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Abstract: This note summarizes the results of simulation performed to investi-
gate the rastering beam’s profiles measured with wire scan monitor M19 in BL2A,

with goal to answer such a question: how can we work out the beam tomography
when the beam is rastering?
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1 Simulation Parameters

e Beam rastering frequency is between 10 and 400 Hz. Pulser’s repetition rate is 1kHz.
Beam bunch’s repetition rate is 23.055 MHz.

e Beam rastering radius is 6 mm. Beam static spot size is 3.5 mm (2rms).

e M19 travels vertically across the rastering beam in an uniform speed. Currently, the
actual moving speed is about 2inch/sec (see S.Kellog’s message below). In the simu-
lations we can slow it down for example by a factor of 10.

e During travel of M19, data sampling constantly occurs at the rising edge of the pulser
signal where the beam is turned on (See B. Rawnsley’s memo below), and sampling
rate is just identical to the pulser’s repetition rate of 1kHz.



Re: 2AM19 imap://trmail.triumf.ca:143/fetch>UID>/INBOX>...

Subject: Re: 2AM19

From: Scott Kellogg <kellogg@triumf.ca>

Date: 07/10/2014 09:32 AM

To: Yi-Nong Rao <raoyn@triumf.ca>

CC: Victor Verzilov <verzilov@triumf.ca>, "'Scott Kajioka'" <skajioka@triumf.ca>

On 7/9/2014 3:00 PM, Yi-Nong Rao wrote:
Hi Scott,

A quick question for you:

How many seconds does it take for the M19 to travel from one end to the other? Is it
traveling in a uniform speed?

Thanks,
Yi-Nong

Hi Yi-Nong,

With help from Main Ops, we ran the 2A3M19 wire scanner both in and out while stripping
the data.

Running the monitor "up" or out of the beam - time was 2.743 seconds
Running the monitor "down" or into the beam - time was 2.043 seconds

The distance between the beam resting position (either top or bottom) and the scanning
wires center is 2.50 inches. The distance between in and out positions is 5.00 inches.

The speed should be fairly uniform by the time the wires are passing through the beam. The
air cylinder has to overcome frictions of different parts and inertia of all the parts, ,
but this should take place fairly quickly. There is also the spring rate of the bellows to
consider, time for the air to pass through lines and valve and fill the cylinder, etc.

Let me know if you need more information.

Scott
ext. 6248

Mechanical Technologist

Canada’s National Laboratory for Particle and Nuclear Physics.
www.triumf.ca

Tel: 604-222-1047

Fax: 604-222-1074

This email and any files transmitted with it are confidential

and intended solely for the use of the individual to whom they
are addressed. If you have received this email in error,
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2A2M19WS Rotating Beam 2015-04-11 Bill Rawnsley

e the pulser frequency is derived from the machine RF as follows:
o 23.055 MHz / (2** *5) = 1.125732 kHz.

e the scanner wires and position pot are sampled simultaneously.

e one set of samples is recorded after a fixed time delay from the rising edge
of the pulser signal (beam turn on).

¢ the air bleed valves are adjusted so that a scan takes about 0.5 s end to end

e 5o ascan consists of ~1 kHz * 0.5 s =~500 sample sets.

e the sample recording occurs in real time hardware, a Kinetics 4022 Transient
Recorder CAMAC module paired with a 4050 Memory module.

e | believe that we programmed the 4022 module to raise a LAM (look at me)
after 512 samples have been recorded following the wire scanner leaving the
In or Out limit switch.

e when the wire scanner program sees the LAM it reads out the stored samples
at its leisure and then displays them.

e the normal QSX/W current amplifier modules have a very fast response, 1
ms or faster depending on the gain range.

e the M19 wire scanner signal had a lot of noise due to vibration, at times
equivalent to 10 uA of beam.

e the QSX/W modules were modified to give a slow response and gave much
cleaner signals, albeit with some hysteresis due to time lag.

e let’s assume that response of the amplifier is now slow compared to the 400
Hz beam rotation so that the wire sees a true time average of the beam
density.

e then | think one would expect to see saddle shaped X, Y and C profiles as,
on average, the beam would be seen to spend more of its time at the ends of
travel.

e from the width and depth of the saddle shape one could calculate the radius
of the rotation circle and perhaps even infer that the centre of the circle does
not have too much beam in it.

