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Loading of a Rb magneto-optic trap from a getter source
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We study the properties of a Rb magneto-optic trap loaded from a commercial getter source. The source
provides a large flux of atoms for the trap along with the capability of rapid turn off necessary for obtaining
long trap lifetimes. We have studied the trap loading at two different values of background pressure to
determine the cross section for R-bbllisions to be 3.5(4% 10 ** cn? and that for Rb-Rb collisions to be
of order 3< 1073 cn?. At a background pressure of 30 ° torr, we load more than £Gatoms into the trap
with a time constant of 3.3 s. Theellifetime of trapped atoms is 13 s limited only by background collisions.
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Laser cooling and trapping has now become a standarth a few hundred degrees C during operation, there are
technique for atomic physics experiments whenever a colénough atoms within the velocity capture range of the laser
dense sample of atoms is required. The workhorse in thigsooling beams to load the MOT with more tharf Homs in
field is the magneto-optic tragMOT) [1]. For instance, a @ few seconds. To characterize the collisional loss mecha-
MOT is the starting point for laser cooling experiments in- nisms operating during the loading process, we have studied
volving Bose-Einstein condensation, cold collisions, opticalthe properties of the MOT at different source currents and
lattices, precision spectroscopy, atomic fountain clocks, etdyackground pressures. From this, we extract the cross section
[2]. The source of atoms for the MOT is typically an oven for Rb-N, and Rb-Rb collisions. In addition, we have mea-
inside the vacuum chamber containing a small amount o$ured the steady-state trap population as a function of laser
pure metal. The MOT is loaded in one of two ways: from adetuning and magnetic-field gradient since optimal values of
thermal beam slowed by a counter-propagating laser beathese parameters depend on the velocity distribution of Rb
(Zeeman slower or chirp slowgrr from the slow atom tail atoms emanating from the source. These results indicate that
of hot background vapdiso called vapor-cell trapsin both ~ getter sources are compatible with fast loading of a large
cases, the atom density has to be quite high for the MOT teumber of atoms into the MOT, along with a long trap life-
be loaded with a large number of atoms in a short time. Butime after turn off.
the high density usually limits the lifetime of the trap due to
collisions with untrapped atoms unless the source can be
turned off rapidly. This problem is solved in traps loaded I. GETTER SOURCE DETAILS
with slowed atomic beams by using shutters to block the
beam. In vapor-cell traps, one solution is to use a double The getter source is a commercially available dispenser of
MOT, where the atoms are first loaded into a MOT located inalkali atoms designed for industrial applications. The source
a region of high vapor pressure, and then transferred througlve use contains a Rb compound and a reducing agent en-
a differentially pumped line to a MOT in a region with much closed in a stainless-steel boat. The compound is stable at
better vacuum where the lifetime is several orders of magniroom temperature and the boat can be handled easily without
tude higher. fear of contamination. When a few A of current is passed

To address the same problem, we have been studying thlrough the boat, its temperature rises to several hundred
loading of a MOT for Rb atoms from a commercial getter degrees C. At these high temperatures, the Rb compound
source[3]. Rb getter sources release atomic Rb when resisandergoes a reduction reaction and atomic Rb is released.
tively heated with a few A of current. They are inexpensive,Since the reaction is a threshold process, no Rb vapor is
easy to handle inside ultra-high vacudbHV) systems, and released below a threshold value of current, typically about
have the advantage that the supply of atoms can be rapid3.7 A.
switched off by turning down the heating current below a We have installed the source in our vacuum system by
threshold value. Such sources have started being used in lattaching it to a UHV feedthrough using Cu-Be screw-type
ser cooling experiments only recenfl,5]. In Ref.[5], fast  connectors. We have also tried spot welding the source to the
loading of a Rb MOT was achieved by placing the sourcefeedthrough leads to reduce contact resistance, and find no
within 30 mm of the trap center and operating it in a pulsedsignificant difference in its performance. We prefer the
mode. By contrast, our source is placed about 90 mm awagcrew-type connectors since this makes replacement of the
from the trap center and is operated continuously. We use th&ource easier. Once inside the vacuum system, it is important
source as a thermal source much like the background vapao degas the source very well because this limits the ultimate
in vapor-cell traps, but with the capability of rapid turn off. base pressure in the chamber. We therefore operate the
Even though the stainless steel boat holding the source risesurce at a current just below threshold for several hours

