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Measurement of the collisional self-broadening of the cesium%,,— 5D, (689-nm) electric
guadrupole transition
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We have measured the collisional self-broadening of the cesi&nB-65Dg, electric quadrupoldE2)
transition at 689 nm for temperatures from 220 to 370 °C, corresponding to cesium number densities from
3X10™ to 1.5x 107 cm3. This E2 transition may have utility for studies of atomic parity nonconservation
(PNO), and the collisional self-broadening represents an important systematic effect which must be understood
for an accurate measurement of PNC. We find a value for this broadening of 1.32¢0006cm?® ™%, which
is consistent with what would be expected for a quadrupole-quadrupole resonance interaction. To the best of
our knowledge, no quantitative measurement of the self-broadening of an afE#mi@nsition has been
reported previously in the literature.
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I. INTRODUCTION ample the cesium &,— 6Py, 3, (D1 andD2) transitions

The recent high-precision measurement of parity noncongsee’ €.9., Ref$15-18). To the best of our knowledge, such

. o : measurements oB2 transitions in atoms have not been re-
servation(PNQ on the @/2_”5?’2 transition in cesiunil] orted previously in the literature. The strong dipole-dipole
has spurred renewed interest in PNC measurements in ¢

) i ) Ssonance broadening on thd andD?2 lines is qualitatively
sium, both experimental and theoreti¢at-5]. Several pos-  anq quantitatively different from the broadening of the

sible schemes for measuring PNC on other transitions in c&gg nme2 line, where the quadrupole-quadrupole resonance
sium have been proposgeee, e.g., Refd4,6]), including interactions are very weak and are comparable with the non-
the 65,,—5D3, electric quadrupole(E2) transition at resonant collisional broadeningressure broadeningThe

689 nm. We have measured the collisional self-broadening dhteraction strength for dipole-dipole interactions varies with
this E2 transition at temperatures from 220 to 370 °C, cor-distance ad/(R)>=R3, while it goes asR™® for quadrupole-
responding to cesium number densities from 3quadrupole interactions an@® for nonresonan(van der

X 10" to 1.5x 10" cm 3 This covers the range of Cs num- \Waalg interactions such as those with a foreign 8].

ber densities expected to be of use in a PNC experimenthus we would expect the value of the 689 nm self-
where the self-broadening represents an important systematigoadening to be considerably less than the self-broadening
effect on the line shape which must be understood for amf an electric-dipole allowed transition such as Bieor D2,
accurate measurement. yet somewhat larger than the collisional broadening of ce-

The 65;/,— 5D35,52quadrupole transitionsee Fig. 1in  sjum transitions due to typical foreign gases.
cesium have been studied several times previously. Most

measurements date from the 1970s, when several studi e 5Dy,

measured the oscillator strengtfiz-9] of these transitions

and the hyperfine structure of th®§, s/, states[10]. More

recent studies of these states have measured the lifetime

[11-13 and hyperfine structurd 4]. Since theE2 transitions

are quite weak, with oscillator strengths in the 1@ange,

collisional self-broadening becomes an important effect at __,

the high number densitiggsoughly 13°-10'" cm™ needed 1167.5 MHz

to produce sufficient absorption for experimental work. #=3

However, only two previous studidg,9] have investigated

this broadening, both quite briefly and semiquantitatively.
Several measurements have been made of the collisione

self-broadening of electric dipoléEl) transitions, for ex-
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ter, Hiroshima University, 1-3-1 Kagami-Yama, Higashi-Hiroshima  FIG. 1. The lowest energy levels and transitions in cesium, in-
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739-8526, Japan. cluding the 689 nm and 852 nm lines of primary interest in this
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Il. EXPERIMENTAL APPARATUS AND METHOD The oven consists of a 15-in.-long thick-wall copper tube

