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We have used the foil-excitation technique rqcently employed by
Kay and Bashkm et al to measure directly the average of the lifetimes
of the 1s%2p( Pi/2 ) and 1s22p(2p§/i2) states of C IV, N Vv, O VI, FVII, and |
Ne VIII ions in the lithium-like isoelectronic sequence. In each case a
beam of ions accelerated to an energy of 0.97 MeV/nucleon by the k
Berkeley heavy-ion linear accelerator (Hilac) was further ionized énd
excited in an aluminum foil, The decay of radiation from the 2S ZPO
‘transitions was then measured as a function of position downstream
from the exciting foil, with a vacuum-uv monochrometor with a
sodium-éa\licylate-covei'ed photomultiplier used as a photon détector.

These 2S--ZP tra\x‘asnlons were selected for the following reasons:
. {(a) Published data on equliubrmm -charge-state d1str1but10ns3 suggest
that at this energy a reason\able fraction of the beam (2 to 25%, depend-
‘ ing on the ion) should be in th propef charge state after passing
through the foil. (b) The upper states, 2Po, are the first excited
states of the ion and fur’chermore_;= are very low-iying. Other excited
states lie much higher and are t'héi'efore probably less:likely to be

populated by collisions in the foil. \(c) The decay scheme is simple,

§
as the only possible transition is directly to the ground state. Lifetime

measurements may then be simply interpreted in terms of the transition
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2S,--ZPo sransitions, provided cascading from higher

states is negligible, (d) Thgq velocity of the beam is suitable for meas- ‘
uring transition probabilities in the range 108 to 109 sec"i, character-

istic of these transitions. (e) Several theoretical calculations of the

.pertinent transition probabilities, based on various approximate forms

4-6

for the wave functions of the uppe§x and lower states, are available.
\ i
These calculations show that the trénsitio.n probabilities for the two
states of the doublet are almost equal (within 2.5%); therefore it is
possible to use an average fransition probability in éhe analysis of the

1

i
data.

EXPERIMENTAL ARRANGEMENT AND PROCEDURE
Ions C+2, N+3, O+3, F+3, or Ne+3 were accelerated to B=0.0457"
by the ‘''prestripper'' section of the Berkeley Hilac. The ions were de-

flected iS'deg and entered the experimental arrangement shown in

Fig. 1 through a 1.27-cm-diameter collimator (A). The ion beam then

. passed through the stripper foil (B) and was monitored by the two

Faraday cups C and D. Cup C, with a 1.9-cm diameter hole in its

base, measured the angular spread of the beam and could detect any

- "wandering.'" Cup D received most of the beam (typically 80 to 90%

for the greatest foil-cup separa,tioﬁ). The signal from each of the

' Faraday cups was recorded by an integrating electrometer. The

. entire section from A through:D was maintained at a pressure of

5%10"° torr. : ,_ - | _ -
The stripper B was an aluminum foil, 2.54 cm in diameter and .
140_pg/cm2 thick.” It was attached to.a movable shaft that permitted

35 cm displacement along the beam line. The ions emerged from the
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foil with an equilibrium charge dist_ribution and in various states of
electronic excitation. The radiation from these excited states was
observed with a vacuum-uv scanning monochromator (E) (McPherson
0.5-meter Seya-Namioka) with 1.0 by 20 mm entrance and exit slits.
Thé monochrpmator collectéd light from 1 cm of beam path and had a'
roughly triangular bandpass 32 A wide at half maximum. With this

* choice of entrance andbexit's'lits the components of thé doublet.coulc.i
not be resolved. The detector (F) was a photomultiplier tube
(Amperex XP1010) coated with sodium salicylate ar}g} cooled to -40°C
to redﬁce thermal noise. Current pulées due to indié/idual photons
were registered by scaler circuits] to correct for the remaining
noise, two sets of gated scalers wére uéed; One set was gated on
for 3.1 msec during the Hilac beam pulse and reéorded photons plus
photomultiplier noise; the other was ga;ced on for 3.1 msec when there
was no beam and recor’déd noise only., The difference in the two counts
was taken to be the photon signal from the beam.

