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Abstract

Radiative lifetimes between 0.54 ns and 0.69 ns have
been measured for the vibrational levels v'=0...4 of
the B 2p *i + state of H2 after selective excitation
by Synchrotron radiation. Quenching by collisions
with Ho qround state molecules has been observed with

t- _i5 2
cross sections of 5 • 10 cm .
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In t roduct i on

In a p r e v i o u s s tudy of the vacuum u l t rav io le t e r n i s s i o n of the

lowest e x c i t e d s ing le t s ta te B 2p i* of m o l e c u l a r hydrogen af ter

vibrational ly select ive excitation the bound-free emission from

ind i v i dua l B, v ' s t a t es into the d i s s o c i a t i o n cont inuum of the

bound e lec t ron i c ground s ta te X 1s E was recorded and found
9 2

to quant i tat i ve ly prove quanta l predic t ior is . Furthermore it was

s p e c u l a t e d on the su i t ab i l i t y of the B, v ' - X con t inua for

tunable vuv laser a c t i o n , s im i la r l y to rare gas exc imer l ase rs .
4

The radiat ive lifetirnes of the B, v ' l eve ls have been ca l cu la ted

e labora te l y by inc lud ing the V a r i a t i o n of the e lec t ron ic t rans i -
5 6t ion moment ' w i th in ternuclear d i s tance . An accura te exper imen~

tal tes t of these l i f e t imes , bes ides the ear ly non -se lec t i ve

phase -sh i f t da ta 7 of (0.8 - 0 . 2 ) ns for the group of l e ve l s B,

3 . . .7 , has been s ta r ted recent ly 8 9* No indication of

quenching of el ectroni cal ly excited H^ (B) molecules by c o l l i -
sions with H? ground state molecules which may be of crucial

*- 7
importance in laser a p p l i c a t i o n s has been found previously . On
the other band an analogous quenching has been reported for the
B, v 1 = 3 level of the isotopic m o l e c u l e HD

Experimental

U s i n g the Synchrotron radiation of the storage ring DORIS II

at HASYLAB, DESY, Hamburg, the lowest five vibrational levels

of the B state of Hp were excited selectively at a bandwidth

of 0.1 nm out of the ground state populated thermally at 300 K.

Using the time structure of DORIS radiative lifetimes in the

subnanosecond regime and c o l l i s i o n a l quenching cross sections

have been determined experimentally for these levels.

The Synchrotron r a d i a t i o n of DORIS at 20 mA beam current and 5 GeV

energy was monochromatized äs described earlier . The bandwidth

attained of 0.1 nm is sufficient to restrict rotational excitation

to the rotational levels J' = l and 2 only through the R(0) and

R{1) absorption lines. The time resolved measurements were per-

formed mainly in the si n g l e bunch rnode of storage ring Operation,



i.e. at pulse repetition rates of 1,04 MHz. Operation modes at
60 or 120 bunches, however, could also be used since the life-
times to fae measured are small in comparison with the p u l s e di
ces of 16 or 8 ns, respectively.

Jhe monochromatized Synchrotron radiation was focused into a
gas cell (see Fig. 1) containing hydrogen of h i g h purity
(99.999 % of H2). The gas cell was vacuum sealed by LiF Win-
dows on the entrance side of Synchrotron radiation and on
the ex i t side of fluorescence radiation. The fluorescence
radiation was detected by a double rai crochannel plate
(VARIAN VUW 8916, test grade) w i t h i n a spectral ränge ex-
tending from 104 nro (LiF cut-off) to about 170 um (upper
wavelength l i m i t of detector}. The detector pulses were
amplified and discriminated (constant-f raction) and

fed into the "start" input of a ti me-to-ampl i tude Converter
(TAC). The time differences be'tween the a r r i v a l of the fluores-
cence photon pulses and the periodic trigger pulses of DORIS fed
into the "stop" input of the TAC were accumul ated äs pulse
heights in a multichannel analyzer and stored and processed by
a mi nicomputer. The fü l l width at half maxiraum of the response
function was typically 330 ns at a bunch pulse width of 130 ns

