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Radiative Lifetime of the Metastable ZISo_Staté of Helium

R. S. Van Dyck, Jr., C. E. Johnson, and H. A. Shugart

Department of Phyéics and Lawrence Radiation Laboratory
University of California, Berkeley, California

ABSTRACT
Two fixed, spatially separated detectors are used to measure
the decay in flight of a gooled, thermal beam of pulsed metastable

helium atoms. The preliminary value obtained for the radiative

lifetime of the metastable 2'S, state of helium is 20+2 msec.
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: The 2 S state of helium is metastable, decaylng predominantly
by two photons ; 51ngle-photon decay is forbldden by the r1gorous
selectlon rule J=0 H’J —VO.T In this letter we descrlbe our effort
to deternune the 11fet1me of the 2! S state of he11um An earlier
version of thlS experlm.ent2 was 11m1ted by pressure dependent scat-
_terlng and yielded a lower 11m1t of T % 9 msec for the 2! S, life-
tlme. Pearl,?lln,an experlment u51ng a detector travellng over a

one-meter length, has recently reported a result T = 38t8 msec for

the lifetime. Drake, Victor, and Dalgarno have calculated, however,

the theoretlcal value T = '19.5 msec.

Our tlme of- fllght experlmental arrangement is 111ustrated in
Fig. 1. Hellum atoms effu51ng from a source slit pass vertlcally
- through the open end of a sheath electrode gun “and are metastabl-
lized by an antiparallel, magnetically focused électron beam of
}about.40>evr The atomic beam.then contains primarily‘groundestate
helium atome and metastable atome in both the 2°s, and the 2'S,
excited states. The ground state and metastable state atoms are
separated by their different effects on.thevcopper targets; the»
metastable atoms have sufficient energy to eject‘an electron.frem a
'>target while the ground_state atems.do not. The'electronsvare col-
lected and counted hy an EMI electron multiplier' Two fixed detec—
tors located 1.9 meters and 6.7 meters from the electron gun are |
used the f1rst having a transmission of about 50° ‘The bean is

highly colllmated aftervleav1ng the electron gun and provisionvis
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made fof'Eooling the source with either liquid hitrogen'or liquid

helium. Since a low base pressure in the drlft reglon between the

: two detectors is essentlal to minimize scatterlng effects, the

. apparatus is of all-metal bakeable construction;_during operation the

8

mbase preseure is at least 1'x 10— torr. Suffieient buffer chambers

are prov1ded to insure that there is no detectable rise in the drift

reglon pressure while a hellum beam is runnlng

- The tlme—of-fllght spectrum for the metastable'lzls0 state can be
separated from that of the 23S, state by'using‘én rf-discharge helium

lamp. ~ The 2! S, state is quenched by absorptlon of a 20 ,580 A photon,

' ralslng ‘the atom to the 2! P state, which then decays preferentlally

to the ?So ground state.® The triplets are essentially unaffected

by the 1amp since the metaSteble 23S1 state is the ground state of

" the triplet system. The number of atoms reaching the detectors for

the full beam containing both 2°S, and 2'S; atoms is N(%S,) +

N(ISOI;“While the number in the quenched beam is N(3SI) + (1-£)N('S,);

£ represents the fraction of 2'S, atoms that are quenched and is
typically about 98%. The time-of-flight spectrum for the 218 atoms is -

‘therefore obtalned from the dlfference between the full beam and the

quenched beam and is n - f N( S,). The lamp is pos;tloned close to
the eleetron‘gun so that_the uv-quenth_photonsfhave’a smali proba-

bility of.reaching the detectors; therefore, they_do not inteffere

with the time-of-flight spectrum of the pulsed metastable beam.

The data collection and timing aspects of this experiment are »
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controiiéd\by'é PDP-8 computer (see Fig.:Z); Chéﬁnélladvance puises
are generafed every 100 usec and detefmine the widths of both fhe
electfon gUn'puisé and the time-of-flight céiiéctioh channeis;' The "Xf
-electron-gun is pulséd on during the first channel and is then turned

~off while the time—of-flight_spectrum is collected iﬁ the next 199 |

Channeis. The computer also turns the dischafgé lamp on and off

during alternate collection cycles, allowing the collection of the

spectrum_for both the full and the quenched beéms; The 2185 spectrum

ié obtaiﬁed during analysis of the éollécted data to determine the |
lifethnevqf:this metastable state. . An example of.a 2'S, time-of-

flight spectrum is illustrated in Fig. 3(a).

