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than the valuvs calculated by Fawcett. Var1ous analysé%,

-1nclud1ng the ANDC technlque 1ncorporat>ng the transxt;ons
from 3p and 353p3d‘1evels, are also employed to estlmate

% the 11£et1mes of the resonance doublet levels. The results

Q from the ANDp method are generarly 1n good agreementﬁwjth ﬁ:t

o Fawcehtlslcalculatlons for the 3s3p .’S,T _ ?’D and 3s 3d ’D

i levels,.although the uncertalnty 1n the 353p t’PH(J=3/2)_'3A“

3 result 1s relat1ve1y large._A:compar1son of the Obseerdh""

LN

lev@T €nerg1e eaﬂd,dlfetxmes w1th ;he calculat1on by*Fawceti'

;‘shows excellent cons1stency w1th a recentustudy of'the

1soelectron1c 1on;‘T1x..g.;fi“”i"



*energles,_ and Mé Srs B
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ﬁsource 15 Sbec roscop1ca11y very r1ch. The fact that a rangfmﬂ

'jof 1on1zed atoms can be found 1n f011 exc1ted beams 1mp11es”jf

1}that very many exc1ted electron1c states wlthan thﬁse‘zon_

‘:can be produced Theoret1Cally, almost any exc1ted level“of 'f

;techﬁlque prov1d1ng that the appropriat_;gfceleratlng,;

;ﬁpotent1a1 1s used The prlce pald for the ?on select1>e

'a

1on1c state of a glven atom can be stud1ed usmng ¢h15

o'_ SR

publ1shed 1q thlS fleld.gfh.ﬁhii?fﬁ; :f 'ﬁu?






‘Hirhhmore‘rlgorous method of anabys;svwas flrst suggested f
by L g Curtxs and hlS colleagues in 1970 (CBB?O) The_ﬁ;.hff
.epr1nc1ple of thlS method 1s to 1ncorporate decay curves fromﬁ
| the cascadlng tran51t10ns that repopulate a glven level mn :t
the analy51s of the llfetlme of that level Slncdjlt 1s not f
necessary that all the decay curves 1n a glven analys1s have;
the same 1nten51ty cal1brat1on thls method 1s descrlbed as |
hjan ana1y51s u51ng Arb1trary Normal1£ed Decay Curves (ANDC)
The ANDC method has been used exten51vely to*obtaln ,'5#'
11fet1mes for the resonance l1nes in atoms where there are‘h

one or two actlve electrons. In on'

:lectron systems, such™

‘as’ those belonglng to the NaI CuIdand AgI 1soeletron1c'ﬁ
bl-sequences (EEB83 §§K§§1 KPABBS) the cascades are

dom1nated by the tran51t10n from the energy levels in- the
’"yrast" cha1n For example, the yrast chaln for the 'h?f?k{w

resonance llne of Na l1ke atoms has the form as, follows'i"
[ng 3d= 4f Sg..;..._Hence the XNDC method 1s easy to use, asQ!.
2;on1y theﬁ51ngle d1rect cascade (3p—3d 1n the’NaI example) 1st
a?of major 1mportance in the analysrsr For atoms hav1ng two ;?f
v:actmre electrons, the decay scheme 1s Stlll relatlvely
d.51mple. The ANDC method proved to be successful 1n the
_feBe l1ke sequence, although no yrast cha1n exlsts there.¢
,UEngstrom et a1 (EDE?T) 1ncluded cascades from three levels y
‘%(Zp?w‘s "D and: Zs3d ’D) 1nto the 2s2p“P level in: thezr -
ANDC ana1y51s o£ the 252p ‘P llfetlme.;The ANDC method was
T}lalso employed in Zn 11ke (n-4) Cd llke (h 5) and Hg 112§¥yi

',(h 6) atoms (pmxsz BPKOBZ PAK84 praas przes OPDB70) ,



rfwhere the in- shelI terms (p Sﬂ 'D and ad ‘D) were the
;tmostq1mportant cascades for sp gesonance 1evels.,1t577ﬁﬁf
| The szmplest examples of atoms hav1ng three act1ve :_
,'electrons are.gﬁe B ITKe atoms (n 2). In thz‘study of NIII
l‘ln 1985 (PAGKBG) 1t was found that the ma1n é;scades for.

| the resonance 2szp levels are from 2p° and 252p36 g
fconflgurat1ons..For Al like'atoms (n 3) the 1n shel}
';electronlc structure 1s more compllcated than for B- l1ke

ﬁ(atoms,-as t;ere are more 1n shell (An 0) cascades for*these‘i

-~
e

.vresonance levels. It can be expected that 1t ls more ’;,g:f

gdlff1cult to ase the ANDC analysls tO‘YIEld accurate
f;‘llfetlmes when more cascades are. 1mporfant The recent '
"systemat1c study of T1X (;AHH87) 1s the flISt example 1n G
-'d1scu551ng the appllcatlon of the ANDC method 1n such &‘
?case. The ma1n a1m of the present work is ‘to- provlde a o
mnfurther example.; | | | | |

S_he 1ons of the AlI 1soelectron1c sequence have been

vh paid cons1derab1e attentlon recently by gheor1sts (F181 :
hiFa83 AUT84 Hu86), as they prov;de an 1nterest1ng example _
,;pof strong conflguratlon 1nteract1ons part1cular1y betwee:
Ythe 3p and 353p3d conflguratlon.-fhls conﬁlgurat1on
1nteractlon results 1n 1rregular1t1es 1n f values of . _
in- sheL} tran51t1ons along the sequence._The exper1menta1
‘-Hevxdence 1s Stlll rather fragmentary, however, and hence a ;
‘;study of ArVI 1s of some value in testlng the calculat1ons.f

T e thlrd reason to study t”zs 1on 15,.of course, to extend'

“‘“fh ‘analy51s oﬁ 1ts spectrum, whlch is’ still very

K IR



1ncomplete..fjuiagﬁ"

Among the calculatlons, both Fawéett (Fa83) and Huangp:'

(Hu86)\g1ve the 295ults for the enei?1es of all 3s 3p,

3s3p 3p and 353p3d levels, as well as- estlmatlng the

=3

probab111t1es Qf the tran51tlons between themcfor the 1onskfﬁ.

of the A&l 1soelectron1c sequence. These twa calculat1ons f"'

y1eld 51m11ar sequence trends and 51m11ar gf values f%r .
’'e .

rh_Ln 3) 1n she;l tran51t10ns along thlS sequence.‘These

e

”,step in th1'

results proved very valuable for thlS work

Chapter 2 1ntroduces the experlmental arrangementaforf.f
\ 1 A .'

, data acqu151t1on. Because many of the energy levels of the

3p’ and 353p3d conf1gurat1ons were unknown for ArVI prlor to;

th1s work,'the a551gnment of these levels formed the f1rst i

..|» .
pro;ect. In Chapter 3 est1mates for energles

S e

&

. of the 3p and 3s3p3d levels were obtalned from hm{v=-

E

1soelectron1c sequence compar1sons. In thls procedure, some f

prev1ously ass1gned terms are rea551gned for l z members,.;

»'1nc1ud1ng ArVI to g1ve con51stency-wnth theoret1ca1

.

:, calculatlons.}mhe est1mates 1argely depend on compar1ng the ;

prev1ously observed values for AlI SlII ’PIII% S{V ClV andﬁ
sz wldh theoretlcal calculat1ons. The estlmates oi the :

level energles thus der1ved are then used Qs a gulde in

T -

analys1s of the observed spectra. From th15 analy51s,:15_ ;
e S
1evels of 3p and 353p3d conf1gurat1ons are suggested-based

.on 30 trans1t10ns 1dent1f1ed in- the spectra. Prev1ous o

- classxf1cat1on of the charged state (where ava11able) and

o

the 1nten51ty dependence on 1on energy have been con51dered':

BN



the 1dent1f1cat1on of these lxnes. Other ev ‘ence, such‘,~
B ( -

;fas llfetlme measurements and cemparlng the shapes of decayu

_vcurves measured for d1fferent branches from the same upperfjf

Ex e

L

f:level 1s also 1ncluded to support these ass1gnments.
o Chapter 4 brlefly 1ntroduces the pr1nc1ples of the"

:ﬂ}var1ous methods for analys1s of BFS decaY curves used 1”

o th1s prOJeCt. Chapter 5 summarlzes the observeq l1fet1mes

:.ffrom the varlous analyses dlscussed 1n Chapter 4 for all the

~gﬂresonance levels and the newly-ass1gned ca5cade levels. Thept
fh;results from the ANDC analys1s for the resonance levels are?f
i;generally in’ good agreement w1th the theoret1ca%~ | S ‘l

;f;calculatlons (Fa83) for the 353p .qé;;5P} ’D and 35’36 ’D £JJ
:fflevels,’although the analys1s 1s less satlsfactory for the o
?"i‘P (3= 3/2) level. Althoug‘l’u a systematlc dlscfepa“CY ‘”th

o -
pgtheory of almost 30% is’ found fdr the observed cascade

f;fl1fet1mes, thelr relat1ve~values are‘denerally 1n agreementf}
ff€w1th the theoret;cal pred1ctlons‘ | h‘._. |
D Chapter 6 summar1zes the procedures used and the ma1n
lf_results obta!hed 1n th1s work These results are compared J/
f;fboth w1th theory and w1th the recent experlment of thef}jﬁi;
'yiflsoeletronlc 1ons, Tix.,The TlX and ArVI results show iﬁ'vl”

f%lexcellent con51stency.u-v,“"



