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H stripping in collisions with low-energy p and H
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Electron detachment of H by impact of low-energy antiprotons and H is studied. De-
tachment cross sections for relative velocities u &0.1ec are evaluated with the use of several
approximations. Results of different methods of calculation are consistent with each other.
Cross sections of about 10 '" cm are obtained just above the detachment threshold,

As an extension of the low-energy antiproton ring
(LEAR) project at CERN, a scheme of corotating p
and H beams is being considered. ' By means of
electron cooling, the momentum spread of the parti-
cles in the beam will be reduced to AP/P-10 in
order that it is possible to produce p-p atomic sys-
tems in vacuo by the Auger process. In view of dis-
cussing the feasibility of such a scheme and of plan-
ning optimal machine parameters, it is important to
study the processes of electron detachment of H
since these are the main source of H beam loss.
Electron detachment arising from interactions with
the residual gas in the pipe and with the driving
magnetic field have been discussed elsewhere. %e
focus here on beam-beam interactions, i.e., the reac-
tions:

H +p —+H+e+p,
H +H —+H+e+H

at relative velocity v &0.lac, corresponding to the
operation conditions planned for LEAR.

Since u is small in comparison with the electronic
velocity (v, -ae), the detachment problem can be as-
sumed to occur in a slowly varying electric field
(adiabatic approximation}. The typical internuclear
distance of the problem Ro is fixed by requiring that
the Coulomb energy between the H and the other
particle equals the electronic affinity of the H ion,
Eb —0.754 eV. Hence

Ro=e /Ee =36ao (3)

This distance being much larger than the H
linear dimension ((r )=2.7a„), reactions (l) and (2)
are essentially the same. For definiteness we consid-
er reaction (1). Moreover, classical mechanics can
be used to describe the relative motion of the H
and p since high values of angular momentum are

relevant to the problem:
1

Lo ———,m&vRo-1000k at u =0.05c .

A first rough estimate of the detachment cross
section a can be obtained by very simple considera-
tions. As the antiproton and the H approach each
other, the internal energy of the H, E(R), is raised
until a distance Rd is reached such that E(Rd) =0.
At distances R &Rd, the H system is unstable
since it is degenerate with the dissociated H+ 8
states. %e assume that the detachment probability
P is unity if H and p get closer then R~, indepen-
dently of details of motion; otherwise P=O. The de-
tachment cross section is thus determined by (i} cal-
culating Rd and (ii) evaluating the largest impact
parameter b,„such that p and H can reach Rd.
The cross section is then

o.=nb

Neglecting terms which are 0(a+Rq), R~ is deter-
mined by

E(Rd)= —Eb+e /Rg ——0.
This gives Rd ——Ro.

The colliding particles have to overcome the
Coulomb and centrifugal barrier in order to reach
R~, hence

0 for m&u /4gEb,
Ro[i 4Esl(m~v )]'~—otherwise .

The resulting cross section is plotted in Fig. 1(e).
One sees that o. takes on large values, of order 10
cm, soon after the threshold.

In order to have a more accurate determination of
the detachment probability P we resort to a %'KB
approximation for the electronic degrees of freedom,
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section 0 as a function ofFIG. 1. Detachment cross sec
9) with Ait u, calculated from (a) Eq. (9) witthe relative velocity u, ca cu

=0.573, (c) Eq. (14)as in Ref. 4, (b) Eq. (9) withe~~. g= .
f. 4 (d) from Eq. (14) witwith A as in Re .

A ~A,p ——0.573, and (e}Eq. (5).
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IG. 2. Detachment probabihty P(b u) [Eq. (11)] as aF
a (b), (c), and (d) refer to the samefunction of b/Ro. (a),

in Fi . 1. Solid line is or u= .formulas as in ig.
dashed line for u =0.025ac, das - o
u=0. lac.

8'( F)= (2m, Eb ) eF
2

4Eb(2m, Eb )'~
g cxp

~ ~

r for the asymp-where ls eA th normallzatlon facto
totic electron wave function

(r) =A(k/2n)'r exp( kr)/r, —
k =(2m, Eg)'~ /fi . (10)

265 as ln Ref. 4.
The detachment probability for a p-

at impact parameter b is then

(11)P(b, u) =1—exp —I W(F) dt

ed along the classicalrc the integral is performed a gwhcrc c cd a g

1' distribution is shown
determined y e i

the velocity v. The proba 1 lty is

of an effective single-particle sc em .in the frame of an e ec iv em .
tric field generat y

over the size o t eproximately uniform
with a strength F givcn by F=e/

ance between the colliding partic es.dist en
proximation is justi 1 a
the detachment process R~ since

(8)m/P=(r )/Z, =O 1. .

c a roxlmatlons, thc dctachmcnt%'i hi h pp
probability pcr unit time in a le wi s
ls

in Fig. 2(a) for several values of U. TU. The cross section
is given by

(12)

v(F) = 1/8'(F)
* 1'c fields of the order of 2 MV/cm. This is

relevant to our problem (e/R~-
uccs thei . 3 E . (9) accurately reproduces e

the decay pr u

'
e sin lc-particle approximation, w ic can

overcome empirically by a jus in
of the asymptotic wave function:

g ~g,p ——0.573 .

0(u) =sr I P(b, u)b db

in Fi . 1(a). It is somewhat smallerand is displayed in ig.
then was found in the previous mo c, as i

b'1't for transitions to the dissociat-
states depends on the interaction time, w ereas

b & b independently of the interaction time.
1 th eas
'

n at the higher velocities, where e
1 however that for

batic mechanisms contribute sign'upO. lac ia a ic m
tion.the electron detachment cross seccantly tot eeec

Thc val 1 y aidit of using t e
single-particle app roximatlons ln is
bec ec yh ked b means of an analysis o experim
data OIi H llfctlInc
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%e have performed the same calculations outlined
in Eqs. (9), (11), and (12) after replacing A with A ft.
The results are shown in Figs. 2(b) and 1(b). Cross
sections are reduced by about 1S%, which is howev-
er a rather small effect as compared to the large
difference between A and A,~~.

The uniform field approximation used so far can
be released. The motion of an electron in the field
of two Coulomb centers can be separated by using
elliptical coordinates, and %'KB expressions for the
detachment probability can be derived. 8' can be
expressed in terms of the separation distance R as
follows:

FIG. 3. Comparison of experimental data on
w(I' ) =1/$V(F) with the %KB prediction, Eq. (9). Exper-
imental points are from Ref. 6. Solid line is calculated
from Eq. (9) with 3=2.6S, dashed line from the same

equation with A ~A, q~
——1.50.

By using this presumably more accurate expres-
sion, we have evaluated the detachment probabilities
and cross section with the same technique as in the
uniform field case. The results, presented in Figs.
2(c) and 1(c), show that the cross section is slightly
smaller than in the homogeneous field approxima-
tion. This occurs since the perturbing field vanishes
at large distances.

On the grounds of the foregoing discussion, we
also performed a calculation with A replaced by A ff
in Eq. (14), yielding the results shown in Figs. 2(d)
and 1(d).

In conclusion, we evaluated the detachment cross
section of H by using several xnethods of increas-

ing complexity and accuracy. The stability of re-

sults obtained with different approximations is re-
xnarkable. This gives confidence about the reliabili-

ty of the methods of calculation. It would be in-

teresting to have direct experimental information on
the process before LEAR phase II is built. This
could be obtained by measurements with crossing
H beams, using techniques in principle similar to
those considered in Ref. 7 to study H dissociation
by proton impact.

It is a pleasure to acknowlege discussions on this
matter with Ugo Gastaldi and Dieter Mohl.
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