ELECTRON SCATTERING ON NEGATIVE IONSIN A STORAGE RING
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In this paper we present the results from elecsaaitering experiments performed
at the heavy ion storage ring CRYRING at the Mafiegbahn Laboratory in
Stockholm. We have studied the cross sections ifugles double and triple
detachment of Clin the energy range 0 eV to 100 eV. We have aladied
electron scattering on,Cions in the energy range 0 eV to 30 eV. The néutra
particles from the detachment process were deteatsd the different branching
ratios were investigated. In particular, we seadlcfa@ a resonance in the cross
section due to the formation of a doubly charggdd.

1 Introduction

The structure of negative ions differs significgnttom their positive and neutral
counter- parts. This difference stems from theeddhce in the binding potential
experienced by the outermost electron. In negabins, the extra electron feels a short
range induced dipole force instead of a long rabmdomb force as for neutral and
positively charged systems. Another differencédesdharge states of the final products
in an ionization / detachment process. In the mactmpact induce single electron
detachment the final state consists of a neutoshatnd two outgoing electrons. This is
in contrast to electrons escaping from a positivetyarged core in the ionization
processes. Studies of electron scattering on neggtins started in the early seventies,
with experiments done by Tisone and BranscbmiDanceet af and Pearet af. A
major advance in electron scattering experimentgecaith the advent of the heavy ion
storage ring. Cross sections could be studied dmwaero relative collision energies
with a very high energy resolution. Andersetraf' ® began a systematic study of light
atomic and diatomic anions of the first row elerserh particular, they search for
resonances in the threshold region due to douldygeld anions. In 1998 we started a
research program at the Manne Siegbahn Labora#®y, in Stockholm, Sweden. In a
first experiment we studied electron impact sindégachment on the Fon’. In the
present paper we describe electron scattering iexgets on Cland G -

2 Experiment
The experiments are performed at the magnetic heavystorage ring CRYRING.

Negative ions are produced in a Cs sputter ioncgowith an extraction voltage of 40
keV. After injection into the ring, the ions arecaterated to a maximum energy of 2



MeV and 2.7 MeV for the experiments @ andClI’, respectively. The ion storage
lifetime due to collisions with residual gas is EZor C; and 2.3 s foiCl. In one
section of the ring the ions are merged with ailmedr electron beam that has the same
velocity as the ions in order to achieve phase esmawmling. The electrons have an
anisotropic Maxwell - Boltzmann distribution, wikbngitudinal and transverse electron
temperatures of 0.1 meV and 1 meV, respectivelyerAdbout 2 s the voltage on the
electron gun in the cooler is changed in orderive the electrons the desired collision
energy. This energy, in the center of mass frdggg,is given by

B =(VE VB ) &)

whereE is the average electron energy in the laborat@yé given by the voltage on
the gun andE.,o the energy of the electrons at cooling conditidnghe case ofl’, we
studied the processes

Cl+e - Cl+2¢e
Cl" + 3¢ 2)
CI** + 4¢

by detecting theCl, CI* or CI** ions. Since these products all are in differerdrgh
states, they will leave the orbit of the ring offfetient trajectories, and they can then
easily be separated by using three separate séader detectors. In the case@f,
we only detected neutral fragments. We then usesthecalled grid technique to
distinguish between channels with the same numieewral C - atoms:

Ci+e - Cy+2e
G+C+2e
2G + 2¢e 3)
G+ 2C +2e
4C + 2é

For all measurements, a scintillator is used famadization purposes by detecting
neutralized particles due to collisions with thetrgas (in another section of the ring).
The ion current was measured absolutely with a A&&-pp current transformer.

3 Data Analysis

The experimental electron impact rate coefficiamtd given centre-of-mass energy is
given by

2 Nsignal (t)

Nl Ny, (1) ’ )

<Vrel J> =Ry

where v is the relative velocity between the ions and #iectrons,Rs is the

destruction rate due to the rest gas collisiorthéncoolerC is the circumference of the
ring, ne is the electron density in the cooler dnd the length of the interaction region.
Nsignal IS the number of counts in the detector arisirgmfrthe electron scattering
process at a certain time t. This time correspondsdertain collision energy and is the
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Figure 1. Relative cross section for electron scet) onCl". The squares show single detachment, the
sold line represents double detachment and thegtaa show triple detachment. The double and triple
detachment curves have been multiplied by a faftérand 50, respectively.

number of reaction products from collision withidegml gas ions measured with the
scintillator.