(1.5-in. outer diameter by 0.250-in. wpllspiral-wrapped

A diagram of the experimental apparatus is shown in Figwith a single layer of 0.5-in.-wide, double-insulated Samox
2. The basic method used here to measure the collision@eater tape(Omega STH151-080 and surrounded by a
self-broadening involves fitting a Voigt profile line shape to 0.75-in.-thick blanket of Kaowool fiber insulation. Inside the
an absorption spectrum in a heated cesium vapor cell. Theeater tape are four thermocouples, resting in shallow slots
frequency of a tunable diode laser at 689 nm is scannedawed partway into the wall of the copper tube, which are
across the 8;/,— 5D3, hyperfine spectrum, and the Lorent- spaced over the length of the tube to allow measuring the
zian width is extracted from the fit. This simple experimentaltemperature uniformity. This entire assembly is placed inside
technique works well on the weak 689 nm transition, sincea 16-in.-long aluminum tubg3.0-in. outer diameter by
the absorption is typically only a few optical depths at num-0.125-in. wal), which is cut lengthwise into a clamshell ar-
ber densities for which the collisional broadening becomesangement for ease of assembly. The ends of the tube are
large enough to be extracted accurately from the Dopplerclosed with aluminum endcaps 0.25in. thick with
broadened line shape. For strong transitions such as the @sin.-diam Pyrex windows for optical access, and the clam-
D1 or D2 lines, more sophisticated techniques such ashell and endcaps are clamped solidly together using twist-
Doppler-free spectroscopy are required. ties made of 18 AWG copper wire. A digital temperature

The cesium number density is obtained from the fittedcontroller with fuzzy logic(Omega CN443j controls the
absorption strength on the 689 nm transition and also indecurrent to the heater tape through a solid-state relayega
pendently calibrated by Faraday rotation in the wings of theSSR330DC25 using the central thermocouple as its tem-
852 nmD2 transition. An important experimental consider- perature sensor. This control system has an observed stability
ation here is that the line-shape fitting technique works besgf better than 0.2 °C, and when the temperature setpoint is
for scans which have roughly between 0.5 and 3 opticathanged, the fuzzy logic controller provides rapid restabili-
depths on the peaks of the absorption profile. In order to takgation, much faster than the natural thermal relaxation time
data over a large range of cesium densékout two orders of the oven.
of magnitudg, it is necessary to vary the optical path length  The cells are also designed to maximize temperature uni-
through the vapor, either by using cells of different lengths offormity over their length and to present a nearly identical
by a more complicated multiple-pass arrangement with ahermal load to the oven while providing differing optical
single cell. We chose the simpler method, and designed thgath lengths. The three cells used for the measurements con-
oven to allow a simple interchange of cells of severalsist of cylindrical Pyrex tubes, 1 in.diam and nominally
lengths. The oven is also designed to maintain a temperaturgin., 2 in., and 10 in. in length, with planar windows fused
uniformity of better than 1 °C over a 12-in.-long by 1-in. on the ends and 1-in.-diam cylindrical extensions fused on to
-diam cylindrical region, which limits variation in the Dop- each end window to bring the total length of each cell to
pler width (A) over the cell to less than 1 part in a 1000 14 in.. The active optical path lengths are 2.3 cm, 4.7 cm,
(since AT and T>500 K for these measurement&Jn-  and 25.2 cm. The cells are baked and evacuated to roughly
controlled variation would cause a serious systematic effect0” torr, and a small droplet of 99.98% pure Cs metal is
in the line-shape fitting, and this level of temperature unifor-distilled into each prior to sealing off. The tubulation on each
mity reduces such effects to an insignificant amount. cell is recessed within a depression where it joins the side
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wall, so that after seal-off, the stem that remains does nol 1.
protrude beyond the nominal 1 in. diam of the qske Fig.
2 insey.

Several thin thermocouples are attached to the outside o
each cell(six on the longest cell and four on the otheis
monitor temperature uniformity along the cell itself, and are
held in place by glass cloth electrical tag&cotch 27 which
maintains adhesion even at temperatures far beyond itE
130 °C rating. The measured temperature uniformity is bet-s
ter than 1 °C over the length of the cell, but as expected théé
coldest portion of the cells is at the centers of the end win-—
dows. Over extended periods of tinjeours at high tem- ! ! ! ! !
peratures, the cesium metal would tend to migrate and con 0 2 4 6 8 oo 12 u
dense on the windows, impeding optical access. To solve this Frequency (GHz)
problem, single loops of nichrome heater wire are wrapped FIG. 3. (Color onling Typical collisional broadening scan
around the cell at the location of each end window, and a 1 Aacross the 689 nm hyperfine spectrum, in this example using the
current is run through the wire. This maintains the window at2.3 cm cell at 310 °C, showing both data andffite fitted curve is
a slightly higher temperature to prevent cesium depositionhidden by the daa The centers and relative magnitudes of the
while still maintaining uniformity better than 1 °C. fitted hyperfine components are shown by the lines within each

Surrounding the middle of the oven assembly are a pair opeak.

