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Abstract

¥e describe recent precision experiments in few.
electron fons {including measurements of the
lifetimes of two-photon-smitting lavels in Ni28+
and ¥127%, 4 measurement of the lifetime of the
2551 level in B3 and measurements of the z’s; -
2%20,1,2 transition energies in B3,

I. Introduction

Pev-alactron systems, particularly hydrogen-like
and helium-1like fons provide an important testing
ground for our understanding of atomic structure.
In the one-elecrtron systems, there are no
calculational uncertainties, 3o experimencs {n
thesa systems provide twets of the underlying
theory of Quantum Electrodynamice (QED). Current
interest {8 in the question of whethey there is @
breakdown of QED in highly-charged one-electron
atoma. The theory of the two-slectron system o
not as well understocd. Herse one has ths
additional problem of treating correlations
between ths two electrons and s complete
Hamiltonian for the system doss not exist [1].
The importance of the hellum-like systems is that
they are the simplest atoms in which the electron.
electron correlations must be taken into account.

In this paper we descride four recent experimencs
done by our group which study the structure of
one. and two-slectron lone. The first two
experimente are messurements of the Lifetines of
the 22833 level in one-electron Kil7* and the
2130 level in two-electron Ni26¥, both of which
decay primarily by tvo-photon emission. The third
sxpsrizent is & measurement of the 1ifstims of the
235 level in helium-like Brd3*, vhich decays to
the ground state vis a Mi transition. The final
ezpetiment is s precision measurement of the 235,
- 3329 1 2 tersnsition energies in two- elsctron
3%+, “thle experiment was done by driving
resonsnces in a fast beam of metastable 3% using
s fregquency doubled dys laser.

“Present address: Texas AEM University, College
station, TX 77843, .

*Present addreas: University of Rochester,
Rochaster, NY 14627,

II. Two-Photon Decaye in One~ and Two-Elsctron
Nickel

The 21l° lavel (see Fig, 1) in helium-like lons i»
forbidden to decay to the 113y ground stare by the
enission of & single photon and so it decays vis
two-photen emisaion. The 22837 level in
hydrogen-like ions also decays to the ground state
vis two-photon emisaion although thars is alse &
small M1 branch (172 sn Ni27*), WVa have messured
the lifetimes of these two-photon emirting levels
in one- and two-slectron nickel (2). Our
technique 4is to messure the rate of twec-photon
coincidences as the distance between our detectors
and the beaam-foil is varied.
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Pig. 1. Energy levels and decay wodes for
heliut-like ions.

The data weare taken using nickel beams from the
Argonne Tandem-Linac (ATLAS). After acceleration,
tha fons were stripped in & thick carbon foll and
the 20+ oz the 28+ charge state waa directed to
the target area. The beam snergy vas messured dy a
tize.ofof1light ensrgy analyzar and correcrsd for
energy loss {n the stripper foils (3], In the
target sres, & thin carbon vavget (12 gg/ca®) ds
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noved relative to three fixed SL(L1) datectors
using s precision translation stage. 1Two of tha
$1(Ll) detectors are collimsted so they cbserve a
tegion of length 8 mm slong the beam path and
subtend 8 s0lid angle of 0.12 at the bdeam. The
third detector is not highly collimsted and
sccapte photons into a eolid angle of 1%. There
iy slsc & lowar resolution silicon X-rey detector
steached te the targst holder which le uied for
normalisstion.