during the initial bakeout of the system. When we first start
using the source after bakeout, we find that no Rb is released
*Electronic address: vasant@physics.iisc.ernet.in even up to a current of 5 A. To get it started, we need to raise
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FIG. 1. Decay of atoms from the source. The photodetector BN Ton Pump

signal measures the fluorescence from Rb atoms in the background
vapor. The source current is turned off tat 0, after which the
fluorescence decays exponentially with a time constant of about 3 s.

the current to about 8 A for a short duration of 2—5 s. After  FIG. 2. Schematic of the experiment. The chamber is made of
several such high-current pulses, the source becomes Veﬁ,ainless steel and has nine optical ports. Two of the three pairs of
reproducible and has a well defined threshold current of 2. ounterpropagating laser beams are shown, a third pair is along the
A. We speculate that these pulses are essential to get rid Ofrgagnetic field axis. The Rb getter source is located about 9 cm from
surface crust that forms during storage and bakeout. the center of the trap.

We have probed the Rb vapor density inside the vacuum Il. EXPERIMENTAL DETAILS
system at different source currents using near-resonant laser

light. Above the threshold current of 2.7 A, the fluorescence Tk}e e1>5poer|ment3 arte.d:)ne "1 alvtack:)uumtﬁf:am_b(ter Con?'St_
signal from the vapor increases rapidly with source current'd o' @ mm-0.0. StalNiess SIeel tbe WIth ten Intersecting

At a current of 4 A, the vapor becomes optically dense 38 mm-o.d. ports, as shown schematically in Fig. 2. Nine of
Around 4.5 A, the boat starts to glow red indicating a tem_the ten ports have commercial glass view ports for optical

perature near 600 °C. Above 8 A, so much Rb is released thégcess, and one port holds the feedthrough for the getter

. . . urce. The source is located about 90 mm from the center of
the walls of the chamber get a metallic coating visible to they o MOT. The chamber is pumped by a 300/s ion pump

naked eye. We therefore load the MOT at source currents ifhrough a 100 mm-o.d. port. The ion pump has a liquid-

the range of 3.0-3.8 A, which gives us an adequate flux ofjiragen cooled cryopanel to get better base pressure. Under
atoms without overloading the vacuum system. The fast turnnormal conditions, the pressure inside the chamber is about

off capability of the source is seen in Fig. 1, where we plot1 x 10-8 torr, which goes down to about110~° torr with
the decay of the background fluorescence after the current {fie cryopanel cooled to 77 K.
turned off. The 1¢ time constant is only abowB s and is The MOT laser beams are derived from two home-built
independent of source current in the wide range of 3—-4 Agrating feedback stabilized diode lasers operating at 780 nm.
This indicates that the cooling of the source is very rapid and'he first laser is the cooling laser that is locked near the
the time constant is probably limited by the pumping spee®S;,,F=2—5P,,,F’ =3 cycling transition in®’Rb using
near the trapping region. saturated absorption spectroscopy in a room temperature va-
We find the source to be very robust. There is no noticepor cell. The error signal is obtained by passing the laser
able change in the Rb flux at a given current even after a yedseam through an acousto-optic modulatda©M) and dith-
of regular use. Though the supplier specifies a “use-beforeering the frequency shift in the AOM. The center frequency
date of 1 year from the date of manufacture, we have inof the AOM is used to get variable detunings in the range of
stalled it in our system even after three years without any-0.5" to —4I", wherel'=2#7X 6.1 MHz is the natural line-
problems. Contrary to what is reported in R, the source  width of the transition. Each of the three beams for the MOT
does not appear to undergo “irreversible contamination” ifis circularly polarized with a power of around 4 mW and a
the pressure rises by several orders of magnitude during init/e? radius of 9 mm. The hyperfine repumping beam is de-
tial degassing. Perhaps what they call irreversible contamirived from a second stabilized diode laser that is locked to
nation is similar to our observation that Rb atoms are nothe 5S;,,,F=1—5P5,,F’ =2 transition in a vapor cell. The
released even at currents of 5 A when the source is operat&stror signal for this laser is obtained by modulating the diode
the first few times after bakeout. But, as mentioned earlierinjection current. The resulting variation of a few MHz in the
this can be reversed by applying high-current pulses t@epumping frequency is inconsequential for operation of the
evaporate any surface layer that might have formed. MOT. About 2 mW/cn? of the repumping light is mixed
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with the cooling beams in a polarizing beamsplitter cube. 0.4
The six laser beams intersect over a volume of 3.ci o (Sourceoff
spherical quadrupole magnetic field is superposed on the in-
tersection region using a pair of anti-Helmholtz cdil® cm
diameter, 60 turns eaglplaced 10 cm apart. The field gra-
dient at the center can be varied from 5 to 17 G/cm by
varying the current through the coils in the range of 2 to 7 A.

