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Pressure Effects of Foreign Gases on the Absorption Lines of Cesium. II. The
Effects of Helium on the First Two Members of the Principal Series*
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(Received 2 August 1965)

Cs(1)/He and Cs(2)/He measurements are reported up to 300 and 20 atmospheres, respectively. The
shift curves for Cs(1)/He are linear up to a point and then very abruptly change to a new linear region.
Half-width curves are all observed to be nonlinear at low pressures. In addition, the half-widths of helium-

broadened cesium lines are shown to have a strong temperature dependence, at least as strong as the Grst

powe«f temperature. There is very little or no temperature effect on the shift within our temperature and

pressure range of experimental observations, viz. 40'C—160'C and relative density 0-190 for Cs(1)/He,
and 98'C-177'C, and relative density 0-13 for Cs(2) /He.

I. INTRODUCTION

HIS paper reports the shift, broadening and
asymmetry of both Gne-structure components of

Cs(1) and Cs(2) under various pressures of helium up
to 300 and 20 atmospheres, respectively. It should be
noted that the present work also stresses accurate
measurements in the low-pressure region and that, as
in the 6rst paper, ' no attempt is made to correct any of
the shift or half-width values for overlap sects which
are appreciable at high pressures. The cesium vapor
pressures ranged from 2X10—' (for low pressures of
He) to 10 ' mm Hg (for high pressures of He).

II. RESULTS

A. Cs(l)/He and Cs(2)/He Shifts

The violet shift of Cs(1)/He is shown in Figs. 1 and
2. At low pressures of helium, the curves of shift
versus relative density (r.d.) of both components are
linear with a rather abrupt change to a second linear
region. The slope for the '81~2 component shift is
0.128+0.005 cm—'/r. d. up to r.d. = 2.7; then it is 0.186
~0.002 cm '/r. d. up to r.d. =15. The slope of the
'I'eg2 component is a barely measurable 0.015 ~0.005
cm '/r. d. up to r.d.=1.6; then it is 0.036&0.002
cm—'/r. d. up to r.d. = 15.

Above r.d.=15 the slope of the curve for the 'Pjgm

component increases, becoming linear again above
r.d. =42 with a slope of 0.60+0.01 cm '/r. d. up to at
least r.d. =190. The slope of the curve for the 'Pay~

component also increases above r.d.= 15, possibly
becoming linear above r.d. =140 with a slope of 0.72
&0.02 cm '/r. d. Above r.d. =140 the sPsts comPonent
is affected both by the violet-satellite band on one side
and by the violet asymmetry of the 'I'&y2 component
on the other side. The eGects upon the line position tend
to annul one another but the linearity of the shift curve
is necessarily uncertain for this component. The shift
curve for the 'I'&12 component is not affected by over-

lapping until r.d.= 190 is reached.
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Figures 3 and 4 show the violet shift of Cs(2)/He.
The results in the low pressure region reported pre-
viously by Ch'en and Parker' are surpassed in accuracy

by the present work. However, their high-pressure
results above r.d. =10 are valid and are not repeated
here. The Cs(2)/He 'Prts component shift is linear up
to r.d. =0.9 with a slope of 0.51+0.02 cm '/r. d. Above

r.d. =0.9 there is a transition region to r.d. =7 above

which the slope is again linear with a value 3.5&0.1
cm '/r. d. The 'Pets component graph is linear up to
r.d.=3.5 with a slope of 0.26+0.01 cm '/r. d. Then this

graph curves slowly up with no further linear region

apparent.
Any possible temperature effect on the shifts of

cesium lines perturbed by helium is within the experi-

mental error and cannot be considered signi6cant. All

shift graphs were drawn assuming there is no tempera-
ture effect.

FIG. 1.Violet shift of Cs(1)/He flue-structure lines in cm '. Dashed
lines show limits of linear regions. r.d.—=relative density.

*Supported by the National Science Foundation, GP-2160.
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Fro. 2. Low-pressure-region enlargement of the violet shift of
Cs(1)/He in cm '. Dashed lines show limits of linear regions.

