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Abstraet 

By nsinga qu国i-E吨U且brium model whieh indiea.t画 that all the rotatio:oal li JlE自 are emìtting 
iJldepcndently and ara collision-br皿dened to the Sa::ne 1ρren也ian width, the numerit'o3l simulation 
()f the BþOntanOOU8 emission spectrum origìnated from X eCl B-X tra.nsition 1S given 协 i由rpret tbe 
reversaJ of the spectra.l n缸rowing observed at high ga.s pr国sure. The 也chnique ewployed in. th.ia 

paper i.s sup萨JSed to be sui ta.ble 如 other diatomic e~cimers as well. 

Ke~ wordJ: excimers; sþ配trum.

Introduction 

Analysis of spon taneous emission SpE当时rnm ha.s opened UP. a powe:rfnl Wa.y t.o 
stu.dy 也he 归国时ial cnrv四时也e elec甘onic states in 古he Franok-Condon region 础 weU，

as 也.e vibra.tiOnaland :rota也ion刮目ructnre of 由e excimer molecul回.Ob四rv创ions of 

the spt:时ra. nnder differen也 ga.s pre黯ures have gensr.副Iied a. lot of in届四盹The one 

whiah w础 nrst 饵时ied out by Brau and EWlng[1J rey钮18 wider speotral li丑。 width a1 

low pr回sure di勘harg回. ThiB broadening ooours m倒也ly 00 也e short waveleng也 side，

and has b到BD Ìn臼rprn拢到1ω 世16 inefféctive vibrati(}nal Jlèlaxation in 创nnpari90n wi血

也e 旺。imer for皿a.tion 剖卫.d l"adiation pro回回es. In our r，制:oent experimenta: a在 pr回snr，咽

ranging from 0.6 回 14 a恤.， and (lurren由也nsities froD;l 0.25 kA/cm!! 回 2kA/cm2 in 

dìlnte N'e/XejHCl and HejXe/HCI mixturesf2J, we observed that the decrea.sing 也rend

of 飞he 即回tral line wid古h stopped a t a parllcu]ar pr回IBure P r , at higher gas pl"e回盯俑，

垫e fluor田地虱00 sp回tra 阳nded 切 rebroaden. The rever酶.1 pr础ure P r, denned 础血。
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gaa pr倒sure where 古ihe spootra.l wid也 of 古he fiuores佣n佣 intensi古iyenvelopereaches i恼

minimum va.lue，坦 found to be relatively insensitive 协曲。 current density but qui古e

sensi-tlve to 古he g皿 mixture ∞m归sition.

It 坦 our purpo嗣 üi thiB paper 协 nnmeriωl1y Simu1ate 古he spontanoo田 em.ission

SPE划rum or:igi.na回d from X eOl B-X transi挝.on and w in阳，rpr的主heob曲目叫他3rao协

r:is挝帽。f 也e speotral 且ne width wi由也he opera如ingωnditions， by usi.ng a qna国

equilibrlum model whioh in也侃阳也础 a11 thero时ionallin四areemi抽ing independe时ly

在nd are oolliSion broadened to 由。阻me Loren古Z1.an wid白，也e full wid血的 half皿axi皿um

of the XeCl B-X spontanωus emission a,g a funotion of 由。回国19甜 pre，圈ure ob曲rved

in Ref. [2J h剧 been in阳rpre问d.

91. The Quasi-EquiIibrium Model 

1n 也is 阁。ltìon we ∞nfi.ne oursel v倒也。也e XeOl B-X flnoresoenoe spootrn.m wi古h
the strong倒古 e皿坦aion from the v' = 0 level and v' =-1 level i且也e XeCl B JZ1/ 3 S也恤 As

shown in Fig. 5 of Ref. (2] ，也因e tra<剧 show the spec阳1 image densi古y distributïon 

of 也he strong倒也 e皿ission bands aroundλ= 308 nm. The bandhead 1。但挝OD8如r 古he

V盯ious vibra.tiona.l 也ransi也ioD.B V' 怡。" oorresponding to 古he v' =0 and 1 sequen佣，Ses

are 皿a.rked "oy vertioal a.rrows above 也he traces. 的 high gas pr制sures，也e emÏ8sion 

s旧如es appe叮协 be ro阳也ionally relaxed in协 a Botzmann or near Bolz皿an且也stribution, 
$斟s assumption atan也础 lea时 when no lasing ∞ouri3. 