The fluorescence from the trapped cloud of atoms is im-
aged on to both a charge-couple devi@&CD) camera for
viewing, and a calibrated silicon photodiode for quantitative
measurements. To estimate the number of trapped atyms
we fit the total optical powelP at the photodiode to the
following expression:
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whereQ is the solid angle subtended by the detector at the F!G: 3. Loading and decay of the MOT. The plot shows a typi-
cloud andy,. is the photon scattering rate given by cal measurement of the trap fluorescence as a function of time. The
Ssc

photodetector signal is proportional to the number of trapped atoms.

r 1l The trapping beams are turned ontatO, after which the signal
Yec=— 0 , 2) shows an exponential growth with a time constant of aboufsks
2 1+1/15+(2AIT)? Eq. (5) in the texi. The signal decays exponentially after the source

. . . ) ) is turned off with a 1¢ lifetime of about 13 s. The data were taken
with | the total beam intensity from the six trapping beams,with a source current of 3.8 A.

|, the saturation intensity for the transition (1.6 mWZAmn

andA the detuning. [from Eq.(1)], the photodetector signal after the laser beams
are turned on is of the above form. The trap lifetimeafter
Ill. RESULTS the source is shut off is determined solely by losses due to

. . . collisions with non-Rb background atoms. Therefore, the
We have studied the loading characteristics of the MOTyqtqdetector signal after the source is turned off shows an

by measuring the trap fluorescence as a fun_ction of time aft xponential decay with a time constant independent of the
thg laser beams are.turned on. The source is turned on a feé’{’eady state population. A typical trap loading and decay
minutes before the light beams so that the flux of Rb atoms, e taken at a source current of 3.8 A is shown in Fig. 3.
reaches a steady state. The loading of atoms into the trap IS 14 astimate the values of, and o, in Eq. (4), we have

determined l_)y a ba'a'f‘ce betweer_l the capture _rat.e and the gied the trap loading and decay properties at different
loss rate. This results in the following rate equation: source currents and two values of background pressure,
namely 1.5¢10° 8 torr and 1.% 10 ° torr. The results are
dN N . .
—=R——, (3) listed in Table I. Several features of the data are to be noted.
dt T First of all, at the higher pressure the loading timés 1 s
independent of the source current, indicating that back-
ground gas collisions dominate the loss rate. Next, at the
. - - . d ower pressurey goes down from 4.6 s at 3.0 Ato 3.3 s at
is the loading-time constant determined by losses due to cok ' - '
.8 A as the flux of atoms from the source increases. The

lisions [6]. The loss rate depends both on collisions withStealoly state trap populatioN, increases correspondingly
isi i - s
background atoms as well collisions with hot, untrapped Rt}rom 11X 107 to 1.1x 1CF. Finally, the trap lifetimer, is

atoms:

whereN is the number of atoms in the traR,is the rate at
which atoms are captured from the background vapor,7an

TABLE |. The table lists the values af, Ng, and 4y measured
—= nbO'bv_b+ anoszTRb, (4) at different source currents at two values of background pressure.
T All the data were taken with an intensity of about 4 mW#cim
each laser beam, a detuning-eR2I" and a magnetic-field gradient

wheren is the density of scattering particles, is the colli- of 10 G/em.

sional scattering cross section amds the average velocity.
The subscript indicates whether the scattering is from thesource pressure=1.5x10-
background(b) or from the Rb source. The solution to Eq. current

