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‘OBSERVATION OF THE MAGNETIC-DIPOLE DECAY
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OF THE 2°S, STATE OF HELIUM-LIKE Si XIIL, SXV, and Ar XVII

1
Richard Marrus and Robert W. Schmieder

Lawrence Radiation Laboratory and Department of Physics
University of California, Berkeley, California 94720

February 9, 1970

ABSTRACT

3 1

The observation of the magnetic-dipole decay 27S5,-17S, in the

1 0
helium-like atoms Si XIII, SXV, and Ar XVII is reported. Evidence

S

based on observed energies and other decay charaCteristics is pre-

sented in the text.

W

¥



%‘

1. - UCRL-19483

The stsibility‘of magnetic dipole decay from the metastable
states of hydrogen-like and helium-like atoms was first noted by
Breit and Teller.! They pointed out that, although the transition rate
(AMl) fof the decay of the 2s state of hydrogen by this mode wduld
vanish in a nonrelativistic.theory, a finite decay rate results if
the Dirac theory is employed. More recently, Griem? has considered
thé magnetic dipole decay of the 2381 state of helium-like atoms and

on the basis of the Breit and Teller.calcuiation has estimated

. . 3
: 3 -6fw 7 1, -1
I AMl(Z Sl) ﬁf3.7 x 10 (ag% Z2'(Z + 79 sec ..

Here‘wZ = angular frequency of the Lyman o line arising from the
hydrogenic ion of the same Z, and w = angular frequency of the

observed transition. On this basis, Griem deduces that the single-.

2 3

photon raté is larger than the two-photon rate by a féctor 62 “ x 10°.
There Seems,-howevér,'to be somevdisagreement on this point beéause
Drake, Victor, and Dalgarrio3 have stated that the magnetic dipole réte’
might become competitive with the two-photon rate for.Z > 10, implying
that the two-photon rate is higher féf Z < 10. Moreover, Schwartz*

has recently studiedvthe,rate AMl(Ssl) and chcluded that, to an

accuracy of relative order 1/Z,

A (275)) = 1.66 x 1070 710 sect.

In this letter we report the first observation of the magnetic

dipole transition 2381—1150.1n the helium-like atoms SiXIII,ESXM

and Ar XVII. A schematic diagram of our apparatus is shown in Fig. 1.

The ionS»émerge from the Berkeley heavy-ion linear accelerator (Hilac)
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with an eﬁergy of about 10.2 MeV/nucleon.va bending.magnet is used to
deflect the beém-into our-apﬁéfatus. An energy mbnifor consisting of a
gold scattering foil and avsolid—state detector cén beviﬁterﬁosed to . ' f:
determine tﬁe beam energy. The energy spréad is found to be 1%, A
series of collimators serves to prevent stray ions ffom’striking the
wallé in the detector chamber. The beam is well focused and has a
diameter of about 0.25 inch in the detector chanber. .To obtain ions in
the desired Charge state, the Hilaé beam is péssed thfough.a thin |
metallic foil.® There afé'two foil positions: an upétream position -
about 4 m ffom the detector and a downstream position located about
15 cm from the detector. At_the beam energies appropriaie'to this
‘ experiment,'essentiaily all the particles'leave theifoil-either fully
stripped or as hydrogen- and helium-like ions. The hydrogen-like and
helium-like atoms are disfributed.among the atomicvlevels,vbut rapidly
decay to the ground and metastable levels.with a sizeable fraction of

the heliun-like atoms appearing in the 2351-State.6 It is these atoms
which are of interést ahd give rise £o the decay repqrted here.

