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Trap for polarized atoms based on light-induced drift
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A polarization of sodium atoms in a simple trap based on the light-induced drift effect is reported. A
sapphire capillary with one side closed and heated up to high temperature was used as the trap. The capacity
of the trap is about & 10'* atoms. The achieved polarization of trapped atoms in the gas phase is about 90%.
The full polarization of atoms in the trap is estimated at 25% at the temperature of 1400 °C. The adsorption
energy of sodium atoms on a sapphire surface is determined to be 2[SE¥60-294{©6)02110-5

PACS numbes): 34.50.Rk, 32.80.Pj, 32.80.Lg, 32.80.Bx

Over the past three decades there have been numeropsoperties of the trap are the following: the density of the
efforts devoted to the preparation of samples of polarizedrapped atoms is about ocm ™2 [14] and the capacity of
nuclei using optical pumpingl]. Such a sample allows the trap is determined by its volume, the atom retention time
highly sensitive laser spectroscopy of radioisotofses, for is several hours, a collection efficiency of 2050 % has been
example[2]) and detailed studies of fundamental processe@chieved[13], and nearly 100% could be achieved under
such aspB decay[3]. There are serious problems with the optimum conditions. These properties present possibilities to
creation of optically polarized radioactive samples. The atuse this trap for some interesting applicatio(i3.The trap
oms adsorbed on the walls of the experimental cell andan be used for the optical polarization of trapped radioactive
chemically bounded into compounds are depolarized. This igtoms and the study of the angular correlation of decays of
why the optical pumping experiments with detection of polarized nuclei(ii) Atoms in the trap can be kept in a very
nuclear radiation anisotropy have been successful only witharrow volume near the closed end of the t{th®. After the
nonreactive elements or very short-lived isotogese, for laser radiation is switched off the spatial distribution of the
example,[2,4]). The problem of depolarized atoms can beatoms smears due to diffusion. The smearing time contains
solved by using a wall-free magneto-optical trap techniqudénformation about the adsorption time and adsorption energy
[5]. The magneto-optical traps are rather complicated appaef the atoms on the cell surfagé4]. (ii) The trap can be
ratuses with the following main parameters achieved so fatised as the isotope purifier. It keeps only one isotope, while
the capacity is more than ¥0atoms[6,7)], the collection other isotopes leave the trap if their optical spectra are suf-
efficiency is 6%[8], the time of retention is 6 mif5], and ficiently different.

the polarization in the volume of the trap is 73%. The full ~ We have investigated the possibility of optical polariza-
polarization of the magneto-optical traps has not been putgion of the #Na atoms[1] in the trap. The transitiors, .-
lished yet. P4, is suitable for optical pumping and polarization because

The present paper exhibits an alternative means of prepa@ sodium atom in thenz= +2 sublevel of theS,,, ground

ing of optically polarized nuclei: optical pumping of atoms state cannot absorb@" photon owing to the conservation
confined in a long cylinder by light-induced drifLID)  of angular momentum projection, while atoms in the another
[10,17]. The trap based on LIDLID trap) for atoms was ground-state sublevels can absorb a photon and jump to
proposed and realized by Atutov and Shalddid]. The idea the P, excited level. After spontaneous emission some of
of this LID trap for atoms is simple. If the drift of atoms in a the excited atoms decay to tm-=+2 sublevel and are
buffer gas in a tube is limited by a solid wall, the atomstrapped there. In the absence of relaxation mechanisms all
accumulate at the wall. The density of the atoms will in-atoms will be “pumped” into this sublevel with the maxi-
crease since the drift will be compensated by the opposingium atomic angular momentum projection.
diffusive flow. If an atom for any reason does not absorb the The optical pumping of sodium atoms in the presence of a
light radiation(for example, because it is bound into a mol- buffer gas has some special features. The Doppler broaden-
eculs it is not under the influence of the LID and it diffuses ing of the optical transition and the hyperfine splitting of the
from the trap. This means that the LID trap is selective and iground state have similar values. Sodium atoms in a buffer
keeps only a certain species in the atomic form. A paraffirgas at a pressure of 10 Torr undergo approximatel§y 10
coating was used to eliminate sodium adsorption on the cellelocity-changing collisions per second and so sodium atoms
walls in the first LID trap experimenitl2]. The chemical in both states==1 andF=2 come accidentally but very
lifetime of sodium atoms was not longer than 10s in the  often into resonance with the laser radiation. This condition
cell. Other experiments were carried out with radioactive sois necessary for effective polarization. The polarization of
dium atoms in a heated metallic capillar3]. The main sodium atoms in a rare gas can be conserved because the

depolarization cross section of t&g, state is very small1]

and time of optical polarization can be as short as’1§.

