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interest in the fleld does not deg

the contrary, one can see now

&

the activity here. The spectrum of the topics as well as the number

=

oy
ot
s

&

igh
f the countries from where the participants arrived is very broad.
The conference was organized by the Physics Department of the
& o
Miskolc University but this work was supported by the Atomic Physics
Section of the Institute of Physics of the Hungarian Academy of Sciences.

Thus their experiences are unified in this respect and we can hope a really

successiul conference.

Diénes Rerényi

Honorary chairmen
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Photeionization and Auger decay in free atoms, molecules
and small clusters

Helena Aksela

hole state decays via an Auger hansiion,
' Each muliplet of a core hole
core ionization b\g exeita-
Augor specinom shows a rich satellite structure.
im; feo 80 mkm phgu; uring the Auuc;‘, or in the § l staie a;sf
i fine structure of Auger specira i€ a very
tracture and ih *f‘frfmwrréec: on wm%a;
a;‘fm: molecules display i charscter, with

study the open-s

*Z
e f fotpen b
ore-nole states o1

smaller s:(mirii‘\‘;z‘iims of ay more for

final states of iransitions 1 81 WO ar orbatals.
lent or ionic. Auger de s‘”‘- wmmm

AOmic

aloms

\;iaﬁs of frs& z’a!m s angd molecules §»:; SI1T]
fusters, A short review of recent resulfs
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Positron impact lonization

Gower Stree
ar Research o
Uebrecen,

on collision dvna ,4@:,

Ve now heen

i& "Cu ar deutern

eraction m"
presented at the conference.
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i
211 D xirtu 2z and R,
3] I Fioland Olson, J. Phys |
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Noble-Metal Nanostructures for Controlling Photons and
Sensing Molecules

Faculty of P Clyj, Romonia

ar interest

as they can support cleciromagnetic

{r this repert, we present o

of ordered amays of noble-metal

materials. Such nanostruchn 15 wncluding

s and information transport, photonic orys near-field scanning optical

currently employ noble-
¥

the nanoscale

Heferences:

bW, AL Murray, 5. Ast
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YOUNG ELECTRON INTERFERENCE EFFEC
IN ATOMIC IONIZATION COLLISIONS
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4
£

concept of wterference was already implic

es in the (m}’ of Tongkin, it v

voted

Muodern

0onIFalio
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attering Theory we disc weurence of
Lﬂ;na» centers. Finally, we propose a direct utcs'
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fonization Studies using Pesitron and Electron Beams

University of M iri-Rolla, Roila, MO, USA
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COMPLETE EXPERIMENTS IN PHOTOIONIZATION
WITH EXCITATION AND RESONANT AUGER DECAY

AN, Grum-Grzhimailo' and M. Meyer”
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rsitaire Paris-Bud,
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HIGH RESOLUTION STUDIES OF
ELECTRON SCATTERING RESONANCES

xcilation, and th
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This work has been supporied by the Deulsche
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ION IMPACT-PARAMETER FORMULAS FOR MULTIPLE

IONIZATION

H

Gregory Lapickl

Fast Caroline University, Greenville, NC 27858, USA

Abstract has not been submitted.
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B P Marinkovid,) DM Filipovig,
B P cm}f{'m

S, Sevic, 'S Milisay

snonteractions with metal
. n;gu‘{ A monochromatic
; a nd inclastica
d 4B (Fn,

5 I b. Differential
sections {DCS) were put on absol by ¢ m‘augh i
: ;ﬁ{h\ of the resonant transitions. After obtaining the ransmiss
sn spectrometer, relative intensities between resonant ransition and other {eatures
in energy loss spectra were determined for each impact energy. DUS were o’vm; E‘d in
the angular range from (O for the excitations and 10° for elastic scattering to 1507 wit
the angular rsmiuiﬁm of typically 1.57. DUSs were extrapolated to (7 and E@i; and
numerically integrated to vield integral, momentum transier and viscosity cross
sections. Resulis are comparesd wuh available calculated values and other expenimental
data. Bxperimental DCS data serve as a stringent fest for different thieoretical
approaches that tntend to re;‘mm ¢ angular distribution curve in the whole domain of
scattering angles and a wide range of energies

gt m.p atoms as well as N}w metal atoms s
i
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Atomic and Melecular Processes in
Atmospheric and Environmental Science

J Mason', E A Drage and 5 M Webh

Department of Physics and Astronomy, The Open Usniversity,
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MEASUREMENTS OF DIFFERENTIAL CROSS SECTIONS
IN THE BACKSCATTERING REGION
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QUANTUM CALCULATIONS OF TH

[RONS

ION ATOM COLLISION

sssicyl path,
. ¢ can divectly solve such
wv and theoretic a% i to the %\"“akdewn of the

sorrelation

i

n fact, comparison befween varant mumerical quantum caleulations and experiment have
il recently been largely confined to total cross sections with a narrow and consequently
misleading focus on K-shell hole production. More convenient approximations
have been mainly used o tial cross sections, notably the CTMC algonthm and the
C3W approximation. The latter two methods car typically give errors of twenty percent or
more in total cross sections but have been quite remarkably successful in reproducing the
differential spectra of ejected lonized clectrons.

A determined small cadre of theoreticians have found, and 10
convergence difmx‘:u!gwg when seeking ribe quanfum  mex
differential cross sections. In spite of these difficuities steady and rewarding Fmgfesx has
been made. For example, evidence is emerging of the importance of a px‘zmiy quanium
effect, i.e. Young inferference, us the ejecied electron scatters from the target and projectile
centers of charge. The experimental confirmation of this result is tentative and much more
work needs to be done

*reading
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FERMI-SHUTTLE PROCESSES
BY ION IMPACT: LOW Al

i
i

]

ors. Sue h fust
hnologies) and

o

o

in thisg work we fnum on m: above high energy tails of the s Em-'s‘mm cettisi
where the elect h;g.he than fwo times the projectile velocity («; /). In com b* 2d
;txpsrzmém‘a%

Jécs\ we m::‘; onstrate that the

freated as a ¢

{1} The @!‘«Qi‘&\: gain of ‘eu{“d el
] arget and p

game, where the ball is the elecur

=%
P
1
JA
=
9
ot
=
&
05 ey
:>,
£
<5
.3‘

The experiments have been performed in different laboraiories, with ion imp
the 1 - 50 keV/u range, Theoretically, we 39; ixcd a na';»pr*fmr LTS xnf‘ﬁ@!‘ the clas
ragectory Monte Carlo (CTMC) caleunlatio e

that many details of the classical uriii on scm:um can h!;‘ um\cma ity analyzed in it
framework. The analysis of the UTMC wajectories, e.g., makes it possible to classify ane
identify rnltiple electron scattering events.

Both experime ations have boen porformed for the sa
target combinatiors. A good general agreement has been {ound bet tween
mew*y in the studied cases. For the slowest collisions, the analysis of nu
icates the dominance of long (6-12-fold) Permu-shuttle type sca

electron emussion above 10 eV kinetic eng

e grani

o

This work was ;"unpas{rwd by Hungarian OTKA Grants T046%0
Hungarian Academy of ‘a,;m s, and the TET Grant No. GR-11

R?femnwx

. Fermi, Phys Rev. 78 {1048} 1169
?&w Lett. B8 (2002) 0732831
CInst, and Merh, B 232 (2003) 32,

*Hma ! didress: tokesi@atomkihe

g
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The B-spline R-matrix method for electronic and photonic
collisions

The R-matng meilbod was successful iy app'ﬁ
ree decades, md there is a very elabo

reland) | j, Howcvmx these ©o

serions restrictions

representation of target wave functions 1 accuracy of the low-ene
tert calculations, §n thiis taik | & which implements {

.

m orbitaly

T Tepresenta i on both ‘o sund and

y«v

wchions d
choice of raééa%
ve completeness of

%ﬁ»sp&’;nﬁ& ;u} %3;\‘% some advan in c<>m;z;:

W numerical progert 1es and lar

H existing codes si,;m\m, ii‘sdi ah one- a.ies:{{:;éi} €3ib§id1“ are ﬂi‘"f‘asf{ ‘g‘ *m ,uu:;\i
orbitals, it means dm many
a,“cs,t&) can not be

;‘ff)'}“iii}f msani«;

that v "’Lfic! ons on ’hc micﬁ waawé‘uuc: ns, and 1n order 10
m;t*;*‘wﬁ f y the close- Osmmg expansion should contain soms
adm§ i ations that may lead o a pseudo-resonance structure

swesent m‘;*k,ms ntation 18 based on the gencral programs {3] for angular
5;}1::gi‘a.z on with non-orthogor xzi orbitals that al §aw us to abandon the orthogonality
constraints on  the one-electron radial funcy e85 us th& ;}ossébiiii‘y of
independent gencration of different target states; ar‘d as a cons sequ
agouraie target description than b fi re 15 possiple. For example, #t
account for term dependence In one-electron orbitals. We do not have te use any
additional (N +1)-glectron bound terms in the close-coupling expausion. 3t provides us
with more aw*"*sxsm i \YQdU’T‘{.}’h of N-electron target and (N+1)-electron collision
problem and red ¢ e
The presen
SOIIC Cases Wi

Ym;mz He-ma

ed u*xyrm um-m of cross s;x:cé.éons i comparison

o8
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COMBINAT
§ ?:i ECTRONS

performed at the |
[17 for relative electn erg
mi‘u*n%‘;*ug on of U™ dons with el
nanium detectors placed neart 3
asurements were performed at
> tings. In ihis way,
on the | enhancement”
the transverse electron beam ¢

,Z
&
,»«
A
w
(
Wi
o
=
o
o
oty
b
-
g
=]

swed  us to o rneasure :5%mz;'§m‘ G‘}re&siiy %"(m

recombination to low n-staies, namely

Siiation

107 1
med whil almer fransiions gave
r“wmbinzstém into & wide rang ;*' 1gh n-slates tatf’ﬁ in t??i%izmnmz”

fh n-siates were simuli

:sg:mm are COin 1ons
A role of the rex xz*‘a‘béna;mﬂ o i‘ui Ix 'df“a 2 states in
as the influence of the relativistic mfw @ are discussed.

Aot
1
ot

{11 M. Pajek, Th. Stéhlker, I, Bana

ot al., G Annusl Raport, 2004

]
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Preliminary results on luminescence induced by thermal treatment

and by N,” ion bombardement on MWNT bundies

M. Barberio, F. Xu, M. Camarca, A. Bonanno, P Barone'.

Laboratorio 18, Universita degli Studi della Calabria and INFN- gruppo collegato &

Cosenza - 37036 Arcavacata di Rende, Co

studies on luminescence emission from bundles of

wmed  measurements of

ce emission induc

i both by heating {ther

bombardement (lono-luminescence L), The MWONT bundles are 14

gaposure we 4o not observe any N

Pl

m both Auger and TL s
keV, Auger analysis teveal Ny presence  even  after theimal  treatment

at 1900 K. 1L spectra, detected during ion bombardement, show a decrease in intensity
as a function of time. This resulis are consistent with hypotesis of progressive sample
metallization and are confirmed by the results obtained from Na deposition and N

bombardement on MWONT.

' barone @1is.unical s
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ANGULAR DIFFERENTIAL IONIZATION CROSS “Elii"i §{}N§
FOR ANTIPROTON AND HELIUNM

f Seience (ATOMKIY H

tnuom Lh

ém“ 2 C ario

N f 5

g 43 B 120

£ b

on angle {degres)

G / 1 : i the
iis under coniract no. RI-C S0036.
Eizifraﬂ&s
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Mechanism for slecironic excitation in {he interaciion of slow Na® with Al surfaces

A, Bonanno, M. Con

on is a fundamental consequence of the 1nte
1 hcr of
f their

>3 Ii"‘i»ﬁ
¢ samﬂiia‘ i @rb ene
C ie: trons emitied i the interaction of slow Na® ions ¢
ces. Our m@asm"t‘;.z‘mys mdxwu &1@ sfrong interpiay betwe

i orojectife and Aldarget Auger electron
cotliston cascade, T
collision between incoming
1on mechanism.

L
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%

JOST FUNCTION DESCRIPTION
OF ELASTIC AND FEW-BODY RESONANCES

Banloche, ﬁafg atina

{ i’sa‘ﬂmx Alres,

aciing indivi
ances i

also p

rth quady ant of

Collisions

" barrachina@ib.eduar
¥ Comision Naciona! de Encrgia Atémics and Universidad Nacional de Cuyo, Argentina.
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EMISSION AND ELECTRON/AON ANALYSIS OF THE
ABLATED PLUME FROM LiYF, CRYSTALS DOPED WITH
T’ OR Nd *" JONS.

5. Barsanty, B, Favilla and P. Bicehi

wd INFM-University of Siena-Viz Roma, 36-533100 S1E!

