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EEER T f“1300 lev/amu;¢ Pov Lhe range of dweLl times 1n41de the targef fo¢lse

,dissdeiatibn “is the Coulomb ezp1051on nf tHe 1on inside the target
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folJowed by Plechon rapture near Lhe rear suliace of the foil,

= 5 s

1d (‘)t,_H

At
b , ¢ HowTe { o
‘ thea shortast of thesa dwel1 3. the‘yie

t.imes ’tpr innident

ions oriéﬁted perbendicular}to‘theﬁbeam felative to that feriions
?i ncd w1th the beam is a factor cf two greate\Jrhan at longe*

dwell times. 'These data indicate that; for ion fragments which

emerge from the rear surface of the target within a few angstroms

of cne another, those in the perpendicular orientaticn have a

greater electron captutre probability than those emerging in

other ericntations.
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k?by the dlsqoc1at10n of molecular ions pa531ng through th1n f01lql). The

P R}

1:present study con31ders hlgh resolutlon energy spertra and ‘angular

dlst)iput ons 1or neutral Hydrogen (h ) produced by the d1bsoc1at10n of
| &f' 4 [ X ‘ L v )
LT HeHJ, :Heﬂ R and’ HZ" bearis 1nc1dent cn, carbon foils hav1ng thicknesses

JOO X Inc1dent—beam k1net1c energles ranged from

(l4

1

'ahd GOO“to 1800“keV/amu for Hi’. These

1 2)

l lesolutlon of prev1ously publlshed data . These

»

'datafwerei-uken using?the‘Argonne'k—MeV Dynamitron and the associated.

I
i
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high-resolution heam line

2

",ﬁ’ o Q: Plnures l and 2 show the- vtllk:ng contrast between the 301nt
” eueLgy—-an"ular dlbLLlDuLLun; for H and H+ from ﬂeﬁ+ and H2+. One signiiicant
‘differénce to be noted 1is Lhe "dlp on the forward edge of the ring patterr
for HeH -+ h [fig. 1(b)] in place of ‘the wake—lnduced peak dn the forward
edge of the rlng patteru for deH +‘H [flg. 2(b)] A related phenomenon
is‘the existence of shouldersv on the sides of each Ho'fing,‘wﬁen compared
to the'correspondiné H+ ring. Since the "sides" of these ringé correspond
to 1nu1dent ions oriented perpendicular to the béam d1 rection, this suggests
an enhanced yield of #° for such"incidcnt ions. The p:ominent central peak

" + +
in the H2 + H° rlrg resulLs f “om the lormatlon "of unbound states of H2 at

i Co

the rear surface of the foil and their"subsequent dissociation intc H® + H

. s L . )P .
The latter .phencmenon has.been examined in”a recent publication )and will not

Se discussed here.. ' . e | 4




S

One cen study the dependence of such ring patterns on the incident ion

velocity and on the target foil thickness by examining a pair of single

parameter spectra, rather than the complete, two-parameter ring patterns.
The energy spectrum of a specific fragment emerhing in the forward direction and the
corresponding angular distribution at the median fragment energy are

suf“icient to characterize the size and shape of the ring pattern for that s
ot ‘

I

- DY i
fragment’ Represcintative pairs of such spectra ("crosses") are presented

in figs. 3 and 4 for the dissociation of 4HeH+ in carbon foils. Note that,

with increasing target thickness (see fig. 4), the separation of each pair
o ,

) : [
of peaks increases and the height of the two peaks in each angular

distribution grows smaller, relative to the height of either peak in the

corresponding energy speciruii.

Two quantities of interest are the "diameter" of each ring and
5 3
Il "shapls A5 womcabusne Of -Lhie cing Udiametedr,” we use lihe produdt ol Lhe

peak separations, AE and A¢, derived from each cross. To first order in V/V,

L

o -
AEA® (2mvV) (2v/ V) ; ,

i

& (v’/2)

=8
where € is the finai kinetic energy of the fragment, V is the incident ion's
velocity, and Q'is the fragment's finaluvelocity relative to the center of mass
of the molecular ion. A convenient unig for € is the limiting kinetic energy

€s which the fragment would have if it experienced a complete Coulomb

explosion with an effective product charge lezezQ Thus

. 2,
£, = m241?2e /1C(m1 + m2)
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where my and mz‘hre the masses of thé observed and unobserved fragments,
respectively, and r, is their initial‘separation.; :

3

The "shape" of each rlng can bb characterlzed by two ratios, namely

) 0

/Y. and its side-to-front asymmetry,

its back-to-front asymmet;y, Y 1+’

L-.