| If the velocity distribution of 2'S, atoms arriving at the first

" detector is no(v), then the number of atoms detected is

(

nw = [ enmer;
surface | ' ' |
€, is an experimental'detection efficienCy'factdr and is a function
of the ﬁosition on the copper target where a ZiS0 atom strikeé._ |
Likewise, allowing for thé possibility of radiatiVe.deéayvbetween

detectors, the number of leo'atoms detected at the second detector

is

o — T~y
4 H

n,(v) = bf .eé no(v)\fe't/T ds, , (2)
surface | o

where t = d/v is the time of flight between the two detectors a
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distance d'apaff. The assumption used in Eq; (2);'and in fact basic

~ to the tiﬁe-of-flight techniqﬁe‘for measuring lifetimes, is that only

rédiétive'decay occurs during the atom'svflight_between detectors.
Thus, low pressures are absolutely essential both in the beam and in
the drift region to minimize systematic effects from scattering. . We

do not observe, within our present error, any significant change in

the measured lifetime whenever either the drift region pressure varies

8 torr or the helium beam flow rate varies by a factor

of ten. An additional iﬁdicﬁtion of the lack of a systematic pressure
effect is that an analysis of the quenched-beam'fime-éffflight spectrum,
conéisting’mdstly'Of Zasllatbms, yields a ibwer,iiﬁit of about 700 msec
for the 23S, lifetime. | |

A result independent of the initial velocity distribution n,(v)

is obtained if every position on the detector sees the same distribu-

tion. The ratio of Eqs. (1) and (2) is then Sﬁﬁpiy'

R(t) = nz(v)/n;(v) -ce T, I 3

where both detector effiéiencies are combined into a éingle constant
C. Illustrated in Fig. 3(b) is a 1qgarithmi¢ plot of R(t) vs t for
a leovtime-of;flight spectrum takén:during a data collection time
of -about two hours. The lifetime 6f'the metastable 2'S  state is
obtained from the slope of the 1east-squares-fitted‘straight 1ine;

only points with a mumber of counts greater than 1% of the peak are

included in the fit.* Equation (3) is not valid unless every position
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on the detector has the same'initial velocity distfibntion n,(v);
however,tthis may not be true in practiee. We have observed large
Changes'of about SO in the measured 2! S, llfetlme resultlng not only | : 1%
from Varylng the collection potentlal applled to the detector, but -
also from mov1ng the source p051t10n perpendicular to the beam
' dlrectlon The e11m1nat10n of thlS effect to w1th1n our: present
error requlres a metastablllzlng electron beam ant1para11e1 1nstead
of perpendlcular to the he11um beam. - This prov1des an 1n1t1a1 vel-.
ocity dlstrlbutlon less dependent on the observatlon angle and in-
- sures that every position on the detector sees essentially the same
distribntion; | o

’The'fediative lifetime for two-photon decay;of'the metastable
2's, ‘state of helium which we have neasured is T = 20+2 msec, This
result is an-average over 45 runs in whlch the p0551b1e experlmental
varlables were systematlcally changed w1th1n our present error, there
“is no change in the 2! S, lifetime resultlng from a variation of such
, pafameters:as electron gun voltage, source positien, source temper-
ature, 1amp intensity, beam flow rate, detector potentials, and drift
reglon pressure. Clearly, our result for the 2! S, lifetime agrees
~well with the theoretlcal value T = 19.5 msec calculated by Drake,
Victor, and Dalgarno,“ but not w1th the experimentel one of T =
38+8 msec reported by Pearl,® Our work is still proceeding to under-
stand eompletely the extent of any systematic errors and to eliminate

them if possible.y The results of this work as well as additional

details of the experiment will be reported later,
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'FIGURE CAPTIONS
. W

vFig.-l. Schematic diagram Qt the time-of-flight apparatus. Helium » R

atoms effuéihg from the'eooled source arevmetastahilized by an anti- |

parallel electron beam, colllmated ‘and then detected at detectors

1 and 2 the dlscharge lamp allows the separatlon of the 2! S, and

the 2_S1 metastable-states. A deternunatlon of the number of 2'S,

atoms decaying between the two detectors gives the radiative lifetime.

Fig. 2.~ Timing'arrangement ﬁsed to obtain the time-of-flight spectrum
‘of the metastable helium atoms. Timing and data collection are

controlled by a'PDP-S'eompﬁter.

Fig. 3. .Part (a) shows a metastable 2'S_ time-ef—flight-shectrﬁm
“obtained at detector 2. Part (b) shows the EOrrespohding logarithmic
decay plot of R(t) = n./n versus . the time of fllght t The slope
of the- least- squares- fltted straight line is -1/1; only points with

a number of counts greater than 1% of the peak are 1ncluded in the fit.

ay—
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