Department of Physic

We report zs'tssuf: the MaaE}; sis of the plume ablated from YLF crystals
Tm (1% concer ation), by laser pulses provi tde
third mm‘zmx Gmam pulse
energy 130 m
15 10 Hz, The tar
5pECirose wm,\i“‘ / .
rans {:ix\ *%ﬂs emitted radiation, collected via a
the ?s:p ¢ of the ablation ‘*Lzm%}\;a to the wput shiz )i a k,..i'} M Mo
with 3 {3") grooves/m grating und a is;s':iucmy resplved spectrumn is recorded wia a
33%'10?9§1uu.§§?§‘i€} anid a boxcar averager system. The available spectral range is 300 ~ ’}’{}G
nm. Most of the measurements are done at 6 m’ fluence, while the ablation thresheld
occurs below 3 crn”. The plume emission is very rich in features and shows the elemental
ilnes belonging to all coraponents of the target either Htl}tlda or 1onized and other
teatures yet 1o be as 5 I om »v;{h the cxception of
s0me ransitions assoc 1 700 rim. The insertion of
two electrodes perpendicular 1o th ‘ £§y polarized, allows the
detection of either electron or ion s e analysed via a 500 MHz
digital nscilloscope. The cle s information about the onset of the plume,
while the delay of the ion signals in !“prc. 10 the migger given by the laser pulse, and their
shapes provide some mformation on the dynamics of ablation and on the ion species
ablated, respectively. Information about the plasma expansion ¢ can be obtained from the
time resolved analysig of the single lines in the plume emussion spectrum at different
positions 'ihs: axis. Moreover the analysis of the intensities 'xi *%:L lines
corresponding imzc it can confirm, in the v}iui neg, the stoichipmetric co
the crystals. t started and the results will be shown to gsihﬁr with ﬁih‘ s
\émaz Ld } servation pn ;;rﬁ:,fs ch as the direct excitation of the
£ p ime. This researc i 04 national project
stodeposition | an MURST.
he crystals used ;{‘ Lm, Cip"?;)um‘li : the unit of the
Scuola Normale Sugp

4 ;)";’ the
i3 ns, m

s

iams;tci and im repetion rate

hese :mes persi ist at d

1c

ETIOT
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Study of the interference etfects in the ionization of H, by the use

of two-center wavefunciions

5. 3@5‘?@5}&}:*“_ L. MNagy

ics, Babes-Bolyai University, str. Kogilniceanu nr. 1, 400084 Clyj,

Romanma

Due to the two-center dzazaci»; of the target molscule, fnterference effects ocowr
in the pﬁhmmmhgm 30 fsf the molecular hydrogen {11 In a previous paper. the
phototonizatic on have been calculated using a simplified description «

=
Llaanl ofn $
final state {pie

f anc w aw:}{ﬁg. Thig A{mr{*xzmat z‘ gives us a good descriy M
foatures of ir i“ﬁzi’;ﬁ’i ¢ effects, but it is gau i»nt( ¢ angular distribution of the
of the outpoing e‘iestmm dss;,md on the t > and the cross summ in | *;sgih
gauge is nearly four times gher than the cross f’ie.:‘fiaﬁ m velocity gauge [2]). Using ¢
much more accurate description of final state { camsf WAVS *f unctions) this gauge
dependence of angular dmrﬁ*uhox was redy

¢ oross section in wnu}s gauge s
still higher, The photolonization cross ,miwﬁ was c’dwiaisd using 15t order
approximation of the time dependent perturbation theo & two-center characier of
the final state was reproduced by diff ‘ic:xiz wavefunctions, The first type was the 2C
wavefuntion [3], which is a pim wave mul rim§ by two Coulomb distorsion factors.
The second ong is a lincar combination of two Coulomb functions. This wavefunction
does not reproduce correctly é’m‘ awmpmiza behavior, but it describe well the two-center
character of final state at the vicinity of the nuclei. Due to the complex structure of the
final state wavefunctions the photoionization cross section was evaluated numerically.
The partial-wave expantion of the final and initial wavefunctions was made and the
partial photoionization cross sections have been studied. This partial-wave cxpantion
alowed us a much more detailed study of the interference effects.

References

[T H.D. Cohen, U, Fano, Phys. Rev. 150 (1966) 30

[21 L. Nagy, S. B(} bély, K. Pora, Phys. Lett. A 327 {2%04) 481

31 M. Walter, J. Briggs, J. Phys. B: At. Mol. Phys. 32 {1599) 2487,
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ELECTRON SCATTERING ON SULFUR-CONTAINING
MOLECULES

k

A, Domaracka, 5. Kwithewski, B Puasifiska-Denga and Cz. Son

i?‘\j of Ap§}‘i§ i
ORY, u§ {3. Narnutow:

During our systematic studies [1-3] we have found that the presence and location of
particular atom tn molecule considerably reflects in the shape and magnitude of total cross
section {TCE) energy dependence, The e ffect is especially r}@iiccabgf at low impact energies.

in this contribution we present (Fig. 1) ouwr latest TCS £
scattering from sulfuryl chioride (80,Cl). Further, along with ﬁaﬁzfcr TC" {izﬁa for other
molecules containing sulfur as a al atom, these resulis are used o demonstrate the
importance of central atom m . More resulis and discussion will be

nied at the {Ju tere:;ifcfc
Partial support by the MENIS aud by the MNil is ackonowledged.

prese

0
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Jon
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total cross section {
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> : s ™ sge v « T4 N .
X-ray emission from collisions of O with molecular and atomic
gases it the 35 to 50 KeV range.

Ldward Poll ack’, Winthrop W,
;zdu Z: uric”, and Ara Chatjian®

rm«

sanecticut, Storrs U7, LUSA
+f Te

ria fnstitute of Te chm&‘}gy Pasadena CA, USA

2 solar winds are matnly comprised of protons and helium ions; however, the energetic
rays emitted from ion-comet Interactions originate from the smaller fraction (}i heavier
153’1!5 charged solar-wind ic 7, f‘, N, O, Mg, Fe ions) 3€mir~m~
caplure cress sections. One of the goals of Jm work 18 10§
spectroscopic information for mnd §L 1g of soft x-ray emission obser
1on interactions with cometary gases. Using the JPL BCR jon source [1] in Cﬁr‘x%:a}mht}?}
with a grazing incidence )&U V spectrometer, equipped with a CCD caa‘sﬁi 4, X rays in the
wavelength range from 2 to 40 nm have been measured in collisions of &' with CHa,
CO, He, Hy, and HoO gases.

[1} A, Chutjian, 1. B. Greenwood, and 8. 1. Smith, in Applications of dccelerators in
Research and fndusiry, 1. 1. Duggan and L L. Morgan, editors, Am. Inst. Phys, CP 478,
New York, 1999, pp. 881-886,

at the University of Connecticut has been sponsored %y NASA EPSCoR
3 and that at JPL/Caltech through agreement with NAS/

*verzani@phys.uconn.edy
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ER-SHELL EXCITATION AND IONISATION STUDIED
BY LFZL%ELTRQNH\i ECTRON COINCIDENCE EXPERIMENTS

i *;i excitafion and jonization have been studied in a series of
rg' loss - Auger idence experiments have been
nd decay of i% 1) inner shcii excited states,
1 and photoel i ts have been performed
t on,
ce~Cn {i statton of the Gas Phase beamline at Elettra “ i has baen
experiments. For thj *§eus<m fmpact measurements | h&a beer
aron gun which can be op
. In this set-up both the i

a’ict*ﬂ“ﬁcd at 90° with revy

3

serated at dif ismm z:wuss;m emrgcs betw

tion of f‘}:: zrx

and makca %h@m

fevel has been omé ed via
. The ;ﬁwuiqr d i

5 has been
of the nu\ rsséiaﬁcm. ';Th@ combined results of
vide valuable int

pect to the
urenments are
..-(JML}
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INTRINSIC AND EXTRINSIC CONTRIBUTIONS
TO PLASMON EXCITATIONS

J. L. Gervasoni'” and L. Kévée

'Centro Atémico Bariloche and Iustituto Balscire, Comisidn Nacional de Energla Atdmica
and Umiversidad Nacional de Cuyo, 8400 Bariloche, Rio Negro, Argentina. Also member of
the Consejo Nacional de Investigaciones Cientificas v Técnicas (CONICET), Argentina,
“Institute of Nuclear Research {(MTA ATOMKI), P. O. Box 51, H-4001 Debrecen, Hungary.

In this work, we study in detail the process of excitation of bulk and surface plasmons
during the smission of clectrons in the proximity of a solid surface. We take into account the
effects due to electron transport {extrinsic contribution) and to residual holes (intrinsic
contribution} in the case of X- ray photoemission spectroscopy {(XPSY and Auger electron
spectroscopy (AES), We use the diclectric response of the metal and the specular reflection
model for describing these processes. The resulis tlustrate that, depending of the distance
from the surface, to separate extrinsic and infrinsic contributions could be ambiguous due to
interference phenomena in XPS and AES plasmon excitation. The results of the caleulations
are compared with expenimental data as well as with the earlier works using the dielectric
model [1,2].

References

TA. C. Simonsen, F. Yubero and 8. Tougaard, Phys. Rev, B 56 {1997) 1612,
i £ s
1F. Yubero and 8. Tougaard, Phys. Rev. B 71 (2003} 045414,
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SOPPING POWER FORMULA FOR
OW AND INTERMEDIATE ENERGY POSITRONS

g‘“"‘ﬁ

Hasan GUMUS, Onder KABADAYT, M. Cagatay TUFAN

iy, Faculty of Avis & Sciences, F

Ondokur Mavis University, Deparmment,

Samsun-Turkey

Absiract:

A simpie siopping power formula for positrons is preserted. Analytical &

and effective mean excitation energies of target atoms in the moditied

effective charg

Rohrlich and Carlson stopping power formula are employed. The Lenz-Jonsen statistical
P 13

atomic density model has been used for caleulations of effective charge and effective

The calculated resulis of stopping power for

mean excitation energies of target atoms.
positrons in some materials are compared with expenimental data and a number of other

lations such as PENELOPE code results,

cal

PACS: 34.50.Bw; 61,80 Fe:

ey Words: Stopping power, positrons, cffective charge, offective mean excitation energy.

, fax: +00-362 4576681,




monai®

e
o
-
pometl
=
A..L,
Ll

h

i

Anna Go

£

-10

P-26
J}{ﬁ

<

o

g8l

{

g Irore

&

Physics,

ergnental
hog

e
i

K

ection

VW oinge

1

SSIN ELEC

de

1

4

RE

i)

e

IS

stitut

1

¥
H

NAMICS

in the {ﬁ}’

a

GINSN

phen

HE

R
s

and ne

larit

W ICTREH

=

3¢

&

- 2
o e
£ L

= 7

B %

T &
= ]

i @
£F o



pP-21

*

Target element dependence in the elastic and inelastic energy
loss of fast heavy ions

er Kabadayi”™, Hasan Gimils and M. Cagatay Tufan

Ondokuz Mavis University, Faculty of Arts & Sciences, Physics Department,

Samyun-Turkey
Abstract:

The target atomic num ther dependence of elastic and inelastic stopping power has been
investigated by using 5 soretical stopping power formulations from literature. The

stopping powers for target elements with atomic numbers 3 to 92 are ¢ §ww ed on the
basis of Montenegro {.‘t al. model and vpuclear ::‘f opping powers is caleulated from

Ison et al. formuiation. Firstly, 4 depepf‘ier?o: of the electronic smr ng power 13
examined for light and heavy projectiles in these clements. We investi gated 7
inv power also by comparing the ai@apmg powers for
all considered targeis. A strong % oscillation in puclear and electronic st m;sxz'g‘ power
has been observed for light and heavy lons as a result of varying densites of
neighboring elements. We have also determuned the target matenals which applies
maximum total stopping force for some incident ioms.

dependence of the nuclear stop

PACS: 34530.8w; 61.18.8B

Kev Words: Stopping power, heavy lons, encigy loss

s2-4576081.

" Corresponding author. Tel,
E-mail \mdtt% onderkdyi

omuednir




51

SECTIONS O

an Academy

3
<&

ngars

wrecen, PO Box 51, Hang

Ay

e

with

A
i

ATE

5 are comp

oy |

B

e

fo
Ny
}

gen £
ment

CIW
1

gies b
nd ex

SCira of
N

& i3

o o

- LY =y

s P,

: £ 8
i

{MT

118 Wi

%3
(&)
-

Raboud,

A




P23

INFLUENCE of PHASE TRANSITION in NICKEL
on ION CHANNELING in NI SINGLE CRYSTALS
and on STOPPING in NI FOILS

P . 3 ¥ N s s 2 . E *
Rafat Krajewski, Bogdan Pawlowski and Marek Moneata

Uniwersytet £odzki, Katedra Fizyki Ciala Stalego
Pomorska 149, PL 94-236 L.8d2, Poland

3

From the previous experimental results on transmission of ions through Ni fous and
from theoretical analysis of the results we draw the conclusion about correlation between
ferro-paramaguetic phase trangition and the momaigm behaviour of the electronic energy loss
end the energy loss m"“ef“?‘ir@ efuﬁ}s in Ni at the Curie temperature T, ! 2. It seems that
en tiny change of the electronic density of states {&{}\? can have ¢

1ge uence on the
interaction of energetic ions with foils. We expected sirmilar effects during interaction of
with magnetic single crystals.

We present experimental results on change of Rutherford angulac vield (RBE) of protons
back-scattered from subsurface regions of Ni and (for reference) 81 single crystals as function
{};i the crystals temperature.

Close to the room temperature the standard behaviour of channel
both Ni and Si single crystals, like increase of the minimum yield ¥ and decrease of width

at half-mintmum g7, with temperature for particular dips, were determined and analysed.

For Ni single crystal the gmamaiw s behaviour of ¥, and o at T was found and 10 was
miterpreted as due to the structural and ferro-paramagnetic phase transition at T.. In the

experiment the two concurrent processes: radiation damage - randomising the subsurface
region and annealing of crystal — restoring and cleaning the crystal structure, were set to
cancel gach the other.

