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U sing a laser- induce d Ûuorescence metho d, detailed analysis of pro Ùles
of the 11 4 Cd 326.1 nm line pertur bed by krypton w as perf ormed which
revealed departures from the ordinary V oigt proÙle. T hese departures are
show n to be consistent w ith Ùts of exp erimental proÙles to a speed-depend ent
asymmetric Voigt proÙle. C oe£cients of the pressure broadening, shif t, and
collisi on -time asymmetry are determined and compared w ith those calcu-
lated in the adiabatic approximation for the van der W aals, C zucha j { Stoll,
and Morse potentials.

PACS numb ers: 32.70. {n, 33.70. {w , 34. 20.{b

1. I n t rod uct io n

I n an earl ier paper [1] from t hi s laborato ry, hereaf ter ref erred to as I, we
reported observati ons showi ng tha t the shape in the core region of the 326.1 nm
1 1 4 Cd interco mbinatio n l ine pert urb ed by Kr conta ins dispersion component in
addi ti on to the ordi nary Lo rent zian. The physi cal ori gin of thi s com ponent was
found to be Ùnite durati on of the coll isions in accordance wi th theoreti cal predi c-
ti ons of Anderso n and Talm an [2], Szudy and Bayl is [3], Al -Saqabi and Peach [4],
and others (see e.g. [5, 6 ]). The appearance of the di spersion-shaped com ponent
causes the resul ti ng l ine proÙle to becom e asym metri c and thi s typ e of asymm etry
hereafter wi l l be referred to as col lision- ti me asym m etry . It is of ten accompanied
by other asym metry features arising from the correl ati on between the col l ision and
D oppl er broadeni ng [7, 8] due to the dependence of coll isional characteri sti cs on
the speed of the emi tti ng (or absorbi ng) ato m. Berm an [7] and Ward et al . [8]
have shown tha t the col l ision-D oppler correl ati on can be neglected onl y in the
case when the emi tter mass m E i s much greater tha n the mass of the perturb er
m P , i .e. for system s corresp ondi ng to very smal l values of ˜ = m P =m E , the rati o
of perturb er and emitter m asses.For such system s and in the impact l imit when
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the col lision dura ti on is assumed to be negligibl y smal l the resulti ng l ine shape
can be described by the wel l -known Voigt pro Ùle (VP) whi ch is a convo luti on of
Lo rentzi an and Gaussian pro Ùles. If , however, for system s wi th smal l ˜ -values the
Ùnite dura ti on of col lision is ta ken into account, then in the Ùrst appro xi mati on
the l ine shape can be described by the asym metri c Voigt proÙle (A VP), i .e. a
convo luti on of the Gaussian pro Ùle wi th a proÙle represented by the sum of the
Lo rentzi an and di spersion pro Ùles [6, 7, 9].

For system s consisting of heavy perturb ers and l ight emitters ( ˜ > 1 )
col lision correlati on ẽ ects become increasing ly apparent wi th increasing value
of ˜ . T o incl ude these e˜ects in the im pact l imi t the Lorentzi an pro Ùle wi th
speed-dependent wi dth (FW HM) ÛL ( v E ) and shift Â ( v E ) m ust be avera ged cor-
rectl y over emi tter velociti es ( vE ) using the Ma xwel l ian di stri buti on. Fol lowi ng
Berm an [7] such vel ocit y-averaged impact proÙle wi l l be referred to as the speed-
-dependent Voigt proÙle (SD VP). Beyo nd the im pact l im it the dispersion-shaped
correcti on to the Lorentzi an com ponent should be ta ken into account whi ch m ust
sim i larly be averaged over velociti es and fol lowing Ha rri s et al . [9] proÙles obta ined
in such a wa y wi ll be ref erred to as the speed-dependent asym metri c Voigt proÙle
(SD AVP).

In another paper [10], hereafter ref erred to as II, we used a laser-induced
Ûuorescence (LIF) techni que to study the inÛuence of speed-dependent e˜ects
caused by Xe on the proÙle of the Cd 326.1 nm interco mbina ti on l ine. The good
signal -to -noise rati o and negl igible instrum enta l pro Ùle enabled us to identi fy de-
vi a ti ons of our m easured l ine proÙle from the ordi nary Voigt proÙle (VP). W e
have found tha t for Cd { Xe besides the e˜ect of the Ùnite col l ision dura ti on also
speed-dependent e˜ects leading to the correl ati on between pressure broadening
rate and therm al m oti on of emi tti ng ato m s m ust be ta ken into account. Mo reover,
the SD AVP expression derived by Harri s et al . [9, 11] whi ch incl udes these correc-
ti ons describes the exp erimenta l proÙle to a much greater degree of accuracy tha n
ordi nary VP expression.