The detector is a high-resolution silicon detector with an energy B

" resolution of about 225 eV, It views the beam thrbugh a narrow aper—v.
ture which is adjustable so that the counter‘cah be made to view

upstream,_downstreém, or straight ahead. The output of the counter is
fed into an analog-to—digital-convérter, which in turn is fed into a
PDP-7 computer, and the energy spectrum is obserfed on an oscilloscope' (
and pfinted out on a CalComp4plotter. The dete;tor'is calibrated in
place by exciting thévK X rays of Mn, P, and Ca by fluorescence,'using

the x rays from an iron-55 source. The K x-ray lines bracket the
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energies Of‘the X rays -observed in these ekperimeﬁté and yield a linear
calibration over the region of interest.

The x-ray spectrum in the energy range 500 eV to 7 keV observed
with the silicon, sulfur, and argon beams, and the upstream fdil in

position, is_shoWn in Fig. 2. These peaks are also seen with the down-

~stream foil. To demonstrate that the x rays arise as the result of a

decay in flight of a beam atom, we have varied the'apefture position in
front of the detector so as to observe the Doppief shift of the emitted
x ray. The shift can be clearly seen in Fig. 3, and is in good agree-
ment with the beam velocity B = v/c = 0.14, To guard against.the |
possibiiity tﬁat the decayvmay arise from-a foil atom which is ''kicked

out" of the foil as the result of a collision with a beam atom, we have

“shown that the observed peaks are independent of foil material. To

avoid processes arising from the collision of a beam atom with an atom
in the background gas, a pressure of about 1077 torr is maintained in
the detector chamber. Increasing this pressure by a factor of 100 does

not. change the observedvspectra. Finally; we note that when the foil is

-removed_from the beam no x rays are observed in the range 500 eV to 6 keV.

The - foregoing observations lead us to the conclusion that the
X rays arise from a long-lived decay mode of ions formed when the beam-

passes through the foil. Our assignment of these x rays to the

2381-1180 transition is based on the following:

(a) For each of the three elements the observed Xeray'energy is

higher thanYthe ionization energy of any atom having three or more

clectrons,  Moreover, the fraction of such atoms present in the beam

should be negligible,
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(b) The only metastable states of hydrogen-like and helium-like

atoms present in the beam are the 2281/2
1 .

SO and ZSS1 states of helium-like atoms, However, the 2251/2, #
‘state and-the 218 |

state of hydroéen—like atoms
and the 2
o States are too short-lived to be observed at the R N
detector with the upstream foil. Moreover, the primary mode of decay o
from thesevstates is predicted to be the two-photon mode, whiéh gives
rise to a continuous spectrum, unlike the discrefe lines obsérved here.

(c) The observed energies are in good agreement With a calcula-
tion of the 2381-1180 energy difference by Knight and Scherr’ in a 1/7Z
expansion. The observed energies, corrected for the fransverse Doppler
effect,_are compared with the éélculated energies in Table I.

At the present time work is prdgressing towards identification of
the two-photon decay mode from the hydrogen-like andvhelium—like:
metastable states. We are also planning measurements of the lifetimes
of these.modes and meaéurements of the Lamb shift and fine structure -
in the n = 2 state of the hydrogen-1like atoms.

The success of this experiment is possible only because of the
help and encburagement of many people. We are especially grateful to

Dick Diamohd, Al Ghiorso, Fred Goulding, Doug MacDonald, Frank Stephens,

and Jack Walton.
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FIGURES

Schematic of the apparatus.

Spectra observed in‘energy inter&al,SOO eV -FrkeV with
argbn beam, (b) sulfur beam, (c) silicon beam.

Observation of the érgon X ray with fhe détéctor looking
downstream, (b) straight ahead,.(c) upétream. Thé shift

to the Doppler effect is readily apparent.



Table I.. Observed and predicted energies (2 351 -1 % (keV).
5i XIII s Ar XVII
Observed. 1.85.(0.10) 2.46 (0.10) 3.13 (0.10)
Predicted’ 18 - 2.2 3.09
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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 representation, expressed or implied, with
respect to the accuracy, completeness, or usefulness of the informa-
tion contained in this report, or that the use of any information,
apparatus, method, or process disclosed in this report may not in-
fringe privately owned rights; or

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 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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