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Interaction of electrons with atoms and molecules
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Negative ions 2006



Friedel et al.,

ApJ 600, 234

(2004)

Diffuse Interstellar Bands



Very low collision energies
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Negative ions

Interaction of electrons with atoms and molecules

Formation of negative ions attachment



Existence of negative ions

+
-

r1

ae
(1−a)e

Vwithin=−(1−a)e/r1

+

−ae

-

+e

Vout= b(1−a)e/r1

U(r1)total= −(1−b)(1−a)e2/r1

Total potential energy of electron of the charge -e

b<1

It is in case of H- second electron in the field of proton and first 
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Calculation of H- potential



Exceptions:   Be (EA < 0), N (EA < 0)

Electron Affinity :  Attraction of e- to neutral atom kJ/mol

96kJ/mol~1eV
|EA(Cl)| > |EA(F)| ?

Small F atom, greater e-

repulsion



Attachment (to molecule) and  detachment



Vibrational predissociation

Product X-



Hydrogen molecule

The discovery of large concentrations of H− ions (30%) in low-temperature hydrogen plasmas [1] has provided the 

possibility of producing intense beams of H− ion sources for neutral beam heating [2, 3] of thermonuclear fusion 

devices [4, 5]. Modelling of such plasmas requires a detailed knowledge of the mechanism of dissociative electron 

attachment (DEA) of electrons to molecular hydrogen. Schematically the process may be written as a two-step 

process:

e− + H2(v, J ) → H2
- → H− + H

where v and J denote the vibrational and rotational quantum numbers of the target hydrogen molecule. The incident 

electron is trapped by the neutral molecule in a resonant state, this trapping increasing the electron residence time 

sufficiently to allow the relatively slow moving nuclei to dissociate. In the present case the H2
- (1σ2

g 1σu
2 + 2Su

+ ) 
resonance formed at a range of electron energies of around 4 eV is characterized by a very short lifetime against 

autodetachment when formed from the v = 0 level. Hence the cross section for product H− is low.



Hydrogen molecule EA calculated by J. Horacek

Vibrational excitation of H2

e− + H2(v, J ) → H2
- → H− + H

Detail

H− H−



Hydrogen molecule



Vibr. excitation of N2 fine structure

14.5eV

N



Rotational excitation N2



Cross section of electron attachment – idea of  experiment
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Electron attachment to HBr
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EA to CCl2F2 absolute cross section



Cross sections comparison

Alkali metals

Ne

Ar

Cs(3eV)

(0.3eV)

Ar

e-
(v)

(2eV)

Ne, He

s(v)
Attachment

HI

20meV

Calculated DA cross section in HI (full curve). Diamonds 

represent the experimental data of Klar et al. [24]

HI   Dissociative attachment 



Electron Attachment Spectroscopy (EAS)



Electron Attachment Spectroscopy – electron energy distribution

Three-body attachment

SF6 + e ➔SF6
-

SF6 + e + M ➔SF6
- + M



EA SF6



EA SF6 temperature dependence



Attachment NO to particular channel



EA clusters and surface



Energy levels in clusters

Levels in cluster

For calibration

Levels for binary interaction



Negative ions, formation of negative clusters



Rydberg atom attachment apparatus

X* are produced by laser excitation

X* + AB ➔ X+ + AB-

X+ and  AB- are detected by the pair of opposing detectors. Time-of-flight technique can be used to determine the mass

of the negative ions The density of Rydberg atoms in the interaction region can be determined by applying sufficiently 

strong electric field to ionize the atoms and then counting the ions thus formed.