We implemented the interaction of wons with the field of magnetic domains in the Monte-
Carlo code and the analysis of the RBS vield showed crucial role of classical magnetic
domains in explanation of the effect

ing characteristics for

Leferences

{11 B.Pawiowski and M. Mone cta Physica Polonica A103 {2003) 433

{21 B.Pawlowski, M.Petrascy, 5 { rbmak D. Pamdx'a and M. Moneta,
Vacuum 78/2-4 (2005) 439-444,

*moneta@mviiuni lodz.pl
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ELECTRON IMPACT EXCITATION OF THE 6p7s s P, STATE
OF Pb ATOM

8. Milisavievié', M. Pardovsl

D, Sevic!, V. Pejcev'?, D. M. Filipoy i and B. P,
Maymkmid

1 T
" Institute of Physics, Belgrade, P. O, Box 6§,
* Faculty of Natural Sciences, University o
K. . . . .
Facuity of Physics, Univerity o Ss?gdd

and Mmtcmgr@

srevious paper [1] we reported preliminary results f
(DCS) for elastic electron scai!;eu“ ; by atomic lead at L}Q &3
y and the scattering angle range from 10° to 148" . We also pei
melastic DCSs measurements at the same target and herﬁ we present prelimsinary
on electron impact excitation of the ég, 7s Py state of Pb atom. The angular <§ s,i
of the scattered intensity in the range from i} to pi‘i was determined at 40 eV
inpact energy also. The exper
technique 1o the electron spectrom

gisewhere (1, 2]

~atom beam

re details

.

83 Rg}‘sc‘:m;? 1 is shown in figurel. Obtained experimental results for

: ;éw: é;;ma&iic D 'S are presented in figwre 2. Absolute DCS \aauvs will be {Mzzﬁmme
ization 61 relative DCS to the optical osc

Ab.umg tbe forward scattering function (FSF) for *{eﬂeraﬁized :,;scilla&.éx };iriﬂgiﬁm

(GOS).

- ey
. KD |
wot Eliad . 3
i B 4D eV oy
&0 g 8= 10 y
i oy
!5 @ s\
#3 - 1 3 &
L [
= 45 | ]
= i 8pFs P° !
Bril e’ e, r; s P } i a1
Wl & . (T . N
o 2 : o @ ;
Energy loss gcs\v’i Scatterirg angle (geg)
Figure 1: Energy loss spectrum of Pb Figure 2: Relative DCSs for the
alom 637 Py state

[11 S. Milisavljevié, M. Pardovska, D. é’ﬁeviév V. ?c\i D. M. Filipovi¢ and B, P

Mannkovié, Proc. 22 f‘“‘itiov}ai ”ar}c Tam Be}?na
Basta, Serbia and Montene '>gm. Md Li
. Milisavijevié, D. Sevié, R K. hauha& ‘v 3

3 S, h At Mol Opt. i}

ovi
and B. P. Mannkovid, L
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A MONTE CARLO SIMULATION OF COLLISIONAL PROCES
N ATOWNSEND DISCHARGE IN NEON

elika D Nikitovie, Aleksandra L Strinie, Viadimir D, Stojanovic, Gordana N. Malovic
and Zoran Lj. Petrovie
Instisuwie of Physics, Pregrevica 118, 11080 Belgrade, Serbia and Montenegro
Absi

in this work we have aﬂa§¥’?€d experin
e‘sr‘%fﬂm m excitation coefficients for Zp;-1 gtion Gi’ seon. The spa;m drxf
s normaiized o give the excitatic cients at the anode and thereby aba
Ei of excitation coefficient may be obfained. Electron excitation coefficients
mined from the measurements of the optical signal at the anode afier correction
%"Q? ’jc*f:cmr guantum efficiency. Measurements for uf"}"ﬁ were performed in g dnf
with planparalel eclectrodes. Swarm analysis is performed by comparing experimental and
calenlated transport coefficients. A oullcollision Monte Carle simulation code was
em \E@}sd which mvolves accurale representation of nos-equilibrium effects and complete
f cross sections representing the transport of rkcz;mu ions and fast neuirals. W
mm‘mm mo analysis of our data for neon by using Monte o simulations with
ontribution of the electron reflection at the anode to the spatial distribution of the 585 pin
line errussion. Effect of the graphite anode is spalysed for conditions of moderate to high
values of reduced electric field. At moderate &7V, from ( Td to 1600 Td, clectron
excitation dominates and it was possible to determine the eleciron ionization and exciiation
coefficients. At higher E/V the excitation growth towards the cathode is cohserved and
attributed to fast neutral excitation. t was possible to determine the effective fast neutral
excitation cross sections that fit the experimental emission profiles normalized to the
excitation rates. It was necessary to make significant modifications to the available cross
sections for excitation by fast neutrals in order to fit the experimental data. Those processes

are of interest for sputtering devices and for fast neutral eiching that would reduce charging
damage in high aspect ratio integrated circuit processing.

-,

€18 {
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ML Ms’zuim . T.Eoizumi®, M.Sano’,
i
ianam and H.Yamaoka

'RIKEN/SPring-8 | ’é%}’ws 673-3148, Japan
PH\E?\ 2-1 { maawo, \v‘uika\ Saitama 3198, Japan
i awa, Kodatra, Tokvo 187

ionization Cross seclions «
‘nwpéw with those of neutral
ite the effect of the removal of the electron

e, s ]

We have measured the re
in the region of Sp ?hm: 1ol
motivation of the presont study is to i
in the most outer-shell on the dilution of the {‘?gﬂm resonance. it is well known that tee
fanthanide photoabsorption spectra in the region of the 3p excitation are dominated by a
broad asy eiric (3pi5d) T 'P resonance iying at - between the ‘?g Py
and *Pin is 111 For the heavier clements {4 strong discrete lines
containing a Eai o share of the 5p oscillator strength are e‘ahwn {% for transitions {o
based levels, The dam, d structure only for ‘“b (Z= ?(3} has been a,\;ﬁdmcé m; m h‘c
i lines to the 5p°6snd seri ;
ed ;;f” configuration are ﬁ?&g}(ﬁ@i&‘{% to ren aie
her lanthanmdes
arity of pheﬁma};
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PECULIARITIES OF THE RADIATIVE TRANSITION
EXCITATION FROM THE INDIUM ION 5p” ﬁ?; LEVELS IN
ELECTRON-ION COLLISIONS

E.Ovcharenko®, A.Gomonal, A lnwre, Yu Hntych

institute of Electron Physics, 21 Universitetska sty Uzhgorod 8301

-,}P(, , —» ¢t in” . )
srises the fol Ewﬁ femperaiure

trosiatica

i

indium vapour
cg;»acyimr for ng s
atoms, a three-anode ribbon tron beam
gun, & YUV spectral monochromator, a
modulation system for the detection of
weak photon floxes and a PC-
for controliing the experimental
procedures and dala processing.

The energy dependences of the

par g&mn f{smfz

priis }

excitation cross sections for the S}'}ei‘*i‘al m
Lines under study are presented in fgure 1.~
The excitation fanciions reveal clearly °
resoived  structure  related (o incidem
cleciron capture and formation of shori-
lived autoionizing stales with subsequent
decay both via electron and radiative _
channels. It has been found that the structure 0 bkt PO S
’mmv« the exciiation iresholds are due to the ¢ e TQC;?C% 2;.;22 2o e e e
= i srqy {8v)
radiat i between the ‘ '
ﬁp‘{‘ ?g Vil states of indium Figure 1. In” excitation functions

=
p”
o
5
“
1
por
o
[

atom in the process of diclectronic
nation, and they ars 3‘5 dielectronic sazsi‘%‘xi‘»ci of @accb:;@i lines,
mesiwidq rwz ts _&*om

struciure a‘ﬁ@ve the
PrOCESSes,

‘-‘«:ﬂmu P
¥ rgiﬁmn mf

Admre, Yu Hutveh, MNucl. Inst teth. in Phys. Res. B
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EXCITED BAND DENSITIES AND CASCADE
PROCESSES OF INELASTIC ELECTRON-ELECTRON
SCATTERING IN SEES AND TCS OF CRYSTALS

O.F. Panchenko, L.X. Panchenko

AAL Gatkin Denetsk Institute of Physics & Technology, Donetsk, Ukraie

electron Sps?ci‘fi'ﬁf;“ 7 {based on the study of phenor
{ %\fﬁw”{s the flow of “a&&-hn“;mii;‘»;? pr'f
voy the sampie is one of the med
¢ observed ¢ ps‘:;mcmls; spectra of in
‘}.;62 current {TUS), and low-energy ole
s of phenonena ta }*ﬁg place both in éhc
layer of the crystal. The fine structure of those spectra i
i i m‘:rwneﬁ mgh-level electromic states {(sbove
re scatiers é T fmm Wil here ¢ hey are {xmi‘ﬁ:

not d

momenhan  at t'ns:: crystal was
probability of scattert
level with a preset
\«I}ﬂ's{" "wm hmaedw g,

ri within  the
a nug }h -of fi*
. The o

fion m qu
~§}€* ekmzz\m«

wﬁ*“wm from ihe
port equatons ¢ e%c”%}n‘}g the
3 fxzms Y \,‘: stron flow {51). ¢
wmnwm* m‘ curr tered on the surface wer
consideration. In adi ‘::;w it was a suceess for us to rather satisfacto

main siructure in spectra of a number of erystals. The extrema in the C

5 o

LEET spectra reflect iiir“ encrgy position of the critical mmz« {the band
boundaries and the poiots of extreme curvature of the dispersion bmm%,m; in Lh(*
unoccupied BES, And there ocours a possibility for the experimental study of the
electron d?ﬂgwxw%{m inn the region of ¢ 1:“7‘;§§n much higher than the vacuum level {th
dding to the traditionally usé data of the ;\h&oumwmh mverse photoemission
9;}?":«1; spectroscopy). The method being developed enables one to distinguish between
the volume effects in SEES, TCS and LE

N X rface ones which are o
be investigated separately [6,71

4

“

T specira from the su

References

{11 OF. Panchenko, L.K. Panchenko, Phys. Lett, A 192 (1994) 289,

{21 O.F. Panchenko, L.X. Panchenko, Solid State iom'nm 89 (1994 849,

1 OF. Panchenko, LK. Panchenko, Sﬂfsé énai: Cmn’“m. 101 (19971 4R3.
(.F. Panchenko, L.K. Pancl 1 507-510{2002) 16
[51OF. Panchenko, L.E. Pan Qéx 13\,* L §' . Relat, Phen. 83 (3997 21,
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{71 O.F. Panchenke, Radiat. Phys. Chem. 68 (”@{3”’ 3y 239,
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COINCIDENCE ELECTRON SPECTROMETER FOR STUDYING

Qhaﬁaaﬂi{;*’ 18t
%
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{the excess £n

spectrumn is mmeasured in Com denf‘, wiii‘a z‘i’e 256{
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University of Miskole, Department of Physics,
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In our z;m measurements we are studying the Auger group gje
hell ionizationfexcits ium {sf argon. Previously we have siu
followis g Jw inner shell excitation of argon {2], but the wimmwce iec h s{i
separation {rom the lonization case. For e
)

A Kovérets

ELE{fTR(}N -ATOM COLLISIONS
B. Paripds and B. Palisthy

elemvares

and anguisr disiribution 0?' clecwrons coming  {ro e
ured by distoried field cylindrical mirror electron spectrometers |

s years the spectrometer system was supplemented by a coincidence
ttwo of the electrons which are gjected simuitaneously o a single

o

v we publish the details of our system with the block disgram and

coincidence circuit. Due to the iaros acce;‘ie’ solid angle of the
ysers the coincidence yield is still reasonable in the case of lnner shell

M‘miiiv

makes ;‘w»héii

CLron C"!figgy

evgy above the L lonisation poten tial |

E’!n

al, Nuocllastr A 373, 51.{199%)
Gy. Vmer and S. Ricz, §. Phys. B: At. Mol and Opt. Phys. 36, 403-412.
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An ION-BEM METHOD for ANALYSIS
of the THERMAL EXPANSION of FOILS

"Bogdan Pawlowski', 'Rafat Krajewski and "*Marek Moneta’

"Uniwersytet 1.6dzki, Katedra Fizyki Ciala Statego,
Pomorska 149, PL 906-236 Lodz7, Poland

National Institute of Physics and Nuclear Engineering,

P.O.Box MG-6, RO-76900 Bucharest-Magurele, Romania,

The measurements of thermal expansion coefficient o for metais has been 2 long
standing probiem [1] and anomalous behavicur of this sinaple parameter is still of é.zxr-:z:?sst 2.;}
in a previcus paper [3] there were reported changes of charactenistics of

il temperature.
In tkoa m\m{ ¢ for mes he thermal expansion for xmi\ xs }"sfa‘;ﬁ ;

has 15 of ;m ton beam apu,{r, transtaitted
cion per target a!m

and on the amu.ﬂr\ i

, fe?ug’: on ar t foilsas a
fupction of f;‘mp@fature m* asa ﬁj!i;‘d*}ﬂ 5f wuda,m im} enerpy. The aim was {¢ extract

mformation about the thermal expansion of 5\1 Al and Ni foils.

Tt was shown that ti“zc foil expansion f{ ent can differ signifl y from that of the
bulk and the hysteresis i a{1) is driven ba structural transformation in the fmi.

{11 T.G Kollie, Physical Review B16 (19771 4872,

Pl
i
onra i ??u

121Y . Cao and E.C . 41 Re&’;  Letters 65 { (1990) 2808,
[3] B Pawlowski and M. Moneia, Acta Physica Polonica A103 (20033 433
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INTERFERENCE EFFECTS IN THE PHOTOIONIZATION OF AR 3P

T. Ricsoka'”, S. Ricz', J. Nikkinen’, R. Sankari’, A. Kovér', D. Varga', S. e, H. Aksels’

and S, Aksela

U Institute of Nuclear Research of the Hungarian Academy of Sciences, Debrecen, P.O. Box 51,
H-4001, Hungary
enc es, P.O. Bs\x 3000, 80014 Un

* Department of Physical §

sity of Ouly, ? wand
20 .

