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- Thomson spectrometer - charged particle analyser
- Thomson spectrometer with high spatial resolution
- Time-resolving Thomson spectrometer

- Multipinhole Thomson spectrometer



Thomson spectrometer

Time integrated spectrogram is displayed on a two dimensional space

McCP absolute calibrated MCP detectors
me , deflected y Mmakes the spectrometer setup unique
y= % X o bea\m‘ for quantitative analyses of ion spectra
q See talk by Rajendra Prasad
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One can notice, that in the spectrogram
only parabola shaped lines are used in the space.

magnetic deflection

The unused space between the lines can be utilized for
the display of spatial or temporal information.

lon spectra (Thomson parabola)



Thomson spectrometer with high
spatial resolution

Thomson spectrometer in a 1.1 imaging

— ——
~~._ B-field deflection

E-field
deflection

"

The spatial resolution:
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-> Strong spatial
fluctuations of the
proton emission area.

J. Schreiber, S. Ter-Avetisyanet al., Phys. Plasmas 13, 033111 (2006)



Spatial fluctuations of proton source

Thomson spectrometer with two entrance pinholes.
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Time-resolving Thomson spectrometer

measurement of arrival time and velocity - not loosing the spectral information
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lon emission snap shots

%vz 100 keV - 2 MeV deuterons arrive at first

66.8 ns )
» Low energy deuterons with

different oxygen ions

107 ns « Low energy oxygen ions arrive at the end

The modulated ions spectra
139 ns are in a good agreement with calculations,
which anticipates simultaneous ion acceleration.

| 145 ns At <(4-5) 10105

Time resolution can be improved up to a ps-level
182 ns

J. Phys. D: Appl. Phys. 38, 863 (2005)

For a pulsed ion source that produces ions whose energy is a function of time,
a Thomson spectrometer with a pulsed electric field can be used to deduce time information



Proton source Tomography:

Tomographic reconstruction of laser driven proton source

Tomography is a imaging method.
It is Imaging by sections or sectioning.
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method allow to define spatial and momentum distribution of emitted ions

Ter-Avetisyan et al., Phys. Plasmas 16, 043108 (2009)



Tomographic image of the source, energy dispersed

proton spectrum
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In the ideal case each proton trace should originate from a point
which corresponds to the axis of the spectrometer.

If there is a tilt of the proton trace from this axis, the coordinate of the protons differ
from spectrometer axis



Correlation of proton emission coordinat,
emission angle and energy
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Trajectories of accelerated protons

Reconstructed proton trajectories

virtual source
as they are accelerated from the target
» propagation of protons is ballistic
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virtual ion source positions in front of the target
for different proton energies

Ter-Avetisyan et al., Phys. Plasmas 17 (2010)



Tomographic image of the source
energy dispersed
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The virtual 1on source
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Tomographic image of the source, energy dispersed

the protons are
emitted from
different target
coordinates and
under different
angles.

irregularities or
“oscillations” in
the spectra
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The virtual 1on source
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The virtual ion source positions in front of the target for different proton energies



The laser driven ion source is a highly organized dynamic system.
It relies on a well defined interrelation between spatial and
momentum distributions of emitted ions.
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The protons are emerging from a circular symmetric source
and each source point behaves similar:
source point from where the proton with E; energy is accelerated
with 6 angle (normal to the target surface) becomes a source point
for a proton with E; < E, energy emitted with &, < g angle.