Helmholtz coils, which provide a field of 300 G with a uni-

formity better than 1 G over a 6-cm-long by 2-cm-diam cy- analog converte(DAC) outputs is used to scan the 689 nm
lindrical region, which covers the volume of the two shorter|aser across the transition by simultaneously varying the
cells. (The additional field due to the nichrome loops men-grating angle and laser current in opposite senses, thus
tioned above is less than 0.5)GAn attempt was initially  achieving typical scan widths of about 15 GHz. Data are
made to build an end-compensated solenoid which couldimyitaneously acquired for the cell transmission, intensity

provide a similar magnitude and uniformity. of field over the normalization, and etalon marker fringes, with 4096 data
larger volume of the 25-cm-long cell, but this was difficult to ints taken in each scan.

achieve with reasonable effort and so it was abandoned ih |, orqer to extract the values of the pressure broadening

favor of the Helmholtz pair. Therefore, Faraday rotation dataand shift. a Voiat profile which includes the a ;
: . , ppropriate hy-
could only be acquired for the two shorter cells, but this Wasperfine compor?er?ts is fit to each absorption spectrum. A
ggltl a\:vgsa Jgfr r':}”;ﬁﬂg? Slljr;c"? tg?] bvrvoagg: g 'gg Cda}tua in the Iongecustom-written line-shape-fitting program performs a general
g d y any e nonlinear least-squares fit of a Voigt profilEig. 3). Fixed

The two external-cavity diode lasers are a lab-built i o S
689 nm system and a commercial New Focus 6226 system parameters in the fitting function include the ground- and

852 nm. The 689 nm system uses a very simple cavity deEXcited-state hyperfine splittingtakeln from the most recent
sign consisting of two high-precision kinematic mountsMeasurements in Refl14]), along with the calculated rela-
(Lees LM1) holding the diffraction grating and the collimat- tive strengths of each hyperfine component. For all fits pre-
ing lens, with the diodgHitachi HL6738MQ secured onto sented here, the Doppler width is held as a fixed parameter
the fixed portion of the lens mount. Single-mode power outand set to the calculated value for the measured temperature,
put for this system is about 10 mW at 689 nm, with a line-A=4m\"1{2(In2)kT/M, with values of about 600—680 MHz
width of a few MHz and a continuous scanning range of overat A=689 nm over the temperature range from
15 GHz. 220 to 370°C. The steps taken to ensure temperature uni-

A Melles Griot SuperBand optical spectrum analyzer,formity over the entire cel(see Sec. )l justify holding the
consisting of a scanning confocal Fabry-Perot etalon with @oppler width fixed.
free spectral rangé=SR) of 300 MHz, provided confirma- Free parameters consist of the Lorentzian wiBithfull
tion that each diode laser was operating in a single longituwidth at half-maximum(FWHM)], total scan range, fre-
dinal mode. With its piezo scan halted, the etalon was used tquency offset, and integrated optical depitalong with four
provide marker fringes as the laser frequency was scanngshrameters to define a third-order polynomial background on
during each line-shape measurement. This allowed determivhich the absorption peaks lie, to account for uncanceled
nation and correction of any nonlinearity in the frequencybackground variation. Note that the frequency offset as de-
scan as detailed in Sec. Ill. The fringes were broadened bfined here is the distance from the start of a scan to the center
degrading the finesse of the etalon, using one mirror outsidef the hyperfine spectrum. The valuedthould equahLoy,
its intended wavelength range to give a finesse of roughly 20wheren is the number density, is the path length, and,
This serves to eliminate aliasing effects caused by undersar=[o(v)dv=mcr.f is the integral of the absorption cross sec-
pling due to the limited number of data points in each scantion with r, the classical electron radius afidhe oscillator
L. COLLISIONAL BROADENING DATA strength of the relevant transition. Thus the fitted va_llué\of

: AND FITTING PROCEDURE provides a good cross-check on the quality of the fits as the
temperatures increase and the linewidths broaden.