* Department of Physics, University of Kassel, Heinrich-Pleit-Strasse 40, D-34132 Kassel,
Germany
The angular distribution of electrons cjected in atomic photolonization process gives detatled
information on the structure of atows, the dy ;imics s}i’ the process and the multielectron
correlation effects. The angudar distribution of 3p ph ectrons of argon was measured with
finearly polarized synchrotron radiation in the 90- 35{3 L‘% photon energy range in order

determine the dipole and nondipole parameters. The experiment was carrted out at the beamline
1411 on the third generation MAX-II storage ring in Max-Lab, Lun i

Sweden. The emutted
electrons were analyzed with ESA-22 w?ectmnmc«:auﬁeiu {1]. The photoelecirons were
simultaneously detected at 20 different angles in the 15%-343° angular region relative o the
polanization vector in the polariration plane.

Strong interference was observed between the direct and indirect channels in the !
phoioionization of argon. Figure 1 compares the present experimental § parameters with the
ults of the Rematrix caleolation oi Gorezyca and Robicheanx [2] and our new
multiconfiguration Dirac-Fock (MUDF) approximation in the 246-253 ¢V photon energy tange.
The present experimental dipole angular distribution parameters agree with theoretical values of
both calculations. The difference between the dipole parameters | B of Ar 3p;p and 3pay, subshells
indicates the importance of the spin-orbit interaction in the photoionization.

This is the first experimental data for dipole and nondipole parameters to verify the
interference between the direct and indirect phototonization,

shell

3%

Figure 1. Comparison of the present
experimental  angular  distribution B
parameters {dots connected with dotted fine)
with the theoretical values of the Romatrix
{17 (dashed line) and the MCDF (solid ling)
calculations. The 2p1z sn —>as/md resonance
positions are shown in the figure as vertical
bars  whoress  arows Vzdlwifv the
s threshold ener

Ansagy

oy
]

3, I3, Varga, I, Molodr, and 8. Aksels, Phys. Rev. A 68

{21 7. W, Gorezyea m(i ¥, Robicheaux, Phys.
(314G C Xing, M. Trong, FL H. :{xadg and R CA E
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GQUIDING OF HIGHLY CHARGED IONS BY Si0,
NANOCAPILLARIES

M B. Sahana’, P ’%if{sgy u}/ Vi ke R.T. Rajandra Kumar, and R, Schuch
Atomic Physics, wa, 8-10691 Stockholm, Sweden

ased for probing th Sieu';\ al proy
1 are transmut Cd mwugh high

Sﬁ? wpmafixz:; were fab -5 mical eiching of n-type
and i ining technigues, in s’;’abnm{*(}n wé:é}

("%:wi 5 and lnformation Te hz‘wlm‘y ‘}‘ KTH. el were obtain
from the 14 (i v Source (ECRIS) k d at the May
Sieghahn Lah } {f-org:

”.'2 "'4

2.2 The guiding ¢
18ty ’m tions for capillary tilts ¢
b 810, capillaries will

4856
3660 - {
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g 1800 i i
o 1 1
£ i {
E 40 b :
e |
20, N g :
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o
20080 3080

Figursl: Highly ordered 510, nono-capiilaries
fabricated tn a Si (100 w

Figure 2: Charge state distribution of
7 keV Ne' mansmitted through 10,
nano-capillanies.

‘RL. TR {1997 4557, K. Tokési et al. Phvs. Rov. A81 (20007 20901
. Phys. Rev, Lett. 38 (‘ 323 p133201
. Ra;ma"’\ ixmxn* et al,

ubmitted 1o Nanotechnology
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A TIME-OF-FLIGHT ELECTRON SPECTROMETER FOR THE

STUDY OF ELECTRONS EMITTED INTHE ION E
DIRECTION IN ION - ATOM COLLISIC

PS5 Hungary

We designed and constructed a pew kind of time-of-flight &f
the spcwa of electrons

of the spectrometer is shown in Fig. 1

=4

The clecuons ejected

around 0° from a gas jet target by a well-collimated ion beam (diameter; 0.3
trdiror 1s desi
metween the normal
the backscatiering is 160°. The

(CEMs)

ctrostatic mirror o backward angles. The electrosiatic
¢ energy range 5 20 eV, The angle b
of S‘n ion beam is 10° so the angle of
detected by an array of channpel ¢

from the mirror. The detector ary
measurements. 1 i

ectron multiplters
y consists of four C

d by detec coincidenc
€s ?he zi

CS;Lhiauﬂ‘? ih&.

x..S with 5;3 of the SIMION program
energy vange of interest. The spectrometer was

" on Ar w'iwuns in the Impact energy range
100 and 300 keV

lne electrons were detected i coincidence with the
outgoing €7 ions. We m*zld resolve the "Electron Loss to

aanuum” cusp {see 2 Cg 111, and two narrower pcakv
ocated sy;wxxetnf.aaxy on the low- and high-velocity wi f
the auoionization lines of the projectile. The *m’;@

resofution of the spectrometer determined from the width of
1 1 autoionization lines is about 4 ns.

(]

With this spectrometer in the future we would like o sm"iy
the double tonization of He under triple coinciden

conditions.
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VIBRATIONAL EXCITATION COEFFICIENTS FOR
ELECTRONS IN HBr

, and Zoran Lj. Petronié

} Belgrade, Serbia and Montenegrs

18r was compiled and we have made
e domimant feature in the inelastic energy
storm iﬂ%ﬂg the properties of electron swarms are the v ;bm*inmg exciation cross
"Cﬁi}‘lg i1 ise have very high and sharp peaks but thewr mean value is rs*iat;vc‘sy

high as we ,§ 3 this paper we show the rate coefficients for electron excitat

vibrational levels in de and rf swarms.

caleulations of ail transport coefficiens.
ot -

ion of

gz;,\m;w -

N
N
N

Vv

K [107°m’s )
1

-

Figure 11 Dependence of excitation cocfficient for v=1 level of HBr on phase for 500 7
glectric hﬁiu and for different frf:qsxmcm&
n¥F

Fig. | we show the time development of the vibrational t"a:ciéazé(m. At lower

frequencies two peaked dependence s the resuit of the sharply peaked cross section and
its overlap with the éjbtﬂﬁu*ig“{ funciion. The structurs

pears af Ez;ﬁhﬂr frequencies
sing ‘%- ctrons cannot relax their energy. Other features of electron transport in de and
if ﬁ ds will be discussed as w
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PHOTO- AND THERMALLY STIMULATED RELAXATION
PROCESSES IN PREIRRADIATED ATOMIC SOLIDS

E.V. Savcherko', LV, i\ﬁyzjz!m ,G.B. i;a;vw:twrhuk , AN Ponom

' l"i Beyer’, V.E. Bondybev®, M. Frankowski®

: ~mperature Physics and Engineering of the Nauon

i nees of Ukraine, 4"7 Lenin Ave,, Kharkov 61103, 14

ical and Yis?csyt':ii ca tm;muwv TU Munich, Lichtenbergstr, 4,
Garching 858747, (v smaany

mit der Max-Plank- {, selischafl, Department

Berlinld195, {}v,,ﬁmuﬁjy

,. }.p

astoms at low temperatares form the simplest weakly bound
hich are easily modeled theoretically and this makes them
for investigation of relaxation processes. '?}.!ﬁ
ators ndmm by zsm?mg radiabion initiate a seq
atomic and i ’§’?w iﬁ}e%‘d*‘ﬁ
rradiated s¢ T understand
& of carriers and surfsce reactions. The probiem of
reonnection between atomic and lectronic processes.
‘»‘v e 'v*s:.%c‘m for the first time the results of real time comrelation study of atomic
ind ciectromic relaxation proc including the recently found new re ,\i}m:mn channel
— fow-temperature Nn ring from p*‘\im jiated atom
doped Ry Ar, Krand .
irradiation by sfow clectrons.
of activation
’néwém {(PSE Y
SL), with measurements of the noutral atow sp
combination mechanism of the low-tempera
preirradiated filims was obtained. The released from traps ¢ s recombin
trapped holes by the ;mgt'e Rg," + e - Rgy — Rg + Rg + v + AE. The crowdion
mechanism gf the atom eisction from the surface 15 proposed. The parameters of
crowdions {energy, cffective mass and Ci‘a"(i(‘*f‘!"i%ii{ width) calcvlated for Rgs with o
FCC Jattice | are d;%msw 1 the context of the mechanisr

Qw

ermally s%;:xm;a

gt
Dy

atom-a
s, was found.
1 §¢t mation resulted in cis’:{ttf&
subsequent exoelectron issi ;

charged ceniers

Grigorashchenko, xB

<
AM. Smith-Gicklh

iz

renko, Low Temp. Phys.
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PLASMON EXCITATION IN NANOTUBES.
COMPARISON WITH CAPILLARIES AND WIRES

S. Segui, J. L. Gervason i and N, R, Arista

Centro Atdmico Bariloche and lnstituto Balseiro,
{Comision Nacional de Energla Atdémica and Univers id ad Nacional de Cuyo,
5400 Rariloche, Rio Negro, Argentina,

The present work 1s devoted to m«iv the mteraction between nonrelativistic charged
satticles and bollow cylindrical structures of nanoscopic dimensions, using ¢
quantun mechanical formulations.

The dispersion relation is studied on the basis of a Drude model for the dieleciric
fonction, and the results are compared to the cases of wires and capiliaries. This approach is
used to caloulate the induced field and stopping force on a moving particle in a semiclassic
way, as well as to derive the average number of excited plasmons from a quantum mechanical
g}f.}%m of view.

The formr mi it is ithustrated with specific calculations, showing buik and &
exeitation processe . for different trajectorics of the padicle. In particular, we study the

H

importance § offocts between the modes, already observed in wires {(in our
previous works). We provide integral expressions that may be used to calculate the excitation
of the different modes and predict the conditions 1o obtain strong interference effects.

k4

gervason@cab.cnea.gov.ar
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Excitation 4'P,-n'D, lines of Zn atoms by monoenergetic

electrons
(3. B.Shpenik, M.M.Erdevdy, J E.Kontros

»!)

Institute of Flectron | hx s, U}(ram;:}ﬂ National Academy of Sciences
21 Universitetska str. 88017 Uzhgorod, Ukraine
worgicn.uzhgorod.us

sent new exporiment
Zn atoms by monoenergetic The
(‘**“i“i&“‘ was formed by a

& " » monchromator and

= | -0 b ~Iy ey e T

> chamber,

2 j s carried out s: i

2 optical

B -

z

£

OFF in the
structure  below of the ionization
threshold i‘} 394 eVy The
M-form feature near me threshold pavs on

iself an attention for OFV L6362 nm
0 S — (w=4) at encrgy 833 ¢V, There are
| 14 16 18 interesti :
Electron impact energy, eV ionization
1210 eV,

Fig. 1
out that its widths exceed the er Sspecially the fe
7 :" 30 eV is selected, As tn as *;zwih of the <.;uan;un} number the contribution
of ﬁ"uﬁc’ features to tnial level population of the spectral §§ﬁ«2 increases. At zhexﬁm*‘ oned
ﬂwmc energies there are a series of : izl ich can be

e identification of these

,“‘“‘(1

Brdevdy WM.,
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ELECTRON IMPACT EXCITATION OF THE 1'S;-n'P; REZONANCE
SPECTRAL LINES OF Ca, Zn AND Cd ATOMS

esses of electrons with the 2 group atoms were studied m TIANY W
sthods Qf electron- and photon- speciroscopy. Many izﬂ rest mu dwa n the effect
£ i i

o

2

ns, excitation functions and ionization efficiency were %um However, reliable data on ihf:**"ar«
threshold ::‘a{x;:e -impact excitation of resonance
e jines are al sen
i{}w we present experimental investigations
of resonance spectral Hine optical exeitation functions
{OEF) for Ca, Zn and Cd atoms. The excitation of
atoms was caried out in the gas-filled cell. The
electron beam was formed by a hypocycioidal
electron monohromator and
crossed the gas-cell in the coolision chamber. OFF
vere studied with the small step in energy (20-30
meV} by monoenergetic electrons in the beam equal
o 30-80 meV. The automated setup und the
' measuring method are deseribed in {i}
293 eV }" As an example in the Figure | the measure
}; by us OEF of the Ca 24227 nm {(4'S;4'P)
. resonance speciral line m comparison with m ed
earlier in 12] is presented. As it is visible, the
common behavior 05 curves are similar. However, if
{ BE% meastired 1 [2] has a smoth , the measured by

%

Reiative units

3
s has a struciure m the near-thre xheid ENCTZY region
ofs) 3

at energies 3,; eV, 4,35 eV, 4.73 eV, 5,73 ¢V and
7.47 eV, respective l‘v The resmh on ufhx:r atoms will
be presented at the conference.

