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Tomography

* Back projection is the technique “by which the contents of the bins of a 1D histogram are redistributed over the 2D array of
cells (pixels) which comprise the reconstruction image”*.

* Typically the object is fixed and the viewing angle rotated.
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*S. Hancock, CERN PS/RF/Note 97-06

Image: https://radiologykey.com/tomographic-reconstruction-in-nuclear-medicine/



Longitudinal tomography

* In longitudinal tomography the “object” rotates whereas the projection is along a fixed line (the time axis).

* Conventional algorithms normally assume a rigid, circular motion of the 2D distribution.

* The hybrid iterative algorithm developed by S. Hancock considers how each point in longitudinal phase space are

projected into the bins of a particular profile by tracking a number of test particles. Large amplitude synchrotron
motion is then taken into account.
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Figure 2: The imtial phase space distnibution and thirty-six of its projections at intervals of 5° of

synchrotron phase. The latter constitute the set of “measured™ data

S. Hancock, CERN PS/RF/Note 97-06.



Knowledge transfer
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Figure 6-2: Vertical cross-section of images on: (a) Image reconstructed with SART
and no motion happening, (b) image reconstructed with SART and motion is happen-
ing, but no compensation is applied, (c) image reconstructed with SART and motion

happening, with motion compensation. The colour scale is linear attenuation coefficient
in the range [0-1]

A. Biguri, “Iterative Reconstruction and Motion Compensation in Computed Tomography on GPUS”, PhD Thesis 2017.



CERN tomography code

(http://tomograp.web.cern.ch/tomograp/)

 Starting with the bunch monitor profiles b(¢,m), we want to find the phase space distribution x(¢,8) such that
A[p,0,m[x=b
* Find the operator A by tracking test particles starting from cells covering the bucket using

AFimi1 = ABim+q[Ver(@omi1 +A%imi1) = Vep(dome1) + Veerf (P0,mr1 + Adimi1)],

Apimi1r = Adim — 27k (110,mB0 mAEim/Eom) - A
A |
* Repeat back projection b(¢p,m)-> x(cb,ét and forward projection x(¢$,6)-> b(dp,m) steplk until the discrepancy between the
measured and calculated bunch profiles converges. I

: Add more physics here if required (e.g. effect of foil crossing).
|
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Mo= it ] i It’s a synchrotron code, so set "Bdot”
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S. Hancock et al, PRST-AB 3, 124202 (2002).



KURNS setup
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Flexible RF — pattern generated by AWG.
Use bunch monitor in S12. Typically 4ns time step.
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bunch monitor [V]

Establishing the phase
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Example reconstruction

reconstructed turn 1 time 0.8 ms reconstructed turn 107 time 0.8 ms
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* phis =20 deg for 0.5ms, linearly decreases to zero for 0.3 ms. Tomography in flat top.



Example with bunch mismatch
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Measured frequency maps
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* Contour plot shows |FFT(phase)|. Resolution is 1/2500.

* Compare with expected tune variation with amplitude.
SY Lee
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s the RF voltage lower?

Energy gain per turn Vgsings given by RF frequency variation. 2000
Design parameters Vo =4kV, ¢s=20 deg. If voltage is 2kV,
$s=43.2 deg to maintain energy gain.

However the bucket width at this higher ¢s is not consistent
with phase occupied by bunch.
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Accelerating phase

Flattop phase

normalised |FFT|
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FFT of RF waveform over 1000 turns taken
during accelerating phase and flattop
phase.

There is a significant harmonic 3
component in both cases.

During the accelerating phase h3/h1 ~ 0.1.
During the flattop phase h3/h1~0.06 in the
cases examined.

Will the beam see this or is it an artefact of
the measurement?
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Add harmonic 3 to potential term in Hamiltonian. Note: bucket area is not reduced.
What is effect on synchronous phase and synchrotron period as a function of amplitude?

14



Amplitude-dependent synchrotron tune
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KURNS beam survival (Y.Ishi, FFA'19)
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* Can we reduce the effect of resonance crossing by
reducing the longitudinal emittance?
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turns elapsed

turns elapsed

Phase jump during flat top
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normalised signal
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Tomography used to establish jump timing and amplitude.
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integrated turn-by-turn signal [nVs]

Intensity during resonance crossing
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Discussion/Future Work

* Longitudinal tomography can be applied to FFAs. Here the CERN
tomography code was used with minimal modifications.

* Longitudinal parameters could be measured by including them as free
parameters in the tomographic reconstruction.

* The longitudinal emittance can be reduced by applying a phase jump at
the zero-crossing in the synchrotron oscillation before the bunch
decoheres.



