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Collisions of multiply charged solar wind ions with cometary molecules lead to infrared and far ultraviolet photon
emissions [1]. As it was shown in previous work by [2-4] the resulting spectra of the emission yields have astrophysical
implications and can be used for testing such properties of the solar wind as velocity, density, and chemical
composition. In present work experimental data for the state selective electron capture by He’" ions from water
molecules are presented. Three complimentary experimental techniques: Translational Energy Spectroscopy, Photon
Emission Spectroscopy and Fragment Ion Spectroscopy were used for measuring state selective electron capture cross
sections [5]. Experimental data are compared to the theoretical calculations. Theoretical calculations were carried out
using basis approach which is proven to provide a good agreement with the experimental measurements.

PACS: 31.10.+z, 34.70.+e

1. INTRODUCTION

At higher collision energies: formation of He'(n = 2) is
the dominant one. A quasi classical theoretical
approaches, which treat nuclear motion classically and
electrons quantum mechanically, were used here to
estimate the cross sections. Our model calculations show
that He'(n = 2) formation proceeds via a single-electron
process governed by the nucleus-electron interaction. In
contrast, the He'(1s) formation mechanism involves an
exothermic two-electron process driven by the electron-
electron interaction, where the potential energy released
by the electron capture is used to create H,O*" with a
further fragmentation.

Experimental and theoretical data of the collisional
processes between solar wind ions and cometary
molecules are needed for investigating comets by
detecting the resulting solar wind ions that underwent
collision with cometary molecules. In present work
experimental data for the state selective electron capture
by He®" ions from water molecules are presented. Three
complimentary experimental techniques: Translational
Energy Spectroscopy, Photon Emission Spectroscopy and
Fragment Ion Spectroscopy were used for measuring state
selective electron capture cross sections [5]. Electron
capture cross sections obtained using each of the above
mentioned experimental techniques are in a good T T
agreement with one another. We used basis approach 10
which takes into account all possible reaction channels
from the collision of ions with complex molecules. The
system of coupled differential equations is obtained that
determine the amplitudes and cross sections of all the
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measure state selective electron capture cross sections by i Aand ®TES, n=2 il
He®* ions from H,O molecules. Those techniques are
described in detail in [5]. Each of the three above 0.1 —%
mentioned techniques has its advantages and drawbacks. C A, 0, and O total cross section

All together they are complimentary and form a well S EEE—
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comprehensive picture of the charge transfer process. 01 : 10

Fig. 1 shows dependence of the cross sections of the Collision energy, keV/amu

electron capture into various states of He'(n,l) on the

energy of the impact. Fig.1. State selective electron capture cross sections

It is experimentally shown that at low collision energies measured using 3 independent experimental techniques

(less than 500 eV/amu) the following process dominates: along with quasi-classical models of Landau-Zener and
He* + H,0 = He'(n= 1) + H,0* +¢. (1) Demkov
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3. RESULTS ON H' - H THEORY

According to the basis approach the wave function is
formed as a direct product of the wave functions from 3
different subsets:

{o.O}={s®}e{s,-Rle{n®}. @

where ¢, (?) are wave functions of the electron in the H'

target; ¢, (I_" — R> electronic wave functions of the atom

that captured the electron; and ng(l_") orthogonal waves

that describe free unbound electron. Then the total wave
function of the system is:

U(7.R)=20F (R)e. (F) = 20 (MRR) +
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where F (R) are the functions that take into account the
formation of the bound states in H," which is an
intermediate product. First approximation of F (R) is a

harmonic oscillator of the electron in the field of two
protons. The wave function of this oscillator was taken as

follows:
. |Jra 9(R—R
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where a — Bohr radius, Ry — internuclear distance with a
minimum potential energy of H,". Equation (3) contains
all the possible reaction channels: first summand — elastic
and inelastic scattering without charge exchange; second
summand — charge exchange; third summand — impact
ionization. The electron capture cross section is as
follows:

azzwf\fj(e)\z.sma.de, 4)
0
where f J.(9) is the amplitude of the matrix element of

the effective interaction potential V(R), which is the
electrostatic potential avaraged on the initial and final

state wave functions. f ;(0) can be written as follows:

M
fj(t9):—2 -{a?—a'}.—af}, where

hZ
oz(j’ = fdﬁveﬁ(ﬁ)exp{i( Oﬁ)fiko(éﬁ)},

ol = {fdﬁve”(ﬁ)Fo*(F’é)exp(i( 0,F?))} F (k).

o = {fdﬁv” (R)F, (R)exp (—ik, (&, ﬁ))} F (k).
The main contribution a? is proportional to the matrix
element of the interaction potential of the incoming
proton with the target proton screened by the electron. alj

and a? are adjustments that take into account formation

of bound states in H,". Fig. 2 shows results of the
theoretical calculations along with the experimental
values. It is shown that theory and experiment are in a
good agreement.