2 _DATA. ACQUI srrl o T o C

The basic experlmental arrangement for beam—f01l
?7jspectroscopy 1s well knownr A br1e£ descrlptlon of the.
'1¥exper1mental arrangement used in thlS prOJeCt W111 be g1ven'f

e

A 1n the flrst sectlon of thIS chapter. The second and th1rd

u"sections w111 deScr1be how the spectra and the 1ntens1ty v.g
;fdecay curves were recorded 1n thlS progect 'ihﬁ.»_“'i,ﬁhéyl”
2.1 Experimental Arrangement . 8

| The 2MV Van de Graaff accelerator, wh1ch 1s s1tuated 1n'
tthe Radlatlon Laboratory at the Un1verszty of Alberta and

e

jjequ1pped w1th a convent1onal radlo frequency fon\source, was

hemployed to generate a s1ngly 1on1zed argon beam;gMofw“h
'fdwork was conducted us1ng an 1dh energy of 1 64Mev s1nce»;f§;
-=thls was the maxlmum energy that gave a: strong and stable

‘l

:n»beam (The Arz‘ component was found to be too weak ) An
hjelectromagnet.was used go 4 1ect the Ar “beam through a :
g,horizontal angle of ~8(£;gr:¥. The separatlon of the magnet

: and the target chamber was 3 meters (see F1g. 2 1) B
{tl1m1t1ng aperture (5mm dlameteqﬂ 1mmed1ately before the-du
7btarget chamber thus gave a\miss resolut1on of ~1a m. u.ﬂforﬂil
| Mesh mounted carbon fo1ls of nomlnal th1ckness around

'f_5ugm/cm"were used to further 1onlze and exc1te the argon *ﬁﬂ

. toms. S1nce the target fo1l tends to become thxcker under

e -



f Spectrometer equ1ppedlw1,h:grat1ngs blazed’ t 450A Ttéoﬁk};g;{

O R

these belng a Channeltron electron multlplLer for

wavelengthsgbelow 1050A an EMR 5426 photomul;zplxetjfor Aﬁf‘f

M&—-o

wavelengths in the range from 1050A to 1650A and an EMI 9789

QB photomultlplxer for wavelengths above 1650A.A:f'

Twowstepp1ng motors, one dr1v1ng the f011 holder and }_ff

the Other the spectrometer gratlng, were controlled by a ngjf

TN 11 data acqn151t10n system (PGOK?Q), whlch

5s”11nked thh

the un1ver51ty ma1n—frame AMDAHL computer The posxfxon of"?J;
- -

‘i employed a 11ght plpﬂ_,attached to the fo:l holdet) to v'yw

the&}oa beam rlght after the £o1lgf
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FIGURE 2 1

Sketch Of The Data Acqu1s1t10n Systemﬁ
SRR (not drawn to’ scale) 5 O



ot oosom._e



2.2 Specteun Recdrding -

et T

Spectrum recordlng was performed by flffng the f01l
. - : Ce -
-p051t10n to gzve the maxzmum 51gna1 1ntens1ty and rotatlng

the grat1ng 1n dﬁscrete steps._Spectra were recorded over

.*..v-_

'the wavelength range from 350A to 2450A at the 1on energy of?f

1 *a?, typ1cally uszng steps of 0 5A and an 1nstrumenta1
,llnewghth of 1 OA (sectlonsidﬁ the survey spectra are shownf%
1“ APpend1x1 In BFS 1nstrumenta1 11new1dth 1s a f U
:consequence of two factors. The f1rst factor contrlbutlng toff

the l1new1dth 1s the w1dth of the spectrometer sl1ts,'wh1ch'in

:causes a l1new1dth

‘st where D 1s the 1nverse l1near gg"

d1sperszon and S the‘wfdth of the sllts.,The second factor.u:
‘;; the Doppler broaden1ng caused byvthehh;gh:particle speed J}
;and non-zero acceptance angle. In thls work the f1rst factor#f
:15 dom1nant. It has been shown (SL71) that Doppler fﬁfn?f%;["
?broadenlng can be V1rtua11y e11m1nated by refocu51ng the |
‘ispectrometer. In the present exper1ment Doppler broadenxng
igave a llnewldth'that corresponded to a Sllthdth much less fﬁ
1than the sl1twldth actually used (100um) for most of the
spectrum (below 1300A), and hence no attempt was made to ;fﬂlj
.refocus the spectrometer. (One problem w1th the refocu51ng

i A

{technique 1s that 1t must be repeated\for each wavelength as

'the refocus1ng destance Varidﬁ'llnearly w1th wavelength )

Addxtxonal Spectra were'recorded at 1gher resolutlonv“7~

_'"unterest. Typ1Ca11y, Sllts of 30um
o N \g{d_ 'e-\\ ._: ‘§
;and gratrng maSks of 30mm,were used tggdecrease the e

e o "‘ '."‘



ﬂl:new1dth toﬁO 35A (DopplerAbroadenlng cor esponded to

gdownstream 1n an attempt to dlsflngulsh shor__iivedfffom ..

Bk

: long llved 11nes. BFS spectra”were recorded at 2 5MeV by Dr:

va P Buchet (prlvate communicatlon), and at 4 OMeV by Dr..;f,e

fA E L1v1ngstoq/Lpr1vate commun1cat1on) These SQ; tra

.

the energy level 1nvolved R




-Several step s,zes were used 1n_aks1ngle decay cu ve? o

Frfrom the smallest step 51ze of 0 05mm\to the la gest of

./

'fO 4mm A typzcal decay curve m1ght con51st of 25 stqu offﬁff
f\'-o 05mm,;~10 0F:0. 10mm, 10 of o me and 5 of o 4mm. The early»-
f?sect1on of the decay curVe 15 part1cularly 1mportant for two

:ireasghs. Flrstly, the l1fet1mes of most of the llnes o

(.... /

lcons1dered 1n thlS program are very short'('h 1ns) and théﬂfi

i»most of the 1mportant 1nformat10n"about such llfet1mes l'esyﬁ

R,

:ﬁln the early sectlon of the curvec Secondly,(record1ng the

'7curve 1n short steps startxng upstream of the 5011 permlts

,]the accurate locatxon of the f011 pos1t10n.,Th1s 1sh_fﬁiﬁi“ R
i;1mportant when decay curves for d1fferent tran51t10ns are to

.fbe analyzed 51multaneously, as 1n an ANDC analy51s.;;ﬂﬂ,\;:fg

-

The typical s1zes of Sllt and mask werevZOOum and 10mm
' o
v'respect1ve1y, y1eld1ng an effect1ve v1éw1ng length of 0 4mm

(F1g..2 2a) fOIIOWIng the equat1on mezi;y:';gfhfr'

S A

(200 A=SHMR L

::where A 1s the V1ew1ng length S is’ the sl1tw1dth M 1s the
YHWIdth of the gratlng mask and R 1s the rat;o of two o
55dzstances from the sl1t, as shown 1n Flg. 2 2a. Actually,

;fthe detecﬁbt system v1ews d1f£erent sect1ons of the 1on beam

=

R4

.Gdepend1ng on the 1nstrumenta1 wzndow funct1onm (Flg 2 Zb)
‘ﬂThe recorded 51gnal 1s determlned by the cdnvolutlon of the

1}mult1 exponent1a1 decay funct1oh ghd this w1ndow funct1on



;1nc0tporated 1nto.the ltt:Eglprogram“t‘;f“°

,jcloser to the ﬁozi than on_ half?theiv:ewxngilength_ Furtheﬁ




FIGURE 2 2 i

: i R e .'».
jDetect1on System Geometry (not drawn to~5cale)k;g*‘» '

fShow1ng the~contr1but1ons to.the in try mental Lo

‘window function :due to the finite- 513 1dth
and” the f1n1te w1dth of masked grat1ng




(@) Detection System
- ‘Geometry {not to s
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:"3." SPECTROSCOPIC ANALYSIS = .

L

* As was mentloned 1n Chapter 1 many of the energy

-.‘

levels of the 3p and 3s3p3d conflgurat1ons had not been

7

cla=s1f1ed when thlS pro;ect was begun{wM C Buc et Poullzac

A

nd her colleagues h.' reported some observed y_iSi ionstf L

’from 3sBde to 353p level_ (BBC82) but the1r resul s,

1'seemed 1n marked dlsagreement w1th the theoret1ca1

P -_‘

calculatlons The'?lrst step towards the goal of testlng the B

effectlven%‘P of the ANDC technlgue in: determ1n1ng the'”
' _'1)"

llfet+mes of - 353p and 3s’3d levels in ArVI was therefore to

ldcate the cascade traﬁsﬁt1ons from thex3p and 53‘p3d

levels. The methods used to locate these energy levels w1ll

ow be dlscussed Flrstly, an 1n1 al estlmate of the level ff

4

enerdles was. obtalned by us1ng the sequence trend method A

computer program was then used to search for possxble energy
S -1

levels together Wlth the 1mportant tran51tlons decaylng 1nto

the resonance levels. F1nally, some spectra w1th h1gher ui; vl
resolut1on were taken to conf1rm the p0551ble assxgnments._ /

3 1 AlI Isoelectronzc Sequence Trends

The AlI seguence cons1sts of 1ons haV1ng three act1ve e
electrons. Desp1te the 1nteract10n between dlfferent 'éﬁ o

R YO '.

conflguratlons w1th1n the (n 3) complex, the results of the L
theoretlcal calculatlon, wh1ch 1ncluded the ‘

: > S
conf;guratlon 1nteract1ons w1th1n th1s complex, g1ve smooth

14



_fsequence trends (Ffﬁ éyi ng)a On the experlmental hlde,hhji;?
;W?st of these 1evels belong1ng to the 3p and 353p( P)3d : 4 |
‘ﬂconflguratxons have been ass1gned for the lower z members of_?é
[1the AlI sequence up to CIV (Mo49 Ke68 BM71 BDG82 Mz77 :

.»BBL7})._In addltlonJ,Plnnlngton/et al have recently reported;.

