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TWQ—PHOTON DECAY AND LIFETIME OF THE 22 STATE OF HYDROGEN-LIKE ARGON

S1/2
 Robert W. Schmieder and Richard Marrus -
Lawrence Radiation Laboratory
and Department of Physics

. University of California
Berkeley, California . 94720

September‘lQYO

Abstract:
The llfetime of the 2 51/2

atom Ar XVIII has been measured by dlrect observatlon of spon-

state of the hydrogen like

taneous two—photon decay in a beam-foil time—of—flight exPeri—
ment.- Idenfificetion of ﬁhe two—photon'mode was made using
photon countlng technlques to observe tﬁe s1ngle—photon con-
tlnuum, and the peak resultlng froﬁ summlng the energles of
'photon palrs.detected in c01nc1dence. The measured llfetlme,
(2 2 1/2)‘= 3.5&(25)_X=10 ?-sec (95% confidence) is.in.excel—

lent agreement w1th theoretical predlctlons

The decay of the 2231/2'state of hydrogen-like atoms has been a sub-

ject of long-staﬁding'theoretical interest. It was first shown by Breit and

Tellerl in 1940 that this state should decay to the 1251/2 ground state pri-

marily by the simultaneous emission of two photons. 1In this process, which we
designate 2El1, the emission spectrum is a continuum, and the sum of the ener-
gies of the two photons equals the 1ls-2s energy separation. OSpitzer and Greenstein

invoked this mechanism to explein the continuous. spectrum of -planetary nebulae,

and using non-relativistic theory, they accurately computed the predicted spectrum
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" and lifetime of metastable hydrogen. Later, Shapiro and Breit> obtained the

decay rate for a hydrogen-like atom of atomic number Z:

6 -1

2. ) = 8.226 72° sec™t (1)

- 1s

Ao (27810 1/2

which agrees ﬁith Spitzer and Greenstéinvfor zZ = 1. Reégnfly, a closed form
expressioﬁ for the spectral distribution has been‘dbtainédy and several atithors5
have theoretically treated the two-photon decay mode_in'the'QlSO and 2381 states
of the helium isoelectronicbsequence.

All of these calculations are non-relativistic, andvconsequently are
accurate only for small Z. Relativistic effects make it possible for
the 2251/2

a process that vanishes in the non-relativistic approximation. This mechanism

state to decay to the 1231/2 state by magnetic dipole (M1) radiation,
_ , ! 6

also was first noted by Breit and Teller, and recent calculations by Drake and -

by SchWartzT reveal that to relative accuracjvl/Z, thé M1 rate is

6 .10 -1

2s. ) = 2.50 x 107° 27 sec , (2)

e
. AMl'(? S1/2 = T s1/2
and hence for Z = 18 contribute about 4% of the total decay probability of the

2 .
2830

state.

Experimentally, the two photon decay mode was first observed in He II
by:Lipeles, Novick, and Tolk,8 who reported detection of coincidences and angq—
lar distribUtion measureménts‘consistent with the 1 + cos 20 prediction.. Rough
spectral measufeménts made with broad-band crystal filters also have been
reported.9 A continﬁous spectrum observed in a plasmalo has been attributed

to the two-photon decay of the 2150 state of helium-like atom Ne IX. The rela-

tivistic magnetic dipole mode has been observed recently in the solar corona and
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in the‘laboratory.lz’;3 -Two receht measurements_of_the'2ls lifetime in He I,

0
which presumabiy‘decay.by two—photon'eﬁiSSiOn, have beeh reported,ls.but_there
has se far bééﬁ no.measuremeht'of'the lifetime of the 2?éi/é state of any hydro-
gen—iike atom.”e | |

| In'thié letterjﬁe reportithe direeﬁ observatien of the two-photon decay
mode in the hydrogen—like etom Ar XVIIT ueing coincident photon countingvtechniques |

and the measurement of the lifetime of the 225 state, using the beam-foil time-

1/2
of-flight method. The result is

t(2? ‘ “) = 3.54(25) x 1079 _sect:_ : S (3 -'

51/2
where fhecefrprvipdieates 95%bconfidence.

