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Measurement of the photoionization cross section of the®;, state of cesium
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We report the measurement of the absolute photoionization cross section fdt 4hetéte of cesium. Cross
sections were determined by measuring the photoionization rate of cesium atoms confined in a magneto-optical
trap. The photoionization rate was measured by monitoring the decay of trap fluorescence during exposure to
ionizing laser radiation. The measurements were made in the wavelength range 457.9 to 501.7 nm using
several lines from an Ar-ion laser. Our results are compared to other experimental measurements as well as to
existing theories[S1050-294{®9)06603-2

PACS numbes): 32.80.Fb, 32.80.Pj

The photoionization of cold, trapped atoms was first usedifetime of about 5 s. The axial magnetic field gradient was
by Dinneenet al. to measure the photoionization cross sec-maintained at 11 G/cm throughout the experiment.
tion of the 5P, state in rubidium[1]. In their measure- The cold cesium atoms were photoionized using several
ments, rubidium atoms were loaded into a magneto-opticdines from an Argon-ion laser. The Arbeam had an ap-
trap (MOT) from an atomic beam. The trapping beams cre-proximately circular Gaussian profile, as measured with a
ated an excited-state population by continually exciting thébeam profiler, and was expanded to a collimated diameter of
trapped atoms. The MOT was exposed to ionizing radiatiorl.0 cm. Because the beam size was much greater than the
after interrupting the atomic beam. The ionized Rb atomdMOT diameter 1.0 mm), the ionizing intensity seen by
escaped the trap and produced a decrease in the trap fluoréke trapped atoms was relatively uniform and corresponded
cence. The detection of the fluorescence decay provided ta@ the peak of the intensity profile. The ionizing intensities
direct measurement of the photoionization rate and allowetvere measured at each Awavelength §p) using a silicon
the cross section to be determined. More recently, a similadetector and a 2.0-mm-diam aperture. We used low ionizing
technique was used in vapor-filled MOTs to measure photointensities 0.5 W/cn?) for all measurements to avoid
ionization cross sections for rubidiuf] and cesiuni3]. In  saturating the photoionization response. Thé Aeam was
these measurements the photoionization rate was determinedrefully centered on the MOT prior to the measurements by
from the change in the MOT loading rate and additionally,minimizing the detected MOT fluorescence.
for cesium, from the change in the equilibrium number of The photoionization rates were determined by detecting
trapped atoms when the MOT was subjected to photoionizthe decay in trap fluorescence after the" Aaser was shut-
ing laser light. tered on. The trap fluorescence was focused into a photomul-

The present cross section measurements for tRg,6 tiplier tube(PMT) and recorded as a function of time using a
state of cesium were made in a vapor-loaded MOT using digital oscilloscope. In addition, the loading as a function of
variation of the techniques described above. After loadingime, after turning off the AT laser, was recorded. Measure-
the trap to a steady-state population, the photoionizatioments were made atp=496.5 nm for a range of trapping
rates were determined by measuring the loss rate of atonistensities between 5 and 130 mW/mAdditional mea-
from the trap. The loss rate contribution due to backgroungurements were carried out for other’Awavelengths at a
collisions was removed using subsequent measurements obnstant trapping intensity of 103 mW/ém
the MOT loading rate after the ionizing light was turned off. = The number of trapped atoms in a MOT is governed by a
The measurements were carried out for several wavelengtiiglance between the atom capture rdig)( the collisional
close to the photoionization threshold of 508.1 nm. Our redoss rate R ) of atoms from the trap, and, in the presence of
sults are in agreement with previous experimental and thedenizing radiation, by the photoionization rat&®g). The
retical results, including the recent measurements by Maragome rate of change of the numbéX) of trapped atoms is

et al.[3]. given by the rate equation
A standard magneto-optical trdpOT), loaded from the
background vapor, was used to cool and trap neutral Cs at- dN
oms. The trapping laser was an injection-locked, EZFc_(RﬁRP)N @

temperature-stabilized diode laser that provided a maximum

total MOT intensity of 130 mW/crhin the six MOT beams. The capture rate depends on the density of hot atoms in the
The diameter of the trapping beams was 0.8 cm. The trapvicinity of the MOT and on the trapping volume, which is
ping laser was injected with 10 mW of light from a master determined by the size of the trapping beams. For the rela-
diode laser that was frequency-locked one natural linewidthively high background gas densities considered here, the
(6=-T") below theF=4 to F'=5 trapping transition X loss rate is dominated by collisions between the trapped at-
=852 nm). A third diode laser provided about 1 mW for oms and background gas molecules. In the absence of ioniz-
theF=3 to F’'=4 repumping transitionN\=894 nm). The ing radiation, the equilibrium number of trapped atoms is
background gas pressure was 10Torr, resulting in atrap Ny=T'./R, .
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' ' ' FIG. 2. Photoionization rates measured for several ionizing in-

z tensities. The data were acquired at an ionization wavelength
T 7 =488.0 nm and a total trapping intensity=20 mWi/cnf. The
_g solid line is a linear fit to the data.