11 ‘the, doublet énergy levels of the 3p= and 3s3p3d

_;co f1gurat10ns for Tlx (PATHB?) An 1n1t1a{ estimate for theﬁff
:energy of a g;ven level 1n ArVI was obtalned by comparlng :

'the theoret1ca1 and exper1menta1 data for that level along o
;the AlI 1soe1ectron1c sequence, as shown #n Flgs. 3 ht and

_’_.3 2

-

It 1s str1k1ng that the experlmental results g1ve

i .

E rather 1rregular trends rf<a11 the prevzous ass1gnments are

'}acg_pted (Fzgs. 3 1 - 3 2) In some cases, thehagreement
E with the theoretlcal calculat1ons is quxte good whzle 1n
other cas’".'s-' the a‘reement 1s rather poor. The calculatmns '
"show that the 3p and 353p(’P)3d conflguratlons are so
j strongly mlxed that labelllng of the p and zD levels ‘
l{helong1ng to these conflgurat1ons for IOQLE\members is a egj;
T‘tlna'ttervof taste. However, for med1um and‘hrgh stages of iﬁiﬁhh
:vlonlzatlon,,the assrgnments are unaﬁblguous as the leading |
‘;term 1n each of the m1xed states 1s qu1te dom1nant. In theifff
'hpresent work the a551gnmentosuggested by the theoret1ta1 v{
fanaly51s 1s g1ven to the experimentally determ1ned energy
levels in Fzgs. 3 1 3 2 ‘1n partlcular, the ass;g;ments of
'h}th owest four levels a551gned 1n thxs wqu are labelled

2“73p , wherﬁii Buchet Poullzac et al (BBCBZ) had g1ven them ﬂyﬁ



- 3.2 Energy Dependence of“Spectral Line Intensity . -

.</.'~

".A

Beam f011 em1551on spectra strongly depend on the 1on

: ‘/V .
| l1ne, by cbmparlng the relative 1ntensft1es w1th the

' beam.energ . The 1nté‘51ty of a. spec1f1c llne obv1ously A
'depend's;'—-onthe po'; lat‘n._o-nmof the upper energy leVel .
gdlnvolved. wth i .lltself a. functlon of the energy. The -
h)method of 1deat1 1ng the gharge state for a g1ven spidjrai

_1nc1dent 1on energy, was flrst suggested by Kay (Ka65)
vRSpectra have been recorded prev1ously 1n thlS laboratory for
”fA'; 1ons of energles rang1ng from 0 2MeV ‘to 1 8MeV»(L174) »
E.The ArI and II llnes are domlnant at energles b@low 0 4MeV
55wh11e ArVI VII ahdayIII are. dom1nant at - 1. 8MeV. It 1s known h;
”(SM86 SW69) that Ars‘,lons w1ll be most abundant after f011
:}Lonlzat1on when the 1nc1dent energy 1s around 3MeV the Ar |
::component then be1ng around 26% For th1s present work | |
1. 64Mev was the h1ghest energy for whlch a strong and stable
_ 1on beam cguld be obta1ned from the accelerator (tests w1th
lan 1nc1dent beam of Arz‘ 1on gave é; 1on beam that was. too ;-
fjweak and unstable) At 1. 64MeV the comp051tlon of the c
zypost f011 beam w111 be appr021matly 3% . (Ar ) 12% (Arz‘) i
RETTRIIEN 27% (Ar“')-; 19% (Ar"") 108 (Ar") and 3%

-f(Ar”') Clearly, 11nes of charge states other than Ar 'alsof?

'vshow in’ the spectra.,Therefore charge 1dent1f1cat1on 1s



| 'j FIGURE 3 1

Isoelectronlc Sequence Trends for L
the 3p and 3s3p(‘P)3d ’P V‘D TermS'

’The dashed curve represents the MCDF calculatxon of
:Huang(HuBG) and s the Cl-calculati8n of Fawcett.

using scaled’ Slater’ integrals(Fa83).. The exper1mental ]
_poxnts are from references given in .the . text(o), .
fJ P. Buchet(x pr1vate commun1cat1on) and th1s work(')-
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FIGURE 3 z

.:.'\;;9: 'fl'v' ot

o Isoelectron1c Sequence Trends er e
the 3s3p(‘P)3d F-and 3s3p('P)3d" - -
s Déublet Terms*“';n‘v_“w_;;:

el

The dashed curve,ﬁ  ;jbﬂghdfbffgpréééhtﬁthéfééhéfésfi
‘in Flg. 3 1. ;u,_;;,,_ L L

j'** The data for- 3s3p( P)3d ’D (J=5/2) are’ sh;fted u.wards
by 11000. cm™?,-and ;hat -for 3s3p('P)3a P (Jw3/2) 5=
»are shifted upwards: by 3000 cm“ for clataty of "
presentatzon.;,-,ﬂ“. n o

,?*** ‘A represents&éhe suggested a

g&zgnment for“353p3d4_
(J=7/2) by Buc et’ et al. (BBC IR

I






3t3MeV,,a study of the relat1ve'1ntensxt1es oflspectra1 11nes'

,iat dlfferengxsnergles below 2 5Mev w1ﬂl d15t1nqu1sh Arz‘”'7“

rl

f“A 3 fromjArs‘ llnes. As the ArIII spectrum 1s very r1ch
*”most of the 1nd1v1dua1 ArIII 11nes are relat1ve1y weak 1n

fﬁthe spectra at 1 64MeV On the other hand because of thelr hﬁ

ﬂ151mpler electronlc struct&;es, the spect:atfor ArVII and 2 : ;

_;VIII g1ve 'elatlvely %égjput 1ntense 11nes at 1 64Mev

ﬁ5D15t1ngu1sh1ng Ar"'from Ar‘ffls help d_by compar1ng

farelatave 1ntensit1es in quctra at 1 64MeVit‘ 5MeV and

'ﬂ,4e0M6V“}s1nce the abundance of ArVI beg1ns'noydecrease at

:. 'f'.r-.

dﬁaround 3 OMeV wh1le that of ArVII 1s 1ncrea51ng dur1nghvhe |

f'whole range between 1, 64 and 4 OMeV (Flg._3 3) For example,'

1f-xdent1f1cat10n of thg charge state responszble for 509A was

lﬁnot clear heﬁore thls work L1v1ngston (L_';)fhad1§ﬁ§g§§t5dif;

fﬁthat ArVII was respons:ble, wh11e Leveque et al. (LGR84) had

“jsuggested ArVI. The rat1o of 1nten51t1es of the 11nes found

: fat 509 QA and 501 1A, whicigls 1dent1£1e ;as én ArVII lzne




FIGURE 3 3

s ‘. Energy Dependence of the Ar .
Charge State Dlstr1but10n after the Fo1l

"7f}§?f;fij'~ﬂ,‘j»-






fto a"strong Q;ne the wangs of wh1_h may contr1bute some

ﬁbackground to the weak lrne. For examplf@

the l1ne at 502 3A ﬂP

5had been suggested as an Arv l1ne (LGR84)i}Th1s 11ne 1s e
jclose to the stroﬁg ArVII llne at 501 OA l1ne..The 1nten51tyg;}
iratzos between the 502’3 and 509 OA are approxzmately 1 4 l.h
;2 :9 and 2 7 at" 1 64Mev 2 5MeV and 4 OMeV respect1§ely Th1sii?%
fllne therefore seems more 11ke1y to be an ArVI 11ne. l‘“ .
’However,zthls analy51s was not conﬂ’us1vg because of the
[weakness of the l1ne at 502 3A and the perturblng effect of ;fo
nthe nearby strong ArVII 11ne.,Further ev1dence that thxs -
flxne does belong to ArVI 1s grven below (see Sect;on 3 5)
| Charge state analysms for the l1nes stud1edJ1n”th1s

_work are generally 1n accordance w1th suggest1on made by

JJ P Buchet (pr1vate commun1cat1on) and other works (L174

R

{LSR84 Sc65) _Uj;ﬁf-"**'ﬁl_ R j*mfﬁ“zﬂfﬁhaiﬁ~
3.3 ComputquPeCtral Analys1s | N A , :

,jf‘mhéﬁjéap :’P and 3s’3d ’D levels were c1a551f1ed by
1Ph1111ps et” al. (PP41) and Fawcett et al (FJW61) Fawcett sj,;
;calculatlon (Fa82) 1ncludes gf-valuig for all the lmportant ?1;
ftrans1t1ons between the 3p ,v3s3p36 and resonance levels,fj
'and y1elds est1mates of the 1nten51ty of these trans1t1ons‘ _
tand the 11fet1mes of the Levels of the upper levels (Table ;fft
A4 1). If a g1ven level makes two or mDre lmp0rtant /,= S

vtran81t1ons 1nto known energy levels, tran81t1ons are-

fexpected &o appear in the spectrum havrng energy dlfferences.d?

c A i




jfspectra.-g}ffﬁﬁ

The ma1n'1dea of thls”progtam ;s to scan the” i

-

i'the wavelength reglons __f

{mated "'by. Fawcettor '_by:j"ti‘?ié*;f =

fsequence metho'”(Sectlon;3;1) One of these seven,

.__, .