The goal of the present work was to veri fy whether the speed-dependent
e˜ects can also be experim ental ly found for system s wi th smal ler value of ˜ , the
rati o of perturb er and emi tter m asses,such as e.g. Cd{ Kr ( ˜ = 0 : 7 3 ). W e should
note tha t in our prel im inary experi ments [12] deal ing wi th the perturba ti on of the
326.1 nm Cd by Kr perform ed by m eans of classical emission spectroscopy using
a pressure-scanned Fabry{ Perot interf erom eter (FPI) neither coll ision- ti me asym -
m etry nor the D oppl er-col l ision correl ati on e˜ects have been found. D ue to small
tra nsmission of the FPI, being i ts inherent feature, and the weakness of the Ûu-
orescence signal the l ine shape m easurements described in Ref. [12] were possible
onl y for Kr pressure below 100 T orr at ro om tem perature. As wa s veri Ùed by our
exp erimenta l tests and num erical sim ulati ons under these condi ti ons for Cd{ Kr i t
wa s practi cal ly im possible to observe any devi ati ons from the ordi nary VP since
both the col l ision- ti me asym metry and D oppl er-coll ision correl ati on e˜ects as very
smal l e˜ects are to ta lly obscured by a periodic instrum enta l functi on of the FPI.
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Co ntra ry to tha t, in I the dispersion-shaped correcti on to the Lo rentzi an proÙle
of the 326.1 nm Cd l ine perturb ed by Kr was observed using a classical absorp-
ti on m etho d and interpreted as resulti ng from the Ùnite col l ision dura ti on. On the
other side, however, no speed-dependent e˜ects have been found for Cd{ Kr in I.
It should be noted tha t absorpti on m easurements reported in I could be a˜ected
by a systemati c error due to incom plete knowl edge of the instrum enta l functi on
of the scanni ng m onochro mato r. Because of the simi lari ty between contri buti ons
from col l ision dura ti on and speed-dependent correl ati on e˜ects an extrem e care is
requi red in any experim ental study deal ing wi th quanti ta ti ve estimati on of contri -
buti ons from these two sources. For thi s reason we tho ught i t necessary to carry
out new m easurements of the proÙles of the 1 1 4 Cd 326.1 nm l ine perturb ed by Kr
usi ng a laser-induced Ûuorescence techni que.

The present research was also stim ulated by recent theoreti cal work of Czucha j
and Stol l [13] who perf orm ed ab ini tio calcul ati ons of potenti al energy curves for
Cd{ rare gas system s, as well as by recent experim ental studi es of Cd{ Kr excim ers
created in free sup ersonic expansi on [14] in whi ch spectroscopi c constants for CdKr
m olecule were determ ined assuming the Mo rse potenti al .

2 . Ex p er im ent a l set u p

In order to avo id the hyp erÙne and isoto pic structure of the Cd 326.1 nm
l ine we used the 1 1 4 Cd isoto pe. The side-arm quartz cells conta ining 1 1 4 Cd isotope
were Ùlled wi th krypto n and cut o˜ from the vacuum system . The krypto n pressure
wa s varied between 5 and 430 T orr at room tem perature. The cells were situa ted
in the mul ti secti on oven enabl ing the independent tem perature stabi lizati on of the
cell and i ts side arm up to 1 K. Duri ng the m easurement the tem perature of the
cell was 724 K, whi le the temperature of its side arm was 440 K.

The l ine shape of the 1 1 4 Cd 326.1 nm l ine was registered using the LIF
techni que by means of a digi ta l laser spectro meter described in earl ier paper
[15]. An acti vely stabi l ized single-frequency Coherent CR 899-21 ring dye laser
equipp ed wi th intra cavi ty frequency doubl er, operati ng on D CM dye was pum ped
by INNOV A- 400 argon- ion laser. The ring laser provi ded sing le m ode UV output
conti nuously tuna ble for up to 60 GHz wi th l ine wi dth about 1 MHz. The intensi ty
of Ûuorescence signal was measured by a therm oelectri cal ly cooled photo m ulti pli er
wo rki ng in the photo n counti ng m ode. Frequency cal ibrati on of the ri ng laser was
perform ed using i ts funda m ental (red) l ine di rected to a conf ocal FPI wi th a free
spectra l range of 1.5 GHz and the 100 cm long iodi ne cell operated at tempera-
ture 3 5 £ C. The FPI tra nsmission peaks and I2 absorpti on spectrum were recorded
sim ulta neously wi th the Ûuorescence signal for frequency cal ibra ti on. The laser
UV beam inci dent on the cell was l inearly polari zed in the verti cal di recti on and
the col lection opti cs arm , perpendicul ar to the laser beam directi on, conta ined a
l inear polari zer set at the \ m agic angle" (ro ta ted 5 4 : 7 £ from the verti cal ), so the
col lecti on opti cs system wa s insensiti ve to e˜ects due to anisotro py of Ûuorescence
(see e.g. [16, 17]). Al l the data : Ûuorescence signal , laser UV output power, FPI
tra nsmission peaks and I 2 absorpti on spectrum were acqui red wi th a PC com puter
for further evaluatio n.
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3. D at a an al ys is an d r esul t s