Lvents vears recorded for colncidences detween any
two of the three BL(LL) detectors, bur most of the
colncidences are botween one of the collimated
detectors and the large solid-angle detector. The
collimators eerve to localize the avents in
position along the beam while the large solid-
angle dstector provides a good efficisncy for
detecting the second photen. In Fig. 2 we show a
typicsl singles spectrum for one of the Bi(L4)
detectors for the case of Ni28* incident on the
target. The broad continuum extending out to 7.9
keV Lo mostly dus to the decsy of the 2185 level
in helium-like N326+, 1In Pig. 3 we shov the sum-
snergy spectrum for trus coincidences. In this
case the sum of the energies >f the two photons
forms a peak at the transition snergy. This pesk
is almost entirely from the heljum-like two.photon
decay. The specttum taken with the 20+ bean i
pradominantly frem the two-photon deciy of
hydrogen-1ike nickel but thers is a small
contamination from the helium-1ike sum energy pesk
which 1ies 300 eV lower in snergy.
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Flg. 2. Typical spectzum in the Si(Li) detector.
Helium-1ike Ni26* (670 MeV) incident on target.

The data ate normalized using the count from the
normalization detector and the decay curvs is fit
to & function with two parameters: a) the
amplitude at the closest positiecn and b) the
1ifqtime. The lifatimes from these two component
fite for each of the thres detector pairs are
combined and then corrested for time dilation to
obtain the final result. A number of additionsl
systematic effacts were conaidered but found to be
uaimportant for these measurements including gain
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Fig. 3. Sum-energy spectrum for true colnci.
dences with 670 MeV Ni26* incident on terget.

shifes, quenching in electric and magnetic flelds,
contriducions from ione with high-lying epectator
electrons [4] and backgrounds from coincidences
caused by Compton scattering of Lyman-a phetons
betwesn two of the S84(Li) detectors.

Two ssparate measurements were made for each of
ths two lifetimes. In esach cass, the measuremants
were consistant within erzors and we simply
combined them. For the helium-1ike dacay the
combined result iv 136.1(1.9) ps which is in
substantisl agreement with the theoretical (3)
value of 154.3(0.3) ps. For the decay of the
228 /2 state in hydrogen-like Ni27% wve fina s
1itetime of 217.1{1.8) pe which agrees with the
theoratical value [6] of 213.45 ps,

1II. M1 Decay of the 238; level 793pd3¢

The seme apparstus hag been used to zessure the
tifetime [7] of the 235; level in helium-1ike
795,334 ‘this level decays to the 115, ground
state by s forbidden M1 transition., Bromina-79 i»
a good thoice for the measurement of the lifetime
of the helium-like 2383 lavel dacause, in this
isotops, all of the other n=2 levels which decay
by single.photon eminsion ars much sherter lived
and 50 thers is & minimum of complication from the
decay of other levels, An important factor here
iv that the 3Py level ie quenched to the ground
state by h;ge:tinc mixing induced by the magnetic
moment of 7Bz (Ie3/2). This reduces the lifetime
of this level from 1,40 ns (unquenched) to 3.6 pe
(qQuenched).

The bromine beam was provided by tha Argenne
Tandem-Linac (ATLAS). The heliumelike 33+ charge
state is magnetically amalyzed and dirvected to the
experimantal ares. Two detoctors were used for
this experiment and they were collimated so that
they observe a reglon 2 o slong the beam.



At each foil-detector sepsration, peaks near 12
ksV in the 84(L4) detectors, which correspond :g
single-photon decays from the n=2 levels of 3cdds
wers fitted to a Gausslan line shape. The peak
areas at sach distance were divided by the count
for the normalization detector and these dats were
fitted to & decay curve to obtain the lifetime.
Our final result §s 7(2383)w224.1(7.1) ps, which
.it... with the calculation by Drake (8] which
gives 230(2) ps and the calculation by Johnson and,
Lin [9] which gives 228.2 ps.

IV. Laser Spectroscopy

Spectroscopic measurenents in helium-like Lons
include high-precision measursments in helium [10)
and lithium [11] which test the nonrelativistie
parte of tha inceraction, and lower precisien
measuranents L{n heavy ions which test the
relativistic and QED corrections. A couplete llet
of recant experimanrs ia given by Drake (12] along
with his mose recent calculations. The
measursmants in lichium test relativistic
corrections to higher precision than measuremsnts
{n helium dut are limited at present by
uncertalnties {n the nonrelativistic calculations
of the wnergy. Wa have recently completed
precivion laser mesasurements of the 2s to 2p
transitions in 33* where the relativistie and QXD
corvections are a4 larger fraction of the C
transition energy 8o they can de tested with less
uncertainty arising from the nonrelativistic
contribution to the caleculations.

