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Horizontal: FETS-FFA amplifier
❖ FETS-FFA (50Ω) amplifiers are used in BPM.

❖ Subtract the beam-off signals from each data.

❖ Removing unwanted noise (f<500kHz & f>4MHz => f = 0) from BM/BPM signals.

❖ Signal integration is applied. 

❖ Moving Average Filtering (MVA): N-point discrete-time moving average filter (low pass FIR filter), is applied.

Zooming MVA(N=11) waveform signals.
Beam orbit radius computed by BPM and BM 

w/ and w/o MVA filtering.

• Integration of waveform after noise subtraction shows a good agreement in beam position 
calculated by BPM and BM.

Waveform signals with MVA (N=11).



Horizontal: NF amplifier
❖ NF (1MΩ) amplifiers are used in BPM.

❖ Subtract the beam-off signals from each data.

1. BPF (500kHz < f < 4MHz)

2. Moving Average Filtering (MVA), N=11

3. Removing unwanted noise (f<500kHz < f < 4MHz => f = 0) from 

measured BM/BPM signals

Waveform signals in case 3. Zooming waveform signals after 
removing unwanted noise.

Beam orbit radius computed by BPM and BM 
for 3 cases.

• S/N is improved by high gain NF amplifier.

• The case 3 (unwanted noise subtraction) : smaller jitter and orbit displacements.



Horizontal: NF amplifier

Beam orbit radius computed by BPM and BM for 3 
cases.

• Errors in predicted beam position by BM, i.g. k-value.

• Non-linearity effects of BPM when the beam is at around BPM aperture.

• Instead of focusing on position accuracy, estimation of position resolution is required for FETS-FFA BPM.

Probe position measured at test bench in ISIS, 
compared with CST simulation.

Zooming at x=150mm, y=0



Vertical: FETS-FFA/NF amplifier
❖ Impedance transformer is not used. FETS-FFA (50Ω) /NF (1MΩ) amplifiers are used in 

BPM.

❖ Subtract the beam-off signals from each data.

1. FETS-FFA amp: Removing unwanted noise, signal integration and MVA (N=11) are 

applied.

2. NF-amp: Removing unwanted noise (f<500kHz & f>4MHz => f = 0) from measured 

BM/BPM signals

Waveform signals in case2.
Beam orbit radius computed by BPM and BM 

for 2 cases.

• S/N is improved by high gain NF amplifier (case 2) 

• Position dip is found during acceleration.



FFT during FT region

FFT over FT region in the case of unwanted noise signal 
subtraction on each waveform signal (NF-amp).

• Betatron tune is not easy to be identified due to large background noise and weak coherent oscillations 
(fractional part of ring tune is about νx=0.758, νy=0.345@20MeV). 


• A pinger to excite coherent oscillations is required in the BPM at the KURNS setup.

FFT at over FT region in the case of unwanted noise signal 
subtraction on each waveform signal (NF-amp).

Horizontal Vertical



FFT during Acceleration

FFT horizontal (left) and vertical (right) BPM over 2.5s from injection (11 MeV - 20.3 MeV)

• 1.582MHz is at the injection beam 
energy (11MeV).


• It is difficult to measure a single-turn 
betatron tune by the single BPM during 
acceleration.


• Even when FT, it would be necessary to 
install an exciter to enlarge coherent 
oscillations.

• NF amplifier is used.


• Removing unwanted noise (f<500kHz & 
f>4MHz => f = 0) from measured BM/
BPM signals


• FFT is applied at every 100us over 4ms 
from injection (during acceleration)

