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I.  RESEARCH SUMMARY

This report covers the period from 1 March 1976 to 31 July 1976.

The support herein includes the last three months of work on ERDA contract

E(11-1)-2130, which terminated 31 May 1976, as well as the work on ERDA

SRSA Contract E(11-1)-2753 which supports all the experimental and theo-

retical atomic physics research since 1 June 1976.

This five month period has been one of continued progress in our

efforts to understand the processes leading to electron capture, ionization,

vacancy filling via natural decay, and charge transfer in both solid and

gas media.  It has been shown that the cross sections for K-shell ionization

in thin solid targets are dependent on target thickness and incident charge

state.  Even though charge equilibrium is reached in vanishingly thin foils
2

the K-shell equilibrium is reached in 4 100 ug/cm for projectiles in the

range of Z = 10 to Z = 35. The data has been explained in terms of the

fraction of beam with 0, 1 and 2 K vacancies as a function of projectile

depth.  It has also been shown that the mechanism for the decay of double

K-vacancy states produced in ion-atom collisions by double electron jumps

proceeds by "shake  down. " Another double electron jump transition, radia-

tive electron rearrangement (RER), has been observed and quantitatively

explained in terms of final state configuration mixing.  The study of the

impact parameter dependence of K vacancies has been extended to the nearly

symmetric Cl-Ar case.  The rotational coupling model predicts fairly well

the observed dependence.  The K-shell x-ray production cross sections for

C, N and 0 on Ni, Rb, Ag and Sb have been reported as well as the Auger

electron production cross sections for C, N, 0, F and Cl on Ne gas.  The

effect of K-vacancy sharing is particularly realized in the F-Cl measure-

ments.  The study of electron capture has continued with the measurement
+

of electron capture of H  from Ar and He.  The Ar results are complete and
+

disagree with theoretical predictions.  The simpler system of H  - He will

hopefully shed some light on this disagreement.  A systematic study of the

dependence of the argon K-vacancy production on projectile atomic number

and charge state has been made.  The cross sections for electron capture

fr'om helium by bare nuclei with 5 5 Z 5 9 have also been measured at energies

1
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between 0.3 and 3.0 MeV/amu.  The experimental study of polarization fractions

of radiation emitted following electron capture to excited states has contin-

ued.  The determination of metastable helium-like ions in high velocity ion

beams has been attempted through the charge state dependence of projectile

K x-ray production in a gas and similarly through the charge state dependence

of target K x-ray production in thin solids.

Heavy ion nuclear experiments were continued at a moderate level

with the study of deformation lengths from scattering of strongly inter-
9     12

acting projectiles and of elastic scattering of  Be + C near the Coulomb

barrier.

The theoretical work accomplished and/or begun during this

contract period concentrated on new spectroscopic results as well as

collision mechanism involving heavy ions and highly stripped atomic species.
n

Theoretical x-ray and autoionization rates for four-electron ions with 2s

2Pm configuration have been calculated.  Branching ratios of two-electron,

one-photon transitions have been calculated for double K-vacancy states and

far single K-, multiple L-vacancy states.  The effects of relaxation and

continuum interaction on KLL Auger spectra are being calculated.  The ls-2s

excitation in hydrogenic targats by electron impact have been calculated.
+
H + Ar differential cross sections have been computed as well as Coulomb

+
ionization in H  on H, He, Ne and Ar collisions.

2
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II. LABORATORY OPERATION

A layout of the tandem Van de Graaff at Kansas State University

 

is given in Fig. 1.  Through the reporting period February 1, 1976 to

July  31,  1976 the tandem  Van de Graaff accelerator .has been operating  at

its recommended voltage.  During this period the tandem has had vertical

instabilities in low-energy ion beams.  This was.thought to be caused by

dust bridges developing across the belt spacers inside the accelerator,

the dust coming.from the belt itself.  Upon opening the tandem on May 20,

-             1976 we found that the charging belt was bad. Tliis belt had a total of

4,528 hours of service on it.  After replacing the charging belt with a               I

new black belt. purchased from High Voltage Engineering Corporation,

Burlington, Massachusetts, we no longer have the vertical instabilities

in the low-energy beams.  This indicates to us that the old type peach

-     charging belt installed in January, 1975 was probably not of high quality.