Pro Ùles of the 1 1 4 Cd 326.1 nm line were registered at a range of Kr density
up to 1 :4 È 1 0 1 9 cm À 3 . The exp erimenta l intensi ty distri buti ons were Ùtted di rectl y
to al l theo reti cal pro Ùles discussed in paper I I, i.e. ordi nary VP , SDVP , AVP, and
SD AVP.

The SDAVP proÙle m ay be wri tten in the form
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where ÛL , Â , and â are the col l isional l ine wi dth, l ine shif t, and coll ision- ti me
asym m etry param eter, respectivel y, averaged over the Ma xwel l ian di stri buti on of
the emitter vel ociti es f ( vE ). The value kvE =2 ¤ c , where k is the wa ve vecto r
of the emitted radiati on and c i s the speed of l ight, describes the Doppl er shift
of the unp erturb ed wa ve numb er e¡ 0 . The hal f wi dth of the Doppl er (Gaussian)
component of the line shape equals to ÛD = 2

p

ln2 k v where v =
p

2 k B T =m E

i s the most probable emi tter speed, T is the gas tem perature and k i s Boltzm ann' s
constant. In Eq. (1) x = v E =v i s the reduced emi tter velocity.

The reduced Lorentzi an wi dth B W ( x ; ˜ ) = ÛL ( x v ) =ÛL and reduced pres-
sure shift B S ( x ; ˜ ) = Â ( x v ) =Â functi ons were calcul ated using a metho d devel -
oped by W ard et al . [8], whereas the reduced col l ision- ti m e asym metry parameter
B A ( x ; ˜ ) = â ( x v ) =â was calculated from an expression deri ved by Ci ury ¤o
et al . [18, 19]. These calcul ati ons were perform ed assuming van der W aals and
Czucha j { Sto l l [13] potenti als.

In appro pri ate lim i ting cases the SDAVP proÙle, Eq. (1), yi elds wel l -known
pro Ùles used in tra di ti onal l ine shape analysis. The neglect of speed-dependent
e˜ects whi ch is justi Ùed for small ˜ values, leads to AVP simpl y by putti ng
B W ( x ; ˜ ) = B S (x ; ˜ ) = B A (x ; ˜ ) = 1 in Eq. (1). On the other hand, the ne-
glect of the col l ision- ti me asym metry , leads to SDVP [7] simpl y by putti ng â = 0

in Eq. (1). The neglect of the both above e˜ects leads to the ordi nary VP .
Num erical Ùt of experim enta l proÙles to VP as well as to SDVP al lowed

three param eters to vary: the Lorentzi an wi dth ÛL , the pressure shift Â , and
the Gaussian wi dth ÛD . For AVP and SDAVP we also Ùtted the coll ision- ti me
asym m etry param eter â .

Fi gure 1a shows an exampl eof the shape of the 326.1 nm 1 1 4 Cd l ine perturb ed
by Kr at 430 Torr at ro om tem perature. The best Ùt proÙle SDAVP is plotted as
the sol id l ine. In order to exam ine the quali ty of the Ùts we used the weighted
di ˜erences of the intensi ti es

D ( e¡ ) =
I ex p ( e¡ ) À I Ùt ( e¡ )

p
I Ùt ( e¡ )

; (2)

between m easured I exp ( e¡ ) and Ùtted (theo reti cal ) I Ùt ( e¡ ) pro Ùles. As in our mea-
surements, the intensi ty distri buti on was m oni to red using a photo m ulti pl ier wo rk-
ing in the photo n counti ng m ode so the standard devi ati on correspondi ng to the
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Fig. 1. T he shap e of the C d 326. 1 nm line perturb ed by K r at pressure 430 Torr: (a) ex-

p erimental p oints together w ith the best- Ùt SDA V P (w ith C zuchaj and Stoll potential)

(f ull curve), (b){(e) w eighted di ˜erences D ¥ (e¡ ) betw een experimental and Ùtted V P,

SDV P, A V P, and SDA V P proÙles, respectively .
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best Ùt value at wa ve num ber e¡ i s equal to
p

I Ùt ( e¡ ) . In Fi g. 1b we plotted these
di ˜erences for the case when I Ùt ( e¡ ) = VP. We started the analysis wi th the or-
di nary Voigt pro Ùle since in thi s case the Ùt procedure reveals al l the departures.
W e can see system ati c departures from zero in the l ine core as well as on l ine
wi ngs whi ch can be regarded as a m ani f estati on of the l ine asym metry . Fi gure 1c
shows the di ˜erences for the case when I Ùt ( e¡ ) = SDVP. The system ati c depar-
tures are sti ll present on the l ine wi ngs, whi le in the l ine core the qual i ty of the
Ùt is a li ttl e better. The departure due to the l ine asymm etry is lower because the
SD VP incl udes the asym m etry ari sing from the correlati on between the col l ision
and Doppl er broadeni ng [7].

