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CONSTRUCTION AND MEASUREMENT TECHNIQUES FOR THE APS
LEUTL PROJECT RF BEAM POSITION MONITORS ●

Anthony J. Gorski,” Robert M. Lill, Accelerator Systems Division, Advanced Photon Source,
Argonne National Laboratory, 9700 South Cass Avenue, Argonne, IL 60439 U.S.A.

Abstract

The design, construction, and assembly procedure of 24 rf
beam oosition monitors used in the Advanced Photon.
Source low-energy undulator test line and linear
accelerator (Iinac) are described. Beam stability as well as
beam positioning capabilities are essential to the LEUTL
project. A design objective of the LEUTL facility is to
achieve better than 1-pm resolution. The highest care was
used in the mechanical fabrication and assembly of the
BPM units. The latest experimental results using these
BPMs will be presented.

1 INTRODUCTION

The Advanced Photon Source (APS) low-energy
undulator test line (LEUTL) was designed to test
prototype undulatory and to develop the technology
necessary for a fourth-generation synchrotrons light source
[1]. The LELJTL beam position monitor (BPM) system
employs both 4-mm buttons and S-band stripline BPM
detectors as shown in Fig. 1 and schematically in Fig. 2.
The total length of the stripline assembly is 83 mm, the
electrode length is 28 mm, and the inner ekxtrode
diameter is 35 mm, the same as the linac vacuum
chamber ID. The metaI electrodes form 50-ohm
transmission lines between each of the four blades and the
vacuum chamber housing. The downstream end of the

Figure 1: The LEUTL shorted S-band quarter-wave
four-plate stripline BPM
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Figure 2: Cutaway 3D drawing of LEUTL-BPM
showing internal structure

transmission line is ekxxrically shorted, which also
provides mechanical strength and rigidity to support the
stripline pickup. This teehnique of supporting the stripline
results in a TEM wave velocity induced on the stripline
that is approximately equal to the beam velocity.

llte receiver topology used is a monopulse amplitude
to phase (AIWPM) technique for measuring the beam
position in the x and y axes and a logarithmic ampliller
channeI for measuring the beam intensity. The striplines
are installed with the blades rotated 45 degrees fkom axis
to operate in the monopulse system. The stripline output
signals are condhioned by the down converter monopulse
comparator (DCMC). The DCMC provides signal
filtering and down converts the 2856-MHz position
information to 351 MHz. It also generates horizontal and
vertical difference and sum signals through a 180-degree
hybrid rat race network.

2 DESIGN

The LEUTL BPM stripline was designed to operate at
2856 MHz and is similar to that implemented for the APS
Iinac [2]. The design was optimized using standard design
equations [3] and then empirically refined. The design
goal was to enhance port isolation, reduce reflections, and
increase BPM stripline production yields. The impedance
of the stripline was optimized to 50 ohms to match that of
the SMA feedthrough. Figure 2 illustrates the internal
structure and Fig. 3 shows how the output of the stripline
is connected via a short tantalum ribbon to the
molybdenum feedthrough connector. This teehnique
minimizes the electrical mismatch that is typically
encountered when transitioning from the stripline to the
feedthrough. The ribbon also acts as a strain relief for any
forces acting on the ceramic vacuum seal.
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possible beam misalignment conditions. Shown in
Figures 2 and 3 are plots indicating some results of this
mv tracimz effort.

dipole radiation lying in the plane of the particle beam
trajectory.

Upstream X-BPM (Pi) Downstream X-BPM (P2)
_ 4.65 mm

Figure 2: Insertion device exit portray tracing result c
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Figure 3: Ray tracing results showing separation of
bending magnet radiation (crosshatched areas) relative to
insertion device beamline axis after lattice change

The crosshatched areas in Figures 2 and 3 indicate the
regions where bending magnet radiation, streaming from
left to right, is present at the insertion device beamline exit
port. The region above the berunline axis represents
bending magnet radiation emanating from the downstream
fringe fields of the dipole bending magnet located
upstream from the insertion device, while the lower
crosshatched area corresponds to bending magnet
radiation emanating from the upstream end of the
downstream dipole magnet.

In Figure 3, notice the separation between the dipole
“fans” and the insertion device centerline resulting from
the girder realignment. Note that only a sliver of radiation
from the upstream dipole fan survives, with the majority
of it having been occluded by an upstream radiation
absorber. The downstream dipole fan is not displaced
inboard by as much as the upstream fan has been
displaced outboard, a consequence of the relative
distances to the associated source points.