References
i. Bhpenik OB, Erdevdy N.M., Vukstich V.S, R;:“}Phy and Chem. 2003, v.68, p. 281
4. Garga LL, Alexakhm 1.8, Starodub V. P, Zapesochnyi LP. Opt. And Spectr. 1974, v.37, N2, p.843 (in
Russian)
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DESIGN OF ELECTRON ENERGY ANALYSERS FOR
ELECTRON IMPACT STUDIES

- 5 ¥eg v P *

Omer Sise, Melike Ulu and Meviut Dogan
Department of Physics, Kocatepe University, 03200 Afyonkarabisar, T
We present the design of electron energy analyzers which are frequently needed

electron optics systems in electron spectroscopy. By using the SIMION prog:
ics are obtained for l‘ii‘” %emimhencaﬁ analyzers with five-elen

cusing characte

entrance optics considering fringing field effects, ;,md compared with other types of
analyzers, such as CMA and PPA, since thcsc designs are the most suitable for vse with
both electrons and ions [1-2]. Transmission, energy @ s’i ame 1e ,éiiii’i{}i} of the each

energy analyzer are i‘-(}i‘iS}d{ii’ﬁd for non-relativistic electrons with design equations,
In addigon, we present a way of optimizing the performance a‘,é some useful
sign, ie., ideal Neld approximation, real aperiures, Herzog, and lost correction
ing s'esakvi«“;ﬁ impmvem*’m, as shown in Fig. 1. Results are shown for torotdal
encrgy analyzers, in particular 1277 cylindrical and 180° ‘iim»pht‘?‘l al analyzers.
Pocusing, energy resolution, and angular behavior of cach iype are investigated.

gFwaraction B, &

i .
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b

S T R




P-42

CHARACTERIZATION AND MODELING OF MULTI-
ELEMENT ELECTROSTATIC LENS SYSTEMS

sed o control beams of charged particle
 and d ireciions in several mm 5, especially in electron specir Dy.
in most a;;pimaimn electrostatic lens system is operated 1 keep lens parameters
constant over a wide range of vollage ratio of final 1o initial electron energy. Lenses
used in this way are often referred {0 as ‘zoom’ lenses. So far, there have beep several
att tl‘h},ﬁd to deferroine the zoom lens properties of multi-element electrostane lenses, It
3 well known that a three-element lens can be used 1o aid the design of lenses haviy
fixed image position, but the magnification is not constant {1]. However, the four
clement lenses can be operated with a constant magnification to produce an irnage at &
specific position [2]. Electrostatic lens systems with more than four elements are
senerally used in experimental studies fo maintain a truly zoom lens with constant
ton overall voltage ratios, additionally with afocal case {31
In the current study, we investigated the zoom lens properties of the three, four
and five element lens systems as a fonction of the lens voltages and their dimensions
{sce cxamples in Fig 1), Lens systems which consist of cylindrical electrodes, each
spaced 0.1 diameter apart, was designed by using the SIMION 7.0 program. Three
different lens contigurations were studied to form an image at a specific position with
constant magnification for use in experimental studjes,

) 99 .0 :
{a} VitV ) T¥ifV €} |
PI0IMT : e
PO = 2 3 Lo PAQAMT g{;j — Z
| w,cr”"‘
10 gy{e ‘,,a Yz oo ! //{,,/ o
o~ 3 w
oo p gt © 93@}@1 s3?2{/}» gﬂ“’/ *
| va cfﬂ/ |
Wiy | yae” Vs |
1 i Bd e o e e 2]
1 iG 160 0,01 0.1 H 19 1
Figure 1. Zoom lens conditions of (a) three, (b} four and (¢} five element lens systems

\

having A/D=1 as a function of electron energy for a given object (P and image ({
distances with magaification (M) {This configuration will be denoted as P3Q3M1).

References

{11 O. Sise, M. Uly, and M. Dogan, submitted 1o Nucl, Inst, Meth, A, (2005;

{21 A. R. Milosavijevic, D. Sevic, and B. P. Marninkovic, Physics of [onized Gases (2"
SPHG), Serbia (2003) 2105,

131 D. W. O, Heddle and S. M. Kay, 1. Phys. B, 29 (1996} 1263,
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Computational studies of hypocycloidal electron monochromator

C A { - I wloa!
M. Smiatek’, A Dydycz', B. Miglewska', V. Feyer

H PRy s . 3 < o
"Department of Phy gctronic Phenomena, Gdansk Us
‘ 80-952 Gdansk. Poland

“Institiie of Electron Physics, 88000

Charge particle selection to produce and analyze monochromatized particle beams
has i&acn used 1n varipus expenmental studies of fundamental molecular
i ;‘hmum) in Ramsauer "“Chniaue [1]. The trocheidal monoc
:a um {mﬂ “iu,t it ic fields has been

oy

HOCEESES Since
romator whicl
ioped by Stamatovic
eleciron beam i

to and below &(
other mmﬂ:;:hmmawf
field produced by
vajeciories. This b 3
strucied electron 5;) tromele
In the present work we have performed ¢ “the operation of
pocyeioidal electron mon f""Hkmgﬁ’w using m%us CPO-3D program
that monochromator and its m*yiaﬂw } o considered in 181
Here we have carried out caleulations of sion of rons in the monochromator,
: fectn d which ir gl the bos}szdar‘ of the electrod

A *\mnwm
7. Sct, instrum. 41 (
bek M, I

mead €

monoch ;muf(:x with 8 exit aperiure

i
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ION-PAIR PRODUCTION DUE TO ELECTRON-IMPACT
DISSOCIATIVE IONIZATION OF
SULFUR HEXAFLUORIDE MOLECULE

wse of ifs exireme ;mpmanw i various pim{li( al af\pu :
esses unique chemical structure that stipulates a diversity fi FOCESSES
a(‘“ﬁmpai‘wi?g ds interactions with different particles ranging from controlled-energy
electrons 1o high-energy photons, fons and neutrals. Data on electron-impact ionization
of §F% are up to date rather scarce. Here we report on the results of the studies on the

itive jon-pair pro duc:z{m due to dissociative lonization of } S?w, molecule by elect-

. The experiment was carried out by using the crossed-beam technique and
spm‘*‘vm stric analysis of fons produced,

R@;m{b et al [1] reported production of ion pairs as a result of eleciron-impact
dissociative ionization sf S¥Fs. We have observed the vield of all possible ionic frag-
ments in this reaciion, including the above ion nair production, and measured the energy

5 !

R PR
el

\—m

dependences of relevant crc -
ﬁ;r the formation of the 3 1w

Figure 1 pr@%enm the energy

dences of the part S'{ &t

ial

yield cross sections fro
upto 150 eV,

As is seen, the SF5/SF, curve

shows & pronounced structure with a

distinct feature just above 40 V. Feil

et al {2] have atiributed this struchure

ion yiedd, arb.un,
@
T

to the Coulomb explosion of the meta- o Lt ; . . )
vy 2t : g 30 & &0 80 160 ] A0
stable doubly-charged SF,” ion with ’ woooR o w oo *

- < Energy. gV
the threshold energy of about 43 eV: !

Figure 1. SFy" and F ion yield cross sections as
e+ SFg > SF 4+ 3¢ SFy +F +2F + 3¢ the functions of incident electron energy

The same authors [2] have also reported the dppmrame energy for the SF3” ions
produced by the above reaction to be 45.5 eV, As our results show, we bave confirmed
the above assurnption. In addition, the data on the F' ion yield {see figure 1) indicate the
presence of a distinet rise of the cross S@Cﬁ(}i’l just in the same energy region, which,
ertainly, can be refated fo the contribution of the above reaction to the F fon yicld.
Thus, we bave observed a clear correlation between the behavior of the structure in
the partial 8Fy and F7 fon yield cross sections d.xs, to dissociative ionization of the Sk
molecule via the formation of the temporary SF4™ ion,

Rcferences
{17 R.Rejoub, D R.Sieglaff, B.G.Lindsay and R.F Stebbings, ] Phys.B., 34 (2001} 1289,
121 u.i’*ux, K.Ghuch, P.Scheier, K. Becker and T.D. Mirk, J.Chem. Phys., 120 (2004) 114635.

N

e-mail: sneg@iep.uzhgored.ua
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THE STRUCTURAL PROPERTIES OF ALKALI
ATOMS DOPED NOBLE GASS CLUSTERS

Artur Stasikowski, Marek Moneta and Tomasz M. Gwizdalla'

Uniwersytet Lodzki, Katedra Fizyki Ciata Stalego,
Pomorska 149, PL 60-236 L4642, Poland

for

) an m{qu in a,)aix 5ing &ha p"ﬁpa ies ui tmh the clusters doped

metal atoms. This is especially due to excimer-like character of
¢ pr }emes m‘ xmjt a \U‘humﬂ, The second reason is the simil aﬁfy of Mason-
otential describing the metal - noble gas interaction and the Lennard-Jones function,
our paper we present the s Jmm of MuN, . corresponding 1o the minimum total
energy ﬂhtdmuﬁ using the ev ﬁhmov‘:am optmisation technigue {11

A special attention is pointed to the position of metal add-atom in the structure and the

possible grouping of the larger number of metallic atoms,

[1] T.M.Gwizdatta, Modern Physics Letters B19 (2005) 169-179.

*omgwizd@uni lodz.pl
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MANY-ELECTRON EFFECTS IN
RADIATIVE ELECTRON CAPTURE BY HEAVY IONS

Andrey Surzhykov, Stephan Fritz

coilisions of nz;:%w ~charged, heavy lons with electron

explored intensively during the recent years at the GSI facility |

me of the maior p which leads to the ’Oss @i iong from th
pture {(REC) iuto a bound state of the proj s. Becaus
3 nave heen carried out for many clements and a wide range o
cewm% hunﬁﬁ%‘- MeV u Until now, however, most S*Yng'}&{im{iﬂti have
glectrons by &i i ; on

fp;{)}e ctile energies up o
el e oy b

ed on the st}'}& ure

into 1
n {theory and) computali

: reliable many-ele

’*i*aim o
itﬁ
e3. %{)fsc,ﬁi &z“m‘mn is
dn ugen-, helium- and lid
; zzéis:mi; of recombination %

{l«f nfiguratic i

ant for jow-projectile
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TARGET DEPENDENCE OF CHARGE EXCHANGE X-RAYS

Fndre Takdcs'™, Karoly Tékési®, Hive Tawara’, Laura P, Rathiff', and John . Gillaspy'

dards and Technology, Gaithersburg, MD
revsity of Debrecen, Debrecen, Hungary

Academy of Sciences

emitted in a scries of cascade transitons after eleciron capture into high

&

been the center point of hg mfx,mrv tion of recent asir{,\;:i}‘-;mw
P has carvied a Sr\k‘mdi;{
highly char i

vy mvestigation of K, L and M x-

vith various peulial targets

- KsT projectiles
the L and M

several preceding cascads . :
bmmr uz‘ ;h L%g}'“umd clectrons for the different

5

he difference between the L and M line ratios

The theorencal modelin g e}f the initiad capture process is based on ocur classical

rajectory Monte-Carlo (U7 ations.

¥

"i
j;:-
p
-
L
S
oy 1
X
Si

A

¥ enavgy (he

¥r*" tons with different target gases

Figure 1]
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Probing of a local electronic structure in small hydrogen bonding
clusters using soft X-ray photoabsorption spectroscopy

it

. Tamenort E "mﬂasm‘jd K. Okads’, K. Yamamoto™, F. ;a}‘md

K. Tabayashi®, A. Hiraya’, T. ‘ and K. Honmy®

" IASRU/SPring-§

“ University of Hyego, 3

3

* Hiroshima University, Hi

nner-shell excitation of small hydrogen bonding clusters {methanel and

cthanol) bas been “.}X"f:‘;ﬁigaiiiﬁ by using partial jon yield method in ibe carbon and
oxygen K-edge regions. The measurcrnents were carried out at the beamline 27 at

SPring-8. In recent reports, we indicated that the soft absorption {XA}

spectroscopy of hydrogen bonding clusters is very sensitive to the change of electronic
a 1

structure and useful to investigate the relationship between the electronic struchure and

P § oy oo &3 o >
ied the soft Xeray

geomerrical structwre of them [1] In this study we app

3

"7hmssbx‘0rmisn speciro o investigate the hydrogen bonding properties of ethanol

and methanoi clusters,
Aithough the molecular structures and photosbsorption spectra of gas phase
molecuies are similar in methanol and ethanol, there are some pronocunced differences

between the XA spectra of their clusters. e can be seen at the O

iz to 3sz resonance excitation. The resonance cxcitation {0 the 3sa unoccupied orbi

which is one of the characteristic features in the oxygen K-odge region, was clearly seen
in the total ion vield spectrum of both melecules. In the XA spectra of methanol cluster,
the resonance peak was shifted to higher energies. However, this resonance feature was

fully suppressed in the XA spectra of ethanc! clusters. The difference in both Spscira is

<

;sed in terms of the change in the electronic structure around the O atom caused b

wwdrogen bonds ol

[11Y Tameneri, T. Yan and K. Honma,

Electron Spectrosc E‘igiaé Phenom, 144-147,

i

ail add pring&.orip
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LASER OSCILLATION IN LEAD VAPOUR, OBTAINE
LASER EVAPORATION

V.O. Tokach, V.A. Kelman, Yu.V, Zhmenvak, Yu.O. Shpenik

Institute of Blectron Physics of the National Academy of Sciences of Ukraine

4

ser with pulse energy up to 10 J, pulse length of 4 ms
Hz was %;;saﬁ mr cvw‘mﬂnwz of meial targets. T

Nonstationary metal vapour L%‘scu miay be
for new laser transitions in metal atom’s

s‘s‘;';rxu;;ucs fiﬁ use of

arg

laser ps‘s*g\ﬁmx

]

7229 nm self-

‘i?‘%‘fﬁ)" It was estat ed, the e amount of atoms, evaporated during
L1108

obtained metal vapor was excited by a frain of i:ii!‘fﬂii

) s with total
number of ;OG and with adjustable recurrence period of ~ 30 - us. The 5 ,lse*m 1
resonator was used to establish the light amplification. The %d:s-€0‘:ﬁ: of emissior

JHERL agh the output mirror (1), the same with closed back mimor (2} and s.}*f
evaporation laser pulse (3) are presented on Fig, | ’1 is clearly shown thet the intensi

of the 722.9 mwm spec:z‘ai e more than fwice ss when back mirror closed. Any
e mtensity difference in L and 2

v

other lead or neon ¢ laying lines de*mmk;ame so larg
modes. So the ampli fc:atmr of this line in discharge is evidence.