For I Ùt ( e¡ ) = AVP (Fi g. 1d) an impro vement of the Ùt was obta ined m ainly on
l ine wi ngs. Fi gure 1e shows the di ˜erences for the case when I Ùt ( e¡ ) = SDAVP. As
can be seen in thi s case, the values of the di ˜erences are spread uni form ly about
zero whi ch conÙrms the goodness of the Ùt. It is thus seen tha t in the case of
the Cd{ Kr system both the col l ision- ti me asymm etry and speed-dependent e˜ects
have a noti ceabl e inÛuence on the proÙle of the 326.1 nm l ine.

In the fol lowing we are going to focus our attenti on on the pro blem how
to disti ngui sh these two e˜ects whi ch both can lead to asym metry of the proÙle.
Theref ore in our analysis described in fol lowi ng sections we use the AVP and
SD AVP pro Ùles only.

Fig. 2. Plots of the Doppler w idth ÛD of the 326.1 nm C d line perturb ed by krypton

determined from the b est Ùt of the AV P (op en circles) and SDA V P (f or van der W aals
(triangles) and C zuchaj and Stoll (f ull circles) p otentials) to the exp erimental data,

against the pressure of K r. Dashed line | theoretical Doppler w idth corresp ondin g to

the cell temp erature (724 K ). Error bars indicate the value of the standard deviati on.
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In Fi g. 2 the D oppl er wi dths ÛD of the 326.1 nm 1 1 4 Cd l ine perturb ed by Kr
are pl otted against the Kr pressure. The ÛD values were obta ined from num erical
Ùts of AVP (open circl es) and SDAVP (tri angles and ful l circl es) form ulas to the
exp erimenta l pro Ùle. As can be seen, the Doppl er wi dth determ ined by Ùtti ng
data to AVP usi ng a least-squares m inim isati on m etho d decreases m arkedly wi th
increasing Kr pressure. Simi lar reducti on of the D oppl er wi dth wi th increasing
pressure of perturbi ng gas was Ùrst exp erimenta l ly observed by McCa rta n and
Lwi n [20] for Li resonance l ine broadened by Xe and by Harri s et al . for the Ca
resonance l ine bro adened by Kr [9, 11]. Such a behavi our can be regarded as an
evi dence of the occurrence of speed-dependent Doppl er-col l ision correl ati on e˜ects
in agreem ent wi th theo reti cal predi cti ons due to Berm an [7] and W ard et a l. [8]. As
al ready noted, these speed-dependent e˜ects are ta ken into account in the SDAVP
form ula whi ch incl udes the Ùnite dura ti on of col l ision e˜ect as well .

It must be emphasized tha t the evaluati on of the l ine shape in term s of
SD AVP requi res the kno wl edge of the di ˜erences Â V ( R ) of the intera cti on poten-
ti als in the upp er V u ( R ) and lower V l ( R ) states of the emi tter. The Cd{ Kr system
in i ts ground state (Cd( 5 1 S 0 ) + Kr( 1 S 0 )) is described by one potenti al curve X 1 0 +

onl y whereas in the exci ted state (Cd( 5 3 P 1 ) + Kr( 1 S 0 )) there are two potenti al
curves A 3 0 + and B 3 1 . The observed 326.1 nm Cd l ine is thus a sup erpositi on
of contri buti ons com ing from the A 3 0 +

À X 1 0 + and B 3 1 À X 1 0 + tra nsi ti ons. The
onl y theo reti cal potenti als f or the X 1 0 + ; A 3 0 + , and B 3 1 m olecular states of the
Cd{ Kr system are tho se calcul ated by Czucha j and Stol l [13]. In order to perform
a SDAVP analysis of our experim ental proÙles f or the 326.1 nm Cd l ine broadened
by Kr we have used both the Czucha j { Stoll potenti als as wel l as purel y attra cti ve
van der Waals potenti al V (R ) = À C 6 R À 6 . W e have also used the Mo rse potenti al
determ ined by Ko perski et al . [14] from thei r data on exci ta ti on and Ûuorescence
spectra of the CdKr m olecule recorded in an exp eriment of supersonic molecular
beam cro ssed wi th pul sed dye laser beam. Fi gure 3 shows the appro pri ate di ˜er-
ences: Â V ( R ) = V A À V X and Â V ( R ) = VB À V X of m olecul ar potenti als describing
the A 3 0 + ; B 3 1 and X 1 0 + states, plotted for Czucha j { Stoll [13], Mo rse [14], and
van der W aals [21] potenti als.