glevels 1s used as a referehce level In scannzng, i i

N

< a;ggfpﬁnafhaviqgféﬁeggyféi“, :ences correspondlng tf{T ‘

flevels wer_ﬁfouni 1mmed1ately, together w1th 12 tran51t1gpsmi

-—

f"from them to the tesonance levels (Table 3 1)

Tran91tzons from the'satm_uppep eve171nto dzfierent‘;;ﬁ

;ilevels should"not on:y_show the”g;me»l1fet_me from hef e



1ﬂdecay curve'for}thesefl1nes.-Sucbﬁanalyses often yzeld }5di77*

ffresults w1th relatyvelyzlarge dhcertalntles; pantlcularly

iﬁfor weak llnes’fFurﬁﬂermore,llines of szmllar wavelength
f;often show 51m11ar llfetlmes, so that szmple compar1son of )

‘fthe l1fet1mes obtalned by m- e f1tt1ng may not be very _41;

?:conclus1ve 1n dec1d1ng poss1ble ass1gnment5v Comparxson of

fthe decay curves hemse 'es can be a muoh more sen51t1ve :

."test, 51nce 1t 1nc1udes'tpb effects of cascad1ng over the P

jfwhole curves. On the other hand 1f 11ne blend1ng 1s
-“present decay curve comparxson may be less concluszve than i

bﬁnormal m-e f1tt1ng techn1ques. In gqural both pr;mary

_llfetlmes and decay curve shapes should be compared 1n }n

Gy

*ftest1ng whevflr a g1ven paﬁr of tran51t1ons do come from a“\w

* common apper“level.k;ed Pa— ST T |
A computgggprogram (TFIT) was developed here 1n 1986 toﬂ
hfperm1t decay curve comparlson.vThe prrnc1ple of thls program;
‘A1s 51m11ar to the mult1 exponent1a1 f1t¢1ng program, TROYr |

;;except that the TROY~f1tt1ng parameters for one poss{bke

}ybranch tran51t1on from the postulated upper level are used
».as flxed parameters to f1t the other branches, w1th only thea
:absolute 1ntensxty*and beam veloc1ty as free parameters. In f
frother words, the scales of the 1ntens1ty and t1me axes are 3m
vlallowed to vary, but ‘he fundamental shape of the decay
‘fcurve 1s £1xed If the decay curve belng tested 15 from the

l'same Upper level as the f1rst curve (represented by the V«Qig

B



" fI'II In general th1s method’ "can'provzde‘ corrobuarat;on _'for




‘,regions of the‘Spectrum,:so that the levels were easrly
lo,éate‘ usmg the procedure descrlbed 1n Sectlon 3. 3 Two -

’ spectral reglons (around 619A and 783A) wére recorded at |

hlgher resolut1on.»The f1rst of these spedtra shows that the |

'bs1ngle wlde 11ne at 619 DAlfound in the survey spectra'

e e

actually cons1sted of two 11nes at’ 618 65 (peak A) and
619 20A (peak B),’w1th a ratlo of, 1nten51ty around 3: 5. (Flg
i 3. 4) ThlS 1s 1n good‘agreement w1th Fawce%t s calculatlon -

(Table A4 1) thus supportlng the a551gnments to thevi;,tj

"tran51t10ns from 3p f’P gJ 1/2) to 353p "D (J 3/2) and fromﬁ
3p’ iP (J 3/2) to 353p ap (= 5/2) respect1vely. The second

_ of theseuhlgher resol tlon spectra (F1g. 3 5) for the reglon'j

i‘_" .
around 783A aga1n shows f1ne structure spllttlng, 783 1

'\

(peak ‘A) and 783 7A (peak B). The)relatzve 1nten51t1es of
these 11nes are in- agreement w1th the predlctlons of ‘
| Fawcett., | | |

s Decay curvercomparlson (TFIT) was also applled for the rf

u_transrtlons.rrombthe 3p p 1evels (at 905 and 619A) andwthe
transjtions from“the‘Bp"’D levels (at 783 5 w1284 and "

| 7(3O4A) The results ylelded'strong supp 5t for the -

a551gnments (Append1x III) E

‘:3 5 2 3s3p(‘P)3d Levels’}f-:..“/pr"uij S

' Most of the - 1mportant tran51t1

»levels are unfortunately locaﬁgd n rather crowded spectral
f;reglons.blt 15, of course, morey

Iﬁscannlng'COmputer-program 1f%
T S T g

Jre lines are not well
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';regaiGéa In the case of the 353p(‘P)3d zD levels,:only one.fh
‘tran51tlon frOm each leyel 1s 1mportant. and the wavelengthsTﬁ;
f‘of these tran51t10ns are 'so close that only one de%ay curve.ﬁ;,
:ﬁwas recorded from thlS doublet. Hence the TFIT program 19
'jnot appllcable, and the scannlng program 1s less def1n1t1ve
_Spectra w1th hlgher resolut1on were necessary to 1dent1fy
n'the closely—spaced doublet expected for the multlplet 353p .
'sz -“353p( P)3d zD In the second order spectrum around
u“509 OA, a 51ngle w1de llne 1n the survey spectra was .v _
laresolved 1nto two llnes, 508 9 (peak A) and 509 2A (peak B)
.~;w1th a separat1on of around 0. 30A (Flg 3 6) The gnten51ty
*trat1o:of these two l1nes 1s approxlmately 5 7 whlch 1s 1n
f,good agreement WIth Fawcett s calculat1on (Table A4 1)
'.weak tran51t10n was then found at 687 90A whlch 1s the
_wavelength correspond1ng to the trans1t10n from 353p(’P)3d
i’D (J 5/2) to: 353p ”’P (J 3/2) ) | p " P
| nt Buchet et al had suggested an ass1gnment for the
p,3s3p3d 2F (J 7/2) level (BBC82) but thlS g1ves poor R
1efagreement w1th the sequence trend (Flg 3 1) A decay curVehﬁ;
:was recorded at 486 TA, °the trans1t10n a551gned by Buchet etfs
:Vial.‘from 353p3d ’F (J 7/2) to 353p zD (J=5/2), y1eld1ng an T
?,happroxlmate llfet1me of 0. 05ns,vwh1ch 1s gu1te d1f£erent
r}from the theoret1cal predlctlon (0 125ns) Furthermore, nol
l ?trans1tzons could be found correspondzng to the branch down B
L{fto 3s’3d zD (J 5/2) or to the trans1t1ons from ’F (J-S/Z) tof}

=,,e1ther 353pz 2D (J 3/2) or 35’3d zD (J=3/2), aSSuming that

'fethe 'F spl1tt1ng 1s close to the theoretxdal calculatxon by }




:yFawcett (Fa83) The suggested a551 ‘ment}hyfﬁuchetjet;alr_:1i:d
thherefore appears to be 1ncorr’ o f' y‘ y‘ | :y l
o In the search for the 353p(’P)3d zP and 2F levels, a. .
n_spectrum was. recorded 1n 1ncrements of 0 2A from 468 to 480A.v
“v(F1g 3. 7) Two llnes (peaks A and B) 1n th1s reglon were .
':a551gned to tran51tlons from the"P levels, and two 11nes 14
f?(peaks o and D) to tran51t10ns from the zF levels (Table
;F3 1) Inten51ty curves were recorded for four of the
y_tran51t10ns expected from the postulated 2P levels (at
:4468 5, 469 85 497 4, and 502 3A) “PFIT ana1y51s gave el
satlsfactory results for these decays (see Appendlx III).
““The llnes found at 470. 9 and 792. OA were a551gned as the |
fhtran51t1ons from 3s3p(’P)3d ’F (J= 7/2) to 35’3d 2D (J 5/2)
f?and 3s3p ’D (J 5/2), whlle the 11ne of 476. 8A was aSS1gnedrr
htas the tran51t10n from the 2F (J 5/2) ‘to- the 3s3p
:(J 3/2) levels. Inten51ty decay curves were recorded for'.
these three l1nes “TFIT analyses also support these |
,E;a551gnments (Appendlx III) However,'lt should be mentloned‘:
lpthat the trans1t1on from thlS newly a551gned 353p(°P)3d 2F '
.T(J 5/2) level to 3s’3d zD(J 3/2) (5f\50911A) 1s found to be
fweaker than calculatlon (Fa82) predlcts.'h__ o ) o
©3.5.3 353p(‘P)3d Levels o |
= 'f Sfm1lar procedures h been followed in- search of the
hw3$3p(‘P)3d levels, although the results of these analyses :'.
”lare less conclus1ve than for the 353p(’P)3d levels ]ust |

. r 4 .
v“dlscussed A second order spectrum was recorded around



594 10A a kno&n 1ntense 11ne of ArVI.,A l1ne at 594 BA "
wh1ch had been biended 1n the survey S§ectra, was resolved.-.
Th1s 11ne and another lane at 592 9A were a551gned as the |

4 trans1tlons from 353p( P)3d ’F to 3s’3d zD based dn o

Fawcett s calculatlon. From the a551gned 3s3p(‘P)3d ’F

L)

| levels,‘other tran91tlons could also be a551gned 1n the .7t:

spectrum at 392 5 and 393 6A (see Teble 3 1) Decay curves

e

_,“ere recorded for the llnes at 594 8, 59275 and 393 6A and
'.the ”_apes oﬁ decay curves were cqmpared by the TFIT '

» program}, e
SR S . :
51m11ar to;that of 594 BA (Appendlx IIJ),fbut qu1te QL‘. -
different from that of 393 6A ‘Thls 1s poss1b1y caused by

blendlng at 333 6A and/or at 592 Q and7594 SA‘ Furthermote,

‘bhe 592 5A 11ne seems too strong cempared wxﬂh 594 BA so 1t

K4

u’1s certalnly p0551b1e that 1t 1s blended w1th an unknown

lxne” These 1dent1f1cat10ns are thusfvery tentatx,w

fresults show that decay curve°o£ 592 5 1s R

For the 353p{ P)éd zD term, the stronge§t9i1ne'should |

be- ége transit1on from 353p('P)3d ’9 (J=5¢2) down to. the:
353p ‘P (J 3/2). A 11ne at 472 1A was !%nndfthat could be
thls tran51t10n._Two 11nes at 553 0 and'477 7Afhave been
a551gned ‘as’ the tran51t10ns from the 3s3p(2P)3d‘FD (J=3/2)

down to the 35‘36 ’D*(J=5/2) and 3s3p tP 0-3/2) levels

tespect1xely The 1nten51ty ratio oﬁ l;nes;at 477 7 and

472 1A 15 approx1métely 1;

Fawcett s calculatlon (Table AG‘?)

