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The discrete emission spectrum of molecular hydrogen in the

vacuum ultraviolet region has been analysed at high resolu-

1 2}
tion in great detail by many authors ' .In the last de^

cade the analysis has been extended down to about 75 nm,

where line emission originates from rovibronic levels above

3 4 )
the limits for predissociation and autoionization ' ,

Emission line transition probabilities have been measured

and the dependence of the electronic transition moment on

internuclear distance has been derived from these experi-

ments for several clectronic transitions to the ground

state
4,5,6)

Conttnuous vuv-emission underlying the discrete spectrum oi

the Lyman (R 2p 12I - X 1s 1Z+) and Werner

(C 2p — X 1s band Systems has been observed when

7)
the molecules were excited in various hydrogen discharges

äs well äs by monoenergetic fast electron impact . From

the latter experiment i t can be concluded , within the f rame-

work of the ßethe theory (see Ref. 3, e.g), that tlio ob-

served continuum must stem from states optically connected

to the ZT ground state, i.e. £ or TT states. A quan-

titative theoretical prediction oi the new continuous

7)
emission hau been made by Dalgarno, Herzberg and Stephcns '

2
vho calculated the transition moment squared of an

optical transition from an initial discrete vibrational

state witti quantum number v' to a final continuum vibrntio-

nal state wi th mornentum B k" (cf. Flg. 1).
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k" (1)

Besides the bound and continuous vibrational wave functions

i*v, and ip „ the electronic transition moment D (r), de-

pending on internuclear distance r, has been included in the

computation of the matrix elements too. From this basic

quantity the spectral distribution of the bound-free emission

continuum of a specific v'-level äs well äs the total proba-

bility for radiative decay of a v'-level into the continuum

was predicted by these authors. The theoretical transition

moments äs function of the continuum transition energy A E =

EV, - E. „ were found to exhibit an oscillatory structure

q \ was related to Condon's "diffraction bands" . It

should be noted, that the bound-free transitions dealt with

here take place into the continuum of the bound electronic

ground state and clearly contrast with the hydrogen continu-

um well known since 50 years ' which arises from transi-

tions from the bound a 2s ET* state into the b 2p £*

state, which is repulsive. For a first qualitative compari-

son with the new theory, densitometer traces of the unselec-

tively excited gas discharge spectrum only were available to

these authors.

In the present study we have succeeded in selectively exciting

individual vibrational levels V-0,.,.,9 of the B 2p 1£ +

state and in recording the discrete v"-band progression äs

vell äs the adjoining (and not underlying) continuum by means

- 4 -

of the experimental set-up shown in Flg. 2 using single

photon counting techniques. The intensive Synchrotron radi-

ation of the storage ring DORIS at DESY, Hamburg, was passed

through a Im-normal-incidence primary monochromator in modi-

12
fied Wadsworth mount . The monochromatic radiation of 0.2 nm

bandwidth is focused onto the open entrance aperture of the

gas cell by means of a toroidal mirror. Differential pumping

_2
enables to maintain 10 mbar of H„ in the gas cell whereas

_t)
10 " mbar is required in the primary monochromator and the

storage ring. The incident photon rate is detected by the rc-

ference multiplier with sodium salicylate sensitization and

used for normalization of the fluorescence Signal.

The secondary monochromator was specially designed for high

efficiency in the vuv above 120 nm wavelength at the rcsolu-

tion of 1.5 nm of the present measurements. The spocial

13)
mount employs the fluorescing gas column of l mm widtli

instead of an entrance slit and a holographically produced

large grating of 108 mm by 108 mm active area, corrected for

the wavelength ränge from 110 nm to 200 nm (radius of curva-

ture 0,5 m, 1200 lines mm" , AI + MgFo coatef1)- The fluorrs-

cence radiation perpendicular to the incident beam enters Lhr

monochromator through a LiF window and is detected by a vuv-

sensitive photomultiplier (EHR 541 G-08).

Fluorescence spectra have been recorded at a selected primary

wavelength by stepwise scanning the secondary wavelength and
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storing digitally the number of fluorescence photons de-

tected and the wavelength in a PDP 11 Computer. The primary

wavelength was tuned to yield maximum secondary intensity so

that, within the primary bandwidth mentioncd, the absorption

lines R(l) and R(0) and, partially, P(l) and R(2) were used

for populating J' "O,..!, 3 of the B, v 1 states out of the rota-

tional levels J" of the X, v"=0 state thermally populated

at 300 K. The population of excited levels and the intensity

weighted superposition of the emission lines were calculated

äs described previously and convoluted with the secondary

resolution function in order to obtain theoretical peak po-

sitions of the v' -* v" bands in the fluorescence spectrum.