*Electronic address: hradecny@vax.ujf.cas.cz It is well known that sodium atoms with the maximum
"Permanent address: Institute of Automation and Electrometryatomic angular momentum projection become completely
Novosibirsk 630090, Russia. transparent on thB line when circular polarization is used.
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FIG. 1. lllustration of the operation of the optical trap for polar-
ized atoms and an example of the vapor density distribution in the
trap. The light-induced drift is directed along the laser beam propa-
gation. The linearly polarized part of the laser radiation is absorbed
in zoneA and the steep gradient of the atom density appears here "{'E"n'{' closed end of capillary—j
Zone A works as a LID stopper for the trapped atoms. The circu-
larly polarized part of the light penetrates the LID stopper and the FIG. 3. Video records illustrating the filling of the trap. The
trapped atoms are optically polarized in zdde position of the shining LID stopper is at 10-s intervals. The vertical

dark stripes are the shadow of the heating spiral. The pressure of the
But atoms to be held in the LID trap must continually absorbbuffer gas is 15 Torr and the temperature is 1060 °C.

the radiation. Fortunately, it is possible to separate the LID | . )
action region from the region with maximum polarization of significantly higher than the residual one. The external sap-

sodium atoms. For this purpose we used elliptically polarizednire tube was used as a vacuum jacket and filled with kryp-
light and an optically thick sodium medium. A light with ton- The krypton pressure was changed from 15 to 120 Torr.
elliptical polarization consists of circularly and linearly po- A heated ampoule with metallic sodium near the entrance of

larized components. The linearly polarized component idhe capillary was used for sodium injection. The beam of a
completely absorbed in the forward part of the optically thickcW dye laser(joint product of Inversion LTD and the Uni-

medium and a steep gradient of atom density appears heMgrsity Laser Center, Novosibirskassed through the capil-
due to LID (zone A in Fig. 1). This is the regime of the lary from the open side to the closed one. The transverse

optical piston investigated in detail [45,16]. The circularly ~ Profile of the laser beam was Gaussian and its diameter was
polarized part of the light passes through this region an@djugted so that the radiation maximally filled the capillary,
penetrates the dense sodium vapor because the optical pun’%—t did not reflect from the walls. The laser power was about
ing acts there and the medium becomes transparent to it. THOO MW, the wavelength was 589.6 nid(line), and the
region of absorption of the linearly polarized component ofPolarization of the laser ra_dla_ltlon was linear. T.he laser wave-
the light (optical piston operates as a stopper for the sodium!€ngth was tuned to maximize the LID velocity of sodium
atoms. Behind the stopper these atoms interact only with th@0ms in a reference cell with a paraffin coating. The fre-

circularly polarized component of the light and are polarized dU€Ncy detuning was about 800 MHz to the "blue” side of
The main part of the LID trap consists of a sapphire Cap_the adsorption line centg¢d4]. The resonance fluorescence

illary with a length of 10 cm, an inner diameter of 1.2 mm, of the sodium atoms in the trap was e:_:tsily observat_)le by the
and one closed side. Sapphire is the only material possessiftgked eye. This fluorescence was registered by a video cam-
the necessary properties: it is optically transparent, it doe§f@ (Sony, model CCD-TR18E The video records were
not interact chemically with sodium, and it can be heated up2ter digitized and processed on a computer.