In Fi g. 2 the values of ÛD marked as tri angleswere obta ined from the analysis
in term s of SDAVP assuming the intera cti on potenti al in the van der W aals f orm
V ( R ) = À C 6 R À 6 . It shoul d be noted tha t in the case of inverse-power potenti als
V ( R ) = À C k R À k the reduced B -functi ons in Eq. (1) are indep endent of value of
the C k force consta nt [8, 18, 19].

On the other hand, the valuesof ÛD mark ed by ful l circl esin Fi g. 2 were deter-
m ined by the SDAVP analysis assuming V ( R ) in the form of theo reti cal potenti als
calculated num erical ly by Czucha j and Sto l l [13]. As can be seen from Fi g. 2, use
of the SDAVP to analyse the data gives acceptable values of the D oppl er wi dth at
al l pressures. The m ean value of the D oppl er wi dth for pressures below 150 Torr
is very close to the theoreti cal value 5 5 :4 È 1 0 À 3 cm À 1 corresp ondi ng to the cell
tem perature (T = 7 2 4 K). Ho wever, we should note tha t for Kr pressures between
150 and 450 T orr the values of ÛD obta ined by the SDAVP analysis both for the
van der W aals and Czucha j { Stol l potenti als are higher tha n the Doppl er wi dth
determ ined f rom the cell tem perature. Mo reover, they depend on the pressure.
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Fig. 3. T he di˜erences: (a) Â V ( R ) = V A À V X and (b) Â V of the molec-
ular potentials describing the , and states, plotted for C zuchaj {Stoll

(solid line), Morse (dashed line), and van der W aals (dot line) potentials.
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Fig. 4. Plots of the Lorentzian width ÛL and shif t Â of the 326. 1 nm C d line determined

from the best Ùt of the AV P (op en circles and dashed line) and SDA VP (f or van der

W aals (triangles and dash- and-dot line) and C zuchaj and Stoll (f ull cirles and solid line)

p otentials) to the experimental data against the krypton density N . Error bars indicate

the value of the standard deviatio n. For the clarity of the Ùgure we plotted the error

bars only for the SDA V P (w ith Czuchaj and Stoll potential). For tw o other Ùts the error

values w ere of the same magnitude.

Fi gure 4 shows the plots of the Lorentzi an wi dth ÛL and shif t Â determ ined
from the best Ùt of AVP and SDAVP (wi th van der W aals and Czuchaj { Stoll [13]
potenti als) to our experim ental proÙles against the density numb er N of krypto n.
As can be seen, the shi ft is to wards the red and both Û L and Â are l inearl y
dependent on the density . From the slopes of these l inear dependenci es the pressure
bro adening Ù = ÛL =N and shift £ = Â =N coe£ ci ents were determ ined and listed
in T able. They are m ark ed\ Thi s work AVP" , \ Thi s wo rk SDAVP- vdW " and \ Thi s
wo rk SDAVP- CS" , respecti vely.

The exp erimenta l values of Ù and £ determ ined from these three Ùtti ng pro-
cedures are di ˜erent, al tho ugh they are cl ose to each other. The broadeni ng coe£ -
ci ents obta ined by the speed-dependent analysis are onl y slightl y lower (about 1%)
tha n tha t resul ti ng from the asym metri c Voigt pro Ùle analysis. Unl ike the bro ad-
ening, the pressure shift coe£ cients obta ined by the speed-dependent analysis are
slightl y hi gher (about 3%) tha n tha t obta ined for asymm etri c Voigt proÙle.
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T ABLE

C omparison of exp erimental values of the Ù; £ (in units
1 0

À 2 0 cm À 1
= ( atom cm À 3 )) and ç (in units 10

À 21 /(atom cm 3 ))
coe£cients w ith those calculated for di˜erent interatomic poten-
tials. For experimental data the values of standard deviation s are
given.

