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Layout at KURNS

Figure 4: The illustration of beam monitors installed in the KURNS main ring.

The beam position is also measured by the scraper to compare to the beam
positions computed by BPM. The scraper is made by an aluminium plate which
was attached on the L-shape rod as shown in Fig. 5. The rod was movable
in horizontal direction from the outside of vacuum chamber. The scraper was
initially installed at 34mm downstream of BPM chamber assembly. Later on, the
position of scraper was changed to upstream in the straight section to measure
the angle of beam orbit. The schematic layout of scraper and BPM in the
straight section is shown in Fig. 6.

The figure 11 plots the horizontal beam displacements from machine centre
computed by BPM and compared to the beam positions measured by scraper.
The averaged beam positions in the flat top energy of 27 MeV is computed
over two time of synchrotron periods, which is 4.7948 m with its RMS value of
0.4305mm. The beam position computed by the scraper measurements is 4.7920
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Figure 5: The beam position scraper. The size of scraper is 30mm x 150mm
with 3mm thickness, attached on the edge of L-shape rod.

5

Figure 5: The beam position scraper. The size of scraper is 30mm x 150mm
with 3mm thickness, attached on the edge of L-shape rod.
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Figure 17: The WSM frame with �30 µm CNT wire.

Figure 18: The layout of experimental setup without shunt impedance (a) and
with shunt impedance of 10k⌦ (b).
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Figure 11: The horizontal position sensitivity measured by BPM with KURNS
beam.

Figure 12: Left: the shaker to excite the vertical betatron oscillation. Right:
the shaker to excite the horizontal betatron oscillation.
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BPM Position Measurements
❖ Beam positions were computed by 

BPM waveform signals and pre-
measured BPM parameters. 

❖ The angle of horizontal beam orbit 
was measured by the scraper to 
estimate beam position at 
horizontal BPM.
❖ Beam acceleration was stopped 

at certain energy (FT energy).
❖ Push the scraper inward to 

interrupt the beam at FT energy.  

Figure 6: Schematic layout of scraper and BPM in the straight section. Firstly
the scraper was installed at 34mm downward of BPM box. After removing the
BPM box, the scraper position was changed in upward to measure the orbit
angle. The vertical BPM (vBPM) and horizontal BPM (hBPM) were placed in
the BPM box.

m with its RMS value of 1.199 mm.
The averaged beam current at about 13 MeV is computed by FAB signal

with calibration factors. The beam intensities for di↵erent RF patterns are
summarised in Tab. 3.

The vertical beam position displacements in time is shown in Fig. 8 when
the flat top energy set to be 27 MeV. The Fig. 9 shows the two dimensional
beam positions, assuming that the horizontal and vertical beam positions are
consistent per pulse within 5% di↵erence in beam currents.

The horizontal beam positions at di↵erent flat top energies are presented in
Fig. 20.

The horizontal position sensitivity is plotted in Fig

6

2 BPM measurements

2.1 Flat top energy of 27MeV

The measured beam position (y) is computed as

y =
1

K

E1� E2

E1 + E2
+ � (5)

where K the position sensitivity, � the o↵set and E the electrode signal. The
subscription of 1, 2 denotes the each electrode in a pair. The position sensitivity
and o↵sets for horizontal and vertical BPMs were measured at test bench in the
ISIS Diagnostics Lab and the parameters are summarised in Tab. 2.

Horizontal
Position sensitivity [1/mm] -0.00513 ± 8.46E-6

O↵set 0.0172 ± 8.01E-4
Vertical

Position sensitivity [1/mm] 0.0341 ± 1.70E-4
O↵set -0.0445 ± 2.51E-3

Table 2: BPM calibration parameters.

Figure 3: The position calibration with a function of drive amplitudes applied on
test probe in horizontal BPM (left figures) and in vertical BPM (right figures).

The BPM assembly was installed in KURNS FFA ring. The monitor setups
in the KURNS ring is illustrated in Fig. 4. The beam scraper was installed at
34 mm downstream of BPM assembly in the beam direction.
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BPM Position Measurements
 Signal subtraction : 1MHz<f, f<3MHz

FAB

Peak to peak signal of one RF period is used to compute beam position. 
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BPM Position MeasurementsFigure 8: The vertical position displacement when Full intensity.

