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A sudden step change is observed in the vertical position readings from beam position

monitors (BPMs) mounted at the several sector vacuum chambers of Pohang Light Source.

To study the source of this sudden step change, we measured the RF transmission scattering
matrix (Szi) through the pickup electrodes of BPMs mounted at the both ends of the sector

vacuum chamber. The measured S,; graph of the sector vacuum chambers suffering sudden

step change has a peak in the BPM operation frequency bandwidth. Otherwise that of the

other sector vacuum chambers doesn’t have a peak. It is shown by the numerical simulation

that the peak found in the BPM operation frequency bandwidth corresponds to the longitudinal

harmonic of transverse electric resonance mode.
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I. Introduction

The beam position monitor (BPM) [1,2] mounted in
the storage ring of Pohang Light Source (PLS)
consists of four pickup electrodes which are coupled
to the electron beam in capacitive way. When the
electron beam goes through the storage ring beam
chamber, the electric potential is induced at the
electrodes due to the image charge on the surface of
beam chamber. Then the horizontal and vertical
position of electron beam is measured by the potential
difference between electrodes as shown in Fig. 1. The
measured beam position is used for beam orbit
correction feed—back loop. However, it has been
reported by many physicists in several light sources

that the sudden step change occurs in the vertical
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position reading from BPMs in the vacuum chambers
of storage ring [3—5].
The storage ring of PLS is not free from this sud—
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Figure 1. Conceptual drawing of BPM. The offset
distances in the direction of x and y are
calculated by the simple analytic equation.
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den step change either. To avoid this BPM signal
noise, the operation frequency of these noise suffer—
ing BPMs has been changed from normal value of 500
MHz to 375 MHz. The beam filling pattern is also
modified to have a blank bucket after every three
beam bunches. However, this temporary solution in—
creases the charge of each electron beam bunches and
causes more cost to maintain the additional BPM sys—
tems for the different frequencies. Furthermore, it is
planning to install only two BPMs in a sector vacuum
chamber of storage ring of PLS—II, the PLS upgrade
project. Therefore, it is significantly requested to
study the origin of BPM signal noise in the storage
ring of PLS.

In this study, we measured the RF transmission
scattering matrix (Sp1) through the pickup electrodes
of BPMs mounted at both the ends of the sector
vacuum chamber. Furthermore, finite—difference
time—domain (FDTD) simulation of the sector vacuum
chambers was carried out to determine the field

distribution of resonance modes.

II. BPM vertical position reading
in the PLS storage ring

The time varying profiles of beam current, gap of
insertion (IDs),
position readings of BPM 6, 7, 8, and 9 in the cell 8
on 21, Mar. 2009 is shown in Fig. 2. The position of

devices horizontal and vertical

BPMs is shown in Fig. 3. There are three sudden step
changes in the vertical position readings of BPM. The
step 1 may be caused by the change of ID gap, and the
step 2 and 4 are caused by the beam injection to
storage ring. However, the origin of the step 3 is not
clear.

Many causes, for instances, ground motion of
storage ring, Irregular change of current from
magnet power supply and electrical misbehaving of

BPM boards are considered. However, these causes
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Figure 2. The one day time variation of beam current,
gap of insertion devices (IDs), horizontal and
vertical BPM position readings of cell 8 on
21, Mar. 2009.
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Figure 3. The top—view of the vacuum chamber of a
cell of PLS storage ring with positions of BPMs.
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cannot explain that the direction of vertical offset is
not uniform in the different BPMs and the horizontal
position readings are relatively quiet. At last, it is
suspected that the sudden step change in vertical
BPM position reading is correlated with the resonance
modes inside vacuum chamber, because To verify that
the origin of BPM noise is resonance mode in the
vacuum chamber, the resonance modes near the 0.5
MHz frequency band centered on the 500 MHz where
the BPMs are sensitive should be investigated.

The large horizontal width of sector vacuum cham—
bers of PLS is required to extract and block synchro—
tron and to install vacuum components as shown in
Fig. 3 [6]. Therefore, the beam chamber is connected
to the antechamber through the neck with small
height and as shown in Fig. 4. The role of neck area
1s to provide good conductance for vacuum pumping
and for transmission of the photons into the beam
port. It was well known that the beam—induced
transverse magnetic (TM) mode propagates to ante—
chamber through this neck area with small height
thus the fields are confined in the beam chamber with
small volume [7,8]. Therefore the cutoff frequency of
TM mode is much higher than 500 MHz.