ਤ 4.5: Ճ଎ثத৺͔Βͷڑ཭ rʹର͢Δ
େژঢ়ͷݱ FFAGͷ k஋ͷϓϩοτ

ਤ 4.6: ϏʔϜͷΤωϧΪʔʹର͢Δਫ
ฏɾԖ௚νϡʔϯͷϓϩοτ

࣍ʹɺ2࣓࣍ݩ৔ࢉܭͰઃิͨ͠ܭਖ਼ίΠϧΛࡏݱͷϞσϧʹಋೖͯ͠ࢉܭΛ
ͷޙɻಋೖͨͬߦ ϞσϧΛਤݩ3࣍ 4.7ʹࣔ͢ɻ͜ͷਤ͸ژେ FFAGͷ 1ηϧͷ
1/2ϞσϧͰɺ࣓ܺؒۃͷ੺͍ίΠϧ͕ิਖ਼ίΠϧͰ͋Δɻͦͯ͠ɺਤ 4.8ʹͦͷ
݁ՌΛ͍ࣔͯͯ͠ɺࠨͷਤ͕ k஋ɺӈͷਤ͕νϡʔϯͷ݁ՌͰ͋Δɻk஋ͷϓϩο
τ͔Βɺژେ FFAGʹิਖ਼ίΠϧΛಋೖ͢Δ͜ͱͰɺิਖ਼ίΠϧͷઃஔྖҬͷ k
஋Λہॴతʹม͑ΒΕΔ͜ͱ͕෼͔Δɻ·ͨɺνϡʔϯͷϓϩοτ͔Βิਖ਼ίΠ
ϧΛಋೖͨ͠ྖҬͷνϡʔϯΛ k஋ಉ༷ม͑ΒΕΔ͜ͱ͕෼͔Δɻͦͷ݁Ռɺิ
ਖ਼ίΠϧʹΑͬͯ൒ܘ಺ଆͰͷਫฏνϡʔϯΛ૿Ճͤ͞Δ͜ͱͰɺมԽྔΛখ͞
͘͢Δ͜ͱ͕Ͱ͖Δɻ͔͠͠ɺ2࣓࣍ݩ৔ࢉܭʹΑܾͬͯఆͨ͠Ґஔͱిྲྀ஋Ͱ
͸ͦͷྖҬͰͷਫฏνϡʔϯ͕େ͖͗ͯ͘͢͠͠·͍ɺิਖ਼ίΠϧಋೖલޙͰ࠷
େมԽྔͷઈର஋͸໿ 0.1ͱมΘΒͳ͔ͬͨɻͦ͜ͰɺҐஔͱిྲྀ஋ͷ࠷దԽܭ
దԽ͕ඞཁͳՕॴͷϏʔϜͷΤ࠷ɺมԽྔΛখ͘͢͞Δɻ۩ମతʹ͸ɺ͍ߦΛࢉ
ωϧΪʔ͔Βฏيۉಓ൒ܘΛ͠ࢉܭɺίΠϧͷத৺͕ͦͷيಓ൒࠷ʹܘ΋͍ۙ૚
ͷίΠϧͷిྲྀ஋Λม͑ͨɻ·ͨɺਫฏνϡʔϯͷมԽྔ͕ 0.03ະຬͱͳΔ͜ͱ
Λ࠷దԽͱ͠ɺ܁Γฦ͠ࢉܭΛͨͬߦɻ
ਤ 4.9ʹิਖ਼ίΠϧ࠷దԽޙͷϏʔϜΤωϧΪʔʹର͢Δਫฏνϡʔϯ (্ਤ)
ͱԖ௚νϡʔϯ (Լਤ)ͷϓϩοτΛࣔ͢ɻ੨ϓϩοτ͸ݱঢ়ͷژେ FFAGϞσϧɺ
੺ϓϩοτ͸ݱঢ়ͷژେ FFAGʹ࠷దԽͨ͠ิਖ਼ίΠϧΛՃ͑ͨϞσϧͷ݁ՌͰ
͋Δɻݱঢ়ͷژେ FFAGϞσϧͰ͸ɺਫฏνϡʔϯͷฏۉ஋ ν̄H = 3.784Ͱ͋Γม
Խྔ͸ ∆νH = 0.111Ͱ͋Δɻͦͯ͠ɺิਖ਼ίΠϧΛಋೖ͢Δ͜ͱͰɺν̄H = 3.789ɺ
∆νH = 0.021ͱͳͬͨɻ͜ͷ࣌ͷิਖ਼ίΠϧͷҐஔͱిྲྀ஋Λਤ 4.10ͱද 4.2ʹ
ࣔ͢ɻ
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Design tune plots in horizontal and vertical. Ref: MPh.,  Y.Horita, Kyoto University, 2017.



Prototype WSM
❖ Try and Error to install φ10 & 
φ30um CNT wires on the frame.


❖ TGA measurements are underway 
to investigate impurity of CNT 
wires.


❖ After some test at Lab(vacuum test 
and HV test), we are ready to ship 
the whole setup of WSM for 
KURNS experiments.

❖ At first test, we want to check if 

we read a signal from wire 
without HV.
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Future plan
❖ Beam test in April - May?

❖ BPM (1 week)


❖ Some pre-measurements : background noise and alignment of BPM w.r.t. vacuum chamber. (1 day)

❖ Beam test at KURNS with modified impedance transformers (1-2 days)


❖ Reduce winding numbers.

❖ Install a register before the impedance transformer to dump a resonance.


❖ Beam orbit measurements by other monitors (i.g. scraper). (1-2 days)

❖ WSM (2 - 3 days)

❖ Beam test with prototype WSM at around 12 MeV orbit. (1 day)

❖ φ30um CNT without (with) bias voltage on wire. (1 day)

❖ Scintillation monitor is used as a reference monitor.

BPM Impedance transformer
❖ Impedance transformer was installed on EH1, EH2 and EV1 to reduce 

cutoff frequency.

FFA BPM – Measuring Setups
ISIS FFA BPM (RC + Oscilloscope Probe + 1 Mohms input impedance amplifier):

fc ≈ 10 kHz (dominated by RC as measuring circuit 
impedance >> RC)

Vacuum Side

0C14
70pF

Electrode
Capacitance

0

0
Ramp
50 ohms

Amplifier Input Impedance

0

COAX

50 ohms coaxial

KURNS FFA BPM (C + 50 ohms coaxial + 50 ohms input impedance amplifier):

fc ≈ 45 MHz (dominated by C and coaxial 
impedance)

Cof f set
0.6-10pF

Ramp
1meg

Amplifier Input Impedance

0

Vacuum Side

0

R
220kC

70pF

R1

9meg

0

Electrode
Capacitance

Oscilloscope Probe

0

KURNS FFA BPM (C + Impedance Transformer + 50 ohms coaxial + 50 ohms input impedance amplifier):

fc ≈ 110 kHz (dominated by C and equivalent 
impedance)

!"#$%& = ( '1
' 2 )

2
× 50(h)* = ( 60

3 )
2

× 50 = 20+(h)*

0

N1
Electrode
Capacitance

C15
70pF

60:3 0
0

0

Vacuum Side

COAX

50 ohms coaxial1

0

0

N2 Ramp1
50 ohms

Amplifier Input Impedance

Transf ormer
50Ω