Fig i

Another targets as tilanium, thenium will be studied for new metal-vapouw

*Emailivke atl.uzhgorodna
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fed)
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ANGULAR DISTRIBUTION OF SCATTERED PROJECTILES
FOLLOWING DOUBLE ELECTRON CAPTURE PROCESSES AT
LOW ENERGY C* AND HELIUM COLLISIONS

K. Tdkési

Reseurch of the Hunganan Academy of Science (ATOMKY), H-4001
Debrecen, PO Box 51, Hungary

scent rees for slow hig
lotron resg ,‘R) iﬁ.‘:x: fectron bcwn

of the :,xi%eﬁm” classe 02 these investigations &
processes 1,2, On the moest fundamental level, s
applications in many fields, e.g. astrophysics, fusion rssumh iy
piasma diagnostics. Anguiar differential i
from the interaction potential curves,
I this work a four-body classical trajeciory \émi -Ca
culeulate the double clectron capture probabilities |
parficles have the corresponding masses and charges and the for

e b«’ pure Coulonibic ones. The interaction betweer
atom 18 neglected. The impact parameter of i neciile and t‘ orip “{f;-‘f B
\if the electrons moving around the target m}dm 15 are randomly

Monte Carlo method. The binding energies of the electrons in the He 2
en conveniently 2 an. and G,{}{}}i aq., ¢ y. To distinguish between the

& 5 final states, ﬂ‘f t channels are tested at large distances from the collision center
?iw anguiar distribution of scaitered }ﬂ"}{,C'!;C\ following do hk eleciron Caplure process
lTow energy CMand helium co iiss ons 3 Lbody C
i HE the slow pwacc'a velociy we
creating large angl i

M,.
&

e this sn«w?e Pfi Bzw:inw ‘M: cale
e pfnbadi%tﬁﬁs as a funciion of impact ;sa ar
s, when the impact paran ;
O the %ams:riw angle ;\
g umsfﬂr at the range of small impact parameters from zbc

= ?—,s
277 ion remain a ons and the

the Hungarian

nr Bolval from the




P-52

THE ROLE OF PROJECTILE DOUBLE SCATTERING IN
POSITRON-ATOM COLLISIONS

ionized targe!
projec *¥ he Fi’ C peak appears at the ehergy w is almost
'wr;;, as the proJ k wimm The BOC 15 well unde nmﬁ«i wh le is heavy
< k We have i us work {17 that the BUC elecrrons oniginate only fre

ionization 107117 .di}i““‘i annel where the distance between the
eie tron .mr‘ rojectile i etween the electron and target nuclens, 1t was
shown that most important mecha 'C{ is the Coulomb focusing of gjected target

el on in the u;rfx,vmn of the pro % ‘ o positron impact as well in the
tron ’mf‘ the

A i

herefore the nomanal value of the E" C "smk in the ucg{rmyrm tron sp:‘uzixm is (B- !

chfz %: is the enargy of the projectile and Ey is the binding energy © f the electron in the target

atom. Contrarily, the experimentally obiained positions of the ECC ;isczfe( a.wmx g.ppcar at

significantly §Gwaer;”ﬁ‘zgh'—c nergies. To solve this puzzie madel calcuk

work of classical trajectory Monte Carlo (U ‘i'\’IC y wethod are performed. f e

has been successful in dealing with the jonization process in aiomic collisions fo §§ght

projectile impact as well.

In this work, the jole of projec ii%s:. double scattering in positron and h‘-‘“' 0ge

is investigated. We present double differential cross sections of seu

distance iomization channel at \0 ¢V impact em:fm

he ROCC peak, at this e /, is expecied at H=

full 2-body approximat scattered positrons shn i us‘égeims“ siractures, and pm}a

energy is shifted o the I . But for the case, when t ring of the gn«xtw*i on
BCC peak is located at the nominal value, We con mg

the target nucleus s neg
that the role of positron double scaticring manifests itself in the energy shift of BCC peak

W scalie

lecied, h

The work was supported by the Hungarian Scientific Research Fonnd OTKS
T046454, the TET Grant No. A-15/04, the grant Bolya i rom the Hungarian Amdvmy of

Dl ares
Seiences.
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ficuity of calculations f
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Stopping Power Calculations of Molecules for Swift
Projectiles

1. Cogatay Tufan', Onder Kabadayi, Hasan Giimis
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LINEAR DICHROISM IN EXCITATION OF STRONG
PERTURBED ATOMIC STATES

£ “ -
LEBondar , V.V Suran

Physical Department of Uzhgorod National University, Yoloshin str.54, 38000
?;z;;afemd, Ukraine

xperimentally the Mw«ﬂhﬁ'm excitation of S47¢° 7% state of Ba
m‘bﬁ’d in result of ac-Stark effect realisation. The perturbation of this
influence of Y »-‘xCx laser md“ tion. For excilation of this state we
laser radiation. The investigations were performed by the resonant
method. We messure ions vield
through the iwu-g}hf‘a%m resonance with perturbe
lectr u rectors of both used radiations were parallel and on
nvestigations are presents in figure.

S 4+ b

X;,"'& £
14 B\f * e
X &

® g &® 4 L3 ..‘a. ‘e»s.,,
O wae& m 04 x R 3000¢

18400 fzsé@f:; ‘3846@ 16500

ions during ionization of Be atoms by dye-laser 13 ﬁian
yand by wami‘ar;w sly action of dve- and YAG-
sy with parallel (2) and orthogonal (b} orig

As follows from figures the yield of Ba’ ions at simultaneous influence of
both { YAG- and dye-lasers) radiations with parallel orientation of their electric vectors
15 large than its vield in case of mﬁuen{:“ miy dye-lasers radiation. Note, that the

¢ i ure at influence only of dve-la n s caused by lomzation of Ha
atoms frough resonant w‘:h z.m‘,)..ﬁur{n. ;1 w’ 2 f“w resenant maximum in Bg
1ons yéeié at 16520 cm’ mw? } of ;i“’ z‘wd 5475°D,
tonization in result of Qi‘i”w?ﬁ”??ﬁn 1 3 ’ ate.
case of orthogonal orientetion of electric vectors S?’af: ;%‘<f ions yie ki is {%‘e same as at
influence only dye-lasers radiation. From these results kaimwfa that the excitation of
rturbed state 547570 realised only in case, when the clectric vectors gfpmwur red and
:xzifzed adiations have “‘*w same otientabions.

’\

niv.uzhgorod.ua
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THE SATURATION OF THE DOUBLY -CHARGED IONS
FORMATION PROCESS UNDER REALISATION OF TWO-
ELECTRON MECHANISM

i1.Bo m‘i&r V.V Suran, D1 Hondar

cal Department of Uzhgorod National University, Voloshin sir 54, 83000
Irhgorod, Ukramng

We present the results of investigations of functional d@;wm{iﬂ"ae of two-charge
ions (4°7) yield V") under two-electron mechanism realisat
i ity (#7. ] igations were carried out for saturation regin ig. shows the
577 jons yiﬁ‘gd oroduced upon ionisation of S¢ atoms by waﬁgh a8
) em') as the function on intensity of this radiation.

on laser radiation

ul

Ll

o

@F measuren
fager radiation {94
The previous éi‘;\-'eszii‘mzé“?‘;s show that formation of 477 lons formation under

sation is conditioned z*; excitationn and follov
states of neutral atoms. The perturbation of states s
;‘;r wess begins under

two-ele mechanisin re
ionisation of strong pitﬁa»?
caused by realisation of ac- \’{d’k effect. The realisation of this
wmtensity Fp, which corresponds o condition: Af=a Fo/4 (Af-the change of states
energy; a-the polarisability of thas Qld'{ti; i«“ mf-wd ion regime the 4 ions yield i
proportional to value V,, in which th

For venify of ihu Msumm;w we "

carried out the caleulation of VJ{F) 4:) %‘
function for the gaussian laser beams B
§?Qr V { ""“% ﬁmc%im} we  obtaingd
viical exprossion:
2 R
jf(*
where (= M:Q'z;’% {r-minimat focusing 8 s
radius; % -laser radiation wavelength). : od
The results of calculations of {*
V{Fy function are present in Fig. by ﬁ
solid curve. As one can sce, for *a
¢

saturation  regime  the  resulis o
caleulations have a good ag fu"wam
with experimental results for 5 ions
vield, This ggxwm“m mndicates ihat the
orocess of 5777 lons formation under the

mechanism realisatio

,‘J

e s
threshold

ae vahie of laser
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QED THEORY OF LASER-ATOMS INTERACTION.
MULTIPHOTON IONIZATION

AV Glushkoy

Spectr, Centre and Inst. Applied Mathe
“i& 244, Odess ﬁ, ‘*2{ 65009, Ukraine

&f 5C rs;h«mn of &w; m t‘w ticld by the k- photon emission and a‘osargtm 031 I
are described by QED moments of different orders, which are ¢ llhlxu with

fann & im& adiabatic {formalism. studied the cases '“sﬁ %H’)i’!t‘
soherent, stochas " pulse . A unt for stochastie flue

s of a great imporiance. Result s of th culation for the maiiz«g fxtm re

LT profile in H, Ma, Us aioms are prese %f;d. Our method is compared with thh”“ «{;1—« T
It is also studied the phenomenon when an energy spectram liberated in
: rouiti-photon iontzation exhibits succession of peaks separated by photon
energy {abowve ssh@éd wonization), Efficiency of method 1= demonstrate d b‘: ORD
perturbation fenlations  for 31{: two-photon  ionization  cross-se and
photoelectron zm%%af dz»rr!hmum for extended photon energy rangs {(inc ‘m{%anﬂ ahove-~

threshold ionization) in Mg [ 1,31 {,amg;am{m with the R-matrix calculation of Loc-Koenig et
at {41 is given. There 15 considerad 2 phenomenon of the Rydberg stabilization of the H atom
i a strong E?‘;er f}é‘fsﬁ gl gsizﬂmz d the rate of wansition between the :{‘sbx ized Rydberg state
' {8)V/cm ) and ground state, when it's possible the radiation of photons with
{ short-wave hwr ammplification).

~

> 33; Preprint Instiiute of Spe
; , Maoscov vnm& 1994; 1. Phys B 3’(‘*{’@&} )
chin. Fny\ GUE211,219; Int. 1 Quant. Chem. 99 ¢ ‘
and pew hines of research in nuclear nM@ G, ?d_mu
fie.-2003.-P.12 ucl Phys. AL

"TJ

Projects
Singapore : World Scient

y 127, £.P.Ivanova
512, f“ V. (Jiuh&m
}

131 AL Vis hkov, E

L.MIvanov, AV .Glushkov, »’fx E. Kramda, Phys.Scripta.32 (] S}

5.V, Malinovskaya, f}p&‘ pectr. { 2005y, .1 .Quant. Chem. 99 ( c‘(?{ E
Ullrich, 5. Erhard, E.Gross, In: Super Intense Laser Atoms Ph

wer, 1996); B Luc-Koenig et al, 1.Phys B. 30 (1597} 5217
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DIAGNOSTICS OF ELEMENTARY PROCESSES IN A
"OLLISIONALLY PUMPED PLASMA AND SEARCH OF THE
OPTIMAL PLASMA PARAMETERS FOR X-RAY LASING

wel.-Laser Spe
P.O. Box 244, Od

ni;ih«

acco aph*» hing dH{“Up ¥-ray w,.i

111“;%»“ isa xzi e

pi;ami} my”s?&d ;s:xma\ during recombination in the transient rEgINE ’1 AWTes
Nat. Lab.). The low temperature plasma scurces show promise for produci zg i

VUV and s '”«‘i X-ray region. Two key theoretical problems must be sol
necessary plasma parameters needed for Xeray lasing: 1), Highly accurate definition of

coefficients for plasma elementary processes that are responsible for the forming @
lines speetra; ) {)evelng‘ing new exact kinetics calculation schemes for defining level

populations, inversions, gain coefficients at definite plasma parameters. The most consistent
approach to these problems is based on QED. Here the generalized energy approach in gauge
invariant formulation {1} is used for consistent des ;cﬁpzism of elementary processes in
collisionally pumped laser plasms. It is developed an optimal scheme for caleulation of the
eleciron-collision strength and rate coefficients for the de-exotation {(excitation) processes in
the Ne-like multi charged jons plasma with estimating optimal plasma parameters for Xeray
r Me-hike mulicharged ions plasma. We amhm our mnm“m o estimate
i%i‘ electron collisional excitation cross-sections and strengths for Ne-and Ar-like 1ops. In table
we present calculated and measwed excitanion cross-sections o for Ne-like barium for two

values of incident clectron energy 5.69keV and 8.20 keV 2,31,

Level 1 Measured | Caicu?a{ed Calculated I Caleulated €’fa’zca;iazﬂd
Marrs etal | vanov ctal /’haﬁv ctal Reed Preser
. i ~11
e {19} 121} p:ape:‘

+,35
3,980,568

2,1240,30

Sum {J= i,5¢ 1.86
1 g N ) 1,69

References

ight, Phys Rev. A, 48,4363 (1993); AV Glushkov, JETP. Lett.
"'. vanov, 170 (19923 33; im szr Luan: Chem 59 {2004 889
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ENERGY APPROACH TO QED THEORY OF CALCULATION OF
POSITRON IMPACT IONIZATION OF MULTIELECTRON
ATOMS

5 H
AV. Loboda' and LA Vitav etskaya’

“Atom.-Nuch-Laser Spectr. Centre and Inst. Applied Mathematics OSEU,
PO hz}x 24A, Gdessa-9, SE 65009, Ukraine

