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This document was prepared as an account of work sponsored by the United States
Government. While this document is believed to contain correct information, neither the
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United States Government or any agency thereof, or the Regents of the University of
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Abstracf:
The lifetime of the SlD2 state of hHe was ﬁeasured by

the beam foil zero field level crossing teChniqﬁeé; The result

is compared with measurements based on conveﬁtidnal Beam foil

and level crossing methods. A multiparameter leastfsquares

reduction of the data was used to determine the alignment in

additiqn to the lifetime thus eliminating the need for separate

measurements to determine the alignment. |

The beam foil method has the useful ﬁroperty that the atoms (ioﬁs) are
excited at a precisély known position. This fact has been exploited to méésure
atomic (ionic) lifefimes by observing thé exponential decaybof excited states. ™
Thé.methqd sufférs from a serious drawback in that the measurements are sensitive
to céscading frqm hiéhly excited states ﬁhich feed the staﬁe under observation.
In the experiment reported here we have used another usefﬁl property of thev
beam foil interaction process to measure the lifetime of the SlD2 state ofvhHe.
The atoms emerge from the foil in an aligned étate so that application of a.

magnetic field perpendicular to the beam axis results in the creation of a
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coherent superpo;ition of states with magnetic quantum numbers +mJ, -my. This
leads to the quantum beat phenomena which has been exploitéd in the measurement
of g factors aqd alignment6 and to the Hanle.effect which has been used fo ﬁeasure
lifetimes.T In the present investigation we have used ﬁhe zero field level
o .

crossing method (Hanle effect) to-?easure both the lifetime and alignment of
the 51D2 state of.hHe. Previouslyl alignment was determined from quantum beat
experiments whiie lifetimes were determined from the Hanle»effecf; The purpose
of the present measurement is.to compare the lifetime as determined by the
technique reﬁorted-here‘to lifetimes based on conventional beam foil and lévgl
crossing methods; The lifetime of the 51D2 state was previoﬁsiy measuréd by
both the conventional beam foilBIand level crossing methods.9 It is of interest
to compare these-measurements since level crossing is inherently less sensifive
to cascading.

A schema&ié of the experiment is shown in Fig. 1. A 3.5 pA 40 kv heliuﬁ

P

ion beam from thé Berkeley mass separator was incident on a 6.7 ug/cm2 carbon
foillo and the light emitted by coherently excited SlD2 hHe aﬁoms_observed down
stfeam from thé_fbil thru a linear polarizer with axis parallel to the beam -
axis. The observation was along the magnetic field perpendicuiar to the |
beam axis. The detector viewed a T mm portion of the beam. Photon counts ﬁere
collected in a multichannel analyzer sweeping_synchronouSly with the ﬁagnetié
field sweep. After completion of a predetermined number of field sweeps tﬁé:
foil was advancea 5y a small increament and data collected for the Same nuﬁber
of field sweéps, the photon counts being added to those taken at the_previgus

foil position. .This procedure was continued until each point along a T cm-

segment of the beam with extreme limits 3.5 mm and 7.35 cm from the foil was
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viewed for the same.length of time. The foil was advanced ﬁpstream.and down-
stream to average out beam fluctuations and drift. Generally, the hHe+ beam
intensity drifted by % 10% in the time it took to cover the T cm beam path.-
By ghanging the direction of travel of the foil several times these beam
excufsionsvwere’largely averaged out. Héwever, tﬁe excitation efficiency of

the foil decreases as the foil ages and this introduced a slight slope to the

‘signal. The slope was corrected for in the analysis.

The intensity of the 51D2-21Pl (4388 A) transition when the observation
is made thru a linear polarizer whose axis is parallel to the beam axis is

given by

I({w,t) = e Yt (14 B/A cos 2wt) . - (15’

where Yy is thefreciprocal lifetime in rad/sec, B/A is the alignment and

W= gJuoH/h. H is the magnetic field intensity and t is the time following

excitation at which the observation is made. This relation holds for an
infinitesimal detector slit -width. When a finite segment of the beam is viewed,

the signal observed is

lmax/v ' o _
s<w>=f (W, 4/v)ae/y) @

zmin/v

where % - % . is the segment of beam intercepted by the solid angle of the
max - min ‘ , :

detector, v is the beam velocity and t = /v is the time following excitation.

In our experiment Qmax - 2 . =T mm but by changing the foil-detector separation

min

and summing up contributions from many overlapping 7 mm segments the integration
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path was effectively increased to T cm corresponding to 59 nsec of observation
time or about one lifetime. |

The result is shown in Fig. 2 along with a'least—squares fit of thef
data to Eq. 2. The lifetime‘is.summarized in Table I aioﬁg ﬁith previous
measurements and is seen to be in better agreement with conventional level
crossing than with the conventional beam foil determinafioﬁ.; A source of
uncertainty in the type of experiment reported here is the velocity of the
atoms since the foil fhickness is known to at best 5% and furthermore there
is an uncertainty in the calculated energy loss. We used‘initially the
theoretical velocity v = 1.30 x 108 cm/sec calculated from the energy loss and
then adjusted the_velocitj to obtain the best fit. The best fit was obtained
for a velocity 1% lower than that calculated. 1In additien tovthe lifetime we
also determined the alignment of the SlD2 state resulting from the beam foil
interaction at 40 kV. The alignment was found to be 12%;

In conclusion the beam foil level crossing method cdmbines_the best
features of the beam foil and level crossing technique. On the one hand beam
foil offers a universal means of producing coherently excited states, bypassing
the technical difficulties-of electron excitation in magneﬁic fields, en the
other hand, level crossing iﬁ inherently more accurate for lifetime
determinations. Furthermore, the alignment induced in the beam foil intereetion
process can be determined simultaneously with the lifetimes. It is of intefeét
that the measured lifetimes tend tovbe'iower than the eheoretical value which
is based on celculated oscillator strengthsll and this may.indicate that
systematic effeets such as cascading are still of importance. The method is
being extended, in the case of the triplet states, to high field level crossing.12

In the latter case the effects of cascading vanish in first order.
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Table I. Comparison of the lifetime'of the SlD2 state of  He as determined by

conventional beam foil (BF), level crossing (LC) and level crossing combined

with beam foil (BF-LC).

Lifetime (nsec) of 51D2-state of He

pr(®) ILC(b) pr-1cl¢) (a) (e) (£) (g) Theory

6614 49+5 52+6 4315 796 6319 46+3 71.9

SRef. 8, bRef. 9; ®Present measurement.

dP. T. Kindlmann and W. R. Bennetf, Bull. Am. Phys. Soc; §; 87 (1963).
®W. R. Pendleton, Jr. and R. H. Hughes, Phys. Rev. 138, A683 (1965).

k. A. Bridgett and T. A. King, Proc. Phys. Soc. (London) A92, T5 (1967).

€l,. A. Osherovich and Ja. F. Verolainen, Opt. Spectrosc. 24, 81 (1968).

hRef. 11.




Q,

-~
TR

(SRS T R Y B

“T- o . LBL-1608

FIGURE CAPTIONS
Fig. 1. Schematic.of the beam foil leyel crossing experiment.
Fig. 2. Zero field level crossing signal for the SlD2 state of He. The
circles are experimental points and the x's are the caléulatéd boints from
a least-squares fit. The slope of the curve is due to foil aging and was.

corrected for iﬁ the curve fitting.
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