The data acquisition system consists of a computer and Prior to fitting the line shape, the frequency axis is linear-

16-bit data acquisition board. A pair of 12-bit digital-to- ized using the marker fringes from the Fabry-Perot etalon.

ssion(arbitrary units)
[ i
o o

i
o
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For broad fringes at low finesse, it is sufficient to do a five-from vapor pressure equations for Cs in these references
point quadratic fit on each peak to extract the position of itshave a stated accuracy only at the several percent level over
center. Once this is done, a cubic fit to the fringe positionghe temperature range of interest here. In order to achieve
gives the nonlinearity of the frequency scale, since thegreater accuracy, we measure the Cs number density in the
fringes are spaced at equal intervals of the etalon FSR dfell directly, using both the absorption on the 689 nm line
300 MHz. itself and also Faraday rotation of plane-polarized light on
Line-shape data were acquired over a broad range of tenii€ much stronger 852 nrb2 transition. Together, these

peratures in each of the three cells used, 220—300 °C in th@€asurements provide a much improved and more precise
252 cm cell 250—-360 °C in the 4.7cm cell and calibration of the broadening versus number density.

260—370 °C in the 2.3 cm cell. All of the data from the _ 'he standard method for determining the number density
' : | of an atomic vapor involves measuring the absorption of

longest cell were of limited utility, since the collisional iaht near an atomic transition. then calculating the numb
broadening was quite small relative to the large Dopple:%g ' 9 er

width over the useful range of optical depths. The data a ensity using the known oscillator strength. However, for the

lower temperat in the t hort lls al p 89 nm transition, the oscillator strengthis known only
ower temperatures in the two shorter Cells alSo SUltereQy iy 5 precision of about 5%. The most recent measurement

from a small collisional broadening of order 10 MHz, which ,54e over two decades ago found thaB.28+0.16x 1077
is difficult to extract accurately from the much larger Dop- (9] which was fairly consistent with earlier measurements in
pler width. The upper end of the usable temperature rangRefs.[7,8]. Thus our calculation of the number density in the
was limited by the increasing likelihood of the cesium at-cel| using the fitted value of the integrated optical depth
tacking the Pyrex cell, which becomes significant above-n| 7cr.f for each data point is limited by the accuracy in
350 °C. . _ _ the available value forf. Further improving the accuracy
Data sets were acquired at 5 °C increments in each cellequires using a different transition for which the valuef of
After increasing the temperature, a waiting period of abouis more precisely known.
10 min allowed the oven and cell to reach thermal equilib-  Along with the issue of accuracy, there is the important
rium. Flvelllne-shape scans were then taken, each requiringaveat that the fitted value fdx is not completely indepen-
about 1 min to scan across the 15 GHz range, and then thfent of the fitted value of the Lorentzian widkh In a non-
temperature was increased again. To test for any hysteregjgear least-squares fit to a Voigt profile, there is always some
effects due to the cell failing to reach thermal equilibrium, degree of inverse correlation between the fitted values for
data on the long cell were also acquired in the same manngfese two parameters. Thus usitigo determine the number
while decreasing the temperature. No such effects were digtensityn could possibly introduce an undesirable systematic
cernible, as the fitted linewidths were statistically identical ateffect into the linear fit used to calculate the broadening co-
the same temperature for both directions of temperaturgficient «. Therefore, an additional benefit of using a sepa-

change. _ - _ _rate transition to measure the number density is that this
The broadening coefficient=I"/n is expressed as a ratio possible source of systematic correlation can be eliminated.
of the Lorentzian widtH" to the number density in the cell, In contrast with the 689 nm line, the oscillator strengths