(3) is an exponential growth in the number of trapped atoms: (A) 7 (9 Ns g (8 79 Ng 74 (9

8 torr  Pressure=1.3x107° torr

N=NJ1—exp —t/7)], (5) 30 102 34x10° 554 4.62 1.1x10° 13.311)

33 1.062 1.1x10° 553 4.22) 3.5x10° 13.27)

with a steady state value ®f;=R7. Since the trap fluores- 38 1.051) 5.0x10' 5.33) 3.31) 1.1x10° 13.35)
cence is directly related to the number of trapped atoms
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independent of source currefand Ng) at both values of

pressure. This is consistent with the fact that the lifetime 6 I
depends only on background gas collisions. However, at the
higher pressure, one would expect that background collisions 5 $

would limit the lifetime to a value arowhl s inorder to be 2
consistent with the background-limited loading time of 1 s, E 44
but the measured value is actually 5.5 s. This difference .\2 3
arises because the source has a decay congtéht @fter Z
turn off (see Fig. 1 and the trap continues to be loaded even =’
after the source is off. At lower pressure, the measured life- -
time of the trap is 13.3 s; heredl8 s decay of the source can
be neglected and the turn off can be assumed to be instanta-
neous.

We use the values af for different pressures at treame
source currento eliminate the effect of the Rb term in Eq.
(4) and obtain the cross section for background gas collisions

from the following expression:

T T T T T
-1 2 -3 -4

Detuning (units of I')

FIG. 4. Ng vs detuning. The plot shows the steady-state number
of trapped atoms as a function of detuning for a constant magnetic-
i_i_ ne)p— (Np) — 6) field gradient of 10 G/cm. The number is sharply peaked at a de-
(7 (1) =L(Mp)n= (o) ]owvs, tuning near—2.5I". The error bars represent statistical errors and do

not include systematic errors in scaling the photodetector signal to
where the subscripts and| indicate higher and lower pres- the number of atoms. Such systematic errors, however, will not
sure respectively. Assuming the background is predomiaffect the observed trend.
nantly nitrogen, which seems reasonable given the consider- .
able drop in pressure when the cryopanel is cooled to 77 Kthat can be used to calculadgy, if v, is known. Assuming
we can calculate the values mf andv,, at room temperature a value of 355 m/s fov gy, (corresponding to a temperature of
for a given pressure. The above equation then yields th@50°C), we determine a value of>3L0 3 cn? for ogy
value of o,. The average value of, obtained from the from the data at 3.0 A. This value compares well with the
values ofr at source currents of 3.0 A and 3.3 A is 3.5(4) following theoretical estimate for the scattering cross section
x 10" cn?. We can also obtain the value of, from the ~ which assumes that the dominant scattering mechanism is
13.3 s trap lifetime at lower pressure assuming that the loseesonant dipole-dipole scatterifg]:
is solely due to background gas collisions. This yields a
value of 3.8<10 4 cn?, consistent with the above result. 4c, |\
These values are also comparable to the cross section of ORy=T| —— — 9
3.3x10 ¥ cn? for Na-N, collisions reported in Ref.7]. MRoV esd Rb

Using the above value af,,, we obtain the value of _ .
in the f(?llowing manner. We l12irst calculate the capture l:%te where C5=5.8x10 ‘E‘] mg for Rb. Usingv .= 14_”;5 for
by assuming, for simplicity, that all atoms entering the trap?esc @nd 355 m/s fowg, yields a value of 3.210 e
volume with a velocity less than a critical velocity, are  [Of Oro- Therefore, our gssumptlon that the temperature of
slowed by the laser beams and captured. If we further adh€ vapor is around 250 °C seems reasonable. At higher cur-
sume that the background vapor has a thermal distributiof€nts of 3.3 A.and 3.8 A, the measured valuesrdéad to

the number of such atoms per unit time can be calculategMaller estimates afg,. This is probably because nonlinear
from kinetic theory[6], which yields: loss termq 9] become important at high atom densities and

Eqg. (3) is no longer valid. It is difficult to extract better

5 4 estimates of the Rb-Rb cross section without a more com-
R=—ngy ﬁ’ (7)  Plete knowledge of the distribution of atoms coming out of
2 URb the source at different currents.