Figure 9: The horizontal and vertical beam positions.
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Figure 7: Horizontal beam displacements measured by BPM. The bottom figure
shows the synchrotron oscillation created at the phase jump when stopping
acceleration at 27 MeV.
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Figure 7: Horizontal beam displacements measured by BPM. The bottom figure
shows the synchrotron oscillation created at the phase jump when stopping
acceleration at 27 MeV.
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Figure 8: The vertical position displacement when Full intensity.

Figure 9: The horizontal and vertical beam positions.
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Horizontal position displacement Vertical position displacement 3.7nA at around 13MeV

❖ Synchrotron oscillation has been seen when the synchronous phase was 
jumped (20deg -> 0deg). 

❖ FFT is applied within two synchronous periods at FT energy, which is 
used to compute beam positions. 

❖ Beam position movements has been measured over the full range of BPM.
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BPM Position Measurements
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Figure 10: The horizontal beam positions with di↵erent flat top energies.
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Pre-measurement at Lab.

Error~1.3mm

• Pre-measured BPM features have been changed.
• S/N ratio
• 2D error map will help to improve position 

accuracy for FETS-FFA.

Energy Intensity Horizontal [µA] Vertical [µA] FFT window [ms]
28 MeV Full 0.245±1.16E-2 0.302±1.53E-2 2.5 - 8.9

Intermediate 0.142±7.84E-3 0.113±6.85E-3
Low 0.0532±5.57E-3 0.0388±5.63E-3

27 MeV Full 1.34±4.75E-2 1.28±4.43E-2 0 - 5.3
Intermediate 0.407±1.77E-2 0.363±1.56E-2

Low 0.0886±7.90E-3 0.0865±7.49E-3
26 MeV Full 1.29±3.82E-2 1.14±3.43E-1 0 - 5.4

Intermediate 0.452±1.54E-2 0.544±1.96E-2
Low 0.150±6.01E-3 0.150±6.22E-3

25 MeV Full 1.60±5.47E-2 1.24±1.12E-1 0 - 5.1
Intermediate 0.167±1.73E-2 0.297±1.86E-2

Low 0.137±1.61E-2 0.211±1.33E-2
24 MeV Full 0.829±4.22E-2 0.884±4.19E-2 0 - 4.5

Intermediate 0.274±1.54E-2 0.266±1.40E-2
Low 0.138±1.07E-2 0.0976±9.07E-3

21 MeV Full 0.514±2.82E-2 0.664±3.53E-2 0 - 4.5
Intermediate 0.295±1.97E-2 0.392±1.93E-2

Low 0.104±1.08E-2 0.118±8.13E-3
18 MeV Full 0.519±5.62E-2 0.525±5.50E-2 0 - 3.9

Intermediate 0.268±2.98E-2 0.307±3.35E-2
Low 0.0984±1.30E-2 0.105±1.34E-2

15 MeV Full 0.713±3.08E-2 1.13±4.65E-2 0 - 2.5
Intermediate 0.377±1.62E-2 0.263±1.29E-2

Low 0.0982±8.06E-3 0.0928±8.36E-3
13 MeV Full 1.96±5.12E-2 1.59±4.03E-2 0 - 1.6

Intermediate 0.656±1.77E-2 0.600±1.64E-2
Low 0.0809±8.77E-3 0.0767±7.03E-3

12 MeV Full 0.919±2.34E-2 0.776±1.95E-2 0 - 1.3
Intermediate 0.422±1.30E-2 0.504±1.40E-2

Low 0.215±1.03E-2 0.184±8.96E-3

Table 3: Averaged beam intensity of di↵erent flat top energies. The beam
intensity is computed by FAB monitor signal with calibration factor between 0
and 3.8 ms.

FT energy 21 MeV 24 MeV 27 MeV
BPM 4.7210±1.5995E-3 4.7598±1.2548E-3 4.7948±0.4305E-3

Scraper 4.7189±0.3882E-3 4.7580±1.223E-3 4.7920±1.199E-3

Table 4: BPM calibration parameters.