The measured rate coefficief\z,ela> has to be deconvoluted with the electron velocity

distribution. In the case @&, andClI, where the reaction thresholds are larger than 5
eV, the velocity distribution of the electrons mgtigible.

In the analysis, two corrections have been maderder to obtain the correct cross
sections. First, the space charge effect causdtidoglectron beam has to be treated.
Second, the toroidal effect has to be incorporatetie analysis. This effect is caused
by the change in the collision energy in the sestiovhere the electron beam is bent in
and out of the ion beam.

4 Results and Discussion
4.1Cl Measurements

The results for single, double and triple detachnpeotesses in the energy range 0 eV
to 100 eV are shown in figure 1. No resonance 8iracwas observed in this energy
range. The single detachment threshold was obseavearound 10 eV, and the
corresponding thresholds for double and triple cleteent were observed at 28 eV and
50 eV, respectively. These values are determinddting the data using the over — the
- barrier model described by Andersemnaf. One can see that different threshold laws
are involved in the detachments processes singeitlelve different final states. At
the time of this experiment absolute cross sectiw@asurements could not be
performed, but such measurements will take placgengllan experiment in the near
future.

4.2 C4, Measurements

Carbon clusters have been studied thoroughly iantegears, both experimentally and
theoretically. TheC, ion exists in at least four different isomericteta one linear, one
tennis-racket shaped, and two rhombus shaped faifescannot distinguish between
these isomers in our experiment, but previous nreasents have shown that mainly
linear clusters are produced in a Cs sputter iomcgo The aim of this experiment was
to study the branching ratios between the diffecEiachment processes and to search
for resonances in the cross section due to doutalygeC,” ions.



In this experiment we have measured the total Hetaat cross section for the
production of neutral carbon fragments. The crosts@es for pure detachment, leading
to the production o€, rnolecules, and for detachment plus dissociatiaditey toCs +

C, 2C, andC; + 2C production were measured. Decay channels whicludecone
ionic fragment, which show up at the same energg asgleC, C, or C3 molecule,
were too small to be detected in the present exygeri. The flux into any such channel
was less than 1 % of the total flux. Decay chantieds$ include only ionic fragments
cannot be detected with the present experimentahgement. Among the four decay
channels observed, pure detachment is the domgnatia. At 15 eV it constitutes 87 %
of the total flux. The cross section curve for threcess shows the same qualitative
behaviour as the single detachment curveCbf It rises monotonically from the
threshold at 6 eV, and reaches a plateau valuexaf@®° cnt at 20 eV. The thresholds
for the other three channels were observed at 0.for theC; + C channel, at 12.5
eV for theC, molecules and at 13.4 eV for the channel produtivg carbon atoms
and oneC, molecule. Based on these observations, it mustdmeluded that the
outermost electron i@, is situated outside a rather in€gmolecule.

In the pure detachment channel we also observeall structure situated just above the
threshold. We attribute this to the formation ofl@ubly charged negative o8>
formed by the capture of the incoming electron. €hergy of this resonance is higher
than the ground state of tkg molecule. This doubly charged ion will thereforeidiyp
decay via the emission of two electrons. By fittiagLorentzian function to this
resonance structure we obtain a width that cormedpdo a lifetime of only 0.7 fs. The
scattering in the data in this energy range is,eévar, rather large and the amplitude of
the resonance is comparable in size of the backgrtevel. This issue will be further
discussed in a forthcoming paper.

Acknowledgments

This work was supported by the Swedish Research clowvie wish to thank the staff
at the Manne Siegbahn Laboratory for their invaledtdlp during the experiments.

References

. G. Tisone and L.M. Branscomb, Phys. Rev. Lett2BB (1966)
. G. Tisone and L.M. Branscomb, Phys. Rev. 170,(1668)

. D.F. Danceet al, Proc. R. Soc. Lond. A 299, 525 (1967)

. B. Peartet al, J. Phys. B 3, 1346 (1970)

. L. Anderseret al, Phys. Rev. A 53, 892 (1996)

. L. Anderseret al, Phys. Rev. A 60, 2882 (1999)

. K. Anderssoret al, Eur. Phys. J. D 13, 323 (2001)

~No ok~ WN P