e if the response of the amplifier is not too slow, one might see some
modulation of the saddle shape, about 400 Hz * 0.5 s = 200 bumps across
the full scan.

e they might alias with the ~1 kHz sampling frequency a little.

e as to your tomographic interpretation of the profiles, it might still work if
you first give the algorithm some new assumptions about the beam motion,
but | am guessing here.
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2 Simulation Results

2.1 Current Working Mode

e Under current working mode, the M19 scan traces out a lot of spikes in each of the 3
projections, shown in Fig.1. This is arising from the beam rastering. Look at a series
of snapshots shown in Fig. 2 through Fig. 10.
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Figure 1: M19 profiles simulated with a rastering frequency of 250 Hz, synchronized with the
pulser’s repetition rate of 1kHz. As a result of the rastering, a lot of spikes show in each of
the 3 projections.
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Figure 2: Snapshot taken at the 1°¢ pulse. The 3 blue lines represent the 3 wires which are
jogging in an uniform speed from up to down. Notice that the 45° wire is missing the beam.
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Figure 3: Snapshot taken at the 2nd pulse.
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Figure 4: Snapshot taken at the 3rd pulse. Notice that the —45° wire is missing the beam.
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Figure 5: Snapshot taken at the 4th pulse. Notice that all 3 wires are missing the beam.
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Figure 6: Snapshot taken at the 5th pulse. Again, the 45° wire is missing the beam.
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Figure 7: Snapshot taken at the 6th pulse.
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Figure 8: Snapshot taken at the 7th pulse. Again, the —45° wire is missing the beam.
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Figure 9: Snapshot taken at the 8th pulse. Again, all 3 wires are missing the beam.
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Figure 10: Snapshot taken at the 9th pulse.
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2.2 Measurement

Profile Measured on 2008—Jul—22
at Rotation of 10 Hz
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Figure 11: M19 profiles measured at a rastering frequency of 10 Hz on 2008-Jul-22 when we
were running the ANAC AC magnet in BL2A. Look at Fig.12 for the control’s XT-page on
that day.
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Options Print Help

AC Beam Steering for Beamline 2A2/2A3 Page 2AB (HELP)

SCAN_TLZ2AAC
AC MODE
AC Steering Program BL 2A 3 Selected ENGAGED

Frequency 10 Hz

F1
Radius of circular pattern 5.9 mm |
F3

700 dac units to steer the beam horizontally by 1 mm

1200 dac units to steer the beam vertically by 1 mm L OAD

. .. . DACS AS
Horz steering offset 0| (in dac units) OEESETS

Vert steering offset o Cin dac units)

Tw# Horz 2A,80 Vert 2A,81
Dac value 3341 4161
Dac Range

Steering Magnet P.S. Diagnostic Readbacks
Horz 1.56 A(RMS) Vert 2.67 ACRMS)
H-Freq 10.06 Hz V-Freq 10.09 Hz
H-V Phase diff 89.0 °

STOP

F5
Mux Readback . -1.12 A E7 F8
F9

F10
Watchdog
Jul 20 2008 09:46:39
Enter page name:

Message:

Figure 12: The XT-page of Jul 20, 2008 showing the rastering frequency of 10 Hz.
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Figure 13: Profiles simulated for the rastering frequency of 10 Hz. This picture looks very
similar to the above measured result in terms of the spikes.
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e Each of the spikes is resulted from the beam at different positions. This violates

2.3

the tomography fundamental that the wires must see the same beam. Under such a
circumstance, the MENT tomography produces nonsense.

Desired Working Mode

In order to have the MENT tomography work for the beam in rastering, we have to let
the wires see the beam at the same positions. This suggests two conditions: one is that
the beam rastering frequency must be synchronized with the pulser’s repetition rate,
IOW, ratio of the latter to the former must be an integer /V; the other one is that the
monitor movement must be slow enough over a period of N beam pulses (ideally, the
wires should stall for a duration of N pulses before jogging for the next step) so that
we can take a time average of the wire’s positions to represent the beam projections.
The simulation results are shown in the following.
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Figure 14: Profiles simulated for a rastering frequency of 250 Hz, where the wire’s positions

and beam densities have been averaged over samples taken for 4 consecutive pulses. This way
gives smooth projections without spikes.
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e Given with the smoothed profiles/projections, the tomography works out as is shown
in Fig. 15.

