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Abstract
The arnmatlal (40 and e RYITO Yot letige o paopodee
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coincidence with recobions b - e stadied Tor 053 MeN /o 7 1 Ne.
For high degree of jonizas: - of =2 target we {find the resultant
g & £

transverse momentum of ali o carer s cmitted into the continmnm 1o
increase with the number of & coted Seettons ind 1o have a direction

mostly not co-planar with the :cattering planc.

I. Introduction

The mechanism by which m
in comparatively stow collisio -«
been of considerable interest. :.;
impact parameter dependenc:
+Nerevealed strong angular
Observation of very high long
polarization of target clectron =
clectron nuclcar intcraction.
We report here on imziusive mcasurements of multi-clectron

“woclerias are simoltancousty emitted
y charged jons with atoms has
xreriments{1,2] characterizing the
[ the lzetron emission patterns in FY
endznees of the emission probabilitics.
dinat zizetron momenta [3] and strong
:ates (< showed the strong influence of

emission probabititics meastecd viea colncidence between recoil jons
and scattered projeciiles in weil defined charge states g detected ot
sealtering angle (8,. 4,). Trz data show that the cjected clectron
momentum summed over ol ouigaing clectrons inereases with
increasing degree of ionizatian and is mostly non co-planar (o the
scattcring planc resulting in sirong non co-planar nuclear scattering
effects.

Experiment

A highly collimated beam of 253 MeV/u F¥ of the J.R. Macdonald
Laboratorics EN Tandem intz:sected with a Ne gas jet. The projectiles
were charge state scleeted aficr the collision and then after 700 cm
flight path detected with a 2-dimensional position scnsitive parallel
plate avalanche detector (PPADY) cquipped with o wedpe and strip
anodc., Recoil ions in different charge states g extracied
cleetrostatically from the collision zone were detezted in coincidence
with scattered projectiles in cartesian coordinates (x, y), the recoil ion
flight time identilying charge siates qg (see Fig 1). Duc to the small
extraction ficld the detection efficiency of the recoil spectrometer is
maximal for reeoil jons going parallel to the vy axis, ie, with a
vanishing y-component of the transverse momentum. A maximum in
the coincident projectile azimuthal distribution thus will correspond to
reeoils with (Pg")y = 0 In off-linc analysis for cach polar anglc 8,
recoil TOF spectrz funciion of the azimuthal anglc ¢, werc
constructed from recin projectile coincidence events recorded on-line
with cartesian coordinates (x, v). e
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Ifig 1. Ev-erimental Sct-up.

I, Results

Fig. 2 shows, for a fixed polar scattering angle 0,=0.28 mrad, the
azimuthal (2;) dependence of the recoil projectiic  coincident
probability for sclected recoil ion charge states 3 < 5, < 7. We
obscrve for a low recoil charge, g, =3, i.c. 1 clectron in the continuum
and two clectrons captured isto the projectile a single peak for
$,=180°. For higher recoil charge states, that is a higher multiplicity
of clectrons emitted into the centinuum, we note that the single peak
splits into (wo peaks moving away from 180°. For ¢, ="+, that is for
the emission ol 5 clectrons, the recoil projectile coincident rate peaks
for $,.-137° and $,=223°, which is clearly non-coplanar with the
rccoil ions.  The analysis of the transversc momentum balance of
scattered projectile and recoil ion allows (o deduce the role which the
momentum of clectrons emilted into the continuum plays in the
collision. Fig. 3 illusirates the transverse momentum balance. Recoil
ions can only be deteeted i the transverse recoil momentum P.7 lies
within the acceptance cone of the TOF spectrometer. Then, for a fixed
polar scallcring angle 4, % Af, {ic. projectilcs falling into the
horizontally shaded ring) recoil ions can only be detected in
coincidence with projectiles at azimuthal angles ¢,#180°, if P,.ij +
Preet + P = 0, where P.T s the clectron momentum vector summed
over the transverse momenta of all emitted electrons.

The obscrvation of maxima in the @, distribution of recoil
projcctile coincident cvents for fixed polar angles then imposcs
restrictions on the possible form of the momentum density distribution
of clectrons. If for a given degree n,=qu-2 of ionization the
probability disteibation n(|p,(qi)]) follow a monotonic deerease with
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a maximum at ip =0 the reccn projectile coineidence viewd as
function of would always peak =2 0,=180°. Only, with fncreasing
mzan value < {p,i1> the observed neak width in the recoil projectile
coincidence distribution as function of ¢ would increase ton.
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Fig 2 Recoil-projectic coinciden: disir=otion for different recoil charze stites as
fur.ction of ¢, for poiar scatiering angle £: = 0.28mrad of projectiles.

The obszrved maxima ai ,.#180° can only be ~iained if
alrcady the distribution n,(ip 3 =us a maximum at [p, =0, The
deviation of ¢, from 180° degree it therefore a direct meas:re of the
mean clectron momentum vecior _::l.

An estimate for the maczitnde of the tramsverse electron
momenta can be derived as fo cat the azimuth f, where the
coincident scattered projectile disizibution has a maximuns, we have

+ PR::.\:T * chT =0

n PProj,xT
2) Ppmj‘yT + 0 = P To= Q.
Eq. (1) will nol be used at this timz duc to large uncertainics in the
dctermination of PRcc,xT (scc also Fig 3). Eq. (2) rcads for small
scattering angles

3) PProj‘ v 6y ssin Dp e Pc,yT = 0,

where Pyl is the incident projectile momentum. Py T we then derive
)
as Tower hound for the clectron transverse momentum -2 [P7 s faa].

Table 1.
0,=0.28mrad 0y=1.1mrad
G | oo <InTf> AR
S 3 9 12
0 4 18 18
7 5 30 24
8 6 35 36

g 3. Vransserse momentum balance for seattered projectile, r2:0il-ion and summed
trnve o clectron momentum,

This Coads o individual single clectron energies beeacen 122 and 463
Y dralitateee aprccaecut el peclenoeny Lk T deles

clecansrecoil coincidence experiments |5

IV, Summary

We  have measured  inclusive  multicicctron  cmission
prorzhilitics via recoil-scattered projectile coincidences with a <zfined
scatt ring planc. We find that the total transverse clectron mons catum
increases with the number of clectrons emitted into the cont:nuum.
We 2350 find that at very small scattering angles clecirons are cmitted
non-isotropically with respect 1o the scatlering planc giving isc Lo
strarz out of plane scattering of the projectile.
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