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Summary

 Why we Investigate trapped electrons.

* Trapped electron properties measured on
energy spectrometers.



Trapped Electrons

More charge comes out of the plasma than went in. Toroids showed
as much as a factor of four increase.
This extra charge results from trapping of plasma electrons.

In addition to the extra charge, downstream OTR/Cherenkov
diagnostics get blinded with light 10,000 times brighter than without

the plasma.
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Investigating Trapped Electrons

e Itis Important to understand what
Imitations trapped electrons have on
nlasma wakefield accelerators.

* The trapped electrons have properties that
make them interesting all on their own.




Trapped Electron Properties

 Energies up to many GeV.

* \When traversing a Cherenkov cell, emit

10,000 times more light. (distribution has a
significant optical Fourier component along the direction

of Cherenkov emission).

e Sub-micron features are showing up in a
system with length scales >10um.



Energy Spectrometers

We have studied these trapped electrons
with a combination of three energy
spectrometers.

A low energy spectrometer (10-200 MeV)

A Cherenkov cell spectrometer (80MeV-
10GeV)

A high energy spectrometer (>2GeV)



Pictures of the Setup
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Low Energy Spectrometer(10-200MeV)

Tungsten Mask
Dipole Magnet Toroid

 We placed a tungsten mask in between a dipole

magnet and toroid that were downstream of the
PWFA.

« The amount of charge measured versus dipole
fleld gives a measurement of the low energy
trapped electrons.



Low Energy Spectrometer Data

e Data showed that most of the extra
charge showed up with energies at or
below the 10MeV level.



Cherenkov Cell Spectrometer(80MeV-10GeV)
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* A Cherenkov cell spectrometer was built
from a dipole, a gas filled cell, a thin
titanium foil (mirror) , and a camera.

* This spectrometer was used in analyzing
10-30 cm plasma.

« The camera was set to image the far-field of
the Cherenkov radiation that is reflected
from the cell with a foill.

» Different energy electrons would then show
up as Cherenkov rings displaced by
different amounts.
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Cherenkov cell energy-length scaling

* \We used the spectrometer on different
plasma lengths.

 The data showed that the secondary
trapped electron ring had an energy
scaling with plasma length.
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Sub-micron Features

 There are sub-micron features on the
trapped electrons, so the amount of
charge isn’t proportional to the amount of
light.

 Cherenkov cell spectrometer can’t get an
accurate number for the amount of charge
at these energies.
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High Energy Spectrometer (> 2 GeV)

Silicon Wafers
Big Dipole Magnet

A cameraimaged an air gap that was downstream of a
large dipole (1.2 Tm).

e This was used in analyzing 85cm plasma data.

e Could identify trapped electrons from the drive beam
because of smaller transverse sizes than the drive
beam. 13



* Figures show a
typical acceleration
signature for a
30cm plasma
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High Energy Trapped Electrons?

* Thin streaks appeared on high energy spectrometer.

« We are sustaining wakes long enough that trapped electrons are
able to appearing on our plasma acceleration spectrometer.

Energy Gain

Initial Drive
Beam Energy

Energy Loss

04042cq #1

04032dg #119

04042de #19

04042de #14

uolsiadsip




Trapped Electron Streaks

* Trapped electron streaks extend from 10’s
of GeV down to at least 2 GeV..
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Mono-energetic bunches

 Mono-energetic bunches appeared.
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Conclusion

 Most of the extra charge has energies at
or below the 10 MeV level.

 There are trapped electron streaks with
energies of a few GeV to tens of GeV.

 There are mono-energetic trapped
electron bunches that appear with tens of

GeV In energy.
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