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ABSTRACT OH" ions were injected into a "Pelletron" type tandem 

electrostatic accelerator and dissociated in the high voltage terminal 

by passage through gas and foil strippers. The dissociated protons 

were further accelerated and their energy spectrum was analyzed in a 

90° magnet. The ions stripped in foils exhibit the effects of a 

Coulomb explosion and a wake field. The stripping in gas appears to 

be of a different character. An explanation of this difference is 

proposed, based on the assumption of a strictly sequential removal 

of electrons from the ions. 

•Work supported in part by the Israel Commission for Basic Research 



Charged molecular beamsof high velocity have recently been utilized 

in a number of experiments1'2*3 as a tool for studying the molecular 

ions involved, as well as various types of interactions of fast charged 

particles with solids. In all those measurements the molecular ions 

were passed through a thin carbon foil which strips off the bonding 

electrons. The ions dissociate and the distribution of the momenta of 

the break-up products is then investigated experimentally. All measure

ments to date were carried out for positive ions. We record here for 

the first time measurements of a similar nature on a negative ion, OH". 

"n these measurements we also had occasion to study for the first time 

the break-up of a molecular ion in gas. This appears to be an entirely 

different process from the more familiar stripping in solid foils. 

The experimental arrangement is shown in Fig.l. The most essential 

element is a 14 UD Pelletron accelerator manufactured by NEC, the 

Koffler accelerator recently assembled at the Weizmann Institute. 

Negative ions emerge from a "direct extraction" source that is fed with 

hydrogen gas and a small amount of water vapor. The magnet following 

the source acts as a mass analyzer and is set to select ions of 17 amu 

which are essentially all OH' ions. The OH~ beam is than acceler

ated to the high voltage terminal which was kept at: V = +JL2.00 Mv. 

In the terminal the OH" ions are stripped in either carjxm foils or in 

a nitrogen gas stripper, and out of the stripper emerge positive ions: 

protons and oxygen ions of various charges. These ions are then 

further accelerated to ground potential and are momentum analyzed in 

the 90° magnet. The magnet was set to transmit the proton beam and 

the magnet current was modulated by a saw-tooth current to allow a 

fast scanning of the momentum or energy distribution of the protons. 
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The proton bean .'as monitored in a Faraday cup, and the bean intensity 

as a function of magnetic field was displayed on a memoscope. For 

reasons that will become clear later it was necessary to limit the 

analyzed protons to a narrow angular region around the beam axis (with 

a cone opening angle <1 mrad). This was accoaplished by switching off 

the quadrupole lens following the accelerator and stopping down the 

beam to 4x4 mm2 at the object slits. The inage slits were set to 

2x2 mm2. 

Proton spectra are shown in Fig.2 following stripping in carbon 

foils of various thicknesses as well as in nitrogen gas of about 10"3 

torr. Also shown is a representative calibration run and a proton 

spectrum following the acceleration sequence: H"* H +. This is believed 

to represent the purely instrumental response and exhibits the high vol

tage stability of the Pelletron accelerator, an essential feature of 

this experiment. The line shape and width is consistent with the 

nagnet and slit geometry assuming an inherently monochromatic beam. 

When the OH" ions dissociate in or after the stripper, the two 

partners move apart with the dissociation energy E in the c. of a. 

system. In the lab. system this leadb both to an angular spread of 

the beam (up to i>10 mrad for the protons} and an energy dispersion 

which is most pronounced in the on-axis direction. The protons moving 

in this direction are expected to appear in two groups: the "leading 

protons" that are accelerated by the oxygens travelling behind them 

and the "trailing protons" that are decelerated by their partner. 

We examine first the stripping in the thinnest carbon foil 

(nominal thickness - 2 ug/ca2, Fig.2.la) where the data exhibit a pro

nounced two-peak structure. Me note that the passage of the ions 
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through the foil takes MO" 1 5s, whereas the dissociation (the Coulomb 

explosion) takes"><2xl0"15s until half of the dissociation energy is con

verted into kinetic energy. The dissociation therefore proceeds largely 

outside the foil and the partners can be assumed to have the normal 

characteristics of particles merging from such a foil and in particular, 

the normal equilibrium charge distribution with a mean charge of 

q • 5.9." The dissociation energy E is found to be M O O ev, and assuming 

the dissociation to be a pure Coulomb explosion of protons against 6* 

oxygen ions, the internuclear distance of the OH' ions is computed from 

the dissociation energy E as t>l8. 

All spectra exhibit the back-to-front asymmetry associa

ted with the wake field1 - a wave of charge in solid created by the 

lead particle and acting on the trailing particle. Multiple scattering 

of the protons in the foil also becomes more pronounced as the foils 

get thicker and for 100 ug/cm2 this is the dominant feature of the 

energy spectrum. 

We now turn to the spectrum of the protons stripped in gas. The 

effect here is very small and only a slight broadening of the peak is 

observed. From the broadening we estimate the dissociation energy to 

be tlO ev, very much smaller than in foil stripping. This radically 

different behavior can be made plausible if we assume that the 

electrons are stripped off the ions sequentially, one after the other. 

We would then expect the molecule to go through a short sequence of 

stable ionic configurations as it is being stripped until it reaches 

the first unstable configuration and then it dissociates with an energy 

which one would expert to be of the order of a few ev. The oxygen ion 

will eventually be stripped further but this takes so long (M0~ss) 
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that the partners have already moved far apart by that time and they 

do not have any influence on each other any more. 

We wish to express our sincere thanks to Mr. Leo Sapir and his 

associates for the expert preparation of the carbon foils. We would 

also like to take this opportunity to express our deep appreciation to 

Dr. Eliel Skurnik, to the Weizraann Institute team of accelerator 

technicians and the NEC technicians who worked here*for their skill 

and devotion in assembling the Pelletron and making it available for 

experimentation in gool order and in a very short time. 
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Figure captions 

Fig. 1: Schematic drawing of the experimental arrangement. 

Fig. 2: Oscillograms of H current vs. magnet current (with H current 

increasing downward, magnet sweep current increasing to the 

ria'nt). la: OH" stripped in carbon foil of 2 yg/cm2. 

lb: ditto, 5 ug/cm2. lc: ditto, 10 ug/cm2. This run was 

also employed for calibration, and the various sweeps corres

pond to different values of the base magnetic fields. The 

base fields for the two upper sweeps are, from left to right: 

4007.5 gauss and 4002.5 gauss. 2a: ditto, 20 ug/cm2. 

2b: ditto, SO yg/cm2. 2c: ditto, 100 ug/cm2. 3a: OH" stripped 

in nitrogen gas. 3b: calibration for gas stripping, the sweeps 

correspond to base fields of: 4009.6, 4004.6 and 3999.6 gauss. 

3c: H" stripped in If ug/cm2 carbon foil, the sweeps corres

pond to base fields of 5524.3 and 5517.0 gauss. 
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