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Abstract

The magnetic quadrupole tran51tlon (ls2p)2 P, > (ls )1180
of the hellum—llke atom Ar XVII has been observed. A measure--
ment of the llfetlme ‘of this state has been made by the beam—f01l
tlme—of—fllght ‘technique, w1th the result T(2 P, ) = (l - 0.3)

X 1uU -~ sec.

In 1964, Miiushime.1 alled attentlon to the p0551b111ty of magnetlc
quadrupole (M2) transitions for spectral llnes for Whlch AS = % 1. Subsequently,
Mizushiﬁa2 end Garstang3 carried out numerlcal calculatlons of the lifetimes
assoc1ated w1th M2 tran51t10ns that are of astrophy51cal 51gn1f1cance. In
recent publlcatlons Garstangh and Dra.ke5 have con51dered the decay of the level

of hellum—llke atoms. In the neutral hellum atom, the 23P2 state.
3

(lst)Q P2

decays to the 2 S state with a llfetlme of 10 =1 sec.6 Slnce this is a fully-_'
allowed electrlc dlpole (El) tran51t10n this mode mlght be expected to be

domlnant throughout the hellum 1soelectron1c sequence.- However, the llfetlme .

. e
associated with this modey TEl(Z P2), can be shown to scale roughly as Z ~ for
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high 7, whereas the rate associated with the M2 decay mode AM2(23P2) scales
roughly as Z8,i On the basis of numerical calculations, both Garstang and
Drake conclude that, for the helium-like ions beyond chlorine (Z = 17) the

dominant decay mode is magnetic quadrupole emission. 'For argon (Z = 18), the

calculated rate is AM2(23P2) = 3,14 x 108 sec—l.

In this letter we report the first observation of the M2 transition

I3

(ls2p)23P > (1s2)1ls in the helium-like atom Ar XVII, and the measurement of

2
the lifetime of the 23P2.state using the beam-foil time-of-flight technique.

The result is T(23P2) = (1.7 i‘o.3) X 10‘9

0

sec (95% confidence).
Although magnetic gquadrupole tfansitions’have'been observed abﬁndantly
in nuclear physics, it has\so far not been possible to reliably compare a measured
rate witﬁ a théo;etical rate tﬁat is calculated from first principles. Sincé
highly accurate rate calculations are possible in hydrogen-like and helium-like
systems, we believe that this is the first experimentally measured M2 rate which
is directly comparable with a theoretical rate derived from first principles.
A'descripfion and schematic diagrem of the apparatus used in thisvwork
have been préSented previouslyll and will be:reviewed onlf briefly here. Ions

of OAr in the +1L4 charge state are obtained from the Berkeley HILAC with energy

10.3 MeV/nucleon (B8 = v/c = 0.148). The beam passes through a thin (10 Ug/cme)

carbon foil and emerges distributed among the +15 (lithium-like, +16 (helium-like),

+17 (hydrogen-like), and +18 (fully stripped) charge states. In this non-equili-
brium distribution, about 15% appear as +16 and a few percent as +17; The +15 and

+18 ions produce no observable effects in our detectors. Initially the atoms may

have large electronic excitation, but they decay rapidly (v lO_lh sec) to the ground

and long-lived levels, with a sizeable fraction of the helium-like ions éppearing

in the (lsZp)23P2‘state. The subsequent decay of these long-lived states is

observed downstream ofvthgmfoil with a high-resolution S8i(Li) x-ray detector,

[
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and the count ratevls normallzed to the integrated beaﬁ cufrent The foil is
mounted on & moveable Lrack ~and varying the foil—detector separation makes it
possible to plot the decay curve over the range 15 - 200 cm. By fitting the
observed decavaith an expdhential and knowing thé’Beéﬁ,velOcity, we deter-.
mine the llfetlme. |

Typlcal x~-ray spectra taken with several f01l—detector dlstances are
shown ‘in Flg. 1. They con51st of a peak at an energy of 3.1 keV and a con-
tinuous spectrum at energies between the noise level of the detector and the
péak. Coincidéncé»meaSUreménts reported elsewhere8 have established the con-

tinuous spectfum as arising from the two-photon transitions 22sl/2 - l2sl/2 :

of hydrogen—likeIAtoms and'2lSO > 1180 of helium-like atoms. Within the

doppler-broadened width of the peak, it is possible to have contributions from
several transi#ions, bﬁt we hdw give arguments which indicate the M2 transition
(lst)23P2 > (152)1180 dominates the obserfed decay at small distances.
The only decays of hydrogen—llke and hellum—llke atoms with sufficient
ehergy to account for the 3.1 keV pesk observed here are transitions to ground