® (mmy)

Figure 15: Comparison of the reconstructed tomography (Left) with the original contour
(Right). Clearly, the reconstruction result agrees very well. This is obtained from a given
phase angle of rastering. Note that in this simulation the M19 has 3 wires as it is now.

e But, if the phase angle of rastering differs,

as shown in Fig.16 and Fig.17, then the
reconstruction result becomes distorted.
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Figure 16: For a phase angle of rastering that is different than in the Fig.15, the reconstruc-
tion result (Left) becomes distorted compared with the original one (Right).
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Figure 17: For another phase, even bigger distortion (Left) occurs. Such a result would be
misleading as it looks as if the beam was in a nonuniform rastering.

e [t turns out that the distortion is arisen from the fact that there are only 3 projections
being fed for the reconstruction. This is inadequate. If we add up 2 more projections,
for instance, in 22.5° and —67.5° directions respectively, then we can achieve a much
better reconstruction result, regardless of the phase angle of rastering. See Fig.18 as
an example.

Figure 18: Reconstruction result using 4 projections(Left) and 5 projections (Middle) respec-
tively. Clearly, the 5-projection case gives better result.
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Figure 19: Rastering of 250 Hz with various initial phases from top to bottom. The left is
the reconstruction result from 3 projections; the middle is reconstructed from 5 projections;
the right is the original.
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Figure 20: Profiles simulated with 2 more wires added up to the existing 3 wires to create 5
projections for each scan. All other parameters remain exactly the same as in the Fig.15
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Figure 21: Result of simulation performed under ~100% duty factor: the reconstructed (Left)
and the original (Right). Note that a data sampling rate of 250kHz instead of 1kHz is
assumed in this simulation; this appears to be fast enough to reveal the duty factor of beam.
The other parameters remain the same as in the Fig.18 with 5 projections.
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Figure 22: Rastering of 200 Hz with various initial phases from top to bottom. The left is

the reconstruction result with 3 projections; the middle is reconstructed from 5 projections;

the right is the original. With the 3 projections, the top one has a minimized distortion,

achieved by properly choosing the initial phase; the distortion is still quite evident, though.
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Figure 23: Continued Fig.22.
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Figure 24: Rastering of 333.3 Hz with various initial phases from top to bottom. The left is
the reconstruction result with 3 projections; the middle is reconstructed from & projections;
the right is the original.

28



Figure 25: Continued Fig.24.
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3 Conclusions

We can expect to work out tomography for the beam in rastering under the following
conditions: (1) the beam rastering frequency must be synchronized with the
pulser’s repetition rate, that is, the ratio of the latter to the former must be an
integer N; (2) the control’s software BLWS for the wire scanner has to be modified
to take a time average of the wire’s positions for the data samples taken over a
period per N pulses, and then output the average values to represent the beam
profiles; (3) depending on the rastering frequency, the initial phase angle of
rastering must be a certain particular value in order to minimize distortions in
the reconstruction result. Ideally, it’s best to add up another 2 wires (e.g. in 22.5° and
—67.5° directions) to the existing 3-wire configuration of M19 so that each scan can trace out
5 projections, which allows to produce an unambiguous reconstruction of the tomography.

The tomography will enable a direct measurement of the rastering radius which
is an important parameter for the ISAC target.
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BL2A Beam Rastering Test Results of
2015-May-20: M19 Scans and
Tomography

Y .-N. Rao
May 22, 2015

1 Horizontal Rastering
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Figure 1: M19 scan profiles, simulated for a horizontal rastering of 400 Hz (while the vertical
rastering was turned off).
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Figure 2: M19 scan profiles, experimentally measured for the horizontal rastering of 400 Hz
(while the vertical one was turned off ).
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Figure 3: M19 profiles, averaged over multiple scans that were taken inward and then
smoothed out. The smoothing was performed by applying a low pass filter to eliminate the
high harmonics. The same in the following.
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Figure 4: Beam tomography (Top) resulted from the smoothed inward scan profiles and the
horizontal profile (Bottom) reconstructed.
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Figure 5: M19 profiles, averaged over multiple scans that were taken outward and then
smoothed out by using a low-pass filter.
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Figure 6: Beam tomography (Top) resulted from the smoothed outward scan profiles and the
horizontal profile (Bottom) reconstructed.