100
o~
cE> 10 LA o experiment [6]
o VT, iment 7] |
- A O experiment [7]
w A A basis approach
& pp
1] oA
E O A
L
o
01 o8
» O&
] A
»n ] A
£0.01 o A
(&) ]
O
[

0.001 ‘ ‘ ‘ ‘ |

0 50 100 150 200 2t

Collision energy, keV

Fig.2. Electron capture cross sections for H" + H
collision: experiment - capture into H(n,l); theory capture
into H(1s)

CONCLUSIONS

TES, PES, and FIS experimental results for He?' — H,0
collision are in a good agreement. Quasi classical
theoretical treatment of He>" — H,O collision showed that
He'(n=2) formation proceeds via a single-electron process
governed by the nucleus-electron interaction. In contrast
He'(1s) formation mechanism involves an exothermic
two-electron process driven by the electron-electron
interaction, where the potential energy released by the
electron capture is used to create H,0?". In this work we
have tested quantum mechanical basis approach for
calculating cross section of the electron capture of the
following collision: H" + H(ls) = H(ls) + H".
Experiment of [6] show that captures into states other
than 1s are negligible so we compared H(1s) theoretical
calculations with H(n,I) experimental values. Basis
approach has shown a good agreement with the
experimental data so it can be used for more complicated
collision systems such as: He*" — H,O collision.
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IMPOLHECCHI IIEPE3APAAKU ITPU CTOJKHOBEHUAX AJTB®A-HACTHUIL C MOJIEKYJIAMH BO/IbI
M.B. Baespyx, b.A. Cepeowk, P. MxKanoy

CTONKHOBEHUS MHOTOKPAaTHO 3apsHKEHHBIX MOHOB COJHEYHOTO BETpPa C HEHTpPaJbHBIMH YacTHUIAMH KOMET
MIPUBOJAT K 3MHUCCHSIM B PEHTI'€HOBCKOW M yibTpaduoieroBoit obmactsx [1]. Kak Obuto mokaszano panee [2—4],
HCXOJAIIHIH CHEKTp Nepe3apsHKEHHBIX HOHOB MOXKET OBITh MCIOJIB30BaH ISl TECTUPOBAHUS TAKUX CBOWCTB COJTHEYHOI'O
BETpa KaK CKOPOCTb, KOHIGHTpAaIMs W XUMHYECKU coctaB. [IpencraBiieHbl SKCIIEpUMEHTAJbHBIC JaHHBIC JUIs
YaCTHYHOTO 3aXBaTa AJIEKTPOHA MPH CTOJKHOBEHHSAX anb(a-4acTHIl C MOJIEKyJaMu BOABL [l m3MepeHuit ceueHMH
3axBara JJIEKTPOHa OBIIO MCIONB30BAHO TPU HE3aBHCHMBIE M B3aWMOIOMOJHSIONNE METOAWKH — TPAHCISALHOHHO-
SHEPreTUYECKON CHEKTPOCKONHH, (HPOTOHHO-3MHUCCHOHHOH CIIEKTPOCKOMHMU M (h)parMEHTapHO-MOHHOM CIIEKTPOCKOIH
[5]. OxcrepuMeHTaIbHBIE JaHHBIE CPABHUBAIOTCS C PE3yJbTaTaMH TEOPETHYEeCKHX pacdyeroB. C 3TOH menpi0 HaMH
MIPEATIOKEH METOof 0a3MCHOTO MOJAX0Ja K OMHMCAHMIO TaKUX CTOJIKHOBEHMH M ITOKA3aHO, YTO HCIOJIb3YEMbIH METO[
XOPOIIIO COTIacyeTcs C SKCIEePUMEHTAIbHBIMU JAHHBIMU.

MPOLIECH NEPE3APAAKHA IPU 3ITKHEHHSAX AJIb®A-YACTHHOK 3 MOJIEKYJIAMUA BOAU
M.B. Baepyx, b.0. Cepeorwk, P. MxKanoy

3iTKHEHHs1 0araTopa3oBO 10HI30BAHUX 3apsiiB COHSYHOTO BITPY 3 HEUTPAIBHUMH YaCTHHKAMH KOMET IPHU3BOASATH
JI0 eMICiif B peHTTeHIBCHKIH 1 ynbTpadioneToBiit oomactsx [1]. Ak Oymno mokazaHo panimie [2—4], pe3yIbTYIOUHNA CIIEKTP
nepe3apsKeHHX 1OHIB MoOXke OyTH BHKOPHCT@HHMH [UISi TECTYBaHHS TaKMX BJIACTUBOCTEH COHSYHOIO BITpY SK
MIBUJKICTh, KOHIICHTpAIlil YAaCTHHOK Ta XIMIYHHH ckiam. Y poOOTi MpeACTaBICHO CEKCIEPUMEHTANbHI MaHi s
BHOIPKOBOTO 3axXOIUICHHS EJIEKTPOHA IPH 3ITKHEHHAX aib(a-dyacTHHOK 3 MOJeKyJaMH Boad. /s BUMIpIOBaHBb
MOTIEPEYHHX TMEPEepPi3iB 3aXOMJICHHS €JeKTPOHA OyI0 BUKOPUCTAHO TPH HE3AIEXKHI Ta B3a€MOIOIIOBHIOI0OYI METOIUKU —
TPaHCIALIHHO-CHEPTeTHYHA  CHEKTPOCKOMisi,  (OTOHHO-EMICiifHa  CHEeKTpOCKOmis Ta  (parMeHTapHO-i0HHA
criekrpockoris [5]. ExcriepuMeHTanbHi AaHi OPIBHIOIOTHCS 3 pe3yJIbTaTaMK TEOPETHYHHUX PO3PAaXyHKIB. 3 LI€I0 METOIO
HaMH 3alpONIOHOBAaHO METOJ| 0a3MCHOTrO MiAXOAY /IO ONMHCY TaKMX 3ITKHEHb 1 IT0Ka3aHo, MI0 TEOPETHUYHI pO3paxyHKH
BUKOHaHI 3 BAKOPUCTAHHSIM IIbOTO METOJY 100p€e Y3rOKYIOThCs 3 €KCIIEPUMEHTAIBHUMH JIaHUMHU.
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