X+

AB-



Electron attachment from laser excited Rydberg atoms - Hotop
X* are produced by laser excitation

X* + AB ➔ X+ + AB-



Photodetachment of negative ions Atomic Collisions – Heavy particle projectiles (1993)

E.W.McDaniel, J.B.A.Mitchell, M.E.Rudd,

Threshol Studies

Cross section
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Photodetachment  O- + h ➔ O + e

Electron affinity of O is 1.46eV

Cross section



Cross sections comparison
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Photodetachmentx10-2



Photodetachment H- + h ➔ H(n) + e Cross section

n=1H- + h1 ➔ H(n=1)

H- + h2 ➔ H(n=2) 



Photodetachment  O2
- + h ➔ O2 + e

O2(v)e(kin) h

h

O2
- e(kin)

O2(v)

Electron spectroscopy



Hanspeter Helm - Photoelectron spectrometer - Experimental setup

Schematical view of the fast negative ion beam imaging spectrometer. A fast beam of negative hydrogen ions is formed in a hollow cathode 

discharge ion source, and shaped by an einzel lens 1. The einzel lens 1 collimates the 3 keV beam for optimal passage through the Wien-

Filter. The settings of the Wien-Filter also prohibit the passage of electrons co-propagating in the beam into subsequent vacuum chambers. 

The einzel lenses 2 and 3 serve as an electrostatic telescope to control the collimation and convergence properties of the beam in the 

interaction chamber. The H- flux corresponds to a current of 100 nA and arrives at the center of the photoelectron spectrometer with a beam 

waist of 400  m. The 90 degree beam bend in the quadrupole deflector removes neutral hydrogen atoms from the beam. These are 

produced by collisional detachment with residual gas atoms in the first two vacuum sections where a higher residual pressure prevails. The 

three vacuum sections are differentially pumped to maintain a residual pressure of 5 10-10 mbar in the third section during operation. Intense 

laser pulses of an energy of 56 J, a pulse length of 250 fs and a wavelength of 2.15 m cross the ion beam under 90 degrees and 

interact with atomic particles at a repetition rate of 1 kHz. We use a standard Ti:Sapphire laser system with a regenerative amplifier and an 

optical parametric amplifier (OPA). The outgoing pulses are linearly polarized along the ion beam propagation axis and focused at the 

center of the ion beam. The heart of our setup is an imaging spectrometer that was first introduced by Helm et al, see following box.

h



Hanspeter Helm Photoelectron spectrometer

The principle of our Photoelectron 

spectrometer is shown on the right. 

Electrons produced in the interaction 

volume by laser irradiation of atoms, 

ejected in a solid angle of 4  are mapped 

onto a 2D position sensitive detector. The 

projection is achieved by homogeneous or 

weakly inhomogeneous electrical fields of 

80 V/cm2 in the inner spectrometer region. 

The detector consists of a Chevron stack of 

2 inch diameter high-quality Multi-Channel 

Plates (MCPs) and a phosphor screen 

coated by a transparent, conducting gold 

layer. The amplified signal of an electron 

impact is drawn onto the phosphor screen 

by a potential of 2 keV to enhance in 

phosphorescence yield. This finite-sized 

light spots are accumulated and integrated 

by a 12 bit charge-coupled-device (CCD) 

camera and the data are taken by a frame 

grabber. The total electron yield is 107-108

spatially resolved electrons per hour 

acquisition time. Conventional 

photoelectron spectroscopy usually requires 

higher repetition laser systems in order to 

achieve similar statistics.



Hanspeter Helm 3D

Projection of a continuous 3D electronic wavefunction in momentum space onto a 2D imaging 

detector. It consists of a mixture of different partial waves and discrete energies. Their energetic 

spacing corresponds to the photon energy of the laser (EPD Excess Photon Detachment). The 

modulus of the 3D wavefunction can be reconstructed using numerical inversion routines, since 

dipole transitions possess an intrinsic cylindrical symmetry.



22 pole trap



e-, H+, H, H-, H2
+, H2, ….H3

+

H- + H➔H2 +  e-

H2 molecules so formed induce the initial cooling and 

collapse of primordial clouds. 

H + e-
➔ H- +  g

In a diffuse cosmic gas of primordial composition, 

molecular hydrogen (H2) forms via a sequence of reactions

Starting with simple … 
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Ion Trap Studies of H– + H → H2 + e– Between 10 and 135 K, Astrophys. J., 794 (1): , 2012. Doc. M. Čižek
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