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1. Introduction 2. Dissociative recombination; experimental

The experimental work at CRYRING aiming at ar?.1. Cross sectionsfor diatomicions

understanding of electron-molecular ion interactions . _
has made great progress during 1997. It has beArbon monoxide (CO) is the second most abundant

directed along several different lines: dissociativEh0lecule in the universe after molecular hydrogen,
recombination of diatomic molecular ions, includ-2nd it is present in a wide variety of astrophysical

ing both absolute cross sections, final statggvironments, from the hot diffuse clouds to the
branching ratios and angular distributions; recombfenser and colder molecular clouds such as the dark

nation cross sections and branching ratios &fouds and the giant molecular complexes associ-
polyatomic molecular ions of astrophysical interes@t€d With H regions. Since His not directly ob-
non-crossing recombination cross sections; dissg€rvable, CO is used as a tracer to map the molecu-
ciative excitation of diatomic and polyatomic mo-@r hydrogen in the Milky Way as well as in other
lecular ions: dissociative ionization: and theoretica@l@xies, a procedure performed basically by means

work related to rotational effects and final stat@f Millimeter radio astronomy techniques. Observa-
distributions. tions also show CO in other astrophysical objects

such as circumstellar envelopes, bipolar flows asso-
ciated with birthplaces of stars, and planetary or
cometary atmospheres. In all these media, its abun-
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dance with respect to,i$ determined mainly by the have been corrected for the space charge effect. The
photodissociation rate in the ambient UV radiatioerror bars in the figure are purely statistical at the
field. On the other hand, singly charged carboone sigma level and thus represent riblative un-
monoxide has been detected so far in only a feeertainty, or uncertainty in thehapeof the curve. In
astrophysical environments, for instance toward theddition to the statistical relative uncertainties, there
interfaces between molecular clouds andégions are also absolute systematic uncertainties which
around massive O stars. In addition, its abundanosust be considered. The systematic uncertainty in
compared with other ions was determined to ben current measurement is estimated to be about
rather small, which can be understood in the fram@&% (a new pickup coil has been installed since pre-
work of fast conversion of COnto HCO by reac- vious measurements), the circumference is uncer-
tion with H,. Hence, COis usually of significant tain to less than 1%, the electron current is meas-
abundance only in the hot layers of photonured to 2% accuracy and the current distribution is
dominated regions (called PDR'’s), where a signifiuncertain to no more than 7%, and the uncertainty in
cant fraction of hydrogen is present in atomic form.the electron cooler length is estimated to be on the

order of 10%. Combining these sources of error

Figure 1 presents the DR rates of @e a func-
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Figure 1.Absolute dissociative recombination rate coefficient, measured from 1 meV to 54 eV relative
energy between electrons and ions. Filled dimonds shows data taken *oW,\, and open circle
shows data taken for ¢ V. The maximum observed rate defined our zero detuning energy.

ions"

tion of the center of mass energy [2]. For a givepields a total systematic uncertainty of about 13%
center of mass collision energy, one can run thestimated to be at a level equivalent to one sigma.
electrons either slower (negative electron enerdgihus, the whole curve in fig. 1 could be shifted up
jumps) or faster (positive electron energy jumpsyr down by 13% within the uncertainty.

than the ions. The electron beam at zero collision

energy had an energy of only 64.7 eV. Experiments A molecule like N'is clearly more difficult since
with negative jumps were only possible over a limit does not vibrationally relax in the ring (lack of
ited range. The center-of-mass collision energiggpole moment). For this reason, we used the JIMIS
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hollow cathode source to precool the ions prior t8.2. Diatomic final state branching ratios
extraction from the source. The vibrational tem- _ . , o _
perature of the stored ions were then estimated By'® asymptotic properties of dissociative recombi-
means of the imaging technique described in sectiGiqtion of diatomic ions are reflected in the amount
2. This means that the cross section is given for® kinetic energy released in the process and the
known vibrational distribution. The thermal rate@ngular distribution of the products. These quanti-
coefficient for N° (46% v=0, 27% v=1) versus ties can be measured by twp_—dlmen3|_o_nal imaging
electron temperature T is 1.75&0.09%107 of th_e DR products on a position-sensitive detector
(T /300§ cris™ [2]. ° consisting of one or several microchannel plates
¢ (MCPs) linked to a phosphor screen and a charged-
Molecules such as Nand Q' are important con- cogpled—c_ievice_ (CCD) camera. If the difference in
stituents of the Earth’s ionosphere. Recently, th@Tival time is measured, a complete three-
generation of the atomic oxygen green line by diéj_lmensmnal image of the dissociation event is ob-
sociative recombination has been the focus of mudgined.
interest [3,4]. We have recently investigated the . A
dissociative recombination properties of,@oth in . T_he t_echn_|que has be+en used to+obta|n final-state
terms of recombination cross sections and final Staféstrltzutlons in CO[1], N, [2] and Q'. The results
branching ratios. The results are so far only prelim[®7 N. has recently been published [2]. We report
nary. The JIMIS hollow cathode source was used "€ On the results for CO

vibrationally cool Q before extraction. .
For zero-energy collisions there are four ener-