3 Tune measurement

The transverse betatron tunes were measured by BPMs and KURNS bunch
monitors. The small triangle electrodes are hanging from the top flange of

7

Error~0.4mm

@13MeV
Full:3-4nA

Int:1.0-1.5nA
Low:<0.5nA
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Figure 11: The horizontal position sensitivity measured by BPM with KURNS
beam.

Figure 12: Left: the shaker to excite the vertical betatron oscillation. Right:
the shaker to excite the horizontal betatron oscillation.
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BPM Position Measurements

❖ Position sensitivity for each beam intensity is different from the one measured at ISIS Lab., 
but they are consistent each other.

❖ Worth for considering to install a beam scraper close to BPM for FETS-FFA. The beam-based 
position sensitivity and offsets could be useful to adjust variable capacitances and improve 
position accuracy.
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BPM Hori. Tune Measurements
FT:27MeV, 0.8nA @13MeV

FT:27MeV, 0.1nA@13MeV 

FT:18MeV, 0.9nA @13MeV

FT:18MeV, 0.14nA@13MeV 

Fd=2.436MHzFd=2.999MHz
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BPM Vert. Tune Measurements
FT:27MeV, 1.7nA @13MeV

FT:27MeV, 0.2nA@13MeV 

FT:20MeV, 1.7nA @13MeV

FT:20MeV, 0.2nA@13MeV 

Fd=2.564MHzFd=3.001MHz
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BPM Summary 
❖ Capacitive pickup type of BPM measured the beam position displacements in horizontal 

and vertical within a few mm accuracy when the beam intensity was about 4 nA at about 
13 MeV in KURNS FFA. This is consistent to the case when the beam intensity was about 10 
times lower.

❖ The vertical BPM measured betatron tune over the range of BPM aperture. The horizontal 
BPM measured betatron tune when the beam was at around centre of BPM aperture. But it 
was difficult to detect the tune when the beam was at around the edge of BPM aperture. 
This can be improved by better S/N ratio and stronger beam exciter (stronger horizontal 
kick). 

❖ For FETS-FFA:

❖ Mechanical BPM design (double the length) including a destructive beam scraper, as 
well as the way to measure BPM features (error-map, beam-based measurements etc), is 
worth for considering to achieve the position accuracy within 1mm.

❖ Electronics and DAQ system need to be developed to achieve the position resolution 
within a few 100um.
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WSM Measurements
❖ The φ30um CNT wire was installed on the WSM.
❖ The frame was grounded to vacuum chamber.

Figure 17: The WSM frame with �30 µm CNT wire.

Figure 18: The layout of experimental setup without shunt impedance (a) and
with shunt impedance of 10k⌦ (b).
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Figure 17: The WSM frame with �30 µm CNT wire.

Figure 18: The layout of experimental setup without shunt impedance (a) and
with shunt impedance of 10k⌦ (b).
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Figure 4: The illustration of beam monitors installed in the KURNS main ring.

The beam position is also measured by the scraper to compare to the beam
positions computed by BPM. The scraper is made by an aluminium plate which
was attached on the L-shape rod as shown in Fig. 5. The rod was movable
in horizontal direction from the outside of vacuum chamber. The scraper was
initially installed at 34mm downstream of BPM chamber assembly. Later on, the
position of scraper was changed to upstream in the straight section to measure
the angle of beam orbit. The schematic layout of scraper and BPM in the
straight section is shown in Fig. 6.

The figure 11 plots the horizontal beam displacements from machine centre
computed by BPM and compared to the beam positions measured by scraper.
The averaged beam positions in the flat top energy of 27 MeV is computed
over two time of synchrotron periods, which is 4.7948 m with its RMS value of
0.4305mm. The beam position computed by the scraper measurements is 4.7920

4
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WSM Measurements

(a) The 11 MeV injection
beam hit the WSM frame.

(b) The 11 MeV injection
beam was between CNT
wire and frame.

(c) The 11 MeV injection
beam was inward from
CNT wire.