and in order to calculate it we simply make a linear fit to thefor the D1 and D2 transitions are known to about 0.3%.
Values 0fF as a funCtion Oﬁ. Note that the LorentZian W|dth Recent ||fet|me measurements of thelg 32 states by two
I' includes not only the collisional broadening of interest, butgifferent methodg 24,25 each have an ’accuracy of better
also the natural linewidth and the laser linewidth. Howevertnhan 0.3%, and the absolute frequencies of Bieand D2
the latter two make a negligible contribution and are ignoredines have been measured to better than 1 part 92627,
here. The lifetime of the B3, state is about 900 nEll]  combining to give values for the oscillator strengths of
dominated by decay via the™, 3, states, corresponding to 0,3421+0.0010 on th®1 and 0.7125+0.0016 on tha2.
a natural linewidth of about 180 kHz, and the linewidth of However, with oscillator strengths of order unity, the absorp-
our 689 nm laser is about 1—-2 MHz, while the total Lorent-tion on these electric-dipole allowed transitions is far too
zian widths exceed 300 MHz at the upper end of the temstrong at the temperatures of interest here, producing mil-
perature range investigated here. lions of optical depths in our cells near line center. Thus we
require a technique which uses the wings of these lines, and
SO it is best to use Faraday rotation instead of absorption,
since the rotation falls off inversely with the square of the
After the data sets are fit to extract the Lorentzian width frequency detuning from line center while the absorption
the next step in the data analysis is to convert the temperdalls off exponentially for a primarily Doppler-broadened
ture values into cesium number density. The usual methotine.
for doing so is to use a formula from one of the standard The use of Faraday rotation for measuring the number
vapor pressure referencésee, e.g., Refg21-23). How-  density and polarization of alkali-metal vapors has become
ever, an additional complication arises here because the Gs increasingly standard technique over the past two decades
vapor pressure in a glass cell is typically somewhat less thaf28—-30Q. Our method here follows closely that of REBO].
the vapor pressure above a free surface of liquid Cs wouldVe use an 852 nm tunable diode laser to measure the Fara-
be, due to the interactions of the strongly reactive Cs atomday rotation over a range of about 15 nm centered orbthe
with the walls of the cell which become increasingly signifi- transition (6S;,,— 6P3/,), as shown in Fig. 4. A Burleigh
cant at higher temperatures. In any case, the values obtain&dA-1500 wavemeter provides the wavelength measurement,

IV. MEASUREMENT OF CESIUM NUMBER DENSITY
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FIG. 4. Typical Faraday rotation data on the 852 Bxa line, FIG. 5. Comparison of Cs number density calculated using the

using the 2.3 cm cell at 290 °C with a field of 300 G. The fitted “precise” formula from Ref[23] with that obtained from the Fara-
curve includes all three significant terniymmetric, antisymmet- day rotation data. A curve of the same functional form has been fit
ric, and paramagnetic to the Faraday data.

with an absolute accuracy better than 0.01 nm, and the angle We fit a standard vapor pressure equation of the form
is read from a vernier scale on the rotation stage holding théeog p=A+B/T+Clog T to the Faraday rotation data to de-
half-wave plate, with an accuracy of about 0.1 deg. The unirive values for the coefficients. Our fitted equation is
form magnetic field of 300 G is produced by the Helmholtzlog p(atm)=8.091-3956T-1.3677 logl, versus the “pre-
coils mentioned earlier in Sec. Il. Data were taken over thesise” formula from Ref[23] of log p(atm)=8.232-4062T
range of 210-320 °C, in 10 °C increments for both direc--1.3359 logT. A comparison of the number density calcu-
tions of magnetic field. Above 320 °C, the dark region neanated using the formula with that obtained from our Faraday
line center becomes toobroad for accurate measurements, @sation data is shown in Fig. 5. The standard formula is
the vapor is essentially opaque over greater than a 5 nmigher than our measured number density by roughly 2% at
range while the scanning range of the aging New Focus 622810 °C, increasing to 14% at 370 °C. This growing diver-
laser was limited to less than 15 nm. gence is attributable to the larger interactions of the Cs atoms
To fit the rotation data and extract the number density, thevith the cell walls at higher temperatures, and demonstrates

proper functional form of the Faraday rotation must bethe need for an actual measurement of the number density.
known. For large detunings, the hyperfine structure can be

ignored and the Faraday rotation can be expressed quite sim- V. RESULTS
ply as the sum of three major terms, namely symmetric, an-
tisymmetric, and paramagnetic, Our results for the collisional broadening are shown in
Fig. 6 and Table I. The values for the broadeningre cal-
6\ = nLre)\’u—BB A(‘_l fikg + 7 fahg > culated by making one-parameter straight-line fit®n-
h 12c\3(A=\)?2 6(A—-1y)? strained to pass through zérto the measured Lorentzian
AoX N N widths as a function of the cesium number density in the cell,
+ 172 ( 2 _ ™ ) as calculated from both the absorption on the 689 nm transi-
KA =A)\N=Np A=Ng tion and the Faraday rotation on the 852 nm transition. Note