During the fall of 1997, the new 1 mev-detically allowed limits, op) + C(P), O(P) +
tranverse-temperature electron beam was taken nﬁ% D): O(D) + _C_(SP)’ and _OSP) + C(S). For two of
operation in CRYRING. HeHwas chosen for a first the hlgher collision energies, at 0.4 eV and 1.0_eV,
experiment, because this system is an example of& Which spectra have been measured, there is an
non-crossing dissociative recombination moleculd@dditional chane available, leading to the limit
and its recombination cross section is known tQ( D) +_ C(D) (endothermic at 0 eV collision en-
contain many resonances. Using the new electr&i9Y: With an enthalpy changH = +0.3 eV). And
beam we found a double-peak structure at 30 and B the collision energy of 1.5 eV there is a further
meV, and a Fano-like resonance at 15 meV [5]. THENit available resulting in O§) + ClP) @H =
measured rate coefficient &% is shown in figure 2. *+1:25 €V).
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Figure 2. The rate coefficient for dissociative recombinatioiHeH" obtained with a transverse electron temperature
of 1 meV.
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The distribution of distances measured at 0 eV [A+B+C(a)
collisions is shown in fig. 3. Clearly, it can be see .o - g
that at this energy dissociative recombinatio%‘l?’C te - [AB+C (D)
mostly results in ground state atomic fragments BA +BC (0)
(OCP) + C({P)): more than three quarters of all DR
events lead to this limit (76%). The least exothermic
limit (OC’P) + -c(S)) is not observed. The other twoin many applications, not least interstellar chemis-
dissociation limits, OP) + C(D) and O[D) + try, it is important to know the DR branching ratios,
C(D), have yields of 15% and 9%, respectivelyihat is @), (b) and €). This is a very difficult ex-
The error in the fit to the 0 eV spectra is estimategerimenta| problem, which has only been addressed
to be +5% of the branching ratios. We note that thg 5 few cases. An ion storage ring offers particular
distribution spectrum excludes the presence of Vidvantages for measuring branching ratios due to
brationally excited CO. the high luminosity obtained with a circulating ion
. ] ) beam, and the high energy at which ions are stored.
2.3. Polyatomic branching ratios
Using a grid technigue combined with an energy
A polyatomic molecular ion ABCmay have differ- gispersive surface detector, the breakup pattern in
ent decay channels: dissociative recombination of GH6] and CH' [7]
was measured. Formation of molecules in the inter-
stellar molecular clouds is usually conceived of as
consisting of dissociative recombination as the final
step. This makes it important to determine the re-
combination branching ratios. CHand CH' are
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Figure 3. Distance spectrum for branching fraction determination in dissociative recombinatiofh ¢f) @Bows
data taken at 0 eV electron energy; the full drawn line shows a fit with correction for timing cut off and detector effi-

ciency.
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both important interstellar molecular ions. through bound Rydberg states, and for light mole-
cules.
We found that CHis formed in only 5% of the
cases when CHrecombines with an electron. This HeH recombines effectively both at low electron
is a much smaller branching fraction than what hanergies, and at electron energies above 10 eV. The
been commonly believed. high energy recombination has been studied theo-
retically in order to understand the final state distri-
CH,” was found to follow mainly a three-bodybutions. The results are so far preliminary [10].
breakup, forming C+H+H. This is line with the gen-
eral trend that dissociative recombination of polya- Dissociative recombination of Hremains an
tomic ions leads to significantly more fragmentatiorenigma. The multichannel quantum defect theory

than earlier believed. has been applied. A direct process leading to re-
combination to the Hground state seems possible
2.4. Dissociative excitation to exclude.

If the electron has sufficient energy to excite a mo- Dissociative recombination of OHvas studied
lecular ion into a repulsive electronic state, alsmm CRYRING by means of the particle imaging
charged fragments are formed. This process is leechnique. When the electron energy exceeded 1.64
belled dissociative excitation. It has received lessV, the very small kinetic energy release of 120
attention than dissociative recombination, but imeV was measured. This is due to recombination
plays an important role in the edge plasma of exeading to the formation of ground state oxygen and
perimental fusion reactors. The process can b#§(n=2). Most likely, this limit is reached by a re-
studied in CRYRING, and in several of the paperdistribution of dissociating flux after electron cap-
discussed in this Annual Report, we also publisture into the 2N state of OH [12]
results from dissociative excitation [1,2,6,7].

4. Imaging detector

3. Theoretical calculations _ _
A microchannel plate/CCD-camera patrticle detector

The theoretical work has been directed along fol{as been developed that utilizes gold strips depos-
lines: (i) what is the effect of rotational excitationited upon the surface of an MCP to provide particle
on dissociative recombination; (i) what is the finafrival time information [13]. The uncertainty in the
state distribution in the recombination of Hellii) ~ timing is about 500 ps.

what is the mechanism causing dissociative recom- ] ] ] ]
bination of H'; and (iv) how is it possible that re- The front end of the high-speed imaging consists

combination of OH at certain electron energies®f @ Set of three microchannel plates (MCPs) and a

leads to an extremely small release of kinetic effh0SPhor screen. The rear surface of the last MCP
ergy? has 21 gold strips on it to record timing information.

The MCPs are 25 mm in diameter. The MCPs pro-

The multichannel quantum defect theory wa¥ide a total gain of 10
used in a case study of HI8]. Electronic, vibra- ) ) ]
tional and rotational interactions were included si- "€ imaging detector was used in [1,2,12], and a
multaneously. The effect of including the rotationafl€t€ctor of similar type was used in [3].
interaction was studied by calculating the 'Hids-
sociative recombination cross section for electron

energies in the range 1 meV — 13 eV. The croghe field of dissociative recombination in ion stor-

section measured in CRYRING was well repropge rings has been reviewed [14]. A more popular

theoretical results were averaged over a 300 K
Boltzmann distribution. 6. References
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