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Observation of the Magnetic-Quadrupole Decay (23 P,"1'So) of
Heliumlike Ar xvil and Lifetime of the 23 P2 State~
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The magnetic-quadrupole transition (1s2p)2~P2 (1s2)1~80 of the heliumlike atom Ar
xvII has been observed. A measurement of the lifetime of this state has been made by
the beam-foil time-of-flight technique, with the result 7'(2 P2) = (1.7 + 0.3)x 10 9 sec.

In 1964, Mizushima' called attention to the pos-
sibility of magnetic-quadrupole (M2) transitions
for spectral lines for which AS =+1. Subsequent-
ly, Mizushima' and Qarstang' carried out numer-
ical calculations of the lifetimes associated with
jg 2 translt1ons thRt R1 e of Rst1 ophyslcal slgnlfl-
cance. In recent publications Garstang' and
Drake' have considered the decay of the level
(1s2p)2'P, of heliumlike atoms. In the neutral
helium atom, the 2'&, state decays to the 2'$,
stRte W1th R llfetlme of 10 sec. Since this ls
a fully allowed electric-dipole (El) transition,
this mode might be expected to be dominant
throughout the helium isoelectronic sequence.
However the lifetime Rsso1cRted with this IQode
r»(2'P, ), can be shown to scale roughly as Z '
for high Z, whereas the rate associated with the
M2 decay mode A„,(2'P, ) scales roughly as Z'.
On the basis of numerical calculations, both
Garstang hand Drake conclude that, for the heb-
umlike ions beyond chlorine (Z =17), the domi-
nant decay mode is magnetic-quadrupole emis-
sion. For argon (Z =18), the calculated rate is
A„,(2'P, ) =3.14x10' sec '.

In thi. s Letter we report the first observation
of the M2 transition (Is2P)2'P, —(Is')I'8, in the
heliumlike atom Ar XVD, and the measurement
of the lifetime of the O'P, state using the beam-
foil time-of-flight technique. The result i.s
r(2'P, ) = (1.7+ 0.3) X10 ' sec (95%% confidence).

Although magnetic-quadrupole transitions have

been observed abundantly in nuclear physics, it
has so far not been possible to compare reliably
a measured rate with a theoretical rate that is
calculated from first principles. Since highly ac-
curate rate calculations are possible in hydro-
genlike and heliumlike systems, we believe that
this 1s the flrs't experimentally measured M 2
rate which is directly comparable with a theoret-
ical rate derived from first principles.

A description and schematic diagram of the ap-
paratus used i.n this work have been presented
previously' and will be reviewed only briefly
here. Ions of "Ar in the +14 charge state are ob-
tained from the Berkeley heavy ion linear accel-
erator (HILAC) with energy 10.3 MeV/nucleon
(P -=U/c =0.148). The beam passes through a thin
(10 pg/cm') carbon foil and emerges distributed
among the +15 (lithiumlike), +16 (heliumlike),
+17 (hydrogenlike), and +18 (fully stripped)
charge states. In this nonequilibrium distribu-
tion, about 15% appear as +16 and a few percent
as +17. The +15 and +18 ions produce no observ-
able effects in our detectors. Initially the atoms
may have large electronic excitation, but they
decay rapidly (-10 "sec) to the ground and long-
lived levels, with a sizable fraction of the heli-
umlike ions appearing in the (1s2p)2'P, state.
The subsequent decay of these long-lived states
is observed downstream of the foil with a high-
resolution Si(l i) x-ray detector, and the count-
ing rate is normalized to the integrated beam
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current. The foil is mounted on a movable track,
and varying the fo1l-detector separat1on makes
t ble to plot the decay curve over the rang

15-200 cm. By fitting the observed decay with an
exponential and knowing the beam velocity, we

determine the lifetime.
Typical x-ray spectra taken with several foil-

detector distances are shown in Pig. 1. They
consist of a peak at an energy of 3.1 keV, Rnd a.

continuous spectrum at energies between the
noise level of the detector and the peak. Coinci-
dence measurements reported elsewhere' have
established the continuous spectrum as arising
from the two-photon transitions 22'», -1'g», of
hydrogenl1ke atoms and 2'8, -1'$o of hel1uml1ke
atoms. Within the Doppler-broadened width of
the peak, it is possible to have contributions
from several transitions, but we now give argu-
ments which indicate that the M2 transition
(1s2P)2'P, - (1s')1'8 dominates the observed de-
cay at small distances.