For a bonnd-bound 也l'ansition，古he spontanoous emiSsion in旬出i可 from the 

ro出世onal level J' with 如hermal 吨uilibrium diS甘ibution and vibra古ional level v' to 也he

m比tional level N" 时也 vibratlonal level v" can b巳 evaluated as follo盯叫

I A h2dlB' 
vJ',," .Y"(..!) = &JV -:; 1.mrm凹'J' '71 v 咐" ，F.旬'1'0'哑"，

!) - L X(e,n 

81'\" 桐n.. ， em(_ B'K~II.n-D' I K~川:lw)，
1'.\""'f<lßfJ' <>.1:-' 飞 kT 'fAJ J 

(1) 

wh巴re 古he snbsoript. (e, f) are the result.s of the ooupling of a and B states whioh gives 

four d.is也nO古 bran咄咄马， Rt, P, and P, with 也he :r∞ommended no阻力ion of Brown et 

al[纠; F o'J'~/N" iB the Franok-ζlondon denSi也，y for 也he tr四国00 (v'J') 回巾'γ') which, 
硝古he function of the wavelength, was given in Table 1C5l • The symbol 情'Bo' i且也曲也es

the popula挝onof 血。 vibrat.lonal level v' in 也Ihe B s幅幅 pðr onblioωnti皿的四.

and 

S JF+1, (P branch) 
I，~.n= 

J' , (R branoh) 
(2) 

Q 坦白e solid angle of the mea.suremen古 of 古he 叩ontanω四 emiBsion 1n切nsi甘. V ÌJ3也ha
diBOharge volu皿e. A田地r也ng w Ref. [旬， 尬。阳rm va.lu回 of X eOl i.n the B and X 
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Table 1 Franck-{hndon Fac阳rs (x 103) l.Or B-X system of xeCl. First entry 
担 for N'=N"=O. S创lOnd Ú! for N' = N" =皿

186 
153 

115 
155 

7 

跑回 may be a þproxima阳i as: 

部7

tI '=2 

12 
1 

2 
5 

2 
5 

14 
7 

T':t:,/) =T;B十ω，，(钞'+1/2) 一ω'.x.(钞，+ 1/2)J+ B' K~t'./) - D' I K~Il，J) J2 (3) 

and 

T.r'( ;,z;;' r= T~x+军 O~， (v" +ν2)\+.B'吼，俨DH|KL，川

where T~IJ and T~I are elec"tronio para.me"krs, fo:r X eOl, T;B=8240.8om-1 and T~x=O. 

ω'Il and ω'eX. are 也he Vibra tional parame臼rs， for B st函，旬， ω，..，..， 195.17 cm-1, and ω16%，-= 
0.543 om-1, and 

K~(.n =J'(J'十 1) 土专 δ (J'+ ~)~ (5) 

the rota tional ωns恤.nt B'....O.0669 cm-1, the 四ntrífugal d.iB切时ionωnstant Ð'=3.2 x 
10-8 om-1, and the splittingω时随时 δ-=2.0. FOI XeOl X state we have 

K~=N"(N"斗 1) -O .4 N飞 1

KJ=N气N"十 1) 十 O .4 (N"十 1) ， J 
(6) 

the víbratìonal parameters of X s也抽 O~， for i=l 切 4 are 26.22cm-1, 0.321 cm-1, 
- O.0853cm-1 and O.∞，1910血-1. re，吨陪otìvely. Sinoo 古he X sta.臼 oí XeCl 坦 a weak 