- £lx, y , t ] =Exp[((x-acos[t])?+y?) / (-2)];

n+- A =3; DensityPlot [NIntegrate[f[x, v, t], {t, -m, «}],
{x, -A-5, A+5}, {y, -5, 5}, PlotRange -+ All, ColorFunction -» "Rainbow",
AspectRatio + Automatic, MaxRecursion =+ 15, ImageSize - Large]

-5 0 5

Figure 7: Beam density contour, computed with an analytical model for rastering of a gaus-
sian beam. This picture backs up the above tomography as shown in the Fig.4 and Fig.6: the
beam density arrives at a maximum at turnaround points.



2 Vertical Rastering
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Figure 8: M19 scan profiles, simulated for a vertical rastering of 400 Hz (while the horizontal
rastering was turned off ).
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Figure 9: M19 scan profiles, experimentally measured for the vertical rastering of 400 Hz
(while the horizontal one was turned off).
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Figure 10: M19 profiles, averaged over multiple scans that were taken inward and then
smoothed out.
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Figure 11: Beam tomography (Left) resulted from the smoothed inward scan profiles and the
vertical profile (Right) reconstructed.
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Figure 12: M19 profiles, averaged over multiple scans that were taken outward and then
smoothed out.
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Figure 13: Beam tomography (Left) resulted from the smoothed outward scan profiles and the
vertical profile (Right) reconstructed.
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3 M19 Travel Speed

What’s needed to do next is to slow down the travel speed of M19 by a factor of 10, to
~0.21inch/sec from the current value of ~2.0inch/sec. In this way we shall expect to wash
out the spikes caused by the rastering in the profiles, as shown in Fig.13 as an example. This
is essential for a proper reconstruction of the beam tomography.

Alternatively, Diagnostics group should devise different approach for the data collection and
processing in order to minimize the spikes. For example, implementing a low pass filter into
the electronics to eliminate the high harmonics will help.
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Figure 14: M19 scan profiles, simulated for a reduced travel speed of 0.2inch/sec. The other
parameters remain the same as in the Fig.7.



4 Conclusion

The test of beam rastering in single direction (either horizontal or vertical) was successful,
and the tomography worked out.
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BL2A Beam Rastering Test of
2015-Nov-13

Y .-N. Rao
Nov. 14, 2015

1 Introduction

This summary mainly focuses on M19 profiles, beam tomography and BL2A tune for the
rastering test performed on 2015-Nov-13.

2 Increased Sampling Rate

On 2015-Nov-13, 2A3M19 scans were taken with data sampling rate being raised by a factor
of 20 from the original 1.125kHz. As a result, the number of data samples recorded and
saved for each scan was increased from 2,048 to 30,000 (limited by the memory available in
the hardware Transient Recorder). As an example, Fig.1 shows the beam profiles measured
under rastering frequency of 400 Hz and a rastering radius of 3.5 mm at the target.
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Figure 1: Beam Profiles of M19 scan, taken with data sampling rate being raised by a factor
of 20. In this measurement, the machine duty factor was 90%; the rastering frequency was
400 Hz; the rastering radius was 3.5 mm at target.



Similar to the measurements [2] shown before, the profiles appear to have a lot of spikes.
Fig.2 shows a zoom-in picture of the vertical profile as is shown in the Fig.1. It is well
understood [1] that these spikes are caused by the beam rastering.

10—
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5 T
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Figure 2: Zoom-in of the vertical profile as is shown in the Fig.1. Clearly, there are a lot of
spikes contained.

The motivation for raising the sampling rate was hoping to reduce the spikes by means of tak-
ing average over the data samples recorded within every pulse of 1/(1.125kHz)~ 0.889 milli-
second. But this turns out to be reducing very little. Fig.3 shows the result. Remember that
this is for the case of duty factor being as high as 90%; at any duty factor below 10%, high
sampling rate almost reduces nothing. This is simply because the width of that window for
averaging is too small.
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Figure 3: Comparison of the profiles before and after taking an average for the 20 x 90% = 18
data samples recorded within every pulse. Apparently, this averaging reduces the spikes very
little.



In order to eliminate the large spikes, one would have to widen the window for averaging.
Fig.4 shows a result of averaging with a moving window of 10 pulses. Apparently, the spikes
get largely reduced, and the profiles become significantly smoothed. But still, they are not
smooth enough to allow the tomography to work out nicely. To minimize the spikes, one
would have to double the window size for averaging. But that would result in profiles of
having less than 40 effective data points, which is too less for the tomography. Remember
the one-fifth story, that is, the full width of the beam rastering is no more than one-fifth
of the full travel distance (5”) of the monitor. Thus, at most only one-fifth of the samples
taken are useful data whereas the rest 80% are just background zeroes which are not useful.
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Figure 4: Comparison of the profiles before and after averaging with a moving window of 10
pulses. Clearly, the spikes get significantly reduced but still some wiggles remain.