Exp erim enta l values

F- P [12] 1.00(3) { 0.27(3) {

Abs. [1] { { { 0.75(7)

Thi s work AVP 1.159(11) { 0.329(5) { 1.16(7)

Thi s work SDAVP- vdW 1.146(10) { 0.341(5) { 0.94(7)

Thi s work SDAVP- CS 1.147(11) { 0.338(5) { 1.00(7)

Theo reti cal values

Czucha j { Stoll [13] 1.182 { 0.181 { 0.99

van der W aals 1.064 { 0.386 { 0.92

Mo rse 1.838 { 0.214 { 1.39

Fig. 5. Plots of the asymmetry parameter determined from the b est Ùt of AV P and

SDA V P to the experimental data against the krypton density (notations as in Fig. 3).
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Fi gure 5 shows the plot of the col l ision- ti me asymm etry parameter â whi ch
is a measure of the di spersion-shaped contri buti on to the Lorentzi an com ponent
of the proÙle. The v alues of â m arked by open ci rcl es were obta ined by Ùtti ng
the data to AVP form ul a. The tri angles and ful l circl es are the values of â de-
term ined by the SDAVP analysis using either the van der W aals or Czucha j { Sto ll
potenti als, respecti vely. As can be seen, the col l ision- ti m e asym m etry parameter
is l inearly dependent on the density . From the slope of the best Ùt stra ight l ine the
col lision- ti me asymm etry coe£ ci ents ç = â=N were determ ined and listed in T a-
bl e. As can be seen from T able, the experim ental values of ç coe£ cients obta ined
by speed-dependent analysis for van der Waals and Czucha j { Stol l potenti als are
cl ose to each other, but they are lower about 15% tha n tha t resulti ng from the
asym m etri c Voigt pro Ùle analysis in whi ch speed-dependent e˜ects were neglected.

4. D iscu ssio n

In the present wo rk we have shown tha t tho ugh the SDAVP can be Ùtted
wel l to our experi menta l pro Ùles (see Fi g. 1), the values of the best-Ùt D oppl er
wi dth ÛD obta ined by the SDAVP analysis above 150 T orr for van der W aals and
Czucha j { Sto l l potenti als are dependent on Kr pressure. The reason of such a de-
pendence is not clear. W e should emphasize, however, tha t SDAVP sti l l represents
an appro xi mate expression only. Fi rst of al l , i t should not be forgotten tha t the
SD AVP form ul a was derived assuming tha t the velocit y-changing col l isions whi ch,
in pri nci ple, can lead to the D icke narrowi ng [22] of the Doppl er component of the
l ine proÙle can be neglected. On the other hand, however, the values of best-Ùt
D oppl er wi dth ÛD obta ined by the SD AVP analysis are higher tha n the value corre-
spondi ng to the cell temperature and no addi ti onal decrease in the D oppl er wi dth
whi ch could be caused by the D icke narrowi ng wa s observed in our exp eriment.
It means tha t in thi s case the incl usion of vel ocity- changing coll isions woul d not
im pro ve the resul ts. W e can thus conclude tha t thi s di sagreement may be caused
by the f act tha t neither van der W aals nor Czucha j { Stoll potenti als give correct
descripti on of the Cd{ Kr intera cti on. W e should note tha t for som e other ato m ic
system s such as Ca perturb ed by rare gases [9, 11, 23], Ne [24] and Ar [25] per-
turb ed by Ne, and Cd perturb ed by Xe [10, 26] the observed l ine shapes were
also successful ly interpreted in term s of SD AVP or SD VP expressions in whi ch the
D icke narrowi ng was om i tted. Theref ore also in the present work the Ùnal analysis
of our exp erimenta l data was perform ed usi ng the SDAVP form ula.

The exp erimenta l v alues of pressure bro adening Ù , shi ft £ , and asym metry ç

coe£ cients determ ined in the course of the present work are l isted in T able. In a
previ ous work [12] from thi s laborato ry the Ù and £ coe£ cients for the 326.1 nm
Cd l ine perturb ed by Kr were determ ined usi ng a classical emission spectro scopy
techni que, i .e. by m eans of a pressure scanned FPI for the cell tem perature T =

4 6 8 K. The values of Ù and £ obta ined in thi s way are l isted in T able where they
are mark ed as \ F- P [12]" . As can be seen from T abl e, there is a smal l tem perature
dependence consi sting in the increase in Ù and £ coe£ ci ents wi th the increase
in cell tem perature f rom T = 4 6 8 K to T = 7 2 4 K, whi ch is in agreement wi th
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theo reti cal predi cti ons. Thi s is, however, in contra st wi th the results obta ined for
Cd{ Xe [10] and Cd{ Ar [27] system s where no tem perature dependence wa s found.

In order to interpret our exp erimenta l data we calcul ated the theoreti cal
values of pressure broadeni ng Ù and shift £ coe£ cients on the basis of the adi a-
bati c phase-shift theo ry wi th stra ight- line tra jectori es [5] using equati on (3) in I I
for di ˜erent intera cti on potenti als. W e perform ed calcul ati ons for the Czucha j and
Sto l l [13] num erical potenti al as well as for two potenti als deri ved from experim en-
ta l data i .e. for van der W aals potenti al wi th the sam e constants (determ ined by
Grycuk et al . [21]) as used in R ef. [12] and for Mo rse potenti al wi th the spectro-
scopic constants determ ined recentl y by Ko perski et al . [14].