| - The appafetus used ih fhiskmeaserement hae been described in previous
commuhicatiohs,lg-lh and only a brief summary is glven here. ions'of uOAr in -
the +1k charge state are accelerated in the Berkeley HILAC to an energy of
h12 MeV (B = v/c = 0. 1h8) a.nd pa,ssed through a thin f01l from Whlch they emerge
distributed among the +16 (helium-llke) +17 (hydrogen-like), and +18 (fully
stripped) charge states. A significant fraction of the 416 and ¥17 ions may

emerge highly excited, but they undergo fast radiative or non-radiative de-exci-

tation to the ground or metastable states. The (forbidden) radiative decay of

" the metastable states is detectediin flight a few tehs of cm_downétream of the

- foil'by a pqiriof Si(Li) solid'etate x-ray detectors placed symmetrically per-

pendieular to the beam and about'2 cm from it. The photons were detected both
51ngly and in 001n01dence, u51ng standard hlgh—rate 001nc1dence c1rcu1try with
avresolv1ng time 271 Vv 1 uaec._ In the 31ngles mode, the energy El, E2 of every

detected photon in each detector was recorded. In the coincidence mode, the
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detection of two:photons in separate detectors.within a time interval.
ITi;TEIjS 5 usec Was defined as a’"coincidence," and resuifed_in the.storage'
of El1, E2; El.r E2, and T1 - Té. With'a typical beam cnrrent\of 1 namp, singie
counting rates were typically 102_-:103 sec_l, and coincidence rates were
0.1 ~ l sec l: | |

Slnce the - llfetlmes and sPectra of the two—photon decays from 2185 and

2

2's states are s1m11ar, it was necessary to dlscrlmlnate agalnst the helium-

l/2
like atoms in favor of the hydrogen-like atoms of 1nterest ‘here. To thls end,

a two-foil technigue was used. A thlck (> lOO ug/cm ) beryllium f01l capable

of producing“near charge equilibrlum in the beam was placed ahead of the steering
»magnet (at position A in Fig. 1 of Ref. 13). .Thehsteering magnet was then set

so that only fully-strlpped ions were passed into our apparatus. The beam was
then passed through an extremely ‘thin (< 10 ug/cm ) carbon foil, much thlnner than
is necessary to produce charge equlllbrlum. Slnce.the'capture of two or more
electrons 1n this thin foil is a less likely process than the capture of onev
electron, the resultlng beam has a substantlally hlgher ratio of +17/+l6 than

with the near charge—equllrbrated beam.

A typicai singles spectrum taken in this way;_using a foil-detector
separation‘of 25 cm, is shown in Fig. 1. It consists of a broad continuum
between the detector threshold and E v 3 keV, in general agreement with the'
_predictions.?’h The observed spectrum also includes the composite effects of
absolute detector efficiency (the step at 1. 84 keV is due to absorption in the
detector at the K-edge of silicon), detector resolution (= 0.2 keV), doppler

broadening due to the large acceptance angle of the detectors, low enérgy X-rays,

electronic noise, high energy background, and contributions from the decays of
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any. hellum-llhe 1ons that hlght be present Although the correction of the data
for all these effects is not yet complete, these data clearly verlfy the quall—
tative nature,of-the two-photon spectrum. | ”
The.purityrof:the beem éé ﬁostly hjdrogen-like atoﬁs can be assessed o

in several ways:h (1) by coﬁparlng spectra Ilke Fig. 1 with similar spectra
taken w1th a nearly charge—equlllbrated beam (measured to be 25% (+16), 50% (+l7),
25% (+18); (2) by observ1ng the spectrum at very large foil-detector separations
where Only the magnetic dlpole llne 13 3 -1 S in Ar XVII is present (3) by
measurlng the sum energy of c01nc1dent photons (— 3.10 heV for Ar XVII, 3.3Q keV
for Ar XVIII). Using these methods, we estimate that the contribution.of'helium—
like atoms to the two.photon sﬁectrum for the'oonditiohs of fié. l.is less thah
a feﬁ'percent._ | | |

| " To further verif&;the two-photon nature of the.observed’continuum, the
detectors were operated'in the‘coincidence mode, so that onIy coincident events
(defihed ahore);ﬁere stored. vFigure'Qe is. a plot-of'the number of events .versus

the time deley'Tl ~ T2 between the two photons. The”zero in this plot was

‘generated hy introducing a fixed delay in one detector; it was calibrated using

a pulse.geherator to simulate a true coincidence. The peak in the time spectrum
of Fig. 28, is strong evidence that real coincident events are heing observed.