B. Cs(1)/He and Cs(2)/He Broadening
and Temperature E8ect

Figure 5 shows the half-width of the resonance lines
of cesium in the presence of helium. It also reveals an
unusually strong temperature dependence which must
be considered along with the discussion of the half-
widths. In Fig. 5 the upper point on the graphs of both
components at r.d. =87 was obtained at 139'C. The
lower point at this r.d. and the other points on each

graph connected with it by the solid line were obtained
at 114'C. The lower two solid-line sections on each
graph were obtained at 96'C and at 82'C. The dhshed
lines show the probable curve if the lowest temperature,
82'C, had been maintained for all data points. This
evidence suggests that a half-width increase of approxi-
mately 'I% is caused by a temperature increase of 5%.

Figure 6 is an enlargement of the Cs(1)/He half-

width curve in the low pressure region. The evidence
for a temperature effect here is not conclusive because
relatively small temperature changes were made. The
three points shown by triangles were obtained at 82'C
while other nearby points were obtained at 75'C. The
smooth curve was drawn assuming that the temperature
effect is negligible for these points.

Assuming a constant temperature, the half-width
curves are nonlinear up to r.d.=3 or 4. Beyond this
point the 2P~, 2 component has a slope of 0.77&0.02
cm '/r. d. uP to r.d. =50 and the sPs~s comPonent has
a slope of 0.70&0.02 cm '/r. d. up to r.d. =20 with a
possible slight increase from there to r.d.=50. Above
r.d.=50, the slope of the 'P&~2 component graph may
decrease and the slope of the 'P3g2 component graph
may increase with a crossing at about r.d. =80. It is
within the experimental error for the 'P~~2 component
graph to be linear in the whole region from r.d. =4 to
r.d.=90.The rise in slope of the 'P3t2 component graph
above r.d.=50 may be due wholly or in part to the
eGect of overlapping of the violet satellite with the line.
No widths were measured above r.d. =90 because of
experimental difFiculties in establishing a base line.
This is the point above which the lines begin to over-
lap one another appreciably.

The low-pressure line widths must be corrected for
both the effect of hyperfine splitting and effect of the
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Fn. 3. Violet shift of Cs(2)/He
Gne-structure lines in cm '.
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FIG. 4. Low-pressure-region en-
largement of the violet shift of
Cs(2)/He in cm '.
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2.0 2.5

slits Used. This correction is approximately 0.50 cm—'
as described in Paper I.'

Figure 7 shows the half-width of Cs(2) jHe and again
a strong temperature dependence is observed for the
helium-perturbed lines. All of the open circles repre-
senting 'P~~2 component data points were obtained at
177'C with the dotdashed line below them being the
average of seven points obtained at 150'C. The majority

80;

of the solid circles representing 'P3I2 component data
points were also obtained at 177'C except the two at
r.d.=2.0 and 2.8. These two were obtained at 150 C.
The dotdashed line below the 150'C data points is the
average of ten data points obtained at 122'C.

Figure 8 is an enlargement of the half-width curve of
Cs(2)/He in the low pressure region and it also shows a
strong temperature dependence. With the exception of
the four very low pressure open circles representing

IO

50
IE

~40

~ 30

X
xI-

LI 4

I:

IO

ent

ent

20
0

40 60 SO
20 40 60

r. d. of HELIUM

100
80

ape
0»

0 1 1

6
r. d. of HELIUM

1

IO l4

FIG. 5. Half-width of Cs(1)/He 6ne-structure lines in cm '.
The I'3~2 points are shifted 20 r.d. divisions for clarity. The
dashed lines are probable half-width curves if all data were ob-
tained at a constant temperature of 82'C,

Fxo. 6. Low-pressure-region enlargement of the half-width of
Cs(i)/He Gne-structure lines in cm '. The three triangular
symbols are higher temperature points described in the text.
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Fxo. 7. Half-width of Cs(2)/He fme-structure hnes in, cm-~.
The dotdashed lines represent half-widths of lower temperature
points described in the text.

Fzo. 8.Low-pressure enlargement of the half-width of Cs(2)/He
fin-structure lines in cm '. The)open triangles represent lower
temperature ~Ej,I~ points. The dashed line represents a probable
low-temperature extension of the 'PII~ points.

