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Abstract

The direct simultaneous detection of electron (e™) and positron (e™) bunch signals was successfully performed for the
first time by a wideband beam monitor at the et capture section of the SuperKEKB factory. This monitor can measure
a time interval between the ¢~ and et bunches, their bunch lengths, bunch intensities, and transverse beam positions,
depending on the phase of accelerating structures. For this purpose, a new beam monitor with wideband pickups simply
using SMA feedthroughs and a wideband detection system based on a real-time oscilloscope was developed to investigate
their capture process at the capture section and to maximally optimize the e™ intensity. The required specification for
the new monitor is to simultaneously detect the e™ and e~ bunches generated in the capture section within the resolution
of pico-second level with a sufficient dynamic range in the time-interval and bunch-length measurements. Thus, the
wideband detection system is required for this purpose. In this report, the basic design and results based on a modal
analysis of electromagnetic couplings between the SMA-feedthrough electrode and a beam are in detail given along with

some obtained performance.
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Figure 1: Photograph of the new beam monitor.
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Figure 2: Signal detection system of the new BPM.
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Figure 3: Measured So;-parameters, (a) amplitude and (b)
phase, of a typical coax. cable connected with three differ-
ent coax. cables in series.
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Figure 4: (a) Typical input pulse waveform (pink) with
a width of 30 ps in FHWM, its output pulse waveform
(brown), and the de-embedded output waveform (yellow).
(b) Variations of the pulse widths and output voltages mea-
sured by a fast test pulse through the same coaxial cable
(total).
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Figure 5: (a) Schematic drawing of electromagnetic cou-
plings between a SMA feedthrough (coaxial structure) and
a BPM coaxial structure. (b) Electromagnetic couplings
between the SMA and a ring beam. Inner radius of the
coaxial structure: ¢ = 19 mm, thin ring-beam radius: b.
radii of the SMA inner and outer conductor: b; = 0.9 mm,
b, = 2.05 mm, and the characteristic impedance of SMA
is Z() =509Q.
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Figure 6: Equivalent circuit of electromagnetic couplings
between the SMA feedthrough and BPM coaxial structure.
The arrow (blue) indicates a coupling between the funda-
mental TEMs. On the other hand, there are other couplings
between the fundamental TEM coupled to the SMA and
the higher-order TE and TM modes (red and green, re-
spectively) excited in the BPM. These show two-way cou-
plings.
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Figure 7: Input impedance of BPM coaxial structure by
exciting rf waves through a SMA feedthrough. The trans-
verse beam width is fixed to 0, = 1 mm. The index m is
set to m = 5 at maximum while n = 1 is fixed.
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Figure 8: Variations in the coupling strengths of TEM
mode between the SMA and BPM coaxial structures by
exciting the BPM as functions of frequency and the beam
size. Gaussian function is assumed in the transverse charge
distribution.

10°
TEM-mode couplings
10" | Gaussian beam 4
0 —— h=0mm Beam size fixed
1070 | E

——h=1mm G =4mm
——h=2mm b

—h=4mm

—h=6mm

TEM
=)
&

10" 1
10° 4
10°
0 5 10 15 20 25 30
fIGHz]

Figure 9: Variations in the coupling strengths of TEM
mode between the SMA and BPM coaxial structures by
exciting the BPM as functions of frequency and the length
h. The transverse charge width is fixed to o, = 4 mm.
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