,4:‘.

Howe

| then expected at 574 0 and 565 6A.from‘these_levels down -t ;

;dﬁh'ch 1s 1ﬂ faxr agreement w;thh

the trans1tzonsh




FLGURE 3.4 - 3. S
'~;f,f Spectra.~ o

'fIn Fxgure 3.4 (second order d1f£ract1on) " the 'HI

line ‘at 1215.67A (not shown in- f1gure) is used as.
. a calibration line. .

 .In Figure 3.5 (second. order d1ffract10n) the ArVIIff
“line at 526.46A (C, third order d1ffract10 ) is
used as- a callbratlon llne. S .






Spectta .

Corn F1gure 3.6 (second order d1ffract1on) the AfVIII

 Jl1ne at 519.43A" (not shown in flgure) 1s used as .. .

~“  a'calibration line. S
In Figure 3.7, the ArVIIL lme at 479 38A (5:) is .
‘used as: a callbratxon 11ne._:f L



P



35‘3d ’D (J 5/2), appear weaker than theoretlcal | )
predlct1ons An 1ntens:ty decay curve was recorded for the.i:f,
relatlvely 1ntense 11ne at 472 1A only, and hence no TFIT
;/test could be made in thls caSe.d}}fr_."' | "'._ |
It appears that there may also be ‘a problem 1n locatlng,ﬁ“
the 353p('P)3d zP 1evels. From the theoret1ca1 pned1ctlon,
Q thdistrOngest tran51t1on from these levels is that from f~.***'

3s3p('P)3d 2P (J=3/2) down to 353p ’P (J-1/2) Hoyever, no ;fb

: f
'Q such 11ne qould be found in, the expected reglon that gave

@.the expected correspondlng branch tran51tlons. On the other -

'hhand the follow1ng argument suggests that 1t 1s po551b1e .
_thgt th1s tran51tlon 1s blended w1th the strong ArVI 11ne att;,
?459 32& Thewnext two strongest‘tran51t1ons should be fromv';

2 gge ’é levels down to the 35’3d D (J 3/2) A 11ne at 557 1Agfv
5iwas t\/tatlvely a551gned as the trans1tlon from ’P (J 1/2) h
fbdown tQ 35’3d zD (J 3/2) Two okher weak tran51t1ons from ffl!

Cal

b_thls ass1gned 1evel to the 353pz levels could be found 1nv

: ;he s&ectra at 463 2 and 466 2A stng the energy suggestedv R
_fby the 557 1A 11ne for the:?P (J 1/2) level and Fawcett S . .
.gest1mate of the"P f1ne structure spmtttlng,,lt 1s expected'id
iithat the (J 3/2) level 11esxat 400600:2000cm If th1s 1s::hd
b:the case, the three strongest tran51t1ons from thxs level ygwf
' would)all be masked by strong, class1f1ed ArVI l1nes at ‘h
459 32 462 01 and*551 37A The 1ntensaty decay curve could:g@e
be recorded only for the l1ne at 557 1A from thlS doublet ‘

S0 thbt agaln no TFIT analy51s was p0551ble.

| ,S.



3 5"4 SummarY of. the Spectroscoplc ASS“J““"“ Gl

In thls work spectroscop1c asszgnments for 30

:ltrans1t10ns of ArVI were suggested Wlth 15 levels of the

vﬁ3p‘ and 353p3d electron conflguraflons beezng berived from
'fthese tran51t10ns. When two or more tran51tlons from the s?ﬁla%
’:same level were a551gned the method of least squares was
hgused to deduce the energy of thlS Jevel.theqresults are

shown 1n Table 3 2 It 1s 1nterest1ng to note that the
dwelghted mean of the ratlo of the observed and the'**i_ B
f[calculated energy 1evels (Fa83) 1s 0 988+0 006 wh11e the
'awe1ghted mean of the correspond1ng ratlos for the doublet
h\sp11tt1ng 1s 1 0510 25 The theoret1ca1 predlctloni (Fa83)
;}for the 1soelectron1c 1ons sz show a s1m11ar degree of
?faccuracy (PAHH87) Furthermore, all the lnverted doublet
f:terms were correcly pred1cted by Fawcett (Fa83) ds was 1n
:dthe case of Tlxv-Further support for these ass1gnments 1s :
efprov1ded by the 11fet1me analyses wh1ch ar: to be d1scussed -

";1n Chapter 5 The results of all the var1ous approaches

'fzdescrzbed 1n thzs chapter support the a551gnments of the 3p ;f{

':[ P, T’D and 353p(’P)3d ’fﬁlevels. The asszgnments for
. \ W7 S

,these 1evels thus_appear acceptable. The s1tuatzon is much

fhxless defin1te for the other s;i levels conszdered. Because

f;_of the weakness of most offthé”trans;t1ons frbm the



3ftheoret1cal pred1ct10ns. Furthe';speetroscop1c Jnformatlonff%‘

‘,13 clearly requ1red before these asszgnﬂbnts can be
;jaccepted The 3s3p(‘P)3d ’F levels were also only ass1gnedqf-*:
tentatlvely, as there are 1ncon51stenc1es¢ both 1n 'I'FIT o

results and the 1nten51ty rat1o for the AP ass1gnments.,i'~*:7"
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Table 3. 1(Cont1une)~t?ik}fi;ﬁh'

Tran51t;on :j;} :'[1_ ‘“  :fwavelehétthA)ﬁ’LEf

1.-\,’_'
-

| ésisa;{'}rﬁjszZE

semeRsa Tz 7008 00

3s3pr . *Si1/2 - 3p* . *P 1/2,3/2 © B04.50 + 0.30 _

AT

CTapagz s j'ezpﬂ1/2 3/2f7'893-76,_fo;30

LB

Cap3/2-. . 'B.1/2,3/2 905.00 £ 0.30

LS. ;,;;3D;3/2::7“1ffiées*ss”

+

Cx Least squares f1tt1ng of these observed wavelength to
'the ‘energy-level scheme shown in Fig. ‘A4.1 gives the
energy levels listed in Table 3.2. Us1ng these energy

- -levels to calculate the wavelengths gives:values:which:

'}“1n -all- cases agree with those- shown here well w1th1n .

i-a_ﬁ»the quoted uncerta1nt1es. _

tigt
L

B & VA 3 ',f*_*’Des/éLef;_;:1303 90 _'o;1§H5:fe
1‘*”"9 3/2 IR -e:;f;f D 3/2 f;1307 50 + 0230 .
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h'tran51t1ons from the 353p* and 3s’3d levels as well ;s for ﬂ

- 4. TECHNIQUES ‘FOR DECAY CURVE ANALYSIS . =

e _ ‘

B i . . . - . . .
Inten51ty decay curves were recorded for the resonance
ﬁ«

- 353p3d conf1gurat10ns.,Several technuques were used to

.

&~nthe dlrect 1n shell cascades from the levels of the 3p -and

ﬁudanalyze these decay curves._These technlques w111 be brlefly

gf'reylewed‘;n»thls,jhapter.'

S

| 4,1fMuitf—Exponential?Curye-EittingyTechniques'

Inten51ty decay curves obtalned u51ng beam fo11

o exc1tat1on may best be represented as sums of exponentlals

_'because of. the non selectlve nature of the exC1tat10n

B process. A varlety of computer routlnes has been used to R

© e
. aft:r“p-

-1ana1yze such data sets, examples belnéﬁHOMER (IL74) TROY

*used as.a check., o ST

i .

A typlcal curve conta1ns p set of N trlads (yi, xl, t )

-;_where y.‘1s the number of photons recorded by the detector

‘; have negl;g1b1e error._

V.requ1red to accumulate a flxed number of photons 1n thev;f.'f

R}

”loptlcal normallzatlon chaﬁnel The countlng number yi 1s

' dssumed to be subject to fluctuatlons descrlbed by the

_[Po1sson dlstrlbué?on awhlle the xi and t are assumed to T

’Tpsox79) and DISCRETE (prysa In th1s work HOMER and TROY

;were normally used to analyze the data, wh1le.EISCRETE was-_4

5‘”at ‘the downstream p051t10n x. 1n the t1me perlod t. that is ;

- .