The velocity distribution of atoms emanating from the
whereA is the surface area of the trapping region determinedgource is also important in determining optimal values of
by the overlap of the laser beams (102d|m] our trap. From detuning and magnetic-field gradient for the MOT. This is
a one-dimensional laser-cooling mode}, is the velocity at ~because the detuning determines the capture velocity, and, as
which the Doppler shift takes the atom out of resonance byve will see below, the field gradient determines the effective
one linewidth, therefore it is given by A|+T')\/27, about  Slowing distance. We have therefore studied the steady-state
14 m/s for a typical detuning of 2I". Using Eq.(4) for -,  trap populationNs as a function of these parameters. The
and Eq.(7) for R, we obtain dependence on detuning is shown in Fig. 4. The number of

trapped atoms is maximized at a detuning-e2.5I" for a

2 Al \* field gradient of 10 G/cm. The dependence can be under-
ORY= 5 __°> [1—7(nyopup) ], (8) stood from the following physical picture. At low values of
7 Ng\ URp detuning, the critical velocity . for slowing is small, and
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value of the field gradient we measure is comparable to val-
5 ues obtained in vapor-cell MOT0]. The consistency of
I E i optimal values of detuning and field gradient with results
f f from vapor-cell traps indicate that the velocity distribution
I emanating from the source is thermal.

IV. CONCLUSIONS

Ny o’ atoms)
W
|
[a g}

We have demonstrated that a MOT can be loaded effi-
s ciently from a getter source. The source combines the advan-
tages of providing a large flux of atoms that can be captured
15 by the MOT with a fast turn off necessary for getting a long
trap lifetime. The loading rate is determined both by colli-
I T T I I . .
0 5 10 15 20 sions with background atoms and hot untrapped Rb atoms.
dB/dz (G We have estimated the cross section for Rbadd Rb-Rb
z (Glem) collisions by measuring the trap properties at two values of

FIG. 5. N vs magnetic-field gradient. The plot shows the Packground pressure. The value of, is 3.5(4)
steady-state number of trapped atoms as a function of axial field<10" 4 cn?, comparable to a value reported for Na-8ol-
gradient for a fixed detuning of 2I". The number shows a broad lisions, and the value ofgy, is of order 3< 10~ 13 cn? con-
maximum at values af B/dz around 12 G/cm. The error bars again Sistent with a theoretical estimate based on resonant dipole

represent only statistical errors, but as for Fig. 4, systematic errordipole scattering. At a pressure of X320 ° torr, we load

are not important for the trend. more than 18 atoms into the MOT with a time constant of
3.3 s. At a background pressure of .50 8 torr, the load-
fewer atoms are captured sinBevaries asv‘c1 [see Eq(7)]: ing time constant is 1 s independent of the source current,

for example, whenA=—T', v, is only 9.5 m/s. At high indicating that collisions with the background are dominant.
values of detuning, even though increases, the slowing We have also measured optimal values of detuning and
distance also increases and atoms are not slowed within thergagnetic-field gradient that maximize the trap population.
mm size of the laser beams. Thus, whes — 4T, v, in- These values are consistent with observations in vapor-cell
creases to 24 m/s but the slowing distance is about 11 mnMOTs, indicating that the velocity distribution of Rb atoms
The optimal value of detuning that we measure is similar tdfom the source is thermal. The trap lifetime at a pressure of
what is observed in a MOT loaded from room-temperaturel.3% 10" torr is 13 s and is limited only by the background
vapor[10]. pressure since the supply of Rb atoms stops almost instanta-
The dependence &f; on the magnetic-field gradient for a neously. We are in the process of changing over to a new
fixed detuning is shown in Fig. 5. The trap population isvacuum system with a Ti-sublimation pump that should give
again maximized at an optimum value of field gradient. Theus base pressure in the range of 1&torr where we estimate
trend can be understood as follows. At low values of the fieldhat the trap lifetime will be a few minutes.
gradient, the trap is shallow and atoms leave the trap easily.
At high valu_es of the gradient, the Zeeman shift, which in- ACKNOWLEDGMENTS
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