopes. This allows to cool this atom using a laser field 
configuration similar to the one used for other alkali atoms: a trapping laser tuned on 
the red side of the F=9/2-F’=11/2 cycling transition and a “repumping” laser 
resonant with the  F=7/2-F’=9/2 hyperfine component. The first magneto-optical 
trap for 40K was reported by our group in 1998 [13]. The MOT was loaded from a 
natural abundant sample and due to the low abundance of 40K (0.012%) only 8000 
atoms where trapped in the MOT. We measured temperatures down to 50K lower 
than the Doppler limit, however the poor signal to noise ratio given by the small 
number of atoms in the MOT suggested us to consider this measurement only as a 
first indication that sub-Doppler cooling mechanism were effective in this MOT.  

 

 
Fig. 5 - Time-of-flight signals from cold 40K atoms, as detected in absorption by a weak sheet 
of light. In the top panel, the atoms are falling directly from the MOT, loaded with a trapping 
laser detuning =-3 and intensity I=17Isat where Isat is the saturation intensity of the 
transition. In the bottom panel, the atoms have experienced an additional molasses phase (4 
ms) with parameters =-6.6 and I=4Isat ; two different velocity classes are present, yielding 
different temperatures. 



56                                                                                                           FROM LAMB DIP TO BEC   
 

 

The confirmation of a sub-Doppler temperature in a MOT of 40K arrived 
soon after in [14] where the MOT was loaded from an enriched potassium sample 
(3% 40K). Our group reported the results of a systematic study of the laser cooling of  

40K atoms in optical molasses measuring temperatures down to 15±5 K, about one 
order of magnitude below the Doppler cooling limit. In Fig. 5 taken from [14], we 
report the time of flight absorption profile of a cold cloud of 40K released from a 
molasses and passing through a resonant laser beam demonstrating sub-Doppler 
temperatures.  
 
3 - Collisional properties of potassium isotopes: first estimations  
      and initial prospectives for forced evaporation cooling 
 

As we already mentioned, laser cooling is generally unsuitable to reach 
quantum degeneracy, which requires a temperature T cold enough so that the de 
Broglie wave-length (dB

2=h2/(2mkBT) is comparable with or smaller than the 
inter-particle distance d=3√1/n, where h is the Planck constant, m the mass of the 
particle and kB the Boltzmann constant and n the density of particles. All the 
experiments running around the world are in fact using a second stage of cooling 
based on the evaporation of the hottest particles from a conservative trap. Once the 
atoms are precooled to a few tens of microKelvin by laser cooling, they can be 
loaded in a conservative trap, which can either be a magneto-static or a dipole 
optical one, where evaporative cooling is performed. The reader is referred to [15] 
for further details on this process. Here we will only stress that a key ingredient is 
the elastic collisions cross section  which sets the time necessary to have an 
efficient cooling during the removal of hottest particles from the trap. As a matter of 
fact, only if the ratio between “good collisions” (elastic collisions which allow the 
sample to thermalize to coldest temperature redistributing the energy) and “bad 
collisions” (which are inelastic processes with untrapped residual hot atoms) is big 
enough, cooling is obtained. At low temperature, where s-wave collisions are the 
predominant collisional channel, the elastic collision cross section for identical 
bosonic atoms is given by: 
 

 =8a2,                                                 (3) 
 
where the parameter a is the scattering length. 

In other words, only if |a| is sufficiently large an efficient evaporation can 
be obtained in ultrahigh vacuum cells. Reasonable values are |a|~100 a0 where a0 is 
the Bohr radius. Moreover, the sign of the scattering length reflects the character of 
the interaction: a>0 indicating repulsive interactions while a<0 indicates an 
attractive interaction. A stable condensate can be produced only if the atoms interact 
repulsively, while a negative scattering length a prevents condensation in free space 
and limits the number of atoms that can be Bose condensed in a trap [16]. 
Summarizing, the absolute value of the scattering length a is fundamental to predict 
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the efficiency of the evaporation process [17] and the sign and amplitude of a are 
necessary to predict the stability, the properties and the dynamic of the condensate. 

At the time we started our project to bring to degeneracy potassium, only 
theoretical predictions on the collisional parameters of potassium based on photo-
association spectra of 39K were present in the literature. Furthermore the predictions 
were contradictory: in [18] a negative value for the triplet scattering length at of 39K 
and a positive but small triplet scattering length of 41K were reported, while in [19] 
both the bosonic isotopes were predicted to have a positive scattering length. 

At the end of 1998, after the optimization of the laser cooling process both 
for 39K and 41K which did not show sub-Doppler regime and after first estimations of 
the elastic collisional rate in a cloud of cold potassium in a magnetic trap we decided 
to change strategy.  Our results indicated that a very long trapping lifetime was 
needed to evaporate potassium. Actually our rough estimations soon had a 
confirmation from the first direct measurement of |a| for the fermionic isotope 40K in 
a magnetic trap [20], from which the following values for the bosonic isotopes 
where obtained: -80a0 < at <-28a0 for 39K and 49a0 < at <62a0 for 41K both being 
relatively small. At the same time a new estimation from photoassociation data taken 
in a MOT [21] indicated similar values. We then concluded that not only 
evaporative cooling of potassium bosonic isotopes would be difficult due to the bad 
combination of poor cooling in the MOT and unfavorable elastic cross section at low 
temperature but also the eventual condensation of 39K would be possible only for a 
very small number of particles.  