Consid will be processes, which lead to sz.zg gle {ower ,sh:, 1@;};; ation of the multiclection
atom. Positron impav‘ can lead 1o jonization via two reaction channels usually called break up
{of the aton int¢ an clectron and ion) and s’.smﬂier (of one atomic electron (o the projectile ¢

form ;}méifmmzr‘;. h* most accurate pmmm ORIz gttsx;:».s cross sections for example, for
helium are presented in [1] and analysed i comparisen with that for electron impact
tonization. It should be noted that the features of particular interest are the merging of the
cross sections above 600 eV when the first Born approximation is valid, the DOSITON Cross
scction exceeding the electron cross section at medium energies and a cross over of the cross
section curves near threshold {1 ; We suppose that a uaiform theoretical iy comprehensive
approach to the whole problem is needed. The most consistent apprwch to considered
problems solving must base on QED. Here an energy approach in consistent gauge invariant
formulation [2] has been used for consistent d escription of positron and electron collision
(ionization) processes of the atom. In general form a scattered part for imaginary energy shift
im AE appears at first in the second order of the atomic pes’iurbaiien theory in the form of

mtegral over the scattered positron energy & Ha axaé‘x’a;g,.s;g

et g —Ep —~Ep—Ejn 1D

ith ImAE=7 ey 2. 6in.0 ). Here &, and £, are the i Cident and scattered energies
respectively o the incident ;mé scattered positron; G is & definite squired combination of the
Coulomb and Breit infer particle interaction integrals [3]. We use further the optimized basis’s
of Dirac orbitals {21, ?zumma;“y results on positron impact ionization of helium are prcjseﬁ{acg
in table below and compared with results: A-Knudsen etal and B-Biclefeld (c.f. i

Impact energy, | Measured A | Measured B Calculated Prescnt
LBV a1 o, (AD o, (A
50 1,23 0,29 (3,24
100 (3,52 045 0,51
200 0,45 0,40 0,46 )

References:

[1]. W.Raith, In: Photonic, electronic and Atomic Collisions, BEds. F.Aumayr, H.Winter.-
(Wordl.Sci. Singapore, 1997); F.M.Jacobsen, N.P Frandsen, H.Knudsen., U.Mikkelsen and
.M. Schrader, I.Phys. B. 28 (1995) 4691,

[2]. L.N.vanov, E.PIvanova, L.N.Knight, Phys.Rev.A 48 (1993) 4365; A.V.Glushkov,
L.N.Ivanov, Phys,Lett. A170 %997": %6 I.Phys. BiAtMol Phys. 26 (1993) 1.379; A.V.Glushkov
et al, Nucl. Phys. A. 734 (2004) 21; Int.J Quant.Chem. 99 (2004) 936,
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THE BINOMIAL POTENTIAL OF ELECTRON-PROTON
INTERACTION AND THE SOLUTION OF SOME
PROBLEMS OF QUANTUM MECHANICS WITH ITS HELY
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UV-VUV BROADBAND EXCIMER-HALOGEN LAMP
ON Ar-Kr-Xe-Br, MIXTURE

I.A. Hrabova, A X.Shuatbov, L.L.Shimon

Uzhgorod National University

of wveshigation of excimer- halogen la x;s:@ radiation of
;md Kr-Xe-Bry; mixtures with pumping snm*udmi
J;w"m{*i itina A,Qmﬁxmd i

e made H i, *ud

hi\,m@j

of p,!:agma Was

crfd with the help v vacuum monochromatos - FEU-142
xjsg\, was 1t with the belp of the high- 'cfimu’ fier: Ieh=1-50mA, U

8 Were wrﬂ*c’ cutina srm*mﬁ range A
> vapor oA iy
3 and 157.6 am) were ©
06.2 i atom of 1odine which is widely u

iedine iampq of low pressure ;iz,{,z L On ’nam:& of a molecule of bromine 289 nim,
170 nm, {210-185) nm cle, and slso bromides bands of heavy inert gases the
confinuum Whi} sharp border in the range of 165-300 nm was formed.
ion of an output of madiation of atoms of bromine, melecules of
bromine and molecules XeBr and KeBr is given depending on pressure and partial
structure of workmg, mixtures.
in figure the resuits of optinization of contribution UV-VUYV of radiation of a
lamp dependmg on conditions of pumping are presented. For the fziww discharge in Kr-
Ke-Br; mixtare a linear dependence of intensity of speciral line Brl and amplitudes of
molecular bands from capacity which is entered in plasma was observed. Total capacity
of radiation of a lamp on mixfures reached 5-7 W,

Y AeKr Ke-Br, (200-520-50-80) Pa MY KXol (2080803 P
. an
i, Al N
N . w5
HCER -
- .
a0
&
=
& -
205 nm
- S S ®
22
¥ T o E
g x
bW W

Figure 1. Dependence of relative intensity of %pe»imi line Brl and amplitude
of radiation of Br; band radiation of plasma of the glow discharge
on Ar, Kr, ¥e mixture with bromine vapors from capacity.

References
{17 ML Lomaev, V.F. Tarasenko. Proc. of SPIE., 4747 (2002} 390- %*}‘*{
2] A K. Shuaibov, LA, Hrabova. Jour. of Appl Specir. V.72,




P-63
K-, Fe-, Cu- PLASMA EMISSION SPECTRA IN LOW INDUCTIVE
VACUU M S?AR}K. DIELECTRONIC SATELLITES LINES
CALCULATION AND PLASMA DIAGNOSTICS

N. Loboda'", E. Gurnitskaya' and Yu. Chernyakova'

1 % g ey
‘Arom.-MNucl.-Laser Specir. Centre and Inst. A
P.OBox 24A, Odessa-U, 8E 65

Studying mult-charged ions plasma in a low inductive vacuam spark (LIVE) attracts a great
wnierest bu:az 18 zmpcﬂdmc for developing effective methods of plasma d‘d“nﬂ&lkk {1
We carried out gmh- sis of experiments on studying the spectra sutelhite structure in the K, Oy,
Fe-plasma in the LIVS. The results of caleulation of the K-, Fe-, Cu- plasma Li-like satellite
lines on the basis of the relativistic perturbation theory {(PT) {2] and cptimuzed Dirac-Foc

(DF} method are presented and compared with mp{.nm{mi. Multi-numbered  atomic
calculations of the plasma elementary processes coefficients have shown ihat an adequate
description of these processes can be only reached under using optimized basis’s of wave
functions. Hitherto this is one of the most fundamental problems. In ref. {2] it has been
proposed a new fundamental approach to solving the cited problem. The optimized basis’s of
Dirac orbitals can be got from minimization principle for contribution of fourth QED PT
diagrams to imaginary part of energy shift Im3E [2]. The minimization of functional TrndE,.,
leads 1o the integral differential equation systern that can be solved using one of the standard
nwmerical codes. In result we get the optimized basis of the Dirac relanvistic orbitals. We
have carried out a detailed comparison for probabilities and intensities of tmswtmmx
corresponding to the Li-like fines of diclectronic sateilites to line | 7 S 1s3p 'p; of the LIVS
"y plasma radiation, caleulated within our method (gse;,ammn D} and other i’i}eemt;mi
approaches: PT on 172 (B), AUTQIOLS (C) (see table). 1t is c'f“nmi out an estimate of the
lectron temperature {(~2,56 keV) under etedzm density ii’}"}?‘sm “in the LIVS, using relations
setween intensities of the dielectronic satellite lines and resonant lines of He-like ions.

s

oo

Table. Experiment (A} and theoretical wavelengihs (A} and transition probabilities (30
for L«hke lines of the dielectron satellites in the Cu plasma in LIVS

Transition probability Wavelength Wavelength |
B ; ; A
| 58,8+1 |
| 86,441 13700+ 5
24,00 00010

14,10 | N

{11 E.V.Aglitsky, A Panin, U.LSafronova etal EQ‘c:m de }“}
E V. Aghtsky, P Antsiferov, A Panin, Can. 1. Phys.

b -

{2} LN Ivanov, E.P Ivanova, L.Knight, Phys.Rev, \
5 7

YO7: AV Glushkoy, LN Ivanov, 170 (19923 n. nmﬁ{ “hem. 9% ;J‘Q‘w Q
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NEW CO-OPERATIVE LASER-ELECTRON NUCLEAR EFFECTS
IN SPECTRA OF O-AND F-LIKE MULTICHARGED IONS
IN PLASMA

N . i%
5.V .Malinovskaya

Dept.Quant.Opt. Nucl Phys., Odessa Univ., P.O Box 24A, Odessa-9, &

. in development of laser t "i‘hf’;q{““ and accelerators experiments
resulted to a new class of pre ’r werns in the plasma physics and diagrostics. 1t should be noted
on u paﬂsz‘aii: y of the {i?‘siﬁg co-gperative phenomena {12} due the interaction between

f‘lﬂomn electron shells, nucler nucleons for diagpostics. Arnractive situation arises undes
fransition from neutral atoms o multi charged tons due to the changing energy and geometric

§;arams ¢rs. Possible new approach to the mulij charged ion plasma diagnostics using the new
laser-electron-nuclear effects is discussed, We consider a possibility of the experimental
absery: tion of set of the clectron satellites in specira of the electron-nuclear y-transition of the
nuge i US i d misit; charged 1on-thermalized plasma. The nuclear transition in the isolope of
Fe'l w xﬁ. energy 14,41 keV is considered for G-and F-like ions of Fe. The L’ctrmmuci@a"
lines in spectra of emission is calenlated within QED energy approach [2] (see fig. 1). It can be
observed in the plasma of the O-and Flike jons and it is imporiant that they are not
overlapping by the ‘}ope‘)i\f broadening. One can suppose that K shell is significantly
destroyed. Average Kinetic energy for ions in such plasma ~E/ Awuu.(}c u. {Coulomb units}),
where E; 1s the Is electron bond energy. The Doppler shift is de @p=aw/(10M}'#
*“‘s"iu}z’;{‘ﬁt’:f with ¥ quanturmn energy as: ElkeV] =~4Zaw. I, say, aw= L then dn W= 17200
(Z) e =0,15 (2)'? eV, For comparison let vs give the values of the 18,25,2p-2p transition
energies  for one-esleciron ons  with  F=10-50: E( @«/Ag.s;,:g}:l,f%-ﬁ -2.3 %{)‘d'e\fy Fi2s-
205 EE\M‘»»,}: 2 -3,3-10% V. Obviously the transition ene rgies have an order of the
Doppler shift. Calculated relative (1o nuclear transition) intensities f ot the transitions: nbn’l’
(n=1-3, 1=0-2) are~2-7(10").

New consisient, quantum- mechauical approach to caleulation of the eleciron-nuclear
¥ transition s;‘ sotra (set of vibration-rotational satellifes in molecule) of nucleus in molecule s
proposed and based on the Dunham model potential approximation for potential curves of ﬁk
diatomic maiucmm Bstimates are made for vibration-rotatiop-nuclear trunsiiion probabilities
in a case of 1the emission and absorption spectrum of nucleus 27y (i‘“i’v: 203 keV) linked with

molecule H'7T 21

References.
[i1 L.NIvanov, V.S Letokhov, JETP. 93 {1987) 83; A V. Glushkov, L.N.Ivanov, Phys.letL. A
170 (1992) 33,
{2} AV, Glushkov and $.V. Malinovskaya, Tn: New projects and New Lines of Rescarch in
Nuclear Physics, eds. G.Fazio and F.Hanappe (World Pub., Singapore) 2003; Int. J Quant.
Chem. 99 (2004) 889; Progr. Theor. Phys. (2005).
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LASER PHOTOEXCITATION AND PHOTODISSOCIATION
* MOLECULES: OPTIMIZED SCHEMES

RV 3z

?}Mi Quant, Opt. \ud E’hv D(‘Pf
2Atom.-Nucl.-Luser
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siomzation and p
‘s;m"im: meihod fm}r cleaning the semiconductor materials from mol
other applications. In Los Alamos laboratory it was at first shown possibiii
"i selective onow issociation of the admixtures molecules {PH, und other) by UV
radiation of Arl exci ser under action on mole *wim of SiHy §4.&‘~€‘f ¢leaning
5}1{@: represents a great interest for techn 1T
ry. One of the importand problem is carrying ouf th hmﬁ »1‘{ iemes of laser photo-
yoand dis for molecules. Hc?e we present a new mulii-level
imized model for definition of the optimal form of laser ;iu* ¢ to reach the maximal
effectiveness of laser action in process of laser photoionization (Qéisacimék yof
Medel is based on differential equation of the Focker-Plank type m the p
‘ uf molecules with the vibration energy x on a chosen v;b? ion leve
ing ﬁ”n—“ RT 'zs&m& and acnion of exiernal radiation
he conditions and parameters fnz fupnmm exciten
H, are also considered). Tn fig.
optimized model for HCY molecules (T=300K) and deg
functional: Hu)=/ Hxptixgts) is"'x}:k’}: in the encrgy interval xe § ‘S } {w umis ni kT upon x;,
and wavelength of laser radiation, s“\pfmdmg fo rotational transition x-%x-. Here A{x) s
some function., corresponding to required form of the final distribution fly,nu), i.e. density of
moiecules with vibration energy x al moment t & [O,R1. An important moment of calculation is
connected with account tor the re: 1 oof laser pulse {21 Testing of model is camed out
also for molecule PHy under la Lmzur action on molecules of SiH,. It is found the

nal set of physical parameters to pta e an og‘%xxi, 1y of process.

ociation of molecuies method s supposed 1o be very
e

i3

3 *n?mn pr

Sy
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EMISSION DESCRIPTIONS OF PLAZMA OF
TRANSVERSAL VOLUME DISCARGE IN PROPAN.

Li.Sabov, Z.T.Homoky, A. K. Shuaibov, M.M.Poveh, L.L.Sim
Uizhgorod National University

‘r‘*rﬁ%v ih@m is substantial progres in fhs tevelopment of the electro discharge
chemica {3 am‘i DF(V) lasers the radiation of which gets in the transparar
window at ms&pﬁ
One of the baMC facks of such lasers is the low resource of work in the gas
eiter understanding of reasons which reduce the resource of wm‘x o

3

lasers it 1s necessary to conduct the special researches of molecule destruction <
ypan and hydrogen in trasnsversal di
i the report some xp:‘:;;memaﬁ results breskbase of molecule of propan are
presented in the transversai discharge of f:s;‘m»:-;ecsné duration, a pat of t
program of wazh on diagnostics of plasma discharge of chemic (V' lasers by t
method of emission spectroscopy with temporal resolotion.