Figure 19: WSM signals with regards to WSM frame locations.
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* Shunt impedance was not used. !12



WSM Measurements

• The WSM picked up beam induced charge via 
metallic structures.

• The thinner PEEK block increases the capacitance 
between metallic plates and grounded frame, 
minimising induced pickup signals.   

Induced charge on cupper plates
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1V is applied on the probe, which 
position is moved in horizontal. 
Induced charge on copper plate is 
computed by CST. 
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50Ω KAEN amplifier 
Bias voltage on wire

OS

Differential 
amplifier

Flange

50Ω 50Ω

V

~11.5MeV ~12MeV



50Ω KAEN amplifier 
Position Dependency
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10kΩ Shunt + NF amplifier 
Dependency on Wire Positions

Figure 17: The WSM frame with �30 µm CNT wire.

Figure 18: The layout of experimental setup without shunt impedance (a) and
with shunt impedance of 10k⌦ (b).
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vacuum chamber (indicated by ”Triangle BM” in Fig. 4), measuring horizontal
coherent beam oscillation. The vertical coherent oscillation was measured by the
rectangular electrode situated at 5 cells upward from RF cavity (indicated by
”Rectangular BM” in Fig. 4). The amplitude of betatron oscillation is excited
by the electrical RF fields applied on ”shaker” electrodes indicated in Fig. 4
as a ”Horizontal shaker” and ”Vertical shaker”. Figure ?? [?] illustrated the
horizontal and vertical betatron shakers used in this measurement.

4 WSM experiments

To measure decay constant of each electronics setup, the short pulse was gener-
ated by signal generator and was sent to the one signal cable of CNT wire. The
output from the other CNT signal cable was monitored by oscilloscope. The
decay constant of the setup without shunt impedance is 16.92 µs and 1.903 µs
with shunt impedance.

Initially

V (t+ dt) = V (t+ dt)� V (t) exp(�dt/⌧) (6)

8

Profile simulation with different wire widths
❖ Wire assumed to be fixed at 12 MeV reference orbit. 

Averaged turn separation is about 46um.

❖ Fitting has been applied on simulation results by Skew 
Normal  Distribution (SND):

, 

https://en.wikipedia.org/wiki/Skew_normal_distribution

❖ When the wire thickness is larger,  

❖ Profile has asymmetry

❖ Mean has offset from the centre of beam

❖ Variance is within statistical errors when the wire 
diameter is less than 50um.

❖ Statistical errors are given by RMS of 10 different 
simulations with 1um wire radius but no error 
angle.
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10kΩ Shunt + NF amplifier 
Dependency on Acceleration Speeds

Figure 17: The WSM frame with �30 µm CNT wire.

Figure 18: The layout of experimental setup without shunt impedance (a) and
with shunt impedance of 10k⌦ (b).
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vacuum chamber (indicated by ”Triangle BM” in Fig. 4), measuring horizontal
coherent beam oscillation. The vertical coherent oscillation was measured by the
rectangular electrode situated at 5 cells upward from RF cavity (indicated by
”Rectangular BM” in Fig. 4). The amplitude of betatron oscillation is excited
by the electrical RF fields applied on ”shaker” electrodes indicated in Fig. 4
as a ”Horizontal shaker” and ”Vertical shaker”. Figure ?? [?] illustrated the
horizontal and vertical betatron shakers used in this measurement.

4 WSM experiments
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output from the other CNT signal cable was monitored by oscilloscope. The
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with shunt impedance.
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❖ Wire assumed to be fixed at 12 MeV reference orbit. 

Averaged turn separation is about 46um.

❖ Fitting has been applied on simulation results by Skew 
Normal  Distribution (SND):

, 

https://en.wikipedia.org/wiki/Skew_normal_distribution

❖ When the wire thickness is larger,  

❖ Profile has asymmetry

❖ Mean has offset from the centre of beam

❖ Variance is within statistical errors when the wire 
diameter is less than 50um.

❖ Statistical errors are given by RMS of 10 different 
simulations with 1um wire radius but no error 
angle.
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Effect of injection error?


