Lawrence Berkeley National Laboratory
Recent Work

Title
RADIATIVE IONIZATION IN SLOW ION-ATOM COLLISIONS

Permalink
https://escholarship.org/uc/item/5xk3h7f5

Author
Anholt, R.

Publication Date
1976

eScholarship.org Powered by the California Diqital Library

University of California


https://escholarship.org/uc/item/5xk3h7f5
https://escholarship.org
http://www.cdlib.org/

VUAJNJu]quw%zy;’

Submitted to Physics Letters A

RADIATIVE IONIZATION IN SLOW ION-ATOM COLLISIONS

R. Anholt and T, K. Saylor

January 1976

Prepared for the U.S. Energy Research and
Development Administration under Contract W-7405-ENG-48

~ )

For Reference

Not to be taken from this room

_/

1.B1.-4360
Preprint ¢. l

\'J

09¢y-T1dT



DISCLAIMER

This document was prepared as an account of work sponsored by the United States
Government. While this document is believed to contain correct information, neither the
United States Government nor any agency thereof, nor the Regents of the University of
California, nor any of their employees, makes any warranty, express or implied, or
assumes any legal responsibility for the accuracy, completeness, or usefulness of any
information, apparatus, product, or process disclosed, or represents that its use would not
infringe privately owned rights. Reference herein to any specific commercial product,
process, or service by its trade name, trademark, manufacturer, or otherwise, does not
necessarily constitute or imply its endorsement, recommendation, or favoring by the
United States Government or any agency thereof, or the Regents of the University of
California. The views and opinions of authors expressed herein do not necessarily state or
reflect those of the United States Government or any agency thereof or the Regents of the
University of California.



© Cay

R 2

i)_gj ;¥.§} # ¢4. U429 8

Radiative Ionization in Slow Ton-Atom Collisions
R. Anholt
Nuclear Chemistry Division
Lawrence Berkeley Laboratory,
Berkeley, California 94720
T.K. Saylor
Department of Physics

Stanford University,
Palo Alto, California 94305

ABSTRACT
| Bremsétrahlung from the ionization of inner shell
electrons in.slow idn atom collisions is conéidered. |
The yield'predictéd by the binary encounter approximation'
'is small compared with experiment in 12-33 MeV O+ Zr

" and 0+ Au collisions.

In the Binafy Encounter (BEA) theory1 of electréﬁic excitation in slow
ion-atbm collisiéns, eiectrons scatter from the prqjectilé and are éjected
from the atom. The consequences of this are two-fold: (1) vacancies are
created and  (2) the accelerated electron can radiate,vprbducing a form
of brémsstrahlﬁné. We call this Radiative ionizationf(RI) and it is
anéiogous.to'innér bremsstrahlung in B_ deéay2 and.fhé internal Compton
effeét in <y-ray internal conversion decay.3 This pfocess differs from
secondary electron bremsstrahlung4 in which ejected electrons collide

with other target nuclei in a two collision process. In this process,
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electrons_rédiate while they are being accelerated in the'primary ion-atom
collision. | ‘

' Jakubaésa and Kleber5 have previously considered.this process, but
their theory.requires that the projectile velocity vl be much greater

than the orbital velocity of the tightest bound electron v Also using

K
this high energy approximation, other groups have formulated similar
treatments of this effect calling it Primary Bremsstrahlung6 and Radiative

Capture to the Continuum.7 Our interest in this process arose from the

observation of anomalous continua in 12-33 MeV O + Zr and O + Au collisions.8

The ion velobity is comparatively small in these systems and the previously
developed theories are inadequate. In this letter we shall attempt to
reformulate the theory of RI to provide a better estimate for cases where
V<<V | |
If we have a cross section do(§1,§2,$é) for a projectile of velocity

31 colliding with an electron of velocity 32 scattering 1t to

3&, the accompanying b_remsstrahlung2 is:

) - . _ _
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where c“[&8|“ = |V - V'|°, V and V' are the relative velocities between

the'projectiie and electron before and after the coliision, EX is the
X ray ehergy, and a is the fine structure constant. This simple brems-
strahlung formula should hold approximately if wt<l where hw = E and
br is the collision tiﬁe between the electron and the projectile. Using

the minimum collision time for 1, we can write:

by
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where v, = ez/h and E2 is the initial kinetic energy of the electron.

