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Abstract

The mechanical design, construction, and assembly
procedure of six different septum magnet designs used in
the Advanced Photon Source (APS) facility will be
described. This will include a positron accumulator ring
(PAR) AC septum magne~ a synchrotrons thin injection
septum AC thin and thick extraction sep~ and storage
ring AC thick and thin injection septum magnets.

Design parameters, material selection, assembly
pro&dures, and operational results will be presented.

1 INTRODUCTION
The development of septum magnet fabrication at the
AH facility has been a challenging endeavor. Pulsed
septum magnet design and construction offers the magnet
engineer several challenges in material selection, magnet
assembly, and construction tolerances. Nonsteady-state
forces can lead to material flexture and resultant metal
fatigue. High radiation environments limit material
selection for coil electrical insulating materials. In some
situations, designs r&@re that the laminated core of the
magnet be in the vacuum environment. Outgassing of
trapped interlamination air can be a major concern when
one is required to maintain an ultrahigh vacuum. With
core-in-vacuum designs special care must be taken with
water connections. No water to vacuum joints are
allowed in the septum magnet design. The electrical
constraints are no less trivial. Pulsed septum magnets
naturally imply high currents of the order of 500 to 12000
amps.

The most important feature of septum magnets is to
have a homogeneous field in the magnet gap and a low to
zero leakage field outside the gap such that the circulating
beam is not af;ected. A single septum conductor is used
to separate the gap field from the zero field external
region. To facilitate merging of the injected and stored
beams, the septum conductor is designed to be as thin as
possible without compromising its mechanical, thermal,
electrical, or magnetic shielding performance. In some
designs, septum conductors can be 2.5 mm thick or less.
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2 MECHANICAL AND OPERATIONAL
PARAMETERS

TheAPS facility uses six different septum magnets that
are described below.

2.1 PAR AC Injection and Extraction Septum

The PAR AC septum magnet is mechanically the most
complex of all the APS septa. Designed to operate with a
peak current of 12.057 kA and a repetition rate of 60 Hz,
its thernud design required considerable development.
The complete magnet is contained in a vacuum enclosure
61 cm long by 25.4 cm wide by 17.8 cm high. The core,
septum plate, and bacldeg conductor are aIl water cooled.
The septum plate thickness is 2 mm. The core is stacked
laminations of M22 silicon steel with C5 coating on both
sides; each lamination thickness is 0.36 mm. The core
end-pack is fabricated from laminations that are modified
with tapered bevels designed to reduce heating at the
ends. Additional cooling plates are provided on the end
packs for water cooling. All power and cooling water
feedthroughs are electrically insulated from the vacuu~
enclosure. The magnet is shown schematically in o% ?3
with operational parameters listed in Table 1. ffi w fll
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Figure 1. PAR AC septum magnet

Table 1: PAR AC septum magnet parameters

Number 1
Physical Length 0.48 m
Effective Length 0.4 m
Field Strength 0.75 T
Maximum Septum Thickness 2 mm (+)
Magnetic Field Aperture 7.0 x 2.0 cm
Bending Angle 199.6 mrad
Peak Current 12.057 kA
Peak Power 29 kW
Rep Rate 60 QPS

Pulse Length (half sine wave) 275 w
Average Power 0.574 kW
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The MPBPM electronics had previously been
connected to the small gap chamber’s buttons (PO
buttons), which were moved earlier from the nearby
standard chamber buttons (P1 buttons), as the insertion
device chambers were installed. Since the NBBPM
electronics were to be connected to PO buttons, the
MPBPM electronics had to be moved back to PI buttons.
This exchange was done in several stages, by swapping
electronics for only a few insertion device chambers at a
time. Careful procedures were followed to ensure the
user orbit was restored as closely as possible. After the
swap, standard practice was to perform an orbit
correction without using the swapped BPMs, followed by
enabling these BPMs and generating new offset values
based on the newly measured orbit. In some cases,
further alignment was required at a riser’s request.

3 BENCH MEASUREMENT DATA

Them noise and linearity error were measured in a
bench setu~ data is shown in Fig. 1. A continuous wave
(CW) signal horn an rf sourceat 351.927 MHz together
with a 1-4 power splitter were used to simulate button
signals. The power level was varied such that a range of
-10 dBm to -70 dBm was aclieved at the input of
NBBPM electronics. Note that 100 mA in the APS
storage ring generates about -30 dBm power at 351.927
MHz (with centered beam), when measured at the
NBBPM electronic-s. The measurement in Fig. 1 shows
that the noise and linearity for the full range vary up to
22 microns, but for a normal user run (about -30 dBm to
-40 dBm), these variations are only between 1 to 2
microns,
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Figure 1: Noise and linearity data vs. input power

As also seen in Fig. 1, the “good” range of -10 to -30
dBm is not used due to the low power level of the stored
beam. To boost the power levels, preliminary work has
shown that with minor modifications, an rf matching
network developed for the MPBPM upgra& [4], boosts
the power level by 8 to 10 dBm. These matching
networks will be installed in the near future at all PO
buttons.