3 Low-Pass Filtering

Low-pass filtering to the data samples appears to be essential to washing out the spikes
and wiggles, and eventually to creating well-smoothed profiles with decent resolution for the
tomography to work out. With such a filtering technique implemented, the fore-mentioned
averaging method is not needed. See Fig.5 for the result.
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Figure 5: Profiles before and after being smoothed with a low-pass filter. These smoothed
profiles will be good enough for tomographic reconstruction.



4 Tomography

Fig.6 shows the tomography that is resulted from the filtered profiles as shown in the Fig.5.
Similar to what I showed before, the beam seems to be not rastering on an annular or
elliptical ring. It is well understood [!] that this is a distorted picture, arisen from the fact
that there are merely 3 projections available for the maximum entropy reconstruction, which
are inadequate. In order to achieve a minimized distortion in the reconstruction, we will need
at least 2 more projections in addition [1].
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Figure 6: Tomography reconstructed from the filtered profiles as shown in the Fig.).

5 2A Tune For Rastering Test

For the rastering test, we ran up the last quadrupole doublet Q15, Q16 from zero to 181.1,227.4 A
respectively to narrow down the beam spot from 7mm to ~3.5mm (2rms) at M19. This
3.5 mm size was prescribed by the Target/Ion Source group. Fig.7 shows the 3.5 mm instan-
taneous beam spot at M19.

With these excitations of Q15 and Q16, I first calculated the kick arms (i.e. transfer matrix
elements Ry and Ray) from the centre-lines of H and V raster magnets to the target centre,
and then calculated the values of voltage settings for the two raster magnet’s power supplies,
given a rastering radius desired at the target. Should be pointed out that the calculations
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Figure 7: Instantaneous beam spot of 3.5 mm (2rms) created for the rastering test, by running
up the last doublet Q15,Q16.

for the voltage values were employing the data of BdL obtained from the actual survey for
both magnets. Fig.8 shows the calculated results of Rys, Ra4, d, and d,, (i.e. displacements
of reference trajectory in H and V), for a given rastering radius of 3.5 mm at the target. It’s
seen that the displacements in H and V are not the equal until reaching the target, and the
vertical one is always larger than the horizontal one. This means that the rastering beam
will display on an elliptical ring instead of on an annular ring at BPM18.5 and M19 both.
Also notice that the vertical displacement reaches ~ +9mm at maximum. Does this cause
spills down to the line? The answer is unknown for the moment.

Bear in mind that the M19 wire plane is not at the target but at ~1m upstream of the
target. The rastering size measured at M19 is definitely not equal to the one at the target.
The instantaneous beam spot size measured at M19 is not necessarily identical to the one
at the target either, unless the beam envelope is made parallel onto the target. The current
tune of 2A, as is shown in Fig.9, is very much the same in both legs and it has been running
steadily and reliably with a large ~7mm spot at the target for years. But for the purpose
of rastering with a small spot, this tune may not be optimized. For instance, we may want
to produce a parallel instead of a strongly-focused beam onto the target, also we may want
to create equal displacements in both planes so that the rastering will appear on an annular
instead of on an elliptical ring at BPM18.5 and M19 both. Such a tune would look like
shown in the Fig.9, but we will need dedicated beam development time to demonstrate it.
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Figure 8: Displacements of reference trajectory calculated for a rastering radius of 3.5 mm
at the target.

6 Conclusions

In conclusion, raising the data sampling rate helps very little in reducing the spikes in the
measured profiles, in particular at low duty factors. In order for the tomography to work
out properly and nicely, it’s critical that (1) we have a low-pass filter implemented in the
electronics to smooth out the the beam profiles, and (2) we add up at least 2 more wires
in appropriate orientations to the existing monitor to create 2 more projections for the
tomographic reconstruction.

Besides, the 2A tune might need to be revisited and optimized for the purpose of rastering
with small beam spot.
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Figure 9: Top and Middle: the current beam production tune of 2A for large and small spots
at target. Bottom: theoretical tune, optimized for beam rastering but to be demonstrated.
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