The new strategy we identified was to mix rubidium and potassium. At that 
time quantum degeneracy of 87Rb had already been reached in different experiments. 
Our idea was to bring rubidium to degeneracy and mixing potassium to rubidium use 
the latter atomic species as refrigerant for the former. The only missing parameter 
was the interspecies (rubidium-potassium) interaction. 

We were sharing our discussions with Arturo Bambini and he decided to 
start from the very beginning the study of the collisional problem between polarized 
potassium atoms at low temperature to reach a good estimation of the interatomic 
potential. 

 
3- A new approach: Degeneracy of 41K and 40K through  
    sympathetic cooling with 87Rb 
 

At the beginning of 1999 our group started a new experiment aimed at 
cooling a mixture between 87Rb and different isotopes of K.   

This choice was soon rewarded in 2001 by the first realization of Bose-
Einstein condensation of 41K by sympathetic cooling with evaporatively cooled 
rubidium [22]. Sympathetic cooling, where a component is cooled by evaporation 
and the second one follow by thermalizing with the evaporated one, prior to the 
experiment performed in our group was reported only for mixtures of two different 
atomic states [23] or for two different isotopes [24].  
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Fig. 6 -Absorption images of Rb (left) and K (right) at four different stages of the sympathetic 
cooling. The density of the K sample increases by more than two orders of magnitude when 
the temperature is lowered from 40K to 0.9K. The density of the Rb sample is instead 
approximately constant during the evaporation. 
 

Our result, not only allowed to produce a Bose-Einstein condensate of 
potassium but also demonstrated the efficiency of sympathetic cooling between 
different species indicating an innovative route to bring to degeneracy new atomic 
species. Few months later our group reported the realization of a degenerate sample 
of fermionic 40K where the final cooling stage was again based on sympathetic 
cooling with a 87Rb cloud [25]. These two experiments of Bose-Bose 41K-87Rb and 
Femi-Bose 40K-87Rb mixtures opened the possibility to investigate a very rich field 
of physical phenomena and in particular allowed to study the intra-species and inter-
species interaction problem at ultra-low temperatures. 

Somehow in a parallel way our group experimentally and Arturo Bambini 
theoretically started to investigate the possibility to tune interaction between 
potassium isotopes by means of Fano-Feshbach resonances.    
 
4 - Studies on collisional properties and Feshbach resonances of  
      the potassium isotopes. Degeneracy of 39K: a tunable  
      condensate using a Feshbach resonance 
 

Ultracold collisional properties of ground-state atoms are described by a 
single parameter a called the scattering length a. In general, the scattering length 
depends on the local magnetic (or optical) field where the collision happen and for 
proper values of the magnetic (or optical) field (depending on the particular 
interaction potential) a sudden variation of the scattering length can be obtained.  

This resonance, called Fano-Feshbach resonance, occurs when the energy 
of two colliding atoms matches that of a bound molecular state of a “closed 
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channel”, i.e. a collisional channel where the two atoms are in a different internal 
(hyperfine or Zeeman) state when far apart. The reader is referred to [26] for an 
extensive review on Feshbach resonances in ultracold gases. In the case of a 
magnetic Fano-Feshbach resonance, indicating with B0 the value of the magnetic 
field where the resonance occurs and with abg the background value of the scattering 
length far from the resonance, the scattering length a as a function of the magnetic 
field B is: 
 
    a= abg(1-/(B-B0))                                            (4) 

 
where  is the resonance width. Eq. (4) shows that at B=B0 the scattering length 
diverges, at B=B0 becomes zero and for B0<B<B0 changes sign. 

The first observation of a Fano-Feshbach resonance in a cloud of cold 
atoms was done in the group of W. Ketterle in 1998 using a BEC of 23Na [27]. The 
accessibility of a Fano-Feshbach resonance is of fundamental interest not only to 
change the interaction between cold atoms, thus allowing efficient evaporation or 
the stability of the BEC, but also because it was demonstrated instrumental to 
associate molecules and investigate BEC-BCS crossover in degenerate Fermi gases. 

In 2002 Arturo Bambini and S. Geltman published a paper [28] where the 
occurrence of Feshbach resonances of two 39K or 41K identical atoms were 
predicted. The location of the resonances were calculated for different values of 
dipole-dipole C6 term that was not well know at that time. In Table 1 we report the 
predictions of [28]. 
 
Tab. 1 -  Some of the scattering lengths (in Bohr radii units) and Feshbach resonance fields 
(in Gauss) calculated in [27] as a function of C6 values for 39K.  