Dounded level，古he 扭曲l'ouolear d蛐扭曲也nd ∞n8叫uently 也he moment of in抽Itia oi 

也he nonrigid rotaior are changing dnl'jng the vibration，古he in抽rac也ion of vibra植on

and rotιtion 皿田古 be tå.ken 坦妇 consideration. Th:is effoot W aB disctt酬d by Panling 

and Wil曲Ìl.['T] using wave-mechani咽loalcnl时ìO剧协 a fìrs古 approxim耐on. D回旭蝉鸣

the qu.a.n时jes oorr四ponl也ng 协 energy levels measured fro皿 the 归国古 of 吨ulibxium

internuolear . by 也e snb配:ri.p白 8，也ero阳也onalω皿阳nt B", the fit时俯卧世唔a.l

dis如时ionωn前a.nt Ð" and 古he 踊∞nd 佣ntrifugal 也s阳时ionωDB也nt H" iD也@
vibra.tional level N" oa,n be given by: 

B"-B.-a~ (叶去)+叫什专)2/2+·.，
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D" =D.十β~ (v十专)十 1 1 
H"=H.+叫什~)十 1 J 

ae=6、何万一旦~ 1 
ωeω 

β~=Dø (坠1.ø _旦一旦叭|
飞 ωø Be 2哇B~F I 

8 卷

~7) 

(8) 

The valne of 旷 and γ~， for XeOl X sta te can be 0 bta. i丑ed by interpola如ing 也he measure;i 

values corresponding 阳 zero也h and twelveth vibrationallevels. 

飞r\-rhereω1! =~6.27 c 皿-1ωeZ6=0. 278 0皿-1， B o=O.056cm-1, Bu =O.0274 om-l~ Do""'" 

9.7 xl0-1 om-\ D12 =1.9 xl0-Gcm-1, Ho = -2.0>< 10-11 cm-1 and H 1!l= -1.8x 10-10 

cm-1 for XeCl X state in following calculation. 

币的古hin the random phase aþprox.i皿ation ， these spectrallines from 古h~ dHferent 

vibra也Jonal and ro阳古ional levels are addi也ives and overlap 剧。h other. According to 

our quasi-equilibrium model which in也cate 古hat a11 古he rota也ional lines are eml抽ing

independe时1y and are collision-broadoned 古o the same Lorentzian wid也. Thus the 

即ontanoo11S emi田ìon in抽nSj古ya古 a given wavelength near 308nm is a superposition 

of 古he oontribu也ion.s from all possible rotational transitlons if there 18 n() correlatr也ion

among them at a11. The spontaneous intensity at waveleng古h 飞ivithln dλcan be 

expressed 1y a ii vefold summa tion. 

('1. ,_1'. Vh:~川B'Q t-咛飞% JÍ:l叫τ")
ICλ )d儿=、， TLn.扩，.~、

飞 42π:JkT .Jvo 1~1)山 ~o 卢713

r B'K;. ,, -D'IK;e ，， 1 2 丁
1'-"剖'+1 SJ1X" 旺pl-!J!KT!J JYl 
~' ~ Fv'J'古町、 L J J 

11"卢1 (!-,tJ 1 + (2c/ Jvc ) .3 (去一Tiιf)十TGFjJj

where the maximum robational quantum nnmber 

JizazO"J=FLax(r勺士 1

(9) 

(10) 

being a function of the vibrational quantum number 俨 of 古he X 的ate. ~' rneans the 

summation except N" =J'. Jvo .Ls the line 'í\吐出， -we use impact approxi皿ation for low 

gasprωsure[9] Slld 的at.iStical approximation(~O] for high gas pressure in our oalcula也ion.