3 /
gwhlch best fltS the recordea Set of N trlads,‘1;
| ".é Lj,<-~_.‘ R » FER

.fwhere m 1s the number of terms, v 1s the known 1on veloc1ty,
‘_T, 1s the llfetlme of component 3, and C. 1s the dark count

-lwhlch 1s proport1onal to the countlnqwgerlod t., and the::

-.:" . . ER

.hA, s are the ampl1tudes whlch depend on the exc1tafion ?f_fﬁﬁf

\cond1tlons As 1n ail f‘ast squares f1tt1ng techn1ques,1the':‘°

C‘

t approach is- to seek the m1n1mum value of ch‘-ay "“waIV'

where the re51duals are Welghted by W.; Although the~‘”
pr1nc1ples behlnd HOMER and TROY are the same, the1r 4
Implementatlon 1s d1fferent HOMER allows at most three ‘
exponent1al terms dn the f1tt1ng functlon,:wh1le TROY allows

up to 13 paramete%s fn the flttlng functzon,vl e. sxx ffTilj;.

exponentzal terms and a constant On the other'hand HOMER

1s ea51er to use, because'th1s program can flnd 1ts own é%?;y
1n1t1al values gor the f1tt1ng, wh1le TROY‘ equ1res good

@) s N
1n1t1a1 estxmates to be prov1ded. In th1s work HOM

used for the 1n1t1a1 analys1s of all the 1nten|1tyﬁdeoay'

curves 'whlle TROY was used for the subsequent more detalled.”

analy51s, partlcularly cases re

ting f1tt1ng funct1ons'

cdﬁta1n1ng more than 51x parameters.,Hfﬁ5'“

B &

P gy



"Another character1st1c of TROY 1s that 1t offers th”
p0551b111ty of f;xlng any comblnatlon of parameters at the1r

1n1t1al values. In thls work TROY was used to glve such

constra1ned”£1t' g' r.sonance trans1trons for wh1ch

;}4;;«¢hg*Anp¢s¢e¢hhi¢aqu]};:

As th1s technlque‘uses Arb1tfar1ly Normallzed Decay

Curves, 1tvhas~come-to be known a§ the ANDC method It was 3ff.

1n1t1ally suggested by ’ (CBB?O) as a way to“_i;7
r1gorously correct for'the eftﬁ%ts of cascadlng ‘in beam f011
11f;t1me measurements.vAs mgntaoned in Chapter 3 th1s :,a
method has been used %y n?ﬁy ﬁorkers 51nce 1971 ﬁb obtaln

e cascade~corrected 11fet£ﬁes. The ba51c 1dea 1s to measure

1ﬁtens1ty-decay cucﬁﬁs for the trans1t1ons that cascad‘

ERRIA N R

. dlrectly 1nto the;@flmary 1evel of 1nterest, and then use {x

these curves tbwré%resent the repopulat:on effect\ The rate

B o

of change o the Ropulat1on of the pr1mary level repopulated

by m d1rect cascades glven by
AL SR ST B
e .

3 anae '-_E,Au Ny = N (8) /Ty "

‘gxhe“ef%hefstvare,thecﬁcéulaggcnshof_thefdirecthCascade”’h:f;

Lt :l g /: .



,,iﬁ;_,,

~flevels,,Ny 1s ‘the populat1on of the‘prxms.y levéi;Lthe A,.sﬂ

‘gare the Elnstéln trans;tlon probab111t1

s '

”3¢or spontaneous
1fem1551on from ihe ] level down to the”pr1mary level, andVT;?cf’

iﬁls the pr1mary“11fet1me (Flg..4 1) Us1ng the relat1on.,

Vbetween p.pulat}on, the cof%éspondlgg 1ntens1ty and S,g, the

z

jfrelat1Ve eff1c1ency of the detectlon system at wavelength

‘gk,g correspondlng to the tran51tlon ]*k

p 'v_. ’L' e

-f.»j EREIEPTN RSN

: where G 1s a parameter depend1ng on the geometry;of the %v;-f?

3

s 5 5
“'detectlon system, equatuon (4 3) can be wrlttén 1n the form,‘f&

e L RS 4o ; IR

(85) . Ane)/dt = STbe)/T e EEyky Ll

Sleels et

é%i‘ga

where . o lon o

o

"”tﬁu o1nvo1ves the rat1o of detector sen51tav1t1es at the Jth

'fcascade ‘nd pr1mary trans1t1on wavelengths Equatzon (4;5)

~’can also be wr:tten xn an 1ntegra1 form‘by 1ntegrat1ng both L

_:51des of (4 5) over the t1me 1nterval t, to t,,~f*'



glven bY equatlons (4 5) and (4 7) to éhe observed data._}f”=v"

f! Over the years,' everal dlfferent technlques forl'cvfﬁﬁfi

apply1ng the ba51c ANDC pr1nc1ple have been reported{‘rn
thls work two programs (ANDC and CANDY) were employed ANDC

(PGOK79) uses the 1ntegra1 form, equatlon (4 7) (Flg.14 2)

The raw data sets are used d1rect1y.to calculate the :
1ntegrals..The left hand s1de of equatlon (4 7) contalns the
jhfference of two 1n»en51t1es,zwh1ch can be 51m11ar 1n :

:]value,’and hence the dlfference Wlll be very sen51t1ve to

'the P01sson fluctuatl ,'; Some klnd of data smoothlng 1s l;lii
tltherefore used to calculate th1s dlfference.vIn ANDC- |
;7eaponent1al funct1ons are f1tted to sets of 5 1nd1v1dual
fdata po1nts 1n determ1n1ng Ik(t,) ghd Ik(tz) A second | |
l'routlne CANDY (En82), uses the parameters obtalned from m- e“;'f
l7f1tt1ng to represent the smoothed data sets for the

"cascades. CANDY also contalns sub-routlnes u51ng both

_vequat1on (4 5) and (4 7) If the m- e fltS used to smooth the
data are accurate representatlons of the decay data sets,”r}f,
°CANDY should y;eld the more rellable result sznce the 5'“3 =

'rsmooth1ng functlon has the more approprlate form..However,'ga,

‘e

.l1t 1s not always possrble to obtaln a completely
'Qsatlsfactory m-e f1t, and an 1ncorrect form of the m- e iv;l:l;
f f1tt1ng functlon w1ll dlstort the ANDC ana1y51s.zln such a |
;hcase 1t is not easy to dec1de whether CANDY or ANDC offers
jthe better results. Certalnly the sect1on by sect1on:jh¢;_e7hd
_ smooth1ng used 1n ANDC has the advantage that the effects of?}

jfa bad data p01nt are: local1zed to a part1cu1ar panel and do :
B . AT Rﬁ.'z‘



©4.3°The VNET Technigue ' ..

O

ﬂpnecessary test of the valldlty of the result 'ﬁ'dixvu'wi

Z}; As 1ong ago as 1973 Irw1n et al (ILK73) demgnstrated f-gﬁ

that the var1at10n 1n spatlal resolut1on at. the locatlon offl"@

the 1on beam 1s produced by chanﬁlng the spectrbmeter;{!dhfp
parameters (Sect1on 2 3) If the dlstance between the 1on\
beam and the spectrometer entrance Sllt 1s f1xed the _d
spat1al resolutzon depends on the w1dth of the 511t and HV:V_
grat1ng mask empioyed (F1g 2 2) Because of the vzgnett1ng7ipf

problem,”smald%yalues for the Sllt w1dth and mask are

f1rst few 901nts downstream from the f011 In th1siwdrk a”f'”

the beam-fo1l 11ght source;

1n£ormat1on conta1ned xn the:"




. ' : B¥ ‘ T . o . . .
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FIGURE 4 1 A
RepresentatlveyEnergy Level Scheme

;Show1ng the repopulat1on of the pr1mary level K
by several' cascade levels) J. Here N, SRE
srepresents the populatlons of the J. levels._-dlj‘






FIGURE 4 2

i;schematlc Decay Curve Used In An ﬂNDc AnalYSIS f,t

”?fshow1ng the quantltles P C and A'that are Vi

_;fltted to equatlon 4 7 where

m‘u
u‘“-

- I I" (t)dt ; I‘M(t)dt and
S tz 3, R

.‘D;yL
. l -

— Ik»(itz_")“- I, (t )
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7¢effect. -

"7.;~It 1s easy to‘%ee that;"aithough the obServed'lnteh51tyﬂf

;f1s the convolutlon,of the true spat1a1 dnstr1but10n oﬁ/the

'hdecaying 51gnal and the wlndow functzon, the L 'etlmes

hthemselves w111 generally not be affecteqﬁlf only p01nts

_from out51de the v1gnett1ng reg1on are 1nvolved 1n the
;ana1y51s. mhe true 1nten51ty decay downstream ffom the f01l,fﬂ
q_may be wrztten as a sum of exponentxals 1.e. Q 

a : P , m T

I(t> Corexp(=t/Ty) ot s 0

v"hhere the C. are constants dependlng on the 1n1t%al“

Y

jfpopulatlons and the E1nste1n tran51t10n probab111t1es of thefﬁ

'flevels 1nvolved _and t 1s the t1me duratlon for the 1on beam;

Letravelllng from the f01l to the g1ven pos1t1on..51m1larly’

;1the spatzal resolutlon at the 1on beamncan be represente&'by};

a w1ndow functlon of t"""

) s e £ h

' w(t ) any approprlate functlon-—f[7_-3a,set' 2 bﬁl

s e

ﬁiwhere t"1s the txme durat'" for the 1on beam travelllpg

”5from a po1nt on the optlcr axls offhhe d@tectlon systém tOZf

; a part1cular POSltlon _1n1ng equat1on- 4 8 and 4 9 the,f

3 5"'-

fobserved 1ntens1ty may be wrltten as.