3 EXPERIMENTAL CONFIRMATION

Figure 4 gives the approximate geometry for the two X-
ray beam position monitor blades installed in all standard
AI% beamline front ends. The views shown are taken
from inside the accelerator looking out along the
beamline, with the center of the accelerator on the right-
hand side. The geometry was chosen such that the
upstream assembly would not shadow the downstream
blades and to avoid strong radiation background from

Figure 4: APS X-BPM blade geometry

Figure 5 shows plots of the blade sum signal for each of
two X-BPMS located along two different beamlines, as a
function of insertion device gap. One of them, beamline 1-
ID, is a standard configuration, while the second, 34-ID,
has undergone the “alternative” lattice modification
described in the text following Figure 1 above.
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Figure 5: X-BPM SUMsignals vs. insertion device gap

Notice for the upstream X-BPM in the left-hand figure
that the 34-ID background signal seen with the gap open
(approaching 50 mm) is more than a factor of ten reduced
in comparison to the signal from l-ID. A factor of more
than two improvement is seen for the downstream X-
BPM.

While these results are encouraging, it is important to
understand the characteristics of the remaining
background signals. While radiation from the main dipole
bending magnets should have been all but eliminated,
keep in mind that the l-mrad corrector magnets are
themselves sources of synchrotronsradiation. Because this
radiation is predominantly off-axis horizontally, one
would expect that the “E” and “F” blades would be
strongly affected by it. As reported elsewhere [2], this is,
in fact, the case. By steering vertically with the gap open,
one sees a rapid variation of the signals on these two
blades.
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One fascinating observation was that the response of
the PI blade signals to local vertical steering with the
insertion device gap open was almost perfectly symmetric.
The top two blades tracked each other and were mirror
images of the response of the bottom two blades. This
raises the possibility of using the corrector magnet
radiation itself as a position diagnostic. One would expect
this radiation to show a peak value at a location 0.5 mrad
horizontally off-axis from the insertion device beamline
centerline. A blade monitor design similar to P1 and
located 0.5 mrad off-axis would hold promise as a gap-
independent X-ray position monitor.

Shown in Figure 6 are insertion device gap scans for the
individual blade signals of the upstream (PI) X-BPM on
beamline 34-ID, after the lattice modification.
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Figure 6: Normalized 34-ID X-BPM blade signals vs. gap

The data plotted are normalized by dividing the blade
photoctsrrent signals in microampere by the total stored
beam current in milliamps. Each blade signal was fit to a
function of the form

Signal = Constant+ Factor* Exp( - Rate* Gap),

which is shown by the solid lines in Figure 6. The data is
indicated by diamond-shaped symbols, and the fit
parameters are shown on each plot.

An important aspect of the data in Figure 6 is that the
slopes of the four curves (i.e., the “rates” for the fit) are
significantly different from blade to blade. Whatever the
cause, this phenomenon has serious consequences if one is
interested in using these blade monitors as gap-
independent position diagnostics. Suspecting a nonlinear
electronics effect to be responsible for the observed
differences in slope in Figure 6, the cables were swapped
so that the top blades’ electronics were connected to the
bottom blades, and vice versa. The effect was observed to
move with the blades and not the electronics, thus
exonerating the electronics as the culprit.

Shown in Figure 7 are plots showing the variation of the
“factor” and “rate” fit coefficients as functions of
horizontal and vertical beam position at the P1 blade
monitor location resulting from a local orbit distortion at

the insertion device source point. The transverse beam
positions were computed by an extrapolation from rf beam
position monitors employing capacitive pickup electrodes
mounted on opposite ends of the insertion device vacuum
chamber.
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Figure 7: Gap scan fit coefficients vs. position

One possible explanation for the behavior seen in
Figure 7 is that it is a result of detailed fabrication
differences from blade to blade, for example, small
variations in blade rotation angle. While in principle it
may be possible to compensate for this effect, it is
unlikely that the beam can be stabilized at the sub-micron
level long enough to determine the coefficients to the
required accuracy to support submicron level
compensation.

4 CONCLUSIONS

A technique to substantially reduce stray radiation
background levels from insertion device X-ray beam
position monitors has been implemented at the APS.
While use of these devices as a submicron-stable position
diagnostic remains a challenge, it appears that a device
sensitive to corrector magnet synchrotrons radiation may
hold the potential to be a stable gapindependent X-ray
position diagnostic.
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