The values of Ù and £ coe£ cients evaluated for these potenti als are l isted in
T able and m arked as \ Czucha j { Sto l l [13]" , \ van der W aals" and \ Mo rse" , respec-
ti vel y. As can be seen from Tabl e, our exp erimenta l value of Ù i s in reasonable
agreem ent wi th theo reti cal one calcul ated on the basis of the Czucha j { Stoll [13]
potenti al. For the l ine shift there is rather poor agreement for the v alue calcu-
lated f or van der W aals potenti al whi le the values obta ined for the Mo rse and
Czucha j { Sto l l potenti al are much lower tha n the experim enta l ones.

The experi menta l values of col l ision-ti m e asym metry coe£ cients ç deter-
m ined in the course of the present wo rk are l isted in T able, where they are com -
pared wi th theoreti cal values. In paper I the col l ision-ti m easym m etry coe£ cient ç

for the 326.1 nm Cd l ine perturb ed by Kr wa s determ ined usi ng a classical absorp-
ti on spectroscopy techni que and thi s value is l isted in Tabl eand mark ed \ Abs. [1]" .
As can be seen from T able, thi s ç value is about 25% lower tha n the v alue ob-
ta ined in the present work. The reasons of thi s di sagreem ent seem to be tw ofold.
Fi rstl y, there is to o low resoluti on of the used m onochroma to r and secondl y, the
system ati c error due to i ts instrum enta l functi on. The m onochroma tor used in
m easurements reported in I was bui l t in the so-cal led verti cal Eb ert mounti ng (f or
deta i ls see [28] and references therei n). Thi s typ e of spectrograph is a˜ected by
spectra l l ine ti l t and spectra l l ine curvature e˜ects whi ch lead to the asym metry of
i ts instrum enta l functi on. Since the instrum enta l functi on cannot be described by
analyti cal form ula , i t was determ ined in experim ental way [1]. It shoul d be noted,
however, tha t such a rather rough appro xi mati on to the real instrum enta l functi on
m ay breed errors in the l ine shape analysis, especial ly for the l ine asym metry , since
thi s e˜ect is ra ther small .

In paper I I we have also shown tha t in the case of the van der Waals po-
tenti al the values of the asym m etry param eter calculated in the framework of the
uni Ùed Franck{ Condo n trea tm ent [3, 6] are very close to tha t resulti ng from the
Anderso n{ T alm an appro ach [2, 29]. It should be noted, however, tha t Eq. (10) in
paper I I is more conveni ent for num erical appl icati on, especial ly in avera ging over
Ma xwel l ian distri buti on of vel ociti es, tha n other kno wn expressions [3, 30]. As can
be seen from Tabl e, good agreement between our exp erimenta l and theoreti cal
values of the asym m etry coe£ cient ç ta kes pl ace f or the Czucha j { Sto ll [13] as well
as for the van der W aals potenti al . The poor agreement is obta ined, however, for
the Mo rse potenti al .
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5. Co n cl u si on

In thi s work we have shown tha t for the Cd{ Kr system wi th the perturb er-
-emi tter m ass rati o ˜ = 0 : 7 3 the neglect of the speed-dependence of the col l i -
sional wi dth and shi ft may cause errors in the values of the Doppler wi dth and
col lision- ti me asym metry parameter determ ined from the l ine shape analysis. It
should be noted tha t i t is not often to observe the correl ati on between the col-
l ision and Doppl er broadening for the system s wi th the perturb er-emi tter mass
rati o ˜ ç 1 . However, in previ ous experim ents we observed such a correl ati on for
the Ar{ Ne system ˜ = 0 : 5 [25].

The incl usion of the speed-dependent e˜ects wi th the assumpti on of the
Czucha j { Sto l l [13] or the van der W aals potenti al increases the underesti m ated
values of best-Ùt D oppl er wi dths, but does not cancel the dependence of the
D oppl er wi dth on the perturb er pressure. It im pli es tha t nei ther van der Waals
nor Czucha j { Sto ll potenti als give correct descripti on of the Cd{ Kr intera cti on.

