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Introduction

In 2020, the positron (e+) source of the SuperKEKB (SKEKB) B-
Factory was upgraded to increase the positron yield.

*  Countermeasure against electric discharge for the AMD, installations of
steering magnets, and beam diagnostics.

There are three difficulties to install any beam diagnostics,

* in radiation hard environment, almost no space to install them, and difficult
technique to simultaneously and separately detect both secondary e- and e+
bunches with very short time interval.

A wideband beam monitors (WBMs) were successfully installed in
the e+ source.

In this report, the motivation for introducing WBMs, and their
detection technique, and some results are presented.
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The SuperKEKB B-Factory: an electron-
positron collider with asymmetric energies
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The SKEKB e+ source
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1. Secondary e+e- bunches are immediately captured in the transverse phase space by applying strong pulsed
and DC magnetic fields. On the other hand, in the longitudinal direction they are captured by applying
electromagnetic fields in accelerating structures. The e- bunch is stopped by a beam stopper at a chicane and
the e+ bunch passes through it. The bunch charges are first measured by a standard BPM after the chicane.

2. One of the important issues for beam diagnostics is to simultaneously and separately detect parallel
travelling e+e- bunches with very short distances by two WBMs in the capture section.

* How can we detect simultaneously and separately these secondary e- and e+ bunches?

*  Which detection technique is suitable, in time domain or frequency domain?

* What kinds of bunch characteristics for a single bunch are measurable? / \
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Historical detection technique in time domain
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Historical detection technique in frequency domain
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Conventional heterodyne technique with a early October of 1993,

fundamental 2856 MHz for e- and e+ 30-ns It is difficult to separately detect both
pulsed beams for a stripline bpm e- and e+ bunch charaﬁtjfisﬁvq.

11-14 Sep. 2023,
Tsuyoshi Suwada/ KEK Acc.Lab. IBIC2023@Saskatoon, Canada, TU2102



Choice from the viewpoint on the pros and

cons for detection techniques
To the best of my knowledge in 2018,

@ Based on the detection technique in time domain,

v Any high frequency signal losses for all rf components, transmission lines
and signal pickups should be fully corrected in sufficient wide bandwidth.

v' Is such a correction scheme possible in time domain?
v' How much bandwidth is required at minimum?

v' This technique gives a great advantage in comparison with that in
frequency domain?

2. Based on the detection technique in frequency domain,

v" any fundamental frequency is not a characteristic frequency for a single
bunch,

v and a heterodyne technique is not so advantageous for a single bunch in
comparison with a pulsed beam,

v' and it is difficult to separately detect both e- and e+ bunch character\tlcs
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e- and e+ capture process in the e+ capture section
through dynamical phase-slip process
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The line order for the e- and e+ bunches are generated with very short time intervals (At~ 0 - 300 ps)
depending on the capture phase.

between these two bunches.

10 understand the dynamical capture process, it is required to precisely measure the tzy inﬁ<val At
8
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Wideband beam monitor (WBM)

Protrusion length of Imm for SMA feedthrough
antenna from the inner surface

v’ Simultaneous and separate detection for both e- and e+ bunches is possible in time domain
with any rf loss corrections for all rf components and transmission lines.

v’ Fundamental bunch characteristics, bunch interval, charges, transverse positions, and bunch
lengths can be separately measured for both e- and e+ bunches in time domain.
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Signal detection system

All rf components should be corrected in
suitable frequency region by using a
vector network analyzer.
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Output [V]

Results of the signal detection in time domain
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Variations during the dynamical phase-slip process for
both the e+e- bunches depending on the capture phase
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(1) The separate detection for e-e+ bunches in time
domain was successfully performed.

(2) The travelling order of e-e+ bunches is reversed
at certain capture phases through the dynamical
phase-slip process.

(3) Some satellite bunches can be identified which
are 350ps apart from the main bunch. The
generation of satellite bunches is caused by spill-
over from the longitudinal phase space.

(4) The results show that quite symmetric
dynamical behaviors for both the bunch
characteristics were observed.

(5) The ringing waves following from the bunch
signals are due to wakefields from upstream
accelerator structures.
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Time interval measurements for e+e- bunches
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3D plots in the bunch characteristics as functions of time interval,
capture phase, and bunch intensity for e+e- bunches
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e+e- bunch characteristics depending on the capture phase

e- decelerating region
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Plots for both the e+e- bunch positions
at SP15-25 and SP16-25
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It can be found that there are no characteristic differences in the transverse positions depending

on the capture phase under the nominal operation condition and those giving the maximum charges.
It is interesting that the cluster for each bunch rotates in the transverse plane owing to their

cyclotron motion in the longitudinal direction between SP15-25 and SP16-25.
16

11-14 Sep. 2023,
Tsuyoshi Suwada/ KEK Acc.Lab. IBIC2023@Saskatoon, Canada, TU2102



Correlation plots for the time interval and bunch charges of both
e+e- bunches at SP15-25 and SP16-25
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* The time interval correlation is based on a 45° inclined line.
* This result means that the dynamical phase slip process was completed at the first WBM (SP15-25).
* The maximum charges are generated at the maximum time intervals even for the different bunches,

At~-268 ps (41~-268 ps)@ acc. e- (acc. e+), At~-264 ps (At~253 ps)@ dec. e- (dec. e+), respectively.
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Correlation plots for the bunch length and bunch charges of both
e+e- bunches at SP15-25 and SP16-25
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* Although the dynamical phase-slip process was fixed at the front WBM (SP15-25), the

dynamical exchange of particles in the longitudinal direction inside the bunch may be caused,
called bunch lengthening (or shortening).

* The correlation seems to be based on a 3"-order polynomial function in the accelerating
phase region, and on the other hand, that shows a bunch shortening in the decelerating phase
region.

* The maximum bunch charges are generated at the maximum bunch length. / \
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Variations in e+e- bunch charges as a function of the capture
phase at SP15-25 and SP16-25
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- The present operation point is not on an optimized point.
* The e+e- bunch charges in the accelerating phase region are greater than those in the

decelerating phase region in the capture section.
- The e+ yields at the peak points in the acc. and dec. phase regions are 122% and 84%

greater than that at the nominal operation point, respectivel). / \
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Variations in the e+ bunch charges as a function of the capture
phase at SP15-25, SP16-25, and SP16-5
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dec. e{@e-e+

- It is clear that the present operation point is
not on an optimized point.

* The e+ yield at the maximum point obtained
by a BPM after the capture section is only ~5%
greater than that at the nominal operation point.

- The capture phase at the max. e+ yield in the
capture section is shifted from that after the
capture section.

* The results show that only the e+ yield

: i e+@e-e+ measurement at the location after the capture
6 L i , e 625

section is not sufficient in the optimization

procedure. More detailed parameter tunings may

be required.
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Conclusions

Direct simultaneous measurements of the secondary e+e- bunch
characteristics were successfully performed with WBMs at the e+
source of the SuperKEKB B-factory.

Longitudinal and transverse bunch characteristics were obtained for
each bunch as a function of the capture phase to investigate their
dynamical capture process under two-bunch acceleration scheme.

The results show that quite symmetric behaviors in the e—e+ bunch
characteristics were observed.

Such wideband detection techniques could be applied to conventional
and advanced e+ sources in future accelerator projects.

The obtained results may improve simulations in any e+ capture
sections, and the e+ intensity can be systematically optimized in
multidimensional parameter spaces toward high-intensity e+ sources.
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