to a high temperature. The sapphire capillary is located in a AS the ampoule with sodium was heated sodium atoms
platinum or tantalum spiralsee Fig. 2 The spiral provides Were evaporated into the _volume. When they reached the
both a very high temperature and a magnetic field parallel tgaPillary entrance they rapidly moved to its closed sisiee

the laser beam. The temperature was changed from 1000 %9- 3. Soon the sodium vapor became optically dense and
to 1400 °C and measured with both an optical pyrometer ani?® light could not penetrate through it and we observed only

a Pt-PtRh thermocouple. The magnetic field was 40—60 Gin€ shining forward part of the sodium cloddL.ID stop-
per”). It moved from the closed end of the capillary to the

open one as sodium atoms filled the trap. When the sodium

4 3 2 /L ampoule heating was interrupted the movement of the LID
(] stopper stopped. Then we gradually changed the light polar-
o o o ization from linear to elliptical. The circularly polarized part
IS — of the light passed through the LID stopper and penetrated
- = into the trap(see Fig. 4.

The polarization effect(induced transparengydisap-
FIG. 2. Experimental cell. 1, the sapphire capillary with one peared in the presence of transverse magnetic field of a per-
closed side; 2, the sapphire tube with a larger diameter; 3, the platthanent magnet and did not appeared onheline of so-
num or tantalum spiral; 4, the laser beam; 5, the ampoule witrdium. This confirmed that the induced transparency was
metallic sodium. caused by optical pumping and polarization.
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FIG. 4. Optical polarization of atoms in the treg:the radiation 50 1
is linearly polarizedb, the radiation is elliptically polarized with a
1:1 relation between linear and circular parts of radiation. The pres-

sure of Kr is 15 Torr and the temperature is 1060 °C. 0

resonance fluorescence (arb. units.)

distance (cm)

The absorption length for light with the circular polariza-
tion contains the information about the polarization of the FIG. 5. Resonance fluorescence of sodium atoms in the trap:
sodium vapor. The change of the absorption length of the, the linearly polarized laser radiatiob; the circularly polarized
light behind the LID stopper allows us to estimate the frac-one. The closed end of the capillary is situated at 10 cm. The char-
tion of atoms with the maximum angular momentum projec-acteristic lengths of increase of the sodium density on the forward
tion mg. In our experiments the absorption length increasesdges of the LID stoppers are 6:P.03 cm for the linear polariza-
ten times when the linear polarization of the light is replacedion and 2= 0.4 cm for the circular polarization. The pressure is 30
by a circular one. This means that the number of sodiun¥orr and the temperature is 1060 °C.
atoms with the ability to absorb the circularly polarized light

drops b_y a factor Qf 10 owing to.opt|cal pumping into the atoms in the trap. The LID velocity of atoms is directly pro-
state with the maximunmg indicating a polarization of at- 5 igna| to the probability of light absorptidd7]. Compar-
oms behind the LID stopper of about 90%. The number ofi\4 the drift velocities for linear and circularly polarized ra-
sodium atoms is adjusted so that the circularly polarized ragiation, we obtain another method to measure the atomic
diation nearly reaches the closed end of the capillary and thgo|arization. A density of drifting atoms on the light side of
length of the dark part of the capillary with unpolarized at-the “optical stopper” increase exponentially with distance
oms is negligible. The volume of the trap is abowt 50 2 [14] with a characteristic length.=D/v, whereD is the
cm 3, hence the number of trapped polarized atoms is abowiffusion coefficient and is the LID velocity. The vapor
5% 10'% density is proportional to the intensity of the resonance fluo-
The depolarization processes are not quite clear. We inrescence on the forward edge of the LID stopper. The LID
vestigated the influence of a magnetic field on the inducedelocity was decreased ten times when the light polarization
transparency. It decreased considerably only when the magvas changed from linear to circular. This proves that the
netic field dropped below 6 G. This confirmed that the ex-polarization degree is about 90%.
perimental magnetic fieldd0-60 Q is sufficiently parallel The trapping and polarization of atoms using only circu-
with the laser beam and that any residual magnetic field carlarly polarized light has an important advantage. It does not
not have a considerable depolarizing effect. Collisions berequire an optically thick vapor to separate the regions of the
tween polarized sodium atoms at a density of31€ém—3 LID stopper and optical pumping. Because the atomic polar-
were not frequent enough to cause a perceptible part of thization is not decreased by partially depolarized atoms in the
observed depolarization. The influence of a depolarizatioh.ID stopper region it can be effectively used for polarization
interaction of sodium atoms with the walls was not signifi- of any small number of trapped atoms.
cant because the average diffusion time of the sodium atom Since studies of the angular correlation of decays of po-
from the wall to the volume (310 4 to 3X107° s) was larized nuclei require a high degree of polarization of all
much longer than the time of optical pumping {0’ ). atoms, we must take into consideration the atoms adsorbed
The reflected and scattered laser radiation from the closedn the cell walls. The full polarization degree of all atoms
end of the sapphire capillary could not depolarize sodiuncould be measured by an anisotropy of the nucleaadia-
atoms because even circularly polarized light was not pention of radioactive sodiunil18]. In experiments with stable
etrating therdsee Figs. 4 and)5The polarization degree did sodium we can make only an estimate. Let us suppose the
not depend on either the buffer-gas pressure or on the tensodium atoms on the walls are quite depolarized. Then it is
perature within the accuracy of observation. Hence neithesufficient to determine the relation between the number of
collisions with the walls and krypton atoms nor thermal ion-sodium atoms in the volume and on the walls.
ization of sodium atoms could have significant influence on The diffusion time in the sapphire capillary was measured
sodium polarization in the volume. In our opinion the mostfor this purpose. Using LID we localized sodium atoms into
probable depolarization processes were reabsorption of a da-small volume at the closed end of the trap. Then we inter-
polarized fluorescent light or collisions with some residualcepted the laser beam for some time. We observed the atom
chemically inert molecular gas. distribution smearing owing to diffusion after the laser beam
Since the sodium vapor does not become completelyas switched on again. The adsorption of atoms on the tube
transparent for circularly polarized light we realized the LID walls decreases the effective diffusion coefficient in the com-
trap for polarized atoms using circularly polarized laser ra-parison with the gas kinetic one according to the expression
diation only (see Fig. 5. In that case the LID velocity was [14]