The spectra obserVed as coincidences are shown in Figs. 2b and 2c. . These
spectra represent only the trueveoincidences appearing under'the peak of the:time

spectrum in Fig. 2a. The contribution to that peak by. accidental coincidences

" was removed by subtraoting»the events occuring away from the peak (presumably

all accidentals), suitably normalized. The main difference between the singles

spectra .in Figs. 1 and 2b is that the coincidence mode symmetrically discriminates -
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agéinsﬁ thé énds of thé continuu;, thus peékinéiit more strqngly at theﬁéenter.
The speétruh bf.the sum enéfgylEl + E2 gbsérﬁed aé true'doincidencés is.éhown "

in Fig. 2c. Exéept for residual noise dﬁe'tévaccidentalsywhich have beenvfémo§ed,
the spéctrum ié'a singie.strong peak with a width roughly equal to the'sy§tem o/
resolution, indiéating that this peak repfésents a single line. That this line

falls at 3.3‘keV is‘also stfoﬁg evidence ofvthe two-photéﬁ‘mode in Ar XVIII and

not Ar XVIT. The fact‘that the singles'spectrum observgd in singles mode (Fig.

1) is the same as that cbserved in cbinéidence mode (Fig. 2b), and the associa-

tion of the latter (via Figs. 2a, 2c) with the 2E1 deéay mode in Ar XVITT, per—
.mits measuring the lifetime in'tﬁe singles mode. |

The dé¢§y of the‘22$l/2 state was observed by vayying the.separaﬁion'

6etween’theAfdil.ahd the'deféctofs.t A set of spectra like Fig. 1 was taken for
various separations (normalized to a fixed amouht of intégréted beam cgrrent),
and the totalbhumﬁervof counts in the intervai.0.7§:<§E”< 2;5“keV‘was obtained.

A plot 6f the normalized count rate versus diétaﬁce ig shown in Fig. 3. _Af large
distances the count rate levels off due-to background and this is subtracted off
to leave the'pufé‘2251/2 decay. From the measured decay length and known beam
velocity, thevméan (1/e) lifetime was determined. After a 1% correction for the
relativistic-time dilation, the proper mean lifetime was found.tozbe.
) = 3.5&(25) x 1077 sec.

2
T(2 §1/2

This result is-in excellent agreementvwifh the theoretical predictions.

-t )

The non-relativistic formula (1) predicts the value 1(2251/2 = 3.57 x 1077 sec.
If we combiﬁevthis result with formula (2) for the rélativistic magnetic dipole | .

. decay using

1 - , K )
T 7 fom YA o ' | (1)



- I ~UCRL-19978

the result T(E?sl/g) =_3.h7 x’iof9 sec is dbtained. Thus, our experimentél

_ results are in good agreement with'the non—rélatiVistic calculation.

We wish to.again express our grafitutde to 'A. Ghiorso, R. M. Diamond,
F.‘Goulding,,F. Grobelch, E. Lampo, J. Waiton, D. MagDonald, and-W. Davis for

their encouragement and assistance inlthis work. G. W. F. Drake and C. Schwartz

- kindly informédﬁus'of»their work prior to publicatibn.
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FIGURE CAPTIONS
Fig. lg  Typlcal energy spectrum observed in singles meee., This.uncefreeted‘
spectrum is predominantly the two—photon decay of metastable Ar XVIII The
i . edge at 1. Sh keV is an instrumental effect (see text) The detector reso-
lut;on'ls,;ndlcated.

-Fig.v2._ Spectra ebserved in cdineidenee mode: (a) Time.difference between
coincidenf_PhOtOn pairs. (b) Single photon'energy speCffum, including only
events whieh farticipated in a true ceineidenee. (c) Sﬁm of energies of

~,photons'psrtieipating in a true coihcidenee.

~ Fig. 3; Decay”eﬁrve obteinedbbyAreeording the singles count rate versusffoil-
detector separatien. At large distances the obsered counts ievel off to a.

_:cdﬁsteﬁtsvaiﬁe, which was sﬁbtraeted‘frpm'eech_point'to giVekthe ﬁwo;photon'

counts. The error bars indicate the statistical error.
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respect to the accuracy, completeness, or usefulness of the informa-
tion contained in’ this report, or that the use of any information,
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B. Assumes any liabilities with respect to the use of, or for damages
resulting from the use of any information, apparatus, method, or
process disclosed in this report.

As used in the above, "'person acting on behalf of the Commzss1on
includes any employee or contractor of the Commission, or employee of
such contractor, to the extent that such employee or contractor of .the
Commission, ‘or employee of such contractor prepares, disseminates, or pro-
vides access to, any information pursuant to his employment or contract
with the Commission, or his employment with such contractor.
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