:*},flw(t_) I(t+t )dt' L

expl-¢/T))"
j?ﬁegéﬁﬁ.:_*__ [T
Llaa11) ey f c W(t )exp(—v ¢ /T ) dt vj; R

.-—&

From equatlon 4 10 and 4 11 the amplitudes of the terms

wlll be dlstorted by the w1ndou, but the 11fet1mes remaxn ?7;

Compar1ng equqt1ons 4 11 and 4 12 1t 1s.c1earatha} a




e tra pe'z o 4 :. o
2.2). The fi
L;TROY butfkf bdes 4-.addit
[fthe shape og the w1ndow and one for the p051tldn of the

'3f01l The method of execut1on 1n VNET 1s essentzally the,“ '

@Same as that used 1n TROY

In thls work the exper1ment employed a smafﬁ dlstance j
(g Ocm) between the 1on beam and the entrance sllt.; ' k

Consequently,tthe 51ze of the w1ndow was small, and only §‘

few (typlcally 4) poants are 1nvolved 1n the v1gnett1ng

1fte§i§n, It 1s not supr151ng that VNET generally yzelded
?ftesr 'h'; fd;"not 51gn1f1cant1y dlfferent from h_'
1hHQM;RZT§5 '”:_.nly base for wh1ch VNET ana1y51s gave “}:f
somewhatidi“?_;f;' results were those 1nvolv1ng very -

_short 11ved enehgy l_vels.






yﬂv1gnett1ng reg1on dlscﬁssed 1n Sect1on 4 3 Measurements

r

fmade u51ng an observatlon wlndow that is. comparable to,,or LA

feven 1onger than the prlmary decay lengt Qb'

*Jalong the beam correspondlng to one llfetlme of the prlmary

IS

,klevel) 1s Pnown (0PBB79) to g1ve a. 51gn1f1cant1y reduced

the dzstancexf]f;f

ampl1tude to the coeff1c1ent of the pr1mary llfetlme term, o

and hence such short llfet1mes become d1ff1cu1t to measure _fvfﬂ

&

' accurateLy Ot course, cascade effects may also be 1nvolved‘fﬁ_ﬁ L

W
s .

1n 1engthen1ng the measured values of the prlmary 11fet1mes;.f«[

ant 1s worth not1ng that VNET y1e1ded somewhat better
'lagreement w1th the theoret1ca1 values for three very
jhshort llved levels, 3s3p(°P)3d zD (3= 5/2) ”F (J 7/%% and
ﬁ:353p( P)3d ’P (J 1/2) On the other hand the theoret1cal
'_'values may well be too short, because m1x1ng wlth hxgheu
:glevels (not 1ncluded in. the theoretlcal calculatlons) WOuid
hftend to transfer 11ne strength from the tran91t10ns measured5
"here to tran51txons from those h1gher levels, and hence ‘
’hlncrease the 11fet1mes of the 3p and 3s3p3d levels (B C. S
‘yFawcett prlvate cdmmunlcatlon) o | |
?awmaamsﬁgeéa&aﬁﬁyasa@gses,1:‘

Decayrcurves were measured ﬁor EIth reasonance llnes.

fVThe var1ous techleUes (HOMER/TRO;. VNET ANDC) descrlbed 1n;f%;’"

lehapter 4 were employed t° analyze these data. The results PRSI

xhof these analyses are shown 1n Table S 2 The free



:73P’ o

,‘353p({P)Sa {3P??1/2

Mu1t1 exponéntlal cunye f1tt1ng result. _-~””‘ wol

;;Multl—exponentlal curve fitting. result 1ncorporat1ng a
;iwindow function'. and 1nc1ud1ng the regxon conta1n1ng the
. foil . (see text).
gConf1gurat10n 1nteract10n calculatxon usxng scaled
*TSlatev 1ntegrals (F583) : L

Q%erm ”z'?fdm?;.ﬁ - TROY :
A T— ,,_j,gﬁ =

'f???ff1/2?5[[f'o 25 + 0. 03+ 8. 26 &

L -‘,—:,

'7?15/2_;:j, 0.23 i o 03 o 26 ;L”“**

0 °33f£31;50fg

.Hé

w+y

7.3535(?9)5&??%?7Q1/2 f o 067 o 006 0.075. + 0. 007 0. osszf*5

~+.

,'T;Biz' : 072 0;007 01056-i 0. ooe 0. oso.f;ff
f  v13Dy~3/2 5/2 0.081 470008 o 088 ; 0.005" 0.068 f:ni
'-’7lfiFff?/?' o iy i 0.02 0. 13 + 0. 02 0. 13*-: '

R 72

+"

“fjf 0 13 ; 0. 02;;,'0 13 t 0 02 o 12 J;
. 0. 018 o. 046 + 0.015, 0. 029 f‘;j
t_v_zfn{ff‘js/z;, o 061 +0. 018 0. 040 :: o 010!9 029

'} 0. 065

::.‘l+

|+-' '

o ozo o oss o 010 o 049‘57-;




: measurlng'short llfetlmes were dlscussed 1n Sectlon 5 1)

5@51nce the 11fet1mes of the resonance energy levels

;fof the 3s3p "D levels, where the prlmary 11fet1f

0y

_glonger than that of any 1mportant cascades, l1ttl :,-"a '.ffﬁ

'fnow be dlscussed in turn.f ‘“l

f5 2 1 3s3p é =

tllfet1mes than the other analyses, especially for the

{fshort l1ved energy ledkls.f(The d1ff1cult1es assoc1ated w1thth

_fcorrespond to dlst%PCes alo the beam that are. longer than ﬁfh

*both the observat1on w1ndow and the separatlon of the

>

1-measured p01nts, the VNET values were not s1gn1f1cant1y “.éf_j
fdlfferent from the HOMER/TROY results.oOn the other hand,\
§"the ANDC analy51s gave 51gn1f1cantly shorter llfetlmes than eUG

jthe other analyses for the short llved levers..In the case"

‘,1n the llfetlmes 1s observed from one method of analys;s-to_ff

.

ganother. The ANDC analy51s for the 1nd1v1dua1 levels w111

'\"',7.\ g

e N S o oo S . - E _ Lo .

Fawcett s calculat1on SUggested that the most 1mportant-

fcascade 1nto 353p *S levels should be from the 3sBp(’P)3d
-th levehs and th1s 1s supported by the observed spectra,l

:_where the transltlons from 3p3 2P and 353p('P)3d ’P are

1 < -

hjfound to be Very weak( In Table 5 2, _1t may be seenhthat the~
i,ANDC analy51slglves s1gnrf1cantly closer agreement w1th the s

‘ theoretlcal v lue.,u

o



ﬁmay be*1nvolved sngn1£1cant1’ 1n the;repopulation of the”“’q‘

'f3s3pz zP levels. The relat1vé 1ntens1t1es of the observfd'
1spectrum llnes 1nd1cate that the transgt1ons from the 3p
(@=1/2), D (3=5/2), 3s3p(’P)3d =p"'( -172) and. 353p( P)Sd e
flevels are 1mportant cascades for the repopulatlon of the

;353pz ’P (J 1/2) level S1nce the:3p"’D levels have much'j

’for 3s3p 2P (J 1/2) The theoreplcal‘prgdictxons aIs;

 gsuggest that an even §reater ;

if3p°l‘P wh1ch has a relat1vely long i;ﬂetlme among these”

~}cascade levels. Althoughf'

*3problems can occur)jﬁl f
' . . . " . B » ."q'o.. B



' unbat of supociagg cascades; 1

cascades.

'chosen as the

T SR L P

ST RN
IR

3N

These levels,have much longer l1fet1mes than any of thefﬁ

A . BRGNS S
“j4Ls from the 3p "P and zD levels were R

8 gﬁrtant cascades for theSe levels, 51nce

\

they are the only 1ntense cascades w1th relat1vely long

1

11fet1mes. The l1fet1mes obta1ned for these levels were ﬁ'

relat1vely 1nsen51t1ve to the form of ana1y51s useﬂi’*

For the 3s'3d ’D (J 3/2) level the 3s3p( P)3d zF

| 3s3p(‘P)3d zP and ’F were chosen as the 1mportant cascade il

levels, whlle ﬁor‘ (’*.3\5/2*) leVel tup 3s3p(=p)3d P and

?53P( 393d zr)? :ijwere used The ANDC' results wereh;
found to show ;R : lecloser agreement w1th theory
than the results n: Tmethods of analy51s.,It was [‘ffv“
mentloned 1n Chapter 3 that the a551gnment of the 353p(‘P)3dﬁ°
’F (and to a. lesser extent ’D) levels are st111 somewhat E
tentat1ve.,The error estlmates for these two levels have _
therefore been 1ﬁtreased 1n Table 5 2. to allow for these{lfub

-

factors..;‘lt

f It 1s in erestlng to compare the ANDC results for the

resonance levels 1n th1s work w1th those 1n the récent studyjs

I



j3s’36 zD levels. Secondly, the ANDC results for 3s3p

“(J 3/2) 1n th1s work Stlll show '!1at1vely b1gger

jﬂﬂucrepancles w1th theoretlcal values than for the other
:resonance levels, and the study ofHT'X shows s1m1la

' results. It was suggested (PAHHB?) that the problem may be a

*comblnatlon of the ratheéflyrge but weak number of cascades

'chat must be cons1dered 1n’the ANDC analyses for the 3s3p

_f’P levels and the short l1fetimes of the leVels 1nvolved.-

Constralned mu1t1 exponentlal flttlng was also applied
Ufor'the neasonance levels by ;sing ;ROY thh the 1mportant
';cascade 11fet1mes f1xed at the_theoretzcal or the measured

v3values ‘and other parameters free to vary Thef

'ﬁSults were ff

j7generally 1n agreement thh the ANDC results*wzth1 }thefq\fff

31353p -’P levels, three cascade l{:

fﬁ1 25ns were f1xed to"epresent the_d;'



:{5 2 All the results seem generally in. good agreement{f‘f,i“ﬂt

\those of the ANDC method wlthln‘the uncertalntles.

