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We ha.ve used the f011 -excnatmn techmque recently employed by Kay1

L '/ and Ba.shkm et al 2 to measure d1rectly the average of the 11fet1mes of the

bt

1s Zp( 2p 1/2) and is Zp( P 3/2) states of C IV NV, OVI, F VI and
0 Ne VIII ions in the 11th1um-11ke 1soe1ectron1c sequence, In each case a beam

o of ions accelerated to an energy of 0.97 MeV/nucleon by the Berkeley '

Lo

: heavy-ion linear accelerator (I—hlac) was further ionized and excited in an
2.2

‘ i . ¢

.“.  aluminum foil, The decay of radiation from the "S- P° transitions was then
measured as a functxon of position downstream from the exC1t1ng foil; a

- - vacuum-uv monochromator with a sodium-salicylate-covered photomultiplier -

" was used as a photon detector,

.Ions C+Z N+3, O+3, F+3, or’ Ne+.3 were accelerated to B = 0.0457 by L

' the "prestnpper" section of the Berkeley Hilac, The ion beam was:

' .collimated, passed through a 140 Hg/cm_ Al foil, _\;and monitored by two

= concentric Faraday cups, The foil ‘was attached to a moveable shaft that

T~

. permitted 35-cm displacement_along the beam line.,. The central Faraday cup, .
e A, 9-cm in d1ameter, rece1ved most of the beam (typzcally 80 to 90% for the

greatest foil -cup separatmn) The other -cup gave an indication of the angular

| The ions emerged from the fo1l w1th an equ111br1um charge distribution

~: and in var;ous states of electromc-exc:ltatmn.' The radiation from these .

(l



o exc1ted states was observed w1th a vacuum-uv scan<nng monochromator

e

(McPherson 0. 5-meter Seya Namxoka) w1th 1 O by 20 mm entrance and ex1t
slxts. The monochrornator collected l1ght from 1 cm of beam path and had a, o

S roughly tr:.angular bandpass 32 .5. w1de at half maxlmum._ 'I‘he detector ‘was. af:’;';"’_. o

photomult1p11er tube (Amperex XP 1010) coated with sod1um sahc:ylate and

cooled-to -40 C.to reduce t'herrnal no:.se». Current pulses due to 1nd1v1dual

'

photons were reglstered by a scaler c1rcu1t, to correct for photomultlpller P

n01se, data were also recorded on a second scaler for an equlvalent t1me

', mterva.l between beam PUISGS- R ".' IR o . .' o SO
v ' The monochromator was. scanned in wavelength at'a given f011 pos1t1on

"to locate the center of the doublet and the photon counts were then recorded

~Wa.s a functlon of foil p031t10n. Peak count1ng rates were about 4000 counts per

mmute for : a beam current of: 4 pA F1gure 1 shows the number of counts as.

\

-~ .a function of fo1l p081t1on for the F\VII doublet at 890 8 and 883 1. A The f011

comes 1nto the f1e1d of view of the n{onochromator at, about 4 8 cm and leaves

1t at about 5. 8 cm; beyond thls posztmn the 1nten51ty of the doublet is seen to.

de‘cay exponent1ally Wlth dxstance. R.e sults for other 1ons m the 11th1um-l1ke i
1soe1ectr1c sequence were s1m1lar. \ . ' | | '
The trans1t1on probab1l1t1es were obtamed by least squares f1tt1ng the
L data pomts with a computer program to. an exponent1al plus a constant e

2 'background In every caSe a s1ngle exponent1a1 f1tted the data very well | and

R the computer-selected background was cons1stent w:.th est;mates d.erwed

from the observed countmg rate before the f011 came into the f1eld of view of S

the monochromator. Whether the data were normallzed to the total charge § i

collected by only the central Faraday cup or to the tota.l charge collected by

both Faraday cups made, on the average, a dlfferenCe of only 2% in the value |

o of the transltmn probablhty In the final results these'two values were

H o
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avelraged and an uncevrtainty'of 3% as'Signed-, 'lsnfficvient to include botn the
-uncertamty in normahzatmn and the uncertamty in curve f{itting, The only
”other source of uncertamty is the calculatxon of the velocxty from the
" Iaccelerator parameters and the calculated energy loss in the foxl (AE/E 0. 05)
. An uncertamty of +£1,5% is ass1gned to the calculated velocities,

. The average tranS1t1on probab1l1t1es for the 1s Zs( 81/2) -1s Zp( /2 3/2) ‘

: :transnnons of CIV, NV, OVI, F VII, and Ne VIII are shown in Table I. Also -

| shown are'theoretic‘al values calculated by Var sa.vsky3 (sereening approximation),
Griem4 (Coulomb approximation), Heroux5 (Coulomb aporokimation), and
: v Weiss6 (Hartree-Fock method, a, and a presumably more accurate method, b,
; employing 45-term configuration \S\nt.eraction wave functions), The wavelengths -
S 'and the various authors' estimates\\of the reliability of their values are included, _;
W1thm the estimated uncerta1nt1es, all the theoretical values, even those
der1ved from the Coulomb approximation, agree well with our measurements.
7 We are grateful to Dr. C M. Van Atta for supportmg and encouragmg
'J,--thls research One of us (SNK) thanks Dr. A, C.. Helmholz and Dr. B. J. MOyer
for the support and mterest that enabled him to part1c1pate. We also thank
." Dr, A W Tr1velp1ece and H. K. Forsen, Un1vers1ty of Callforma, Berkeley,

|

_for use'.of their monochromator
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Spectrum

N v

x(A)

' Transition probability X 1078

s'e'c-'i)f

'~'Mea'.sured' o N o Theoret1cal

Varsagsky Grlem Weiss®

Weiss

‘Heroux v %

*f;FA;v11 3¥

Ne VIII

15507
. 4548.2

'*"1242' 8"

1238 8

1037.6
-1031.9

. 890.8
| 883.1

”3 780.3 7]
7704

2.97% 041
3,94 + 0,14

5,55 ’;',‘0.19

\
~

2,78 . 264

3.?6 "‘3.40

3.34% 0,12 "

2,681

55911 s

3373

2.645

} {ﬂ4.144nufd4;055f;:if

2.6

4,0 -

e "‘Iv“Estlma.teds, DU
»" . uncertainty -

5-45% . 2

b

a Hartree-Fock method. e

- 45-term configuration interaction wave functions

Flg. 1. Counts vs fozl posztzon £or the F VII doublet a.t 890 8 and 883 1 A
The lme is the computer result for the best f1t to the data.. ’ ,
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