The only decays of hydrogenlike and heliumlike
atoms with sufficient energy to account for the
3.1-keV peak observed here are txansitions to
ground states, 1's», and 1'S„respectively.
Moreover, with our apparatus geometry and the
beam velocity of 4.4(1) x10' cm/sec, the life-
time of a transition must be &3 ~10 "sec in or-
der to be observable. The only decays satisfying
these conditions are listed in Table I. The 2El
decays give rise to the continuous spectra char-
Rctel lstlc Qf two-phQton emission with 1ntensl-
t f ll' to zero at the end-point energies ~3. ,
3.3 keV). Consequently, only a small fraction of
the 2E1 decRy8 Qve11ap the peak width~ and this
fraction can be estimated and subtracted as a
small correction. The M1 decay from the hydro-
genlike 2's», state gives a line at 3.3 keV, and
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FIG. 1. Typical spectxa obtained for sevexal foil-
detectol sepalationso The shape of the t%o-photon spec-
trum has not been corrected for detector efficiency, so
exhibits a large silicon absorption edge near 3..8 keV.
The total number of counts vrithin the right-hand half of
the 3.1-keV peak was taken as a measure of the intensi-
ty of the peak. About half the linewidth is due to Dopp-
ler broadening.

a potential source of error, since the 2's, ~2

state lifetime is comparable with the 2'P, state
lifetime. However, our observation of a "single"
line at 3.1 keV shows that this contribution is
small. Furthermore, the actual contribution to
the peak CRn be estimated from the 2E1 decRy,

d subtracted as another small correction. TheRIl SU
~ ootheI' M1 decRy rom the heliumllke 2 S~ stRtes

closely overlaps the M2 line, but because this
state has such a long mean 11fetime (T = 172
nsec), ' 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 being due to the
2'P, -1'$o transition in Ar XVII.

That the observed peak actually consists of two

Table I. Foxbidden decays in hydrogenlike and heliumllke argon.

Ion Transition
Approx. trans. prob.

(sec ')

~3 x108
3 x10

-6»0'
-4X10'

3 x$(}

Ar XVIII

{8—=3.1 keV)
M2
2&1
M1

2E1
M1

(ls 2s)2~8( (ls 2)1~80

(ls)2 s~y2 ~ (ls)l s~yqAr .xvII
10(E =—3.3 keV)

l ted. E is the total energy available in the~Only transitions to ground states are ~ls e .
h ate of the spin-orbit-induced El transition (ls2P)2 Pq —(ls 1 0 xstransition. The ra e o e s i-

Nucleax spin induce-f st to be observable in the present apparatus. Nuc10 g lie. q too as eo s p
ment (Ref. 12) of the El transitions g. 2P)2sPq, q- (ls )180 xs no p
tope "Ar.
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FIG. 2. Typical decay curve obtained by plotting the intensity of the peak versus foil-detector separation. By re-
moving M1 contribution from the curve, me obtain the single exponential decay representing the M2 transition
2 P2 1 8 0 in Ar XVII .

unresolved components is evident from the decay
curve taken by varying the foil position. This de-
cay curve, shown in Fig. 2, exhibits the fast
mode associated with the M2 transition and the
slow mode associated with the M1 transition.
Qur association of the slow mode with the M1 de-
cay is based on recent calculations' '" and our
measurement' of the M1 lifetime.

The lifetime of the O'P, state was extracted
from the data in the following steps: First, the
small 2E1 and M1 contributions to the total
counts under the right-hand half of the peak were
subtracted for each point in the decay curve.
Second, the long M1 component was removed
leaving the single exponential decay. Third, a
least-squares fit was made to an exponential,
thus determining the mean decay length. Finally,
dividing by the known velocity we obtain the
mean (1je) lifetime, v(2'P, ) = (1.7+ 0.3) x10 ' sec.

The main contributions to the error are errors
in beam velocity (-2%), counting-rate normaliza-
tion (3 '%%), 2El and Ml corrections (3%%uc), and in-
strumental effects such as background, beam and

detector drifts, foil tracking error, etc. (5%).
Although it is currently impossible to correct the
data accurately for cascading effects, there is
evidence that these effects are quite small.

Recently, Drake" has computed the electric-
dipole rate, with the result A» = (2'P, ) = 3.55 x10'
sec '. Combining this with the value A»(2'P, )
=3.14x10' sec ' in the relation 1/T =As, +A~,
yields the predicted value 7 =1.49 x10 9 sec,
which agrees with our measurements within the
experimental error.
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