S 2. Computational Results and Discu~sion 

The ∞mputa力ional resu] ts of 古h6 fluore配en佣.intensity versus the emission 

waveleng血的 various gas prel3sures are plot回d in Fig. 1. The discharge current 

de~可 is fixed 创 5∞ A/o皿2， and 如he ga.s皿lxture u.sed ìs Ne/Xe/HOI =989/10/1. 
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Fig , 1 Computer simulta tions.()f the s}:cntan回us emission spec恒a of XeCl 

at di :fferent gas pr四sures. The discharge current density .i is fix at 5ω AI 

cm2, and the 皿ixture used here is N e:工e:HCl=989:10:1

Apr倒SUl"e dependen佣 of 也he full width a也ha.If maximum (FWHM) of 古he XeCl 

exúimer B 2~1/:I- X 2 1:1 / 2 spoll'恤nω138 em坦sion

in tensíty w hieh W aB dir回北1y ea1culaied from 

t.he simnla如d spectru皿 calcu)ation is shown 

in F.堪. .2. For ωmpari困n，在he experimsn恤l

data ob田rved in our r制~nt e:xperimentCllJ are 

aJso designa回d here. 

1飞he experimental arrangment for gene

rating 也e emission spootrnm is a homogenoouB 

pu1sed 8. valanchej由1f-，国1B也inoo. diBcharge of 

approxima抽ly 2例 DB dura古ion. The di曲harge

iB p:roduced 坦国de a.n X -ray preionizoo hïgh 

pre回u re cbamber:)f about 8 cm iDside diame切r

an.d .7 øm Jn皿imu皿拥抱rior height,' The 

aluminum ~ode and ca也ode are of rela臼γe]y

spectral width ve 'f"S us Gas pressure 

14.5 
ε 卫 per

- theorv 

13.5 

12.5 

11. 5 
o 2 4 

• 
6 8 10 12 

Fig , 2 Full width a.t h副f-maximnm
intensity of the XeCI B-X spontan曲us

emission as a function of the total gas 
press盯e observed in the small-volume 
discharge with j 5即A/cm2 • The gas 
mixture is of in.itialmol ratio N e : Xe-~ 

HCl=9.S9:10:1 

large outer djarneær 毛时也he geom的ìry and eross-旺把tional area. of 也he dfscharge are 

prooiBelyωntrolled within the 佣ntra 1 unïform':'" fi创d region by the a pe:r把自 opening 

of 古he X-ray preiOnizationωurω.In 也he pre国nt experi皿ent. the oro四~sootional area 

of the discharge oo)umn 坦 about 16m2 and 古he 回回1 discharge vo]ume 坦白xoo a 't O.~á 
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(Jm 3
. The 古ime-in古egra怡d speûtra a.re reωrded On Polaroid 古ype 665 fi1ms nsing 古he

sampling 0缸nera.- provided by 也he Spex Model 1401 spootrome抽r. The details for 

de如r皿ina tion of spectral wid th from the 古ime-in回grated speot1"um can be fionnd in 

Ref. [2J. 

The computational and experimeotal resul坦 in Fig. 2 represe时也e sa皿e 古rend

of 古he functional rela也ionship w hioh shows the band shif也ing toward 也he blue a t low 

gas pr回sure. Th坦坦古he COnBE吨uenoe of the fini旬 vibra古ional relaxa也ion ra阳s whioh 

redu佣 the rela古ive popula古ion of 也e v' = 0 level and 皿bs吨uently 由。∞剖ributionB

f l"om 0 10 't:'! sequence. 

1n addition, Fïg. 2 shows a re-broadening of 尬。 SþE则ra a t gas pressures 趾gher

tban P ,.. Th坦 pheno皿enon 国 interpre抽d as 古he 1"esult of ∞llißional broading inolu出ng

a roo shi白 of all 由.e r。但tiona.l lin四.

A古 low gas pressure，古he impact approxima tion 坦 valid.ei也her 仙。Loren tzian width 

Or 也he shift of 也e8阴otra1li且es displays a linear fun的io卫 of P. The dominate fa时01"

of def.or皿ining 古he spoolral bread也h should be the vibra由ional relaxation pro..朋S.

Conver田ly， when gas pressur咽 are su值。:ient1y high，古he statiatioal broaderung 

moohani倒 b缸m皿阁。onsiderable. Bo也古he wid th a.nd 古he shift enhau'佣 rapidly wi也h

gas pressure a.ccord皿g 拍 a 吨nan卜low. T his dOE到 n的 affec古古he in回nsi在Y diB仕ibutlon

at any wa飞relength homogen咽91y. 1n fact , a也古he region where the ro阳也iona1 lines are 

more densely distribu也00. the effeo古 of gas pre田ure broadeniDg a pt:附ars 盹ronger. The 

皿acroscopic ∞nsequen佣iS也hat the emission s归创rum shows a r e-broadening of 也he

inwnsi七yenve1op.