( A Ao )} that only data from the two shorter cells have been used here
to - (1) inthe final analysis, since as mentioned earlier in Sec. IlI, the
6 kT )\ - )\1 )\ - )\2 d .

ata from the longest cell suffered from having a very small
where n is the number densityl. the path lengthy, the  collisional broadening over its useful range of optical depths.
classical electron radiu$; andf, the oscillator strengths of Also, the major source of systematic uncertainty in this ex-
the D1 andD2 transitions, and; and\, the wavelengths of periment is the determination of the number density, and this
these transitions. The symmetric term is by far the largest fowas also most suspect in the longest cell, for which Faraday
the case at hand, with the other two terms contributing at theotation data could not be acquired. The excellent agreement
few percent level for unpolarized cesium atoms. The antibetween the number densitiéand thus the values for the
symmetric term which arises due to state mixing has a smalbroadening coefficients) for the two shorter cells calculated
but significant contribution in cesium. The paramagneticusing these two complementary but very dissimilar methods
term is also antisymmetric about each fine-structure compas strong evidence that the density has been accurately mea-
nent and changes sign relative to the other two terms uposured, and that the uncertainties are limited to the few per-
magnetic field reversal, with its magnitude depending on theent level. The weighted mean of the four slopes in Table | is
degree of atomic spin polarization. k=2.098+0.08% 10°° cm® Hz, where the overall error is
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@ 30 —— ‘ ‘ slope of these linear fits. However, the Voigt error and den-
300 | sity error are more complicated. The vertical error bars on
%0 E each point in Fig. 6 come from the error in the fitted value of
z;‘g o s7emcal 1 the Lorentzian width as given by the nonlinear least-squares

fitting program. These calculated error bars are about 2—4 %
1 for the smallest widthgunder 20 MH2, decreasing to less

E than 1% for widths above 40 MHz and to only 0.1-0.2 % for

E the largest widths above 100 MHz. The data points for the

—a&— 2,3 cm Cell

Lorentzian FWHM (MHz)
g2z
T

Mo b E smaller widths have little bearing on the slope of the one-
izg 3 f parameter straight-line fit, which is constrained to pass
w b E through zero. The slope and the uncertainty in that value are
0 b E determined primarily by the more robustly fitted data points
w0 | ] for widths above 100 MHz. The calculation of the fitting
0E @ Number Density from 689 nm Absorption error assumes purely statistical behavior of the diata, that

. 5 1‘0 s measurement errors are independent from point to point and

Number Density (10 cm™®) normally distributeg, which does not strictly hold for these
® 20 o data sets, and so the actual uncertainties may be somewhat

300 b L larger than the values calculated by the fitting program. Thus
280 | E the Voigt error listed here is 1% of the slope, to account for
W g E the nonstatistical behavior and to provide a conservative es-
240 | : E

timate of the errors.

For the fits using 689 nm absorption to determine number
E density, the density error is dominated by the uncertainty in
E the value of the oscillator strength which is about 5%49].

—a— 2,3 cm Cell

Lorentzian FWHM (MHz)
2
T

140 | g For the fits using Faraday rotation, the value of the density
120 £ ] error for each point comes primarily from the Faraday fit
1;’3 3 E errors for the functional form shown in Fig. 4. These errors
ok E range from about 0.5% below 250 °C up to about 2% at
oL 1 320 °C. Since values above this temperature have been ex-
o & Number Density from 852 nm Faraday Rotation | trapolated, the density errors are likely to be even higher for
o 5 1‘0 . the upper end of the range. Thus the density error is assumed

