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R. W,'Schmieder and R. Marrus

Lawrence Radiation Laboratory and
Department of Physics
University of California
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"March 1971

"Measurement of the lifetime of the 2180

Ar XVII in a beam-foil experiment is reported'ana compared with recent eipefi—

state of the heljumlike atom

mental and theoretical results.

0
Breit and Teller'[l] who showed that it probably decays solely by double-photon

‘The ﬁetastability,of'the ots state of helium was first discussed by

emission (2EL) with a rate comparéble to the 2El1 decay of mefastable

 hydrogen.. Several authors [2] have accurately computed the 2El spectra and

rates f_‘oi': the helium isoelectronic sequence 2 < Z < 10 in the nonrelativistic
‘approximation. For helium (Z = 2), the result is Ay, (% = 2) = 51.3 sec™,

Two experimental results have appeared recently, both dbtained by

~ pulsing. A slow beam,of thérmal.helium atoms to measufe the range, of the

metastable state, and therefore its lifetime. Pearl [3] obtained

(Z=2) =26+ 6 sec™™, while Van Dyck, Johnson, and Shugart [4] obtained

Aom
- . —
: : = = +
,A2El (z ,2) 50 + 5 sec .
‘For 7 >> 1, the rate can be written
T

- Work pgrformed under the auspices of the U.‘Sg!Atoﬁié;Energy'COﬁﬁiSSiﬁh;
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L (@)= 2(8.23) (2 - )8 st o @)

In fofmula.(lj,.the 2 arises from usiné pfoperly sjmmetrized_Vavefunctions,
the fector 8523ois_the nonrelativistic hydrogenic value obtained by Spitzer
and Greenstein_[S]land others [6],jand g is a comrection for shielding of
the nucieus'by the lsbelectron.- Although the continuous 2El'spectrum for neon
(Z = 10)'apparently.hes been ohserved in a laboratory plasma [7], no experiments
have beenAreported uhich test the Z-dependence of eq. (1), or resolve the
epproximete“factor of 2.disagreement between the:helium experiments.

We repoft here the measufement of the lifetime of the ZlSO_state of
helium-like argon (Z = 18). Our results are in agreement with the nonrelati-
vistic prediction‘(eo. (l))‘end tend to support the measurement on heiium.by
.Van Dyck, gt_él. |

The apparatus used in this measurement has been described previously
[8]. Inkbrief,‘the beam from tne Berkeley HILAC_wasvpessed through a.thin
carbon foil, and the photons from the.decsf of the metastable components were .
detected downstream with a high-resolution Si(Li) x-ray detector. The decay
rete'could be measured by yerjing the foil-detector distance,.since the mean
beam veiocity.is known (v/c = Otth).

The spectrum of single. photons observed. w1th varlous”f01l—detector
separatlons has been publlshed [9] We have performed c01nc1dence measurements
'-_on thls contlnuum to show that it truly arises from double-photon em1s51on (for;
o details of thls technlque, see ref. [10]). |
In flg i we have plotted the number of photons detected in the energy

~range 1.0 < E < 2.5 keV, which should include only the 2El cont;nuum, as a



[

Correction for this effect leads to A

yields A,
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function of foii;detector distance. Tne line is avieast;squares fit to the
p01nts after subtractlng the asymptotlc background “and ylelds the mean - (l/e)
llfetlme T(2 5, ) 2.6 + 0.3 nsec, or A (z 18) = 3. 85 x 100 sec™ . The
error represents a 95% confidence, and 1ncludes statlstlcal and 1nstrumental
uncerta;ntles.- | |

'Cne ofrthe.largest instrumental uncertainties in these:daté is the
contribution £6‘the continuum oflthe 2F1 spectrum fron the 2251/2 state ofb
hydrogenlike Ar‘XVIII. This sPectrum.overleps the Ar XVII 2E1 spectruﬁ, snd
cannot be separatedvif single photons are detected. However, tne Ar XVIIi

spectrum is present only to the extent that Ar XVIII metastables are present.

- We have measured the (non-equilibrium) charge distribution of the beam after

passing!through our foil, and find it to be +1L(2h%); +15(h5%), +16(27%),

+l7(h7)‘ Thus, there was present,sn unavoidable contamination of Ar XVIII of

about +17/+16 1/6 Since the 22s 2E1 rate is about half the 2130 2E1

1/2

rate, the measured decay will not be a pure exponential, and will yield a

slightly incorrect decay‘rate. We estimate the error thus introduced to'be
about.lo%; assuming that roughly equal fractions of Ar XVII.and Ar XVIIT are
in the metastsble states, Ouf-coincidence measurements in~wnich;the sum energy
of the tuo photons was observed (hwl + hw2 = 3.1 keV for Ar XVII, 3.3 keV for
Ar XVIII);:&re-roUghiy consistent with a contamination of about this amount.
. . ol iZ = 18) = h.é6_i‘108 séc'for ourW
experimental result.

 Our resuit compares favorsbly with ‘the non-relatiuistic caiculations'
.mentioned above.‘ If we assume complete shleldlng, formula (1) (wlth o= l)

-1

(Z'='l8) 3. 96 x 108 , or T(2 5o ) = 2, 52>nsec. Drake [ll]

2E1

has performed a more accurate calculatlon by using varlatlonal results for

Z = 10 to estimate o. He finds 0 = 0.797, and from formula (1),



: ~A2El (Z =1 '8)'é h;26-X-108 sec, or T(2 S ) = 2 35 nsec., Drake_éstimates.thé
errors 1nherent 1n thls calculatlon to be +1%

In flg. 2 we have plotted the results of our experlment and that of A

Van Dyck et al.; and the nonrelat1v1st1c predlctlons of Drake.” Our result clearly v

verlfles the factor 2 in formula (1)_ and, w1th1n the experlmental error, the .

i/ 1scallng"law.:;‘

) \‘,»4;; :
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, o Flgure Captions i o ‘
Fig._I;: Decay of the 2180 state. The open circles are the raw deta; the solid
'clrcles obtalned by subtracting the esymptotic background from the raw data. 'ft‘[%gx;
| ‘i.The 1ine is a best fit to the solid circles, corresponding to a lifetime . o .
‘of 2. 6 nsec. These data do not take 1nto account contaminatlon of the
'Udecay by hydrogenllke 1ons.‘.-t. | | |
F1g.-2. Theoretlcal decay rates of the 2 S estates vevZ. and +he rec1orocals S

)of two experimentally determined llfetlmes

P




W3,

BKG .

lLLl]l In lr‘m 11 Jul i 11 P

o

Fig.'1

- FOIL - DETECTOR DISTANCE

- 80

25

{em)

' XBL 711-65



10

)

~

<LOGD A2H*(2

,}g’-:84-1f',;” | 'fo;»f‘:'.‘ o mash

'CALCULATED (DRAKE)

~ VAN DYCK, JOHNSON, SHUGART

~
R

2“2{_’4”--s¢-783 10 1214 16 18 20 22 24
S ~ ATOMIC. NUMBER z



LEGAL NOTICE-

This report was prepared as an account of work sponsored by the
United States Government. Neither the United States nor the United
States Atomic Energy Commission, nor any of their employees, nor .
any of their contractors, subcontractors, or their employees, makes
any warranty, express or implied, or assumes any legal liability or
responsibility for the accuracy, completeness or usefulness of any
information, apparatus, product or process disclosed, or represents .

" that its use would not infringe privately owned rights.




" TECHNICAL INFORMATION DIVISION
LAWRENCE RADIATION LABORATORY
' UNIVERSITY OF CALIFORNIA
BERKELEY, CALIEQRNEG-94720

.
I W