3 o : .
g the photoionization rate is also small, such as at low trapping
2 intensities or low ionization intensities.

g The photoionization rate is related to the intengdityof
= the ionizing light through the expression

0 5 10 15 20 Ip
(b) Time (s) Rp= ho of, (4)

FIG. 1. Typical fluorescence data as a function of time acquiretherel o
at an ionization wavelengthp,=496.5 nm(a) after the photoion-
ization beam was turned on, afid) during loading, after the ion-
ization beam was shuttered off. The solid curves are fits to @js.
and (3) that vyielded R +Rp=4.44(24) s! and R,
=0.19(2) st

/hv is the ionizing photon fluxg is the cross sec-
tion for photoionization from the excited ) state of
cesium, and is the fraction of trapped atoms in the excited
state. The linear intensity dependence of E.is valid for
low intensities that do not saturate the photoionization. A
linear dependence was verified by measuring the photoion-
ization rate for a range of ionization intensities, and the re-
sults are shown in Fig. 2. The linear fit to the data goes to
zero for zero intensity within the uncertainty of the data,
N, _ N/\a—(R_+Rp)t indicating that the loss ratRBp,=R—R, corresponds solely

N(t)=Ng+(No—No)e™ (L 7e! @ to photoionization.

If the excited state fraction is known, E@) can be used
to determine the cross section. Following Dinnegral. [1]
we used the expression for a two-state atom,

When ionizing light is introduced to the MOT, the trapped
atom population decreases in time according to

and attains a new equilibrium populatioN)=T(R_
+Rp) L. The modified capture rate, results from the pres-
ence of ionizing radiation in the capture volume. Figufa 1

shows a representative fluorescence decay as a function of (112,
time after turning on the light atp=496.5 nm. The total =— (5)
loss rateR=R, + Rp is found by fitting the data to Ed2). 2(1 gy +1

After the total loss rate is determined, a separate measure-

ment of the collisional loss rate is required to determine thavherel, is the total trapping intensity. The parametgy, is
contribution due to photoionization. We measure the fluoresrelated to the on-resonance saturation inten®y and the
cence during MOT loading after the Arbeam is shuttered frequency detuningd) of the trapping laser by
off, as the population increases according to

12,= 152 (26/T)2+ 1]. (6)

N(t)=No—(No—Ng)e ", ()
The photoionization cross section is thus determined by mea-

A typical MOT loading curve is shown in Fig(). Because suring the ionization rate for a range of trapping intensities
the background Cs density is not controlled in our experi-and fitting the data using Eq&4) and(5) with 12, ando as
ment,R, can slowly drift over the course of several measure-free parameters.

ments. Each photoionization measurement, therefore, is fol- The photoionization rates measurec\at=496.5 nm are
lowed by a measurement of the collisional loss rate acquireghown in Fig. 3 as a function of the total trapping intensity.
as the MOT reloads. The photoionization r&g is the dif-  The fit results werec=1.86(15)x10 Y7 cn? and 12,
ference in the decay and loading rates determined by fitting=27(6) mWi/cnt. Using a detunings=—T" gives an on-
the two curves to Eq92) and (3). Although our measured resonance saturation intensity of 5.4(1.2) m\Wgim rea-
collisional loss rate®, are small(typically about 0.2 s1), sonable agreement with the value 6.75 mWoexpected

they contribute significantly to the overall loss r&@evhen  for equally populateang levels.
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FIG. 3. Saturation of the photoionization rate with trapping laser " 'C- 4. Photoionization cross sections plotted as a function of
intensity for\p=496.5 nm. The solid curve is a fit to the experi- wavelength. The closed circles represent our experimental data, and

mental data using Eqé4) and (5) the open triangles and open squares represent cross-section mea-
' ' surements by Moraget al.[3] and Nygaardet al.[4], respectively.
Additional measurements were carried out at a constanthe error bars for the data from Ref8] and[4] were omitted for
trapping intensity of 103 mW/chfor five additional ioniza-  clarity, but typical error bars are shown for the shortest wavelength
tion wavelengthgFig. 4). The cross sections at these Wave_points. The dotted-dashed, dashed, dotted, and solid curves are the
lengths were calculated using E@) and the excited state theqrgtical results of Weishdib], Norcross[6], Msezand 7], and
fraction f=0.44(1) determined from the\p=496.5 nm L-@niri and Mansorig].
f;?’;;ﬁg@ﬁggasg;ﬁ? [I2]|2264M2;gcr§t\lgu[%]e )I(EeR”é?en' artificial, as those relative measurements were normalized to
[3], the cross sections were determined from the measuret(qel:aé%lﬂ]lg[l:(;?sndvs;[ﬁive measured the photoionization
photoionization rate as well as from the equilibrium numberCrOSS section fo,r the By, state of cesium fgr Six wave-
of trapped atoms during photoionization. The triangles in /2

Fig. 4 represent the average of those two results, which Werlgngths close to the ionization threshold. Our technique is a

generally consistent with each other to within 15%. Our re_varlatlon of recent measurements in which the photoioniza-

sults are consistent with the averaged results of F&fand tion rates are determined by measuring the atomic loss rates

are within the uncertainty of the results of RE4]. in a MOT during exposure to ionizing light. Our technique is

The results of four theoretical calculations are also showr!;lexIble and can be used for any species that can be confined

in Fig. 4. These include two model potential calculations &.v2Po! MOT. In addition, it can be used in systems with
5 6]9;51 Hartree-Fock calculatiofi] ar? d a Hartree-Slater relatively high background pressures because it corrects for
ca,ICL,JIation[S] The Hartree-Fock éurve that is shown for the effects of collisional losses. Our results for cesium are in

. ' .. good agreement with published experimental and theoretical
Ref. [7] is an average of the calculated length and veIOC|tyg

. : - data.

cross sections. Our results are consistent with both ofthe
initio calculations, but generally fall below the results of the
semiempirical calculations. The apparent better agreement of The authors acknowledge the financial support of the U.S.
the data of Nygaarckt al. to the semiempirical results is Air Force Office of Scientific Research.
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