considerably lower but still sufficient for retention of sodium
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N o\t used in our experiment and the previous ones. They were
Dey=D| 1+ N—a =D| 1+—| , (1)  carried out at relatively low temperatures of 300 °C—450 °C
9 \/;r and a monolayer of sodium probably covered the sapphire

whereN. .. are the number of adsorbed atoms and atoms ir§un‘ace. Their results could therefore be the adsorption en-
a,g

the gas phase per unit of length of the tube; V2kT/m is ergy of sodium atoms on a sodium surface. Th|s hyp_othesis
the most probable velocity of atoms, is the adsorption is supported by the very long time it takes to initially fill the

time of an atom on the wall, and is the capillary radius. capillary with sodium in the gxperimelﬁll{l. We estimate'
Comparing D with the gas kinetic diffusion coefficient ToM (1) and(2) that the sodium adsorption on a sapphire
[19,20, we estimated that the ratio of sodium atoms in theSurface will be negligible at temperatures higher than

gas phase and adsorbed on the sapphire capillary surface w00 _OC- )
about 3:7 at the maximum temperature of 1400 °C. This al- This work has demonstrated that atoms in LID trap can be

lows us to estimate the full polarization degree of sodium in€asily polarized by circularly polarized light. The LID trap

the sapphire capillary at 25%. parameters reached in our experiments are a density of
The adsorption timer, is known to be related to the ad- trapped sodium vapor of #datom/cn?, a capacity of 18
sorption energ\e, by the expression atoms, an atomic polarization of shining sodium vapor of
90%, and a full atomic polarization of 25%. These are much
= exy{E) @) higher than the same parameters obtained with magneto-
a—’o kT/’ optical traps. We are optimistic that this type of LID trap will

o ] o find effective application in experiments aimed at detection
where the preexponential vibrational timg is of the order o nyyclear radiation anisotropy from polarized samples.
of 10 1% s. The measured value of the adsorption energy is
2.5+0.1 eV for our experimental conditions. This value We would like to thank A.M. Shalagin for valuable dis-
seems to be extremely large. For comparison, the results gussions and R. Mach for support of the work. This work is
previous measurements are 0.75[@f] and 1 eV[14]. This  supported by Grant No. 202/0369 of the Czech Republic
discrepancy can be explained by the different temperatureGrant Agency.
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