The monochz;omator was scanned in wavelength at a given foil
position toi locate the center of the doublet and to demonstrate that
there were no other strong lines nearby. With the"vrn'onochromator set
at the wa\(elength corresponding to the éenter"";)/f the profile, photbns
were counted at a number of foil posivtiorylﬂs', "and the integrated currents |
collected by each Faraday cup wz?.ls""/ziecorded for normalization. vPeak |
counting rates were about 4000";ountve.; per minute fbr a beam current
of the order of 1 micr'oamp'évre. ;Figure. 2 shows the number of counts
as a function of foil“pos'i"cionvfor the FF VI doublet‘ at 890.8 and 883.14.

The foil comes into fhe field of view of the monochromator at about

4.8 cm and leaves it at about 5.8 cm; béyc’md this position the intensity
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of the doublet is seen to decay exponentiail'y”{vith distance. Results

for other ions in the lithium-like isoelectric sequence were similar.

-

RESULTS

As both the initial bearﬁ er;er‘gy and the -energy loss in the foil are
known, the beaxﬂ velocity can be:calculated; the slope of the decay curve
(see Fig. 2) then yields immediately the lifetime of the 2P states and in
this simple case the average transition probability tq the S state. The
»trax}sitlon probabilities were obtained by least-squag;ps fitting the data
vpo_ivnts with a computef program to an expohenfial plu{s a constant back-
ground. In every case a single exponential fits the déta very well and
the computer selected background was consistent th}h estimates derived
from the-observed counting rate before the foil cametinto the field of
view.of the monochromator. Whether thevdata were normalized to the
total charge collecfed by onl;r the central Faraday cup or to the total
charge collected by both Faraday cups made, on the average, a —differ-. '
ence of only 2% in the value‘of the transition probability. In the final |

i

results these two values were averaged and an uncexlta'i.nty of 3%
as signed, '.sufficient to include both the uncertainty in normalization a-nd
the uncertainty in curve fitting. The only other source of uncertainty
is the calculation of the velocity from the al'cc'elerator parameters and
the calculated energy loss in the foil (A E/E= 0,05). An uncertainty-of
+1.5% is assigned to the calculated velocities. o

The average transition probabilities for the 152 2s (251/2)-152 2p |
(Z_Pf‘/.2 3/7) tramsitions of CIV, NV, OVI, FVII, and Ne VIII are shown
in Table I.  Also showri é,re theoretical values calculated by Varsavsky |

l

(screenmg approx1mat10r§) Griem (Coulomb approxlmatlon), and Welss

\

'



_‘J

-5- UCRL-11953

(Hartree-Fock method and a presumably- more accurate method

\

employing 45-term configuration interaction wave functions), The
\ i .

- : : \ '
‘wavelengths and the various authors' estimates of the reliability of

" their values are included.

Within the estimated uncertainties, all the theoretical values,

_even those derived from the Culomb approximation, agree well with

our measurements.
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Table 1. Average transition probabilities for 1s~ 2p( 51/2) -1s7 2p( Pi/Z, 3/2).

Transition probability X 10-8 (sec-1)
; - 7 Configuration-
o . ‘ » Screening ~ Coulomb = Hartree-Fock interaction
Spectrum AMA) ‘Measured approxinpration: approximation (length form) (length form)
- o ‘ ‘ (Varsavsky) (Griem) (Weiss) (Weiss)
' 1550.7 ' ' : |
cilv . 1548.2 2.97+0.11 2.78 2.64 2.681 v : -2.645
1242.8  ag - | : |
NV 1238.8 3.34+0.12 3.46 3.40 | 3.416 3.373
1037.6 o | |
O VI ©1031.9 3.94+0.14 4.37 7 4.14 ‘ 4.144 | . 4.055
890.8 | , - N 4
) . . . ' |
F VII ge3l | 448046 5.07 S N 4s72 -
780.3 | ' h o L
Ne VII 407 | 5.5520.49 5.94 . - 5.591 | e
Estimated uncertainty 3.5%" =210% _ =20% 5-15% 2-4%

€5671-THON

W?@§§
K@?/



8- - ~ UCRL-11953

" FIGURE CAPTIONS

" Fig. 1. . E#ﬁerimental arrangement (A) .1.27-‘cm-diameter collimator,v
(B) aluminum foil, (C) and (D)lFaraday cups, (E) monochromator,
~ (F) cooled, sodiﬁm-salicylatefcoated-pho‘tomultiplier tube,
(G) ionization gauge. o
Fig. 2. Counts vs foil position for the F VII doublet at 890.8 and
883.1 A. The line is the cc_smputer result for the ibe“slt fit to the

!

data. | | . S

12
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