YT/YL+ YL—’ YL+’ ﬁJ/Y are, réspeéfively, the peak heights of the

low-energy and high-energy peaks in the éﬁergy spectrum and the average

height of the two peaks in the corfesponding angdlar spectrum.
‘ g

v
A

We may parameterize these data in terms of the ion's dwell time
T inside the foil, expressed in units of a characteristic time TO for the
dissociation process. We take
Al
T = (ur 3/22.2
o 0 ,

where uy 1is the reduced .mass ot the two Fragmenis. For example, Tu 21 fsece
. L o
for the dissociation of HeH . =
Figure 5 compares our measured’ values of & = AEAG/8 with a simple
. -+ o . 5
model for HeH - H . The solid curve represents the result of a Coulomb

explosion within the foil which is truncated at the rear surface of the foil.

For this simple model,

. o °
elt) = Eo 1 - —"T(_ﬁ“"')

swhere r(T) is the distance between the two fragments at a time T after the

Coulomb ex tplosion begins. The data p01nts were fit te this curve by varying

i
fi
o
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the overall‘normalization of lez, after factoring out its vélocity dependence.

_The value of Z,,Z2 obtained in this way was 70%Z of that obtained from published

stopping powers for He and H ionss). While this model neglects many details

of this process, such as the wake-poﬁential insidé¢- the solid and the
formation of unbound states of HeH+ downstream of the foil, it is quite

sucressful in reproducing the overall trend of the data.

The measured ring asymmetries for 1° (open symbols) and Hf

(solid symbols) are presented in fig. 6. The fact that there are no

. [
) '

signifibant,differences in the back-to-front asymmetry for H° and H+
[fig. 6(é)j suggests that wake-induced alignment does not depend on the
final charge state of the fragment. The marked difference in the side-to-front

‘asymmetry between 1° and ut [fig. 6(b)] indicates that there is an enhanced

probability of electron capture at the rear surface of the foil when two

P R R -3 -~ Tt 1 P P I TP 3 1. L3
ragments lsave tl fcil :..'-HLLI.J.:...L;A‘::'JJ;,]-}" cide “w)y cide,
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Figure' Captions
Fig. 1.

ueﬁtral’hydrogen arising from the dissociation of (a) 3.0-MeV
-+
Hy

The joint energy-angle distributions ("ring patterns") fo

ina 132-% carbon foil, and (b) 3.63-MeV
144—Xﬁcarbon foil.

4HeH+ in a
Fig. 2. Ring patterﬁs for'protons from fherdissociation of
(a) 1.4-MeV.Hy' in an 88-R carbon foil, and (b) 3.0-MeV
4HeH+ in a 195-8 carbon foil.
Fig. 3.

Energy spectra in the forward direction (left-hand column)
and angular distributions at the median fragment energy
_(right-hand 'column) for each fragment arising froh the
. A - 4.+ x,' .
dissociation of 3.63-MeV 'Hed in a 160-A carbon foil.

Each complementary pair of such distributions for any given
fragnent is termed a 'cross'.

Fig. 4. Crosses for H° arising from 3.63-MeV 4HeH+ bombarding carbon
foils with thicknesses of (a) 160, (b) 360, and (c) 520 3.
These data are normalized for equal numbers of incident
“Herr" ions.
Fig. 5.
of 4

The kinetic energy, e, of outgoing #° from the dissociation
+
HeH and‘3

+
HeH in carbon foils, plotted as a function of

the incident ion's dwell time, 1, within the foil target.

'
i

The(solid curve is the result predicted for a simple Coulomb

explosion inside the foil only. The data points have been

b
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fitted to this curve by adjusting a single parameter, namely the

effectiye charge for the pxplosion within the foil. The units

€, and T, aré explained in the text.

The measured ta) back-to~front and (b) side-to-front
asymmetry of tﬂg ring patterns for outgoing Ho

fopen symbols) and‘H+ (solid symbols) for various incident
QelocitieereH+ ious and/various‘thickness carbonrfbils,.

plotted versus the relative dwell time inside the target.
\ :

Note that, in (b), values of (YT/YL+> > 1 correspond

to a "dip" on the forward edge of the ring ﬁattern, such

as in I'ig. 1(b). The symbol shapes have the same meaning

as in Fig. 5.
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