The experimental fluorescence spectrum of the selectively

excited vibrational level v'=9 of the B state is represented

in Fig. 3. The members of the discrete v"-progression with

v"=10..... 14 agree with the calculated position and with theo-

14)
retical emission transition probabilities also shown in

the graph. The limiting wavelength A also drawn in is

given by

(B, V, J')
hc

E1 (B, V, J 1) - DQ (X)

(2)

where E1 (B, v 1 , J 1) is the energy of the excited rovibronic

level and D (X) is the dissociation energy of the electronic

ground state. Thus discrete bound-bound emission is possible

for wavelengths A< A only, whereas wavelengths A > A .

must lead to riissociation of the molecule into H(ls) atoms,

The spectrum clearly exhibits a structured continuum above

the limiting wavelength which can be explained ncither by

direct transitions from the bound v'-level to any bound

v"-level nor by wings of unresolved rotational lines. The

observed continuum is in striking quantitative agroement

with the theoretical intensity distribution of Ref. 7 and

proves the theory of radiative bound-free transitions be-

tween the bound B state and the dissociation continuum of

the X state in much detail. Note that the experimental

spectra have been corrected for the spectral sensltivity of

the cntire system, including window, grating and photomulti-

plier, and thus represcnt true photon rates within the con-

stant secondary bandwidth of l.5 nm shown jn the graph. The

spectrum was slightly smoothed by the Computer bocause of tlie

low Signal rate of less than 10 s" (1.5 nm)~ . No correction

was made for the background rate of about 10~ s~ (1.5 nm)~ .

l c- +
An optical cascadc B -» E, F 2_ —* B -»- X is energetically possible

which could in principle yield rariiation for A > ̂ n. The

branching ratios involved, however, favor the direct transi-

tions to the ground state by several orders of magnitude be-

3
cause of the frequency factor v so that the indirect decay

would not be detectable here. A unique experimental proof can

be obtained from the fluorescence spectrum of R, v 1 = 7, for

which case a lower level ior a radiative cascarfe rioes not

exist (cf. Fig. 1). Fig. 4 shows again a discrete progrcssion

and an adjoining continuum, separated at A = A for the so-
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lectively excited v' - 7 level of B, too, Thus the continuum

observed cannot be falsified by a radiative cascade.

Sitnilarly a continuous emission was observed froro the vi-

brational levcl v' =8 of B, whereas v'=0.,... G die) not produce

a detectable amount of continuous radiation in agreement with

the continuum fractions f , of the emission probabilities for

the individual B, v'-level s rjuoted in Ref. 15. For v1 =9,

e.g., a more quantitative comparison can be made: The ratio

of the total number of photons detected in the observed part

of the discrete spectrum (v"=10r.714) divided by t ho number

of photons countert in the continuous spec t r um {15-4. •ly.../ l 75 um) ,

äs obtalned by integrating over the corresponding parts of

the spectrum investigated, amounts to 0.34 which compares well

to the theoretical ratio of 0.3G derived from the data given

in Ref. 15. In view of the background not suhtracted in the

evaluation and some continuum overlapping the discrete

spectrum near the limiting wavelength the agreement can be

considered quite satisfactory.

Th« first measurements of selectively excited H B,v'-* emission

continua reported which quantitatively prove the detailed theo-

retical predictioiis of Dalgarno, Herzberg and Stephens on the

new radiative dissociation process illustrate the unique role

played by the simple System of HZ in »olecular physics research.

In addition, the type of radiative bound-free transition ob-

served suggests itself äs a potential tunaMe laser transition:

Population Inversion is readily achioved becnuso öl the; unhoumi

character of the lowcr state of the laser transition, a Si-

tuation similar to excimer lasers. Holecular liydrogen pro-

mises a tunable vuv-laser ränge which can be estimated

to extend from about 170 nm down to Lyman K(121.6 nm) if

appropriate excitation mechanisms are applied. Selective

excitation appears feasible, e.g. by means of optical pum-

ping using higher H I I-yman series member radiation from

hydrogen arcs or sufficiently energetic transitions from

argon discharges. A tuned H2-laser of the type described

would in principle produce rnonoenergetic H (1s) atoms.
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