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Momentum spread 
measurement

Bunched beam: longitudinal tomography

Coasting beam: measure of beam size, with known dispersion 

Possible if ∆p/p·D >> beam size

Emittance of the beam after injection (i.e. ~100 hits on foil)?
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Beam size estimate
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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

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)
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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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Effect of injection error?

(E. Yamakawa , 21/07/22)

Beam size ~±5 mm

Confirmation with Jordan’s thesis?
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Beam size from transverse 
emittance

Emittance change from foil hits:

Proton beam at 12 MeV (mp=938 MeV, βL=0.158, Etot=950 MeV), βx ≈1 m 

Graphite foil (0.1𝜇m, LR=42.7), 100 hits, so total length 10 𝜇m

Change of emittance of 6.2·10-9 m << initial emittance ~10·10-6 m?

If 𝜀x=10·10-6 m, beam size from transverse emittance ~ ± 3 mm
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Beam size from momentum 
spread

Momentum spread from RF bucket size:                                                       
∆p/p ≈ ± 0.005

D=0.53 m, 

If ∆p/p~ ± 0.005, beam size from momentum spread ~ ± 3 mm

!5

Consistent with measurement
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