Measurements were also ma& to characterize the
narrow-band filter that rejects the revolution harmonics

around the rf frequency. These harmonics, at 271.5 kHz
away, were only about 25 dB down flom the center
frequency amplitude. This could have an impact on the
bunch pattern dependency and further studies are
needed.

4 STORAGE RING DATA

All NBBPMs have been commissioned for the slow orbit
correction system, increasing the total number of
available BPMs to 400. Work is in progress to include
NBBPMs for the real-time feedback system. To quantify
the overall performance of NBBPMs in the storage ring
is rather difficul$ but &ta show that there are signifkant
improvements both in the intensity and in the bunch
dependency. We also make use of XBPM data to
compare some results.

The scrape down data shown in Fig. 2 indicate that
there is a reduction in the offset compensation by ahnost
a factor of 2. This data is taken in a controlled set of
conditions where the orbit is believed to be as stable as
possible, as the storage ring current is scraped from 100
mA to 40 mA in about 20 minutes. The MPBPM data
were taken in early 1998 when all ID chamber buttons
were connected to MPBPM electronics. The NBBPM
data were taken in early 1999 when same ID chamber
buttons were connected to NBBPM electronics. It is
believed that a smaller amount of systematic errors
should provi& a better estimate for orbit correction.

14

12

1 (-)

4

2

0

Offset Comwen~

50 7s 100

Storage Ring Bc2um Current (mA)

Figure 2 Scrape down data for MPBPMs and NBBPMs

We performed an experiment where we did almost the
opposite of scrape down. The storage ring was filled at
about two-minute intervals from 50 mA to 100 mA. The
data in Fig. 3 shows that orbit drif4 as measured by all
NBBPMs, is less than 3.5 microns for both planes as
compared to seven microns measured during scrape
down. In thk experimen~ all designated bunches were
tilled except those used by the MPBPMs, making the
MPBPM system insensitive to the intensity changes (not
the case during scrape down), and thus perhaps providing
a better orbit control. Note that horizontal drift cannot be
observed in the bottom trace due to a higher orbit noise
level exhibited in the horizontal plane. However, it can
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safely be concluded that the intensity/bunch &pendency
effects in NBBPMs are less than 3.5 microns for a fill of
50 to 100 mA.
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Figure 3: Orbit drifts as measured by NBBPMs

The NBBPMs can measure submicron level changes.
The top trace in Fig. 4 is horizontal XBPM data shown
for a period of about seven hours during a user run; it
shows a downward motion. T’hk XBPM is located -15
m away from the ID source and therefore has an angular
advantage of - 12 over NBBPMs. The bottom trace is a
computed signal (called forward-mapped) at the XBPM
location derived from NBBPMs straddling the LDsource.
This tmce shows a combination of a downward motion
overlapped with a periodic motion that is about 33
minutes long. Since the similar periodic motion is not
seen on the XBPM, it is apparently not a real orbit
motion. The observed periodic motion in NBBPMs is
probably due to submicron level motion of the chambers
to which these BPMs are attache~ and is caused by a
correlated periodic variation that has been observed in
the chamber cooling water temperature. It is noteworthy
to point out that the orbit correction system does not
respond to such variations, as it only corrects for long
spatial wavelength orbit changes.

XBPM and NBBPM Drift Data
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Figure 4 X-ray BPM and rf BPM forward-mapped data

The NBBPM also provides signals for the digitizing
beam position ltilt &tector (DBPLD), an interlock that
&tects beam missteering conditions. This system worka
well for stored beam, but has not yet been commissioned
for top-up operation. The vertical BPM sensitivity

(V/mm) for the small-gap insertion device chambers has
a strong &pendence on horizontal beam position. This
was evident during injection when several mm horizontal
orbit transient occurred, inducing a false vertical
transient. It was also observed that this coupling showed
a minimum as DC vertical orbit was varied. The vertical
position where minimum is observed probably indicates
the vacuum chamber’s geometric center. Further work is
in progress, so that the DBPLD can be used in the near
future. Presently, the older system (BPLD) connected to
P2 buttons is used to protect the machine.

5 CONCLUSIONS

Data from the bench and storage ring show
improvements in orbit measurement by the NBBPM
system. The intensity and bunch depen&nce effects are
smaller. Further work is in progress to characterize these
BPMs more precisely utilizing XBPMS.
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