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Beam Diagnostics of CAFe
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Beam Diagnostics of CAFe 4ex
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Beam Diagnostics of CAFe %%%
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Cold Button BPM Parameters
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Two Kinds of beam commissioning: *‘He?*/ Proton beams
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Influence from the different semi-rigid cables I
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3D Simulation for Estimating Button BPM Signal
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Numerical model 1 : considering low-
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Numerical model 2 : considering dispersion and attenuation of cables
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Analyzing of cold Button BPM signal in frequency domain

100
Proton Calculated signal by {12) for cold button BPM1
a0 | —— Measured cold button BPM1 signal
(a)
>
E
o1}
o
O
ey
]
=
—
3
Q
=
=
O
Beam parameters
Gaussian Shape p=0.0615 E = 1.78 MeV (measured) :
80 i 71.75 ps, 4.3 degree (Tracew|n
| = 476 MA (measured) B P M 1
-100 1 1 7 1 B 1 . 1 i
0 10 20 30 40 50 60
Time [ns]

Proton beams

20

Proton

Amplitude spectrum [dBm]

Calculated amplitude spectrum through FFT based on (12)
Measured amplitude spectrum of cold button BPM1

Gaussian Shape Beam parameters
B =0.0615 E =1.78 MeV (measured)
Oiongi.ms = 11-75 Ps, 4.3 degree (Tracewin)
|ean = 4.76 MA (measured)

0 200 400 600 800

Frequency [MHz]

1000 1200 1400 1600 1800 2000

Output Voltage [mV]

Amplitude spectrum [dBm]

200

100

-100

-150

-200

Calculated signal by (12) for cold button BPM19

Proton
— Measured cold button BPM19 signal (a)

Beam parameters
B =0.1874 E = 16.93 MeV (measured)
- =328 ps, 1.92 degree (Tracewin)

| ean = 4.62 mA (measured) B PM 1 9
. 1 L 1 L 1 .

Gaussian Shape

20

10

-10

20+

-30
-40
-50
-60
-70

80k

-90
-100

10 20 30 40 50 60
Time [ns]
Proten s Calculated spectrum gh FFT based on (12)
| —— Measured amplitude spectrum of cold button BPM19
| Gaussian Shape  Beam parameters (b)
p=10.1874 E = 16.93 MeV (measured)
a, =32.8 ps, 1.92 degree (Tracewin)

long. rms

|yesn = 4.62 mA (measured)

me:

0

200 400 600 800 1000 1200 1400 1600 1800 2000
Frequency [MHz]

BPM electronics LSPH: FIR filter bandwidth about 5 MHz, under-sampling of 125 Msps
Cold BPM Sum values are from LSPH at 15t harmonic frequency of 32_}5 MHz or 2™ frequency of 53 MHz

(162.5-125)

(3*125-325)
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Analyzing of cold Button BPM signal in frequency domain /2
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beam position in a linear range, roughly in the center along CAFe LINAC
Amplitude spectra become wider, the amplitude at the 15t frequency decreasing with the accelerating
The decline of BPM sum values from the electronics is not proportional to the ratio of beam current transmission
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Conclusions Vit

BPM original signals are always interesting, specially for high power, low-f3 ion SC LINAC

In CM, not effective method to measure the beam current and the longitudinal information
In low-B CM, no chance to monitor the beam loss, specially in fast method (no thermal detector)

2, 2 2
IR _ “m 0 , :
Vbutton(8) = —(Ip) 3o S et el ™) Cinag) sin [masg (¢ =) — o7 2)] }
Numerical model is good for estimating the original signal cold Button BPM | ™ —SskEsEe «

It consider the influences of low-f3 effect and long cable transmission issuesz ™|

The imaging bunch length formula could meet Tracewin simulated phase

values (in rms) and the measured results ( b >2
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Analyzing the amplitude spectra of cold Button BPM along LINAC (by the measured and the

numerical method)
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al o
22 - Proton beam commissioning

cold button BPM1  4.76 mA @ 1.78 MeV
20 - cold button BPM19 4.62 mA @ 16.93 MeV

With the beam accelerated, the amplitude spectra of cold Button
BPM is widened

The amplitude at 1% frequency is decreasing

The amplitude at high frequency components is increasing
Wide-band sampling of electronics could give a relative reliable
information about current, e.g. Spectrum Analyzer

Narrow-band digital electronics only give the information at the
fixed frequency point, thus the sum values just illustrate whether
there are beams or not
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Thank you very much for your attention
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