Recognizing 也he fa时也时也e mean 也hermal speed of 也he dilute gas V He>V :'ie a力
也he same transla tiona1 抽mpera也ure J it is not dif且oult to 曲。由hat the reversal pressure 

P r would be reduoed if Heliu皿坦因。d in pla佣 ofNωn as "5he 缸uent gas 川的her飞iVÜ!l e

identiωl ∞ndition. This phenomenon iS also indioa抽dby 古heexperime且也801observa1ïions

as was shown in Ref. [2J. 

There a.r6 a ∞uple of oau哥姐也hat produ回 broadening ()f 古he spootra1line a.ssooiated 

vr1出尬。 discharge ourren t de皿i可.Fir的 of a11, the ra田。f changes the 古ranslationa.l

如roperture a t a fixed gas pr创sure inorease wi由他e e1eotron nu皿ber densi古ya10皿叫

linearly. The hlgher 1Jemperture, in turn, favors wide spec力rum because of more 

frequenoy collisioDS with 也he 归时urbersJ faster dissociation of the lower energy 1eve1, 
aod ele,,'ated population in Yibrationally and ro阳在ionallyexoi回d levels. The bread也

of bhe spootrum alωω皿es froID elootron broadening. In prinoiple，古he i皿pa创

approxima也ion 坦 always applioable in 也he treatment of eleo甘on perturbersWJ. 

However, 
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恒。lastio， a.nd ano也her one which a围nmes a11 colljsioDB are e)astic. Th~ differen崎

b的ween 也创拥古wo limi臼坦 e由en古~lly ~pectra1 width versus current de~sit~ 

negligible. 1n ~a.rd 曲a. Ne/Xe!邱J1 gas · 
n:ûx阳re of 10 a. tm. , the 001，σula.也edr相口1旬

a.:re shown 坦 Fig. 3. For 崎D:lpari皿n，也e

ex归r皿en也lda也∞口回pon也ng 抽 cur

rent denBi姐回 of O.25 kA /omJ , 0.5 kAjomJ 

13.0 

12.5 

12. 
' 

• 

• exper 
-theory 

and 2 kA/cmJ (af阳r Ref. [2J) are also 
1000 1 斗00 18002000 

plo阳d. The r四nlt shows that our 

calacnl ted curve 坦坦 goodagr回ment wi也

that of 也he experimeni. 

In ooncltJBion, nnmerioal simu] a.tion 

';(A/cm量〉

Fig. 3 F\YHM of the XeCI B-X 

spontan回四 E皿.ìssìon as a iunction 
of the d.i.scharge curren.t density 

。f 也he spontan90UB e四BSion or唱盘ated from XeCl B.--X transition 坦庐阻协 interpr的
古he observed cha.rac'古eriBtics of 古he speotra 1 linewid也 from 0.6 如 14 a.t血. The 

也拍hnìque employed i且也坦 pa归r 坦 sup归sed 协 00 snitable 句。由er diatA>mio e事oimor8

sys抽血s as wel1. 

The a.uthors wish 协 thank Dr. S. a. Lin for snpport of 也，hi8 ['{到search a.i 也-

University of Oalifornia, San Diego USA. 
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XeCI B-X 跃迁自发辐射谱压力关系的理论计算
S. B. Zhu 接祺拱

〈皮秒和量子辐射实验室，德克萨斯工业大学中国科学院上海光学精密机械研究所〉

提要

果用假定研有旋转能组姐立.，苦和碰撞加宽劳仓丧线宽的准平衡模型，对五副 B-X跃迁自重帽蝇

带进行了fl值模拟计算，从而解释了高气压下诺维的如宽现象.本文采用的南法还可适用于其宦~原子

准分子。

关键词:准分子3 光谱.
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