X K’

the large energy transfer needed to both ionize an electron and have it

Although E_ >-U,, the condition wr <'1 is.generélly satisfied. For

give up part of its kinetic energy to brémsstrahlung,.Ez_must be much
greater thanYUK. Also, we will generally apply these formulas to systems
whgre le< sz | B

‘ Foildwing Gerjouy,9 Eq. (1) is integrated using the Rutherford formula

for.dc(31,§2,3é). The resulting cross section is:
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" where vy = (v + B, vi = 07 - fyp)%,
, 4A1Mm _
aorb= (B, - Ey + %(A] M - m) vjv,) Trespectively,
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AE 1s the enefgy transferred to the electron = 3 m(vé-- vg), and AlM’
m, and p are the mass of the projectile, electron, and the projectile-

- electron reduced mass.

T
LY

As is doﬁe in the BEA-theory,l’4 this cross section is integrated

over a Fock distribution of bound electron velocities v,, over AE, and

finally the cross se¢tion is summed over electron shells:

= ® 5 .2 2 o
do n | dAE 32 Vg vz_dv2 _ d. o(EX, AE, vy, VZ)
o S
§] 0

T B pedevd X )
where Ui is the binding énergy of shell i, 1/2mv§ = U;l is the "idealized"
or Slater rule.value of this binding energy,4’10,and ni'is the number of
: eiectrons occupying shell 1i. |
This rather_complicated expression may be evaluafed approximately in
systems where vy < vy The condition AE< a 1;mits tﬁé integra1 fo |
range from vg to infinity where vg is given by:
102 - g0 z.(AE - aT)Z o | (5)
2 2 2~ 16T -

where T = 1/2mvi = Elm/AlM' .As long as'Eg is much larger than AE, Us’

~and 4T, the cross'section is given by:

5/2>

' LB A2
o 0.004U51 " (Ug *+ Ej) 2% |
dE_ é s " Egs.s BT (barns/ keV) (6)

where all energies are in keV.
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The thick target RI yield obtained using Eq. (4) and Merzbacher's

formulall is shown for 12-33 MeV 0+Zr-and O+Au colllslons in Fig. 1.

These results are based on numerical evaluatlon of Eq. (4) are identical |
with resﬁlts'using Eq. (6) for Ex-z ZO_KeV. |

RI should,be impertant for slow ion-atom collisions: because the
initial electron velocity vy is large, and the acceleration is large.
The majof part of the cross section comes from near baékscattering
collisions between the projectile and electrOn; This can be seen if we
use the maximﬁm acceleration-l?JG'l = 2v ~ 2v,, in Eq. (1) and make an
eppreximate-evelﬁation; again assuming Eg >> U, AE, AT. We obtain
0.006 for the_eonstant in (6) instead of 0.004 thusvthe average accele-
ratlon can be con51dered as 82% of the maximum acceleratlon

Desplte these expectations, the theoretical thick target yleld of

RI falls'short of the experimental yield. 1t is not known whether these

'-continua are due to MO x rays or some other kind of bremsstrahlung.

'However, these calculation appear to rule out RI.

' Finally let us comment on the applicability of these results. Since

these equations are based on the atomic BEA theory, we. can expect these

-results to be-val;d only when Z1 Zz. ThlS is nearly fulfilled in the

case of 0.+ Zr and O + Au collisions. The second condition is that

Eg < 200 keV. For E§v> 255 keV, clearly the problem should be handled

relativistically. Since this was not done here, it is not known how

this affects the f1na1 thick target yields.
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FIGURE CAPTION

Figure 1. - Experimental absolute yield (solid) and RI yield®(dashed)
for 33 MeV O+Zr and 21 MeV 0+Au Spectra féken at other

- ion energies show qualltatlvely similar behav1or
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