Hetestable 83% fons werze produced in tha Positive
Ion Injector Rlectron Cyclotron Rasonance (PII.
ECR) soutce at ATLAS, The source was cperated at
10 kV extraction voltage. Bean currents in the
interaction region varied from 0.5 to 1.9 gA.
Trsnsicions from 2383 to 232 3 3 were drlven by
282 n;m laser light produced by ineca-cavity

. #reguancy doubling of the $64 nm fundamental of a
Coherent 899 ring dye laser. The maximuz doublaed
output obtained from the dys lassr was 7 pV.

The ion beam and laser bdeam were overlapped to
take advartage of the increased intezaction time
and the velocity compression provided by the
acceslarated beam. The Doppler width (FWEM) wae 1
GHs, corrssponding to a besm snergy spread of 21
oV, The trans{tions wers monitorsd by detecting
the fluorescence radiation emitted as the 2%
Levels decay back to the 238y level. tThe
sensitivity of the experiment was nuf!&ctug: ;o
allov most of the hyperfine components of 1lpd+.
(nuclear spin I=3/2) to be observed. In order to
maks the Doppler correction, the laser light was
reflected back through the Iintersction region and
the laser was ecanned over both the red and the
blue Doppler-shifted components whils
simultanecusly messuring an iodine abdbsorption
spectrum with the fundamental output of the dye
laser. After making sn shsolute wavelength
determinstion for one of the 232 hyperfine
transitions, all other transitions were measured
zelative to it.

To obtalin hyperfine-fres wavelengths it i»
nsceusary to maasure all of cthe hyperfine -
components. Since the laser power stability was
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poor over large frequency scan ranges, & different
technigqua was used to measure the hyperfine
structure. This involved using the {nteraction:
region as a post sccslevation smction, and,
kaeping the laser frequency fixed, the ien-daam
velocity vas tuned through the rescnances by
varying the Interaction reglon voltege. 1Ia this
way 811 hyperfine components wers obtained in s
single spectrum as shown in Pig. &,

The experiment resulted in precieien laser
measuresants of the fine etructure, the hyperfine
structure and absolute wavalangths of the
(1.10)’:1 to (10!9)3!0.;_1 transitions in helium-
{ike boron. These results are bdaing prepared for
publicatica (13]. The massurements provide &
precision at the level of 0.1% of the ona-slectren
Lamb shife for the 20 + 2p transition.
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Pig. 4. Nearly complete hyperfine spectrum of
the 2333 ¢ 232; traneicion in B3*. The resc-
nences were acanned by vacrying the potentisl in
the light collection region from O to -300 volts.

V. Conclusion

Ve have discussed s number of experiments that are
sensitive to the relativistic and QED effects in
one- and two-electron lons., The messursments of
the 1ifetines of the two- photon emitting states
in N126+ gnd N127+ yged che colncidence technique
which resulted in simplee.decasy curves that could
be fit with cnly two parameters. In the future we
will apply the coincidence tschnique to more
highly-charged onee and two-slectron lons. The
expariment to messure the lifstime of the 238;
level in 793733+ {1lustcatee the potential of
utilizing the hyperfine quenching effect to resove
unvanted compenents from a blended line, We aleo
described the first lsver measyrement of the 3°8;
+ 2395 4 3 transitios Ln the B3* gystem. With
improved lon-bwam intensity and setastable yleld,
thers is potential for significant improvement in
the precision of this experiment. Vs will aleo
utilize this method to make measursments on other
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setastadble helium-1ike Lcne which can be produced

by aur RCRL ion sourca.
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