states, 125172 and llSO, respectively; Moreover, with 6ur'apparatus geometry

and the beam velocity of 4.h(1) x 109 cm/sec, the lifetime of a transition

must be =2 3 x_1o‘10 sec in order to be dbservdble.' The only decays satisfying 

these conditions are listed in Table I. The 2El decays give rise to the con-

tinuous spéctra characteristic of two-photon emission, with intensities falling

to zero at the eha“péint energies (3.1, 3.3 kéV). Consequently, only a small
fraction of tﬁe éElvdecaysvoverlap the peakiwidth, and this . fraction can be
estimated and subtracted as a small.correction. Thé M1 decay from‘the hydrogen-
like 223 state gives a'line.at 3.3,keV,‘and is a potential source of error,

state lifetime is comparable to the 23P° state lifetime.
g . (a8

1/2

. 2
since the.2.sl/2
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However, our observation of a "single" line at 3.1 keV shows that this contri-
bution 1is small. Furthermore, the actuél contribution to the.peak_can be esti-

mated from the 2E1 decay, and subtracted as another small correction. The other

3

M1 decay, from the helium~like 2 Sl.states, overlaps closely the M2 line but

because this state has such a long mean lifetime (t =172 nsec),ll this decay
can be separated easily in the time-of-flight measurements. We conclude that

the observed peak will decay with a fast and a slow component, the fast one

3P2 > 1lso trensition in Ar XVII.

- That the observed peak actually consists of two unresolved components

being due to the 2

is evident from the'decay curve tesken by varying the foil position. This decay
curve, shown in Fig.‘2,’exhibits the fast mode associated with the M2 transition
and the slowvmode associated with the M1 transition. Our association of the
slbw mode with the M1 deéay is based on recent calculationslo’l6
mentll of the Ml lifetiﬁe.

Thé lifétime of thév23P2 state was extracted from the data in the fol-
lowing steps: First, the small 2El and M1 contributions to the total counts
undér the right-hand half of the peak were subtractéd forreach point in the
decay curve. Second, the long M1 component was removed léaving the single
exponential decay. Third, a least-squares fit was made to an exponential, thus
determining the mean decay length. Finally,vdividihg by the known velocity we
obtain the mean (1/e) lifetime, 1(23P2) =.(i.7 + 0.3) x 107 sec.

| The main contributions to the error are errors in beam &elocity (v 2%),
count-rate nofmalization (3%); OE1 and M1 corrections (3%), and instrumental
effects such as background, beam and detector drifts, foil tracking error, ete.

(5%). Although it is currently impossible to accurately correct the data for

cascading effects, there is evidence that these effects are quite small.

and our measure-

R
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‘yields the predicted value T = 1,49 x 10™
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Recently, Drake 6 has computed the electric dipole rate, with the result

Apy = (23P2) = 3.55 X% 108 secfl. fCohbining this with the value
\ AM2(23P2) = 3.1h x lO8 sec-l.in'the relation
1 '
T A

9’sec,_which agrees with our measure-
ments within the experimental error.

We wiéh’to express apprepiation to A. Ghiorso for his support of this

work at the HILAC,'to'Dm MacDonald for engineering‘assistance, to R. M. Diamond

and F. Stephens for the use of the computer, to W. Davis for help in taking the

data, to J. Walton for assistance with the détectors; to E. Lampo for assistance
with the electronics, ahd to the operating and maintenance crews at the HILAC.
We are grateful to G. W. F. Drake and C. Schwartz for communicating their results

prior to publication.
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FIGURE CAPTTONS

1. Typiéal spectra obtained for several fbilndetector-éeparations.

—%

The shape of the two-photon spgctrum has not been corrected for detector
efficiency, so exhibits a large siliconvabsorption edge_near_l.8 kéV. : ﬁ"
The total mumber of counts within the right-hand helf of the 3.1 keV pesk
was taken a; a measure of the intensity of the peak..'About half the line-
width is due to doppler broadening.

2. Typical decay curve obtained by plotting the intensity of the peak

vs foil-detector separation. By removing Ml contriBUtion from the curve,

we obtain the single exponentisl decny representing the M2 transition

23P2 + 1130 in Ar XVIT.



NO. COUNTS

REL.

-9~ UCRL-19968
] | I
| -I2.7 cm
7.8 cm 7
25.4 cm’ _ﬂ
35.6 cm
| | |
4 5

2 .3
ENERGY (keV)

Fig. 1

XBL 709-6513



'NUMBER ‘OF COUNTS .

'; .)410;; .: 1 “

IiUCRt;19968ii”;:.::.

'l_‘ i

INERRIEN

P

|

.40 - 60

FOIL-D

ETe

.80

W00

.80 RO 140
CTOR ‘' SEPARATION {em)

140. - -

160

180

. xBL700-6514 .

. Fig2



Cion

LEGAL NOTICE

This report was prepared as an account of Government sponsored work.
Neither the United States, nor the Commission, nor any person acting on
behalf of the Commission:

A. Makes any warranty or representauon expressed or 1mp11ed with
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resulting from the use of any information, apparatus, method, or-

“ process disclosed in this report.

As used in the above, "person acting on beha]f of the Commission”
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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