Down time through this reporting period of February 1, 1976

through July 31, 1976 was 470 hours.  Of the 470 hours, 271 hours were used

for the installation of the new charging belt.  The remaining 199 hours

were for periodic maintenance, of items  such as foils, collector screens,

column resistors, etc.

The two negative ion sources on the tandem have been used

successfully through the reporting period.  The diode source had one

failure in which a roughing pump belt broke and contaminated the source

with oil.  The source including acceleration column was completely dis-

mantled and cleaned.  The usual beams of H, CN, 0, F, S, Cl, Br and 
I were

in use.  The Cs ion sputter s6urce was used for # 1200 hours during this

period producing beams of H, Li, Be, B, C, A10, Si, Ni and Cu.  Through

routine cleaning of the source very reliable operation was maintained.

The ionizer was replaced twice because of a hole burnt through it.  It is

believed that backstreaming electrons which are normally suppressed are

causing the damage.  A bad connector on the suppressor has been identified

.

as the culprit.

3
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The 3 MV Van de Graaff has been in operation a. total of 500 hours

during this reporting period.  During this same period the machine itself

was opened only three times for routine maintenance.  Additions to the

facility include a new beam line equipped for differential pumping of gas

targets for single-collision experiments and a movable radiation shielding

wall at the rear of the accelerator. A new pumping station for the tube

and magnet wave guide has been ordered and will be installed during July

of this year.

During the period since our last progress report, significant

improvements have been made in our laboratory PDP-15 on-line computer system.

First, an improved foreground-background monitor was placed in operation.

This monitor virtually eliminates the possibility of the foreground user

and background user interfering with each other during the simultaneous use

of shared DEC tape handlers. Second, a flaw in our data acquisition program

was discovered and remedied.  This flaw had made it possible to accept up

to 30 unwanted counts into a total spectrum.  Although the effect of this

flaw was undetectable in almost all uses, its repair could have marginal

effects on very low-statistics data.  Finally, a new buffer memory for the

9-track tape deck was acquired and installed. In addition, an improved

handler was written and installed which makes it possible for Fortran users

to read and write multifile ANSI standard tapes compatible with the university

computing center.  In addition, the new handler allows the user to read non-

file oriented tapes such as those produced by other analyzers' magnetic tape

recording equipment.  This addition will, in the future, allow reliable,

large-volume, high-speed communication between the 3 MV accelerator lab,
the tandem accelerator lab, and the university computing center.

The PDP-15 computer hardware operated without major failure.     Due

to the age of the system, a fair amount of maintenance was required however.

Both the foreground and background scopes were sent back to the manufacturer

for refurbishing.  The deck tape guides were worn and had to be replaced and

a new keyboard was installed on one of the decwriters.  A new multistepping

controller· was designed and constructed with the feature of automatic dead

time correction.

5



Installation of new equipment for experiments includes a second·

vacuum pumping station for L2 beam line to allow for two scattering chambers

in series.  A new pump was also installed on Ll to replace a turbo pump

which induced undesired vibrations  on   the  beam  line.     A  new  Li (Si)   x-ray -
detector has been received but not operating according to specifications.

An adjustment will be sought from the manufacturer.

/
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between 0.3 and 3.0 MeV/amu.  The experimental study of polarization fractionsof radiation emitted following electron capture to excited states has contin-
ued.  The determination of metastable helium-like ions in high velocity ionbeams has been attempted through the charge state dependence of projectile
K x-ray production in a gas and similarly through the charge state dependence

.

of target K x-ray production in thin solids.

Heavy ion nuclearexperiments were continued at a moderate levelwith the study of deformation lengths from scattering of strongly inter-
9     12acting projectiles and of elastic scattering of  Be + C near the Coulomb

barrier.

The theoretical work accomplished and/or begun during this
contract period concentrated on new spectroscopic results as well as

.,
collision mechanlsm involving heavy  ions and highly stripped atomic species.

n          'tTheoretical x-ray and autoionization rates for four-electron ions with 2s2Pm configuration have been calculated.  Branching ratios of two-electron,
one-photon transitions have been calculated for double K-vacancy states and
for single K-, multiple L-vacancy states.  The effects of relaxation and
continuum interaction on KLL Auger spectra are being calculated.  The ls-2s
excitation in hydrogenic targats by electron impact have been calculated.+
H + Ar differential cross sections have been computed as well as Coulomb
ionization in H  on H, He, Ne and Ar collisions.
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