Comparlng the presemt results w1th thOSe from prev1ous

Ihexperlments (LPIK81 BBCBQ) good agreement 1s found for.the“'

_;lbng l1ved 3s3p zD leveIs, but the present results show

jcloser accord w1th Fawcett s calculatlons EOr the 353p Hw;“
jand 35'3d ’D 1evels (Table 5 3) On the other hand h iit'L

}“earlier results obtalned by Buchet-Poul1zac et al agreed

¢ -

_jwell w1th Fawcett s values for the 353pi ’P levels, even

v5thoughlpo rlgorous Cascade correctlon was applled 1n the1r

‘experlment. ,‘Y»f;'fj5gg‘f'
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Cbeen stud1ed :Several dlfferent methods have been used to‘

;suggest a551gnments for energy levels of the}fd‘ and 3s3p3d
fconf1gurat10ns. Comparlson of experlmental and theoret1ca1
fdata for other 1ons 1n the AlI 1soelectron1c sequence was
fflrst used to prov1de est1mates of the enerqies of the 3p‘
fand 3s3p3d levels..A computer program was then used to

,search the observed spectrum for transztlons between these isz

v;energy levels and the 3s3p and 35’3d levelsr‘Two dxfferentﬁﬁﬁ

papproaches were then used’to analyzerthe decay curves;-vai-ff

‘%recorded for the assxgned transxtlons from these 3p and

4353p3d levels, namely multl-exponentlalffrtt1ng procedures

&
1;(HOMER/TROY/VN§T) and comparison of the shapes of the

Tllnten51ty decay curves for trans1t1ons from the same upper fﬂﬁ

ﬂlevel (TFIT) Flnally, the relat1ve inten51t1es of
:ftrans1t1ons from the upper term'were studled and compared g

”w1th the theoret1ca1 predzctzons.'As a result, 30

E;trans1t1ons werewass1gned 1nvolv1ng 15 levels of 3p and

fﬁ353p3d electron conf1gurat1ohs.

Prevlous a531gnments for the 3s3p3d ’P and ’D levels

-fsuggested by Buchet'Poul;za‘fet alﬁ'have?beenfveassxgned asf?}



ftlevels. Good evzdence was found for the a551gnmidts of the

‘;3s3p(4P)Bd ’P 1’D and ’F levels@

It has to be mi'i1oned thatfﬁ
}:the 353p( P)3d levels were only tentatlvely ass' Apd becauseﬁi
f{the TFIT analy51s d1d not yzeld consxstent resultmifqiign:i |
1Ztran51tlons from zF and 1t was only p0551b1e to record one f%

ijlnally% the fact that ANDC analys1s for the resonance
Tevels was successful when 1ncorporat1ng the tran51t1ons
}fa551gned for the 3p and 353p3d levels as cascades also ';tfpl
:aprov1des some support for these a551gnments.lj" : ”h _
illh" Comparlsons between the observed results and‘Fawcett‘s .
fﬁpred1ct1ons\dTable 6 1) show many 51m1lar1t1es to thOSe 1n.hJ{
;gthe study of 1soelectron1c element T1X (PATH87) It 1s
%j1nterest1ng to note that the theoretlcal calculatlons a
- correctly pred1cted all the 1nverted doublets 1n the 3p and;
’.353p3d conflguratlons. The welghted mean of the ratlo of theh
;fmeasured to Fawcett s calculated cascade l1£et1mes 1s 1 25
'dApart from th1s systematlc dev1at1on, the exper1mental
*-results show a. generally good qualltat1ve correspondence ~lll
'jWIth the theoret1cal calculatlons. The cascade 11fet1mes ji}i
f&measured in T1x show a S1m113r trend Although Huang s
ftcalculatxon 1s not so complete,ﬂlt JS 1nterest1ng that the
2;overa11 agreement for the cascade leetimes 1s somewhav
'iabetter 1n ArVI | p ” _' | '.”“'u e Av h |
| In the studles of ArVI and T1X the ANDC analyses l;f';f
i;ylelded pr1mar§ leet1mes very close to the thebretlcal
[Zvalues for most cases. The agreement between thﬂEANDC



"prlmary level may be d1fﬁerent from one element to another

1@‘" the same sequence. For example, the 353p(_P)Bd ’D levels

ijare major cas:ade levels“ﬁor the 35’3d ’D (J=3/2) lﬁvel_ln

fﬁT1x out not in ArVI The dbmmon problem met_rn ArVIfand Tlx

v?dur1ng the ANDC analyses 15 the dxffzculty in. obtalnllingiw

rrefoae

?isatlsfactory result for the 353p ’P levels. As was ;isii};}b:
1€d1scussed 1n Chapter 5 the comb1natmon of axlarge number of.
kcascades and the short prxmary leetxmes m1ght be part of
}}the reason for thls dlfflculty The degree of d1f£1culty

L ;gi:
anund 1n app1y1ng the ANDC method to systems havzng three g

_"act1ve electrons 1s 51gn1£1cant1y greater than has been nff[

electrons ThlS suggests that applylng the ANDC technxque to

four electron systems w1ll not be an easy task



' “..Comparisoi With Calculations* =~ .

Fhel s

‘TRétipﬁgfﬁoﬁsérygﬁdeiﬁé/Ed&ééff‘éfVéiﬁgﬁff? %_f*;fﬁf&

QUANTITY ",ijyggf ARVI ';f"g;'jgﬂfﬁfff?Tix;'

Tevel Energles - 0:988 (0. oos) . -0.850 (0.008): -

‘¢1 05 (o 25) ' ;j oa%e (o 15)};jﬁ;4]?1

:uDoublet Splitfings -

ﬁfCascade L1fet1meslw

”::1 25 (0 10) R 1 28 (0 14)ﬁ:£?% §
‘ipflmary L1fet1ﬁes.‘1f0 99 (0 06) . fﬁ; 0 98 (0 06);f  ﬁ1ﬁ.f

N
U

" Ratio of Observed Value/ﬂuang s Value. . .l

)
T BN

"QﬁANTITf‘ZQ~¢Vﬁ” ARVI fi:*pj;fj u!f” T1xvf«';V

.

:ALevei Energies jf:;;oeggo (0. 010) 7 7'0~991 ‘0. 007), 
;”Doublet Spllttlﬁgs 0.95 (0, 35) fje‘g o 98 (o 54)
f:Cascade L1fet1mes** ?1508 &0.12),]..-:. j 1 27 (0 20)

_Primary Lifetimes . 1.00 (0,09)%  .° o 1.00 (o 06) hs

. The value in brackets represents the r m.s.. devxatxon.kﬂ'
«** Levels with j value-%ess than 5/2 are not included:
" since. f values- for thése ‘levels are not available in
- Huang's- calculation. The. correspondlng observed/Fawcett
values using only ‘these ' -transitions are 1. 18(0 07) and
1. 25(0 11) for ArVI and sz respectlvely ' SRS

134_ .
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—J( Pparent);g._ S 38. 27

¥;i3$3p3d ,” : ?= “;t“ywﬁ'
o ~—(‘P‘parent)ﬁ‘ [ 527507

- 3."":‘,'Level Lnlettme ( s)
- /(based on cald] lon '
Y T NG .. byB.C.Fa u At
S e =N N Whmnnroane -+ Data Nucl. Data: .-
2. 20 e/ ’, (\ o 28 557. !983)

N 545-556

587,591 N\ i/ / ",;Major Tfansulon‘s

: -and Cascades -



A e NG T L L e e e T b e e
-pg;gprx V)SAM?LEELIFETIMEsENKL§SES

f35=3d 'D (J 5/2) down to 353p ap (J 3/2) Fdﬁr technlques

-

Flg A5’1(a)

'are 1llustrated

..sRoy(free fltfing)ff
;;QVNET(\FJQ A5, 1(b) TSR AT T e
gh;TRGY(constralned f1tt1ng) éi9;;35fif§}fjtf;f;:;ﬁfji;{
L(d) A R

'fr“ANDC‘ F1g As

:w1th 51x £1tted parameters shown 1n Fxg. AS 1(a) éﬁéffifét{;ff
fthree data po1nts are truncated to avold the vxgnettlng
Hreg1on, 51nce the v1ew1ng length 1s about 0 4mm._In the VyETiii
tanaly51s shown in Flg AS 1(b) four extra ;)tted parametersﬁf;

fare 1ntroduced one for the fo11 pos1t10n and three for theJ*”:

. T R
_v1ew1ng w1ndow to 1nclude the data p01nts 1n the v1gnett1ng

freg1on,.and hence no data po;nts are truncated 1n th1s

jﬂ,;the pr1mary

fanaly51s. As may be seeiffrom the analy;i
“llfetlme so der1ved 1s not 51gn1f1cantly dlfferent from that
iobtalned u51ng a free TROY frt..In the cpnstra1ned TROY 7ij;ﬁl%

ana1y51s w1th seven parameters shown 1n F1g._k5 1(c), one ?f5*

ascade 11fet1me 1s flxedf- ""125ns to represent te

-Ecascadlng effect from the 353p(5P)3d ’F (J 7/2) level The

iprlmary llfet1me 1s found to be 0 059110 0146 ns,ﬁwhrch 1s RS

 Ln good agreement w1th the theoretxcal'predict1on (Table' RS
‘f54§1) In the ANDC analys1s shown 1n F1g, A5 1(d) the three
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