The compari son of pressure broadeni ng, and asym metry coe£ cients deter-
m ined in thi s experim ent wi th coe£ cients calcul ated on the basis of the adiabati c
semiclassical appro ach shows a good agreement between experim enta l and theo ret-
ical values obta ined for num erical potenti als calcul ated by Czucha j and Sto l l [13].
The value of the pressure shift coe£ cient obta ined for the Czucha j and Sto ll po-
tenti al is alm ost twi ce lower tha n the exp erimenta l value. T aking into account tha t
the value of the pressure shift coe£ ci ent obta ined for the van der Waals potenti al
is m uch closer to the experim ental value, we can thus concl ude tha t Czuchaj and
Sto l l [13] potenti al is not appro pri ate at the larger intera tom ic distances whi ch
m ainly inÛuence on the l ine shift. A poor agreem ent between exp erimenta l and
theo reti cal values wa s obta ined for the Mo rse potenti al .

Ac kn owl ed gm ent

The autho rs wi sh to express thei r grati tude to Pro fessor J. Szudy for valuable
help in the preparati on of the m anuscript.

R ef er en ces

[1] J. Domys ¤awska, A . Bielski , R.S. T raw i¥ski, J . Quant. Spectrosc. Radi at. T r ansf.
61, 735 (1999).

[2] P.W. A nderson, J.D. Talman, in: Co nfer ence on Br oadeni ng of Spectr al Li n es, U ni-
versity of Pittsburg, unpubli shed (1955) ; Be l l Tel eph. Syst. Tech. Pu bl. N o. 3117.

[3] J. Szudy , W. E. Baylis, J. Qu ant. Spectrosc. Radi at. T r ansf. 1 5, 641 (1975); 17,
681 (1977).

[4] B. N .I . A l- Saqabi, G. Peach, J. Ph ys. B 2 0, 1175 (1987).

[5] N . A llard, J . K ielkopf , 1103 (1982).

[6] J. Szudy , W. E. Baylis, 127 (1996).

[7] P.R. Berman, 1331 (1972).



256 R.S. T rawi¥ski , A. Bi elski , D. Li sak

[8] J. W ard, J . Cooper, E.W. Smith, J. Qu ant. Spectrosc. Radi at. T ransf. 1 4, 555
(1974).

[9] M. H arris, E. L. Lew is, D. McH ugh, I . Shannon, J. Ph ys. B 17, L661 (1984).

[10] A . Bielski , R. C iury¤o, J . Domys¤aw ska, D. Lisak, R.S. T raw i¥ski, J . Szudy, Ph ys.
Rev . A 62, 032511 (2000).

[11] I . Shannon, M. H arris, D. McH ugh, E. L. Lew is, J. Ph ys. B 19, 1409 (1986).

[12] S. Brym, J . Domys¤aw ska, Ph ys. Scr. 52, 511 (1995).

[13] E. Czuchaj , H . Stoll, Chem. Ph ys. 24 8, 1 (1999).

[14] J. K operski, M. Êukomski, M. C zaj kowski, in: Spectral Li ne Shapes, Vol. 11, Ed.
J. Seidel, A merican Institute of Physics, N ew Y ork 2001, in print.

[15] A . Bielski, R. Ciury¤o, J . Domys¤aw ska, D. Lisak, R.S. T raw i¥ski, J . W olnikow ski,
1003 (2000).

[16] R.E. W alkup, A . SpielÙedel, D. Ely , W. D. Phill i ps, D. E. Pritchard,
1953 (1981).

[17] M. H arris, E. L. Lew is, D. McH ugh, I . Shannon, 3207 (1986).

[18] R. Ciury¤o, J . Szudy , R.S. T raw i¥ski, 551
(1997).

[19] R. C iury¤o, 1029 (1998).

[20] D.G. McC artan, N. Lw in, L17 (1977).

[21] T . Grycuk, M. Findei sen, A . Ïnieci¥ ska, in: , Vol. 6, Eds.
L. Frommhold, J .W. K eto, A merican Institute of Physics, N ew Y ork 1990, p. 174.

[22] R.H . Dicke, 472 (1953).

[23] E. L. Lew is, in: , V ol. 5, Ed. J . Szudy, O ssolineum Publish in g,
W roc¤aw 1988, p. 485.

[24] R. Ciury¤o, A . Bielski , S. Brym, J . Domys¤aw ska, D. Lisak, J . Szudy , R.S. T ra-
wi¥ski, 359 (1999).

[25] A . Bielski, S. Brym, R. C iury¤o, J . Szudy, 177 (2000).

[26] S. Brym, R. C iury¤o, R. S. T rawi¥ski, A . Bielski , 4501 (1997).

[27] A . Bielski, D. Lisak, R. S. T rawi¥ski, , in print.

[28] R.S. T rawi¥ski, J . Domys¤aw ska, R. C iury¤o, A . Bielski, 4828
(1993).

[29] G. T raving, , V erlag
G. Braun, K alsruhe 1960.

[30] A . Royer, 805 (1978).