11

Results and d i scuss ion

The decay cu rves we re recorded for v a r i o u s H? p ressu res between
-210 mbar and 200 mbar , a typ ical t ime needed for record ing one

decay cu rve was one hour. A l l decay curves measured exh ib i t a s t rong

dependence of the d e c a y cons tan t on p ressure äs shown e . g . in

Fig. 2 for- v 1 = D ( J 1 = l and 2) of B 2p lz + where the e f f e c t i v e

l i fe t ime was found to dec rease to one half of the r ad ia t i ve

l i fe t ime at a hydrogen pressure of 60 mba r . In the p ressure

ränge inves t iga ted the total decay rate R äs a funct ion of H,

pressure p is p rac t ica l l y l inear (see Fig. 3) äs e x p e c t e d for

two -body c o l l i s i o n quench ing a c c o r d i n g to the S t e r n - V o l m e r

re la t ion (Eq. 1):

where R deno tes the total decay ra te , T the r a d i a t i v e l ifet ime,

n = p /kT the number dens i t y of ground s t a t e m o l e c u l e s , 7 =

= V16 kT/irnT the mean thermal r e l a t i ve v e l o c i t y and a rep resen ts

the v e l o c i t y ave raged c r o s s s e c t i o n fo r c o l l i s i o n a l quench ing .

A l inear l eas t s q u a r e s f i t is used to o b t a i n the rad ia t ive l i fe-

time by e x t r a p o l a t i n g to ze ro p r e s s u r e and to de te rmine the

quench ing c ross section of the level under i nves t iga t ion .

T a b l e l s h o w s f i rst resu l ts for the l i f e t imes of the v ib ra t i ona l

l e v e l s v ' = 0 . . . 4 of the B s ta te ( c o l u m n 2 of t a b l e ) and the

c ross s e c t i o n s (co lu ran 5) for quench ing of these s ta tes by

thermal c o l l i s i o n s w i th ground s t a t e m o l e c u l e s . The exper imental

u n c e r t a i n t i e s quoted in the t ab le resu l t from three Standard

d e v i a t i o n s of the l inear f i t and the uncer ta in ty of the decon-

v o l u t i o n of decay cu rves at p resen t . The s t a t i s t i c a l error is

largest for v 1 = 4 b e c a u s e of the spec t ra l t r ansm iss i on curve

of LiF, W i t h i n the exper imenta l uncer ta in t ies agreement is found

between the theoret ica l l i f e t i m e s ( c o l u m n 3) c a l c u l a t e d by d is -

regard ing r o t a t i o n a l d i s to r t i on and the present measurements .

Ear l ier exper imenta l r esu l t s for an un reso l ved group of 5 vi-

b ra t iona l l e v e l s a re a lso l i s ted ( c o l u m n 4 ) fo r compar i son .

I n v e s t i g a t i o n s are under way in order to narrow down the e x p e r i -

men ta l uncer ta in t ies by imp rov i ng the count ing s ta t i s t i cs and

the d e c o n v o l u t i o n p rocedure . Further m e a s u r e m e n t s at improved

primary resolut ion are expec ted to a c h i e v e coraplete rotational

se lec t i v i t y too and wil l be pub l i shed sepa ra te l y .

The quench ing c ross sec t i ons ( c o l u m n 5 of t a b l e 1) are äs large
-15 2äs 5 • 10 cm , Wi th in the expe r imen ta l uncer ta in ty they are

independent on v ib ra t iona l quan tum number . 1t s h o u l d be noted that

for the v ib ra t iona l s t a t e s i n v e s t i g a t e d here, d i sc re te Lyman

band enhss ion is the only r a d i a t i v e decay channel known. Con t i nuous

8 - X e m i s s i o n , äs o b s e r v e d p rev ious ly , becomes important for
12h i g h e r v i b r a t i o n a l levels only, The potential curves of H£

do not indicate resonant energy transfer processes which tnay be
responsible for the quenching of the lowest v 1 levels of the



B 2p i+ state. Qn the other hand the electronic excitation

energy of any of the vibrational states under investigation

is sufficient to supply twice the dissociation energy of the

electronic ground state. From energy considerations alone

the quenching process (Eq. 2)

l* (B,v1 ) + H2{X, v"=0) •* 4 H (1s) + E kin 2)

resulting In production of four hot hydrogen atoms is suggested
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F igu re cap t i ons :

Fig. l S c h e m a t i c d iagram of expe r imen ta l a r rangement

for s u b n a n o s e c o n d lifetime measurernents

F ig . 2 Vuv decay c u r v e s of the H2 B, v ' = Q s ta te

( J 1 = l and 2 ) a t d i f f e ren t p ressu res

Fig. 3 Decay rate versus p ressu re for H„ B, v ' = 0

{ J 1 = l and 2) w i t h l eas t - squa res -fi t
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