'Pq~~ component points at 142'C, the open circles were
aH obtained at I50'C. The three open triangles belovr
the solid curve were obtained at 122'C. The upper four
sohd cllclcs iepl'cscntlng ~83]g COIDpo11cnt half-%Kltbs
were obtained at I22'C. The low-pressure solid circles
were all obtained at 98'C. The dotted extension is the
probable 'E3I2 component half-width curve at a constant
temperature of 98'C. The Cs(2)/He half-widths are seen

to increase approximately 7% for a 5% increase in
temperature just as was observed above for Cs(i)/He
half-widths.

As described ln Papc1- I, each of thc half-widths fol-

Cs(2)/He must have an approximate 0.66 cm ' cor-
rection made to them to take into account hyper6ne
and slit-width effects. The Cs(2)/He half-width curves
are nonlinear in all regions and cross at about r.d.= j.3.
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FIG. 9 ASQIQIQetrg ratio at
half-intensity points for Cs(1)/He
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FIG. 10. Asymmetry ratio at
half-intensity points for Cs(2) /He
Gne-structure lines. The dashed
part of the 2P~/~ component curve
represents a section which does not
correlate well with earlier data and
is to be repeated.
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C. Asymmetry

Figures 9 and 10 show the asymmetry ratios for
Cs(1)/He and Cs(2)/He, respectively. As noted in
Paper I the accuracy in the low-pressure region is
not high due to the difhculty in determining the peak
position with respect to the half-intensity points for a
narrow line.

Unlike the results with argon, Figs. 9 and IO show
that the asymmetry curves of helium-perturbed fine-
structure lines do not exhibit similar behavior. Figure
9 shows that the 'I'~~2 component asymmetry for
Cs(1)/He decreases at low relative densities, reaches a
minimum value of 0.55 at r.d. =38, and rises slowly to
a plateau value near 0.66 for higher pressures. The
'Ps~s component of Cs(1)/He is symmetric up to about
r.d.=15. Its asymmetry then decreases with a possible
limit of about 0.58 near r.d. = 100. Figure 10 shows that
the 'I'&~s component asymmetry for Cs(2)/He decreases,
reaching a minimum value of about 0.35 at r.d.=6.5,
then rising to a maximum value of about 0.65 at r.d.
=11.The dashed section is not well established because
of an insufhcient number of data points. The 'E'3~2

component is symmetric up to about r.d. = 1 and then
it shows a steady decrease in asymmetry ratio to
r.d.=13. Ch'en and Parker's' data up to r.d. =30 sug-
gests that beginning near r.d.= 12, the 'I ~~2 component
asymmetry curve Qattens out to a value between 0.6
and 0.7 and the '83~2 component asymmetry curve also
Battens out to a value near 0.4.

III. DISCUSSION

Further evidence was obtained in this experiment
which suggests that although all shift curves are linear
at very low pressures, a strong deviation from linearity
is observed while the pressure is still quite low Lr.d.=1.6
and 2.7 for the two components of Cs(1)/He and
r.d. =0.9 and 3.5 for the two components of Cs(2)/He).
The Cs(1)/He shift curves showed a rather abrupt
change from one slope to another (Fig. 2), a phenomenon
not predicted by any present theory nor revealed by
any previous experiment.

The nonlinear half-widths at low pressures for Cs/He
lines (Figs. 6 and 8) are in contradiction to the present
collision theory.

The half-widths of helium-broadened cesium lines
are strongly a8ected by temperature in all pressure
ranges. A dependence slightly in excess of T was ob-
served. Orthman' has found a T'~' dependence with
Hg 2537/Hs but Horodnicsy and. Jablonski' found only
a slight dependence upon temperature for Hg 2537/He.
The Graniers' measuring the dependence only with
shifts on Rb(1)/Hs and Rb(1)/Ds, found a decrease in
shift roughly proportional to an increase in temperature.
Further work on the temperature dependence upon
pressure broadening is clearly necessary.

' W. Orthman, Ann. Physik 78, 601 (1926).
4H. Horodnicsy and A. Jablonski, Nature 142, 1122 (1938);

144, 594 {1939).' R. Granier and J. Granier, Compt. Rend. 257, 2627 (1963).