C6 as at B 

3561 175 -34 28 

3600 285 -647 164 

3640 380 307 230 

 
In particular the first row of Table 1 gives a value of at in very good 

agreement with value extracted from measurements done by double resonance 
photoassociative spectroscopy in a MOT of 39K [29] or from measurement on 
magnetically trapped ultracold fermionic isotope 40K [30]. 

The first direct measurement of the scattering length in a magnetically 
trapped ultracold cloud of 39K was performed in our group in 2007 [31]. L. De Sarlo 
et al. reported the experimental evidence of the sympathetic cooling of 39K with 87Rb 
down to 1K, obtained in a tight-confining magnetic trap. This allowed them to 
perform the measurement of the elastic cross section of 39K below 50K. 

Soon after in an other experiment in our group, C. D’Errico et al. reported 
in [32] the first experimental investigation of Feshbach resonances in a sample of 
39K. In particular a broad resonance was observed around 400G for the ground state. 
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The 50G width of this resonance soon was indicated as very promising to obtain a 
nearly ideal (non-interacting) Bose-Einstein condensate: the broader is the resonance 
and the higher is the experimental obtained stability in tuning the scattering length. 
Interestingly, the measured resonance pattern in the (F=1,mF=-1) state revealed the 
lowest field resonance at around 26 G, therefore very close to one of the possible 
positions that Arturo Bambini predicted more that 5 years before (see Table 1). 

In [33] G. Roati et al. reported the Bose-Einstein condensation of 39K using 
a combination of sympathetic cooling with 87Rb and direct evaporation, exploiting 
the magnetic tuning of both inter- and intra-species interactions at Feshbach 
resonances. The expansion and the stability of the condensate was studied across the 
Feshbach resonance. 
 

 
 
Fig. 7 - From [33]: Images of the density profile of a 39K Bose-Einstein condensate at various 
magnetic fields in the vicinity of the 52 G-wide Feshbach resonance centered at 402.4 G. The 
images are taken after 31.5 ms of expansion. The size shrinks (from right to left) as the 
scattering length a is decreased, and the condensate eventually collapses for negative a. 
 
6 - New experiments on laser cooling of potassium bosonic  
      isotopes: the evidence of the predicted sub-Doppler cooling in   
      39K  
 

After many successfully experiments that allowed our group to report the 
quantum degeneracy of all the potassium isotopes, very recently a new experiment 
was started devoted to the realization of a tunable BEC of 39K without using 
sympathetic cooling with another species and evaporating the sample down to 
degeneracy in an optical trap. During the setting up of this experiment (which very 
recently reported the first realization of an all optical BEC of 39K), the laser cooling 
of potassium bosonic isotopes was studied in further details. Sub-Doppler cooling of 
both 39K and 41K was finally observed [34] employing a near-detuned optical 
molasses and an adiabatic ramping of the laser parameters. In particular, after the 
loading of the MOT, the detuning of the laser field interacting with the F=2-F’ 
transition was suddenly changed to the low detuning configuration (=-/2) as 
suggested in the original analysis of A. Bambini. This produces sub-Doppler cooling 
which affects a portion of the atomic cloud. In order to optimize the sub-Doppler 
cooling affecting all the sample a time-dependent variation of both the intensity and 
the detuning of the laser field is used. In particular,  was linearly tuned in 10ms 
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to ∼-1 or ∼-2 for 41K and 39K respectively. At the same time, the intensity of the 
laser beams is reduced from 20 to 1 Is (Is being the saturation intensity).  

The measured temperatures are in agreement with a calculation based on 
the solution of the OBEs in the semiclassical approximation using the A. Bambini 
model in [7]. As shown in Fig. 8, temperatures as low as 25±3 K and 47±5 K 
were measured respectively for the two isotopes 39K and 41K. 

 

 
Fig. 8 - From [34]: Temperatures measured for 39K (red triangles) and 41K (black squares) for 
different detuning . The experimental data points are compared with the theoretical 
estimation based on the solution of the OBEs. For comparison the dashed line shows the 
predicted Doppler temperature.  
 

7 - Conclusion 
 

This paper was not only intended to briefly sketch the history of the 
production of quantum degenerate dilute atomic gases using potassium isotopes at 
LENS but also to highlight a very close collaboration  between experiments and 
modeling. This history started in 1996-1997 with our collaboration with Arturo 
Bambini on the study of the laser cooling of potassium which is complicated by the 
small hyperfine structure involved. The predictions of Arturo Bambini of sub-
Doppler cooling for the two bosonic isotopes had to wait more then a decade to be 
finally demonstrated. Experimental evidence was obtained only very recently in our 
group [34] and soon confirmed by another experiment [35], although quantum 
degenerate samples of potassium atoms are produced routinely in many experiments 
around the world.  

Arturo Bambini also spent part of his last years working on the theoretical 
description of the collisional process of potassium isotopes at ultra low temperature. 
Parallel with his theoretical investigation, our group experimentally investigated 
collisions and Fano-Feshbach resonances in homo- and hetero-nuclear potassium 
samples. 
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