The szpu‘m;ﬁnr was conducted on setting resolution the basic koot of which was a
caprolon cylinder with the system of gpherical aluminium electrodes and the system of
prejonization, Between them a transversal discharge lights up with the volume of (02—
212 cm’. The r1adiation from discharge chamber was oufput on  vacuum
mxm@ﬁrommﬁ and was revi%tcrsé in the \&fawi*‘ngth ange 100-300 nm. Tor the
separation of monohromator from plasma the LiF window was used.

In the figure 1 %.jypzcg-,ﬁ spectogram of radlation of the mixture is presented
He/CoHy; (P HE ~ 1006 torr, P CgHua 3 torr, U=8 kB).

It is the wind band of continuons radiation on with a sharp chaopel in an
ultraviolet region is observed on which the series of bands of fragments of molecule of
propan 1s not claribied queriapped. What concernt to a band in region of =249 nm it
identification on this moment is not found out. The similar spectra are received at other
values of partial pressures and mixture molecule.

At present tume they find dependence of brigthness of bands which were observed
in the radiation specirn of the discharge from propan pressure and the size. OF
energycontribution.

B

|
&"" g&f\fw\.}\ (N N«}i\\ﬂ

b5 245 A owm
Figure 1. Typical spectogram of radiation of the mixture He/CgH p=100/3 torr.
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ELECTRON-IMPACT IONIZATION OF 3%&@%% *’%Y{E"E N
OUT OF THE TRIPLET METASTABLE ¢ S

Shafranyosh L1 and

Jzhgorod National

Jniversity
ane

¥ 2’;&3;3 of barium atoms
and electron beam method {\;mm : beam i
& system of collimating :;iiis. Atoms were converted ino
‘«; discharge with farther se p;»;;‘aﬁfm of charged particles
states. Electron beam was produced by a slectrode
Pearce-type electron gun. The incident electron energy was varted from the threshold up
to 20 eV at the electron energy spread not worse than 0.5 eV, 1ons resulted from eleciron
nieraction with metastabie atoms were collected by a special probe being a part of
original delection systermn. Experiments were carmied oul at the wo ﬂf ng chamber vacuum
of ~i(7 uii co;ﬁn 5 31‘w v‘v:‘rwmmai sefup and the measurement
{ j?n Hiff‘a relishility of resul

1 QUT PICVIOUS papers |

g thermo

imetasiab

As a vesult of the studies, we have obiained the absoluie value of lomzation cross
section out of the riplet metasiable states as well as the dependence of the above cross
section on the incident clectron energy. It has been found that the roaximun cross
s == 3,20 1P em? {5 reached at the electron energy of o= 6.6V

Present cx}x imental results are compared to the theorctical calculations
presented in {3]. It has been found that the theoretical data differ considerably from iim
expertmental ong h»&i by the maximuwm absclule valoe of 1onization Cross section an¢
by the pmz!i(}n of ihg maximum {see table).
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INVESTIGATION OF THE SLOW-ELECTRONS INELASTIC INTERACTION
WITH NUCLEIC ACID BASES MOLECULES

M.LShafranvosh, M.ISukhoviya, L.L.Shimon, LL Shafrany

Uzhgorod National University, Voloshin 51.54, Uzhgorod, Ukraine, 85

The study of low energy electrons interaction with biomolecules is of particular interest
not only for physics, but also in biomedical and ecological "pgwiwaamn;, Such mvestigations allows
one to oblain the information unreachable by using other methods. In the present work we report
on the results of spectral and  mass-spectrometric studies of slow electrons collisions with
nucleic acid bases molecules.

Investigation were carried out using crossed electron and molecular beam

experimental setup consists of such principal components ag: molecular and electron beam
i

sources, collision chamber, vacuum systera, photon and jon detection systems. The molecalar
beam was obtained using special mic mcmnrs{*i source, the electron beam — by means of five-

electy 0(3? electron

m. The energy of the menoenergetic electron beam was varied in the 0.3-300
ules concentration was d{‘tf‘ﬂ"‘ﬁ! é\ directly in ¢ ,xp;rmma and was equal 1©
g1 *’w‘ 3. The electron beam current was about 2 {0FA with an energ v spread of AR eV
{(FWHM). The electron gun was located in lengthwise magnenic ndd mh induction 1,2107 TL
The energy scale was calibrated using SFg anions recorded in the sume experimental conditions.
The peculiarity of this experimental setup is the possibility of analysis not amiy radiation but siso
the positive and negative ions.

The emission spectra of the nucleic acid bases molecules (cytosing, thymine, adenine,
uracile and guanine) excited by electron impact were obtained within the 200-600 nm range. This
spectra have the compound structure, noticeably to differ from the phoioexciiation ones. The
«‘xcéi‘mi(m functions (the energy dependences of the excitation cross section) of imnmi%uiss

were measured in the electron energy range from the threshold up to 300 eV. Compound specirs
are the results of various physical processes that fake place simultanecusly at the electron
interaction with biomalecules. First of all, there are the divect excitation of singlet and tripkt\:

L

molecular levels and  dissociative excitation  too. The ionization function (for posttive an
negative ions) and Lhre‘ih(*” features are investigated. The abscolute value of the cross se :ivv"
positive and negative ions formation of the nucleic acid bases molecules was found in the direct
experiment for the first time using our original technique. For example, the energy dependence o
the effective cross sections for cytosine negative ions formation has the distinet rescnance at 1.5
eV electron energy. Maximal ionization cross section is 4.2.-10"% em? and include the cross
sections of the negative ion formation both for the whole mo;ﬁi:uis and its fragments 1t is
important, that probable damage of the nucleic acid molecules at Jow electron energy would bave
a place in consequence of the resonant, practically nonthreshold mechanism of ibe negative ions
formation. The absolute value of the cross sections for positive cytosine tons is 7.8 {(}”“ cmi

Thus, the physical processes (excitation, ionization, dissociative excitation and
dissociative ionization) induced by low-energy (0,3-300 ¢V) elecirons were investigated in the
nucleic acid base molecules. Biophysical and radmiﬁg;pai consequences of the inelastic processes
caused by electron impact in biomolecules were analysed.
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TWO-PHOTON EXCITATION OF ODD-PARITY STATES
FROM THE GROUND STATE OF THE Ca ATOM

7 y 3 * i
V. V. Suran , L1 Boodar

Physical Department of Uzhgorod National University, Voloshin str 54, 88000
Uzhgorod, Ukraine

[

We studied experimentally the multiphoton transitions in the (g atom induced by
fye laser radiation (17800-18700cm ™). The absorption of three photons of lase
radiation 18 required to ionize Ca atoms. Absorption of two photons can excite th
atoms to a nmuonber of states with different panity. The results obtained with the hnearly
polarized laser radiation are shown in the figure. One can see that, as the frequency
varies from the resonance maximum to the interresonance intervals, the yield of Ca’
ions changes significantly (by a factor of up to ~16%).

t also follows from the figure that the dependence of the Ca’ ion yield on the
taser radiation frequency exhibits a distinet resonance structure with peaks of various
amplitude. Analysis shows that only one of these maxima (Jabeled by the symbol D in
the figure) can be identified according to the selection rules in the dipole
apgmx,imaticm. This pesk is associated with the two-photon transition from the ground
4575, state to the dsdd' D, state. As for the other maxima {4 B ) of the dependence
N'{w), they cannot be associated, in the dipole approximation. At the same time, the
frequencies of laser radiation corresponding to these maxima coincide with the
frequencies of two-photon transitions forbidden in the dipole aﬂxmmmatien by the
parity selection rules: 45", - 4s4p°F,° (maximum 4); 457 S - 5d4p' Do° (B), and 4578,
-3d4p'P° (C). In these maxima, the yield of Ca' ions exceeds the yield in the
interresonance intervals by two orders of magnitude. Note that the transitions
corresponding to maxima A B and C, as well as the transition gives rise to maximum D,
are two-photon transitions. However, unlike the transition assoctated with maximum D,
each of the frst three transitions consists of ene virmal transition forbidden in the
dipole approximation by the parity selection rules and another allowed {ransition.

Note that the single-

g
(4]
-y

L¢3

phaton t?'ansitigns f@?bide'icﬁ 611 ogN’ N0

in the dipole approximation

{the quadrupole transitions) 3 D

have already been observed n C

upon multiphoton ionization.

As for the two-photon 3y 4 .B

transitions forbidden in the

dipole approximation, they 2

have not yet been observed

upon multiphoton ionization, 13 4
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Tonising radiation damege to Hving cells Is usually studied with Monte Carlo track
dructure codes, Recent experimental studies {13 have shown :‘s‘m{ fow- and
rons cun duce sigsificant damage to DNA via scalfering process
ser of cross sections for ele lHisions with DNA and its butid
‘fuz"ir;"f‘ more detailed Monte ((33 in m’mixxzx of m; ising T diii‘ii{ii’; dama s 10
hiomolecules. We pi“‘mn resuits of ¢ > i
Cross sections u leciron scattering {
y new resulls ¢ )i OUT TEC ent cak ;&u@am for e.é&.“”i’ 5
stecular compounds will be ;}rex*‘u
mtegreﬂ cross sections for elastic collisions between e e
been calculated using independent atom method [4] with a tmh,vp(:mr_x,{aizm mm-‘i :i p{:{muqé
Cross sections for electron-impact lonisation of theses molecular rargets have beea derived
using the binary-cocounter-Bethe model {51,
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TOTAL CROSS SECTION MEASUREMENTS FOR ELECTRON
COLLISIONS WITH NG, MOLECULES

P L ® -~ 3 .
Pawel Mozejko and Czesiaw Szmytkowski
Atoric Physics Division, Department of Atomic Physics and Luminescence,

Faculty of Applied Physics and Mathematics, Gdansk University of Technology,
3 p 5 } 2)
80-952 Gdansk, Poland

Comprehensive sets of cross section data for electron scattering with nitrogen oxides
(NO,) are of great importance when modelling of physico-chemical atmospheric processes.

Tn this work we present absolute total cross section for electron collisions with NO2
molecules within S-370 eV energy range. Measurements have been caried out using home
build electrostatic electron spectrometer working in the linear transimission configaration ;i}'
In that system, monoenergetic (FWHM ~ 60 meV) electron beam produced with 127°
dispersing element inferacts with a sample gas within a scaftering chamber; unscattered
clectrons are registered msh the Faraday cup collector. The absclute total cross section at
each electron impact energy is derived from the Bouguer-de Beer-Lambert attenuation
formula using electron b{tum intensities in the presence and absence of the target in the
scattering cell, target gas pressure and its temperature, as well as the length of the eleciron
irajectory within interaction volume.

Present experimental total cross sections agree well according to the shape with data
from earlier investigations [2,3] in the common energy range, however, some differences n
the magnitude are observed. More results and detailed discussion will be presented ai the
Conference.

The work is a part of research programme sponsored by the Ministry of National
Education (MENiIS) and by the Ministry of Scientific Research and Information Technology
{MNil).
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MEASUREMENT OF INNER SHELL IONIZATION CROSS
SECTIONS BY LOW-ENERCY POSITRON IMPACT

Yasuyuki NAGASHIMAYY, Watarn SHICETAL Toshio HYODO?,
Fiminort SATTOZ, Yoshiko FTOHY Alkien GOTO? and Masaya TWAKT

epartinent of Physies, Toloyo University of Science,

1-3 Wagnrazaka, Shinjulkon-ki, Tokyo 162-3601, Japan
Departinent of Basic Science, Graduate School of Arts aud Sciences,
Tiversity of Tokyo,

3-#8-1, Komaba, Meguro-ku, Tokyo 153-3902, Japan
FThe Institute of Physical and Chemical Research (Riken),
Hirosawa 2-1, Wako-shi, Saitama 351-0198, Japan

Threshold behavior of the cross sections for Cn Kshell and Ag, In and Sn L-shell
omzation by positron iinpact has been studied by detecting the characteristic x-rays from
thin film targets {1]. Development of an x-ray detector with thin Si(Li} crystals has enabled
the meastements in this energy range from near threshold to tens of keV {2].

The determined values are plotted in figure | against the positron Impact energy.
Thev have been compared with the theoretical results calenlated in the binary encounter
formalisin [3]. The values for the Cit &~ and Ag Lshells have also been compared with the
results in the plane wave Born approximation with Conlomb and relativistic corrections [4}.
The meansured cross sections for the Cn /shell are in good agreement with the theories.
The vesults for the Ag, Tn. and Sn Lz shells are, however, smaller than the theoretical
calenlations. Diserepancies between experimental results and theoretical calenlations are
also observed for L x-ray production cross sections hy electron inpact [5].

6 {a1Cn K s (MAagL s (¢} InandSn L
: " Present results : " @ Presentresults O Pr:’s:mms\'ﬂu(ln) B
5? o Gryzinski ecal, = o b e Gryziusk ecat. » Presentresults (Sn)
i . Khareeral e - Khate ctal. . ww Gryziasks ecal, {In)
i g ot ST 1o Gryzinski eval. (Sn)
j i e s .
= ol + = -
S it
1+
R P
[ 3 oL L PV W
L I R T 0 [T FIOT]
fmpact Egergy (keV) Impact fEnergy (keV) Impact Energy (keV)

Figure 1o Inner shell onization cross sections plotted against the positron impact energy.
Theoretical results [3,4] were also plotted.
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Multi Particle Effects in the Coulomb
Continuum

J R Gotz'* M Walter? and J S Briggs'
! Physikalisches Institut, Universitit Freiburg, Germany
4 PL 35 (YFL) FIN-40014 University ol Tyviskyla, Finland

It has been shown that dynamical screening of Coulomb-interacting particles in
the continuum is quite successful in describing ionization processes near thresh-
old [ 1] 1f multi particle effects are important. This ansatz. is extended from three
to four interacting particles so that {e,3e) on helium can be described in the frame-
work of Coulomb-waves without further approximations.
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