However, the cutoff frequency of TE mode can be
lower than 500 MHz because of the extended width of
vacuum chamber for the neck area and antechamber.
Furthermore, the neck area with a small height
introduces a large capacitive loading that lowers the
cut—off frequency for TE modes of the chamber in

comparison to a rectangular waveguide having the
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Figure 4. Cross section of normal vacuum chamber of
PLS storage ring A—A' line shown in Fig. 3.
The length of antechamber varies.
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same width. Therefore, it is possible for the harmonic
of TE mode to be excited at the operation frequency
of BPM.

III. Experimental measurement of
PLS vacuum chamber

To experimentally invest the resonance TE modes
excited in PLS vacuum chamber, the So1 between BPM
ports, without beam, 1s measured using vector
network analyzer (VNA) as shown in Fig. 5. The
signal from the port 1 of VNA is feed to amplifier to
get the enough incident power to the beam chamber.
Here, to protect amplifier and VNA from reflection
power, a circulator and a load is used. It is measured
by the power meter that the incident power to BPM
port is about 10 watt. Because the incident power to
the BPM port is electrically coupled to inside of the
beam chamber and it is vertically connected to the
beam chamber, the TE mode is excited inside of beam
chamber. When the TE mode is arrived at the other
BPM port, the pick—up signal is coupled to the port
2 of VNA. Then, we can get the S21 graph in the
frequency domain using VNA. The BPM pickup
electrodes of BPM 6 and BPM 1 mounted at opposite
ends of the sector 2 vacuum chamber are used in the

measurement.
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Figure 5. Experimental setup for the measurement of
RF power transmission through BPM ports.
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Here, we selected two cells from the total twelve
cells of PLS storage ring. One is the cell #12 where
the noise from TE mode is frequently observed and
the other is cell #9 where no TE mode noise is
observed. The measured S21 graph is shown in Fig. 6.

The Ss; graph of the cell 12 seems to be translated
from that of the cell 9. The peak for cell 9 is find out
of the blue line but that of cell 12 is found inside the
beamwidth of the BPM operation frequency. This
explains why the BPM signals of cell 9 are not
corrupted by the TE mode but those of cell 12 are
corrupted by TE mode. The reason why frequencies of
eigenmodes are different between each cells is under

study.

IV. Numerical simulation of resonance
modes in PLS vacuum chamber

Both ends of a sector vacuum chamber and the beam
port are connected to the bellows with small radius,
and thus, the sector vacuum chamber can be modeled
as a cavity with electric boundaries. Therefore, in the
FDTD simulation, CST Microwave Studio (MWS), an
eigenmode solver is used to study the field dis—

tribution of the resonance mode excited inside a sec—
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Figure 6. RF transmission parameter (S21) through the
BPM ports of BPM6 and BPM1. The colored
area means the bandwidth of bandpass filter
on the BPM signal board.

tor vacuum chamber. The simulation model of sector
2 vacuum chamber of PLS storage ring is shown in
Fig. 7. Only the vacuum is shown. The vertical pho—
ton absorber is also included. We find eigenmodes
near the BPM operation frequency and trace by in—
creasing of mesh numbers as shown in Fig. 8. The ei—
genmode frequencies are converged as the mesh num—
ber increases and matched with the peak frequencies
in the measured S21 graph with about 1 MHz differ—
ences. These differences are caused by the neglect of
strip NEG structure, the assumption of perfect con—
ductor and simplified simulation model. Therefore the
experimental measurement is well matched with nu—
merical calculation.

The electric field distribution of the resonance

mode near 500 MHz is shown in Fig. 9. The electric

Figure 7. Simulation model of sector 2. Photon ab—
sorbers are inserted.
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Figure 8. Simulation result of sector 2. The mesh
optimization is shown.
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Figure 9. The electric field contour plot of the Eigen—
mode near the BPM operation frequency of
500 MHz. The vertically oriented electric
field near the BPM is shown.

field is oriented in the vertical direction, which
means that the resonance mode excited in the sector
vacuum chamber is one of the longitudinal harmonics
of the TE resonance mode.

Thus, the vertical position reading has a sudden
step change when the TE resonance mode is excited
and amplified to a certain level during operation of
the storage ring. The physical process of excitation
and amplification of the TE resonance mode of the
sector vacuum chamber will be investigated in a

future study.

V. Conclusion

In this study, we numerically and experimentally

analyze the resonance mode excited in a sector
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vacuum chamber of the PLS to find the source of
spurious BPM signal noise. It is verified that the
vertical offset noise of a BPM in the PLS storage ring
1s caused by the vertically oriented electric field of
the longitudinal harmonic of the TE resonance mode.
On the basis of this study, we are now under
designing a sector vacuum chamber of the PLS—II
free from the TE resonance mode and will publish the

results of this work soon.
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