Number Density (10" cm®) to be about 3% for these fits, again to provide a conservative
estimate of the errors. In both cases, the density error pro-
number density derived frorg) absorption on the 689 nm transi- vides the dominant contribution to the total error, which is

tion, and(b) Faraday rotation on the 852 nm transition. Straight line simply the sum in quadrature of the linear, Voigt, and density

fits are shown through the data points, and the error bars on eadl’ . o ) )
point are smaller than the markers. A possible additional source of systematic error in the

experiment is the presence of Osiolecules, which are a
the RMS of the total errors on the individual sloggbown  known limitation for cell-based cesium PNC experiments
in the final column of Table)l The standard deviation in the (see, e.g., Refs[2,31]). The relative abundance of Cs
values of the four slopes about the mean is 0.01@imers in chemical equilibrium with the Cs atoms increases
% 10°° cm? Hz, significantly less than the overall error bar. from about 0.3% at 220 °C to over 2% at 370 °C, based on
Our final number for the collisional self-broadening of the the chemical equilibrium coefficients calculated in R&2].
cesium 689 nmE2 transition is this weighted mean value, We assume that the atomic Cs number density as measured
xk=2.10+0.09< 10°° cm® Hz, which can be converted to the here by the 689 nm absorption and 852 nm Faraday rotation
more standard units as=1.32+0.06< 108 cm®s™L. reflects the true density of Cs atoms in the cell, while the Cs

A brief explanation of the uncertaintiésrrorg shown in  molecules behave as a separate chemical species in equilib-
Table | follows. The linear error is simply the error on the rium with both the atomic vapor and the liquid cesium drop-

FIG. 6. Results for the collisional broadening, plotted vs the

TABLE I. Slopes and errors for the linear fits shown in Fig. 6, in units o0 Hz. See the text for
an explanation of the listed error values.

Number Cell Slope Linear Voigt Density Total
density length K error error error error
689 Absorption 2.3cm 2.098 0.005 0.021 0.105 0.107
689 Absorption 4.7 cm 2.124 0.005 0.021 0.106 0.108
852 Faraday 2.3cm 2.104 0.008 0.021 0.063 0.067
852 Faraday 4.7 cm 2.077 0.006 0.021 0.062 0.066
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lets. Although the Csmolecules do not contribute to the able values in Ref[17]). It is also roughly a factor of 3
quadrupole-quadrupole resonance broadening, they wouldrger than the broadening of the ©d andD2 lines by
cause some collisional broadening as a foreign gas due foreign gases such as,Mr He, which have typical values of
van der Waals interactions. Since the, @lecular number about 4x 10°° cm® s™* [20]. Our results are thus consistent
density is less than 3% that of Cs atoms at our highest temwith what would be expected from the relative strength of a
perature and the van der Waals interactions are somewhgtuadrupole-quadrupole resonance interaction. The van der
weaker than the quadrupole-quadrupole interactions, it i¥Vaals interactions among the cesium atoms may also be con-
likely that this source of systematic error contributes at lesgributing significantly to the measured broadening, perhaps at
than the 1% level. the 20-30 % level assuming that they behave similarly to a

foreign gas. However, these interactions could be contribut-

ing an even larger share of the total broadening, since cesium

VI. CONCLUSION itself is more easily polarizable than foreign gases such,as N

©r He and thus would have larger induced interatomic forces.
Detailed calculations and more detailed measurements of the
d[ine shapes could perhaps quantify these contributions.

We have measured the collisional self-broadening of th
cesium &,;,,— 5D5), electric quadrupoldE2) transition at
689 nm for temperatures from 220 to 370 °C0,15correspon
ing to cesium number densities from x30™ to 1.5
X 10 cm3. We find a value for this self-broadening &f ACKNOWLEDGMENTS
=1.32+0.06< 108 cm®s™!, with an overall uncertainty of We thank R. Bruce Warrington for the development of our
better than 5%. The measured 689 nm self-broadening isoigt line-shape fitting program and Rob Lyman for assis-
roughly a factor of 50 smaller than the self-broadening ortance with the data analysis. This project is supported by the
the CsD1 or D2 transitions(kp;=5.7+1.0<107 cm®s™?  National Science Foundation under Grant No. PHY-
and kpp=6.7+1.1X 10" cm® s based on the latest avail- 0099535.
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