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Step Changes in Vertical BPM Measurements???
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Erroneous step changes in beam position measurements and systematic intensity
dependence in the vertical plane have been traced to trapped modes in the vacuum
chamber, placing a fundamental limitation on vertical beam position stabilization



History

eDiscovered TE modes exist *Mafia simulation 2003
corrupting BPM vertical Simulation and LS-299 note
signals 1998 shorting plate in

eCoaxial damper and lossy antechamber

ceramic installed sector 29 «Conclusion shorting plate in
and 27, 5/2000 and 9/2000 antechamber cannot

work request # 17 and 34 separate the frequency of
*PAC paper 1999 every mode

*Other labs using similar *2009 re-measure chamber

vacuum chamber found same and started R&D effort
problems



R & D Measurements (fall 2009)

Goal

» Determine if rogue modes could be suppressed by
periodically shorting high field regions of the anti-chamber

v’ Set-up curved chamber at building 382 and measured
resonances in a curved chamber

v’ Launched vertically polarized signals in the BPM buttons
using 180 degree hybrids confirming original experiments

v’ Verified transmission through the vacuum chamber with a
cut-off frequency near 330 MHz

v Use RF probe to determine high field areas utilizing access
from antechamber pumping ports

v’ Designed and built “E” and “H” type probes to simulate TE
mode into chamber



RF measurements of a storage ring vacuum chamber

An electric field probe launched a vertically polarized signal from one end of the
chamber to a down stream BPM button used to receive the signal.



Curved Chamber “AS BUILT”

21 Jul ZBET B@9:35::28
[CHZE TRH LOG 16 dBAREF -v&2.29 dE 1:-1638.46 dBE 331 B26 886 GHz

*
CHZ Markers
262,895 dB
235.59688 MHz

Fi—-53.811 dB
341.828 MH=

4i-4 8. 727 dB
345.468 MH=

Si-31.226 dB
356.448 MH=

A
b I |

CEMTER .352 BEE BEE GH=z SPAM 180 880 880 GH=

This plot shows the cut-off frequency measured is about 331 MHz and the
first resonance is 335.5 MHz.



Low resistivity probe inserted at vacuum
pumping ports to shunt 10 mm gap
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Added 34 downstream shunt 50 mm into 10 mm gap

21 Jul Zee3 @9:i38: 22
[EHZ] TRH LOG i8 dB/REF -V2.29 dEBE 1:-117F.84 dE 231 836 686 GHz

#
CHZ Markers
2:-115.94 dE
235.5868 MH=z

F-112.658 dBE
241.828 MHz

di-112.20 dBE
245.468 MH=

Si-i@v.84 dB
256.448 MHz

A
a1 3

CEMTER .3532 886 BEA GHz SFAM 180 BEE B8 GH=z

This plot shows the previous measured resonances (marker values) have
been suppressed

v



R&D Measurement Results and Conclusions

*Due to the geometry of the vacuum
chamber, cut-off frequency is
approximately 330 MHz

*TE modes are excited in large-
aperture vacuum chambers and
become trapped between the bellow
end flanges

*TE modes are vertically oriented and
are superimposed on the TEM beam
position signals, corrupting the BPM
measurements
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R&D Phase Il Goals

» Shift cut-off frequency by
shunting 10 mm gap without
intercepting x-rays

*Re-run experiment and
verify data

eSimulate shunts in 10 mm
gap

*Develop requirements

eDesign shunt for real
application

*Test, install and refine
e|nvestigate other chambers
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Resonant H 10 like modes can be calculated
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where c is the velocity of light

-';lc.' Is the cut-off frequency

L is the length



Mafia Simulation S-21 (No Short)
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Mafia simulation (Three Shorts)
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Measured and Calculated Frequencies

Eigen mode Measured

Mode number (MH2) Calculated (MHz)
1 335.5 3302
2 341.0 336.5
3 3455 316.8
4 356.4 3607
5 369.4 3778
6 384.6 3846




Requirements for Suppressing Rogue Modes

» Must have low resistivity at UHF frequencies and short
fields in 10 mm gap

» Must not intercept X-rays when installed in chamber
» Must not damage the vacuum chamber when installing
» Reliable

» Must be able to be installed with access only to anti-
chamber area

» Using spare getter slot in vacuum chamber, must slide
shorting device into position for installation



Additional Mechanical Requirements

» Using a electrician’s “fish tape” or equivalent, 9 snubbers
linked together must have low resistance to pulling into
chamber

» Must be able to install from large flange or small flange
openings of vacuum chamber

» Must have safe clearance when installed next to getter
strips

» Can be linked together as inserted into the vacuum
chamber



Beryllium Copper Longitudinal
Grounding Strips

» Use off-the-shelf EMI shielding
»Provides reliable grounding of high field areas
» Will not scratch or damage chamber

»Can be installed similarly to getter strips




Mode Suppression Design Concepts (Snubber)

A snubber or snubber circuit is often a simple electrical circuit used to suppress
(“snub”) electrical transients



Snubber Design

=Designed snubber for vacuum
application

=Materials stainless steel and
beryllium copper contacts for
shorting 10 mm gap

"Procure prototype for test

=|nstall on spare chamber in building
382 and re-run original experiments
with vacuum quality components

=Assembly is press fit and pop-riveted
together



Snubber Design

=sSnubbers are linked and locked
together as they pulled into
chamber




Practice Pull 9 snubber assemblies into curved
vacuum chamber
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Snubber Installation
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Before Installation of Snubbers

2 Feb 2818 10:43:43
CHI] TRH LOG 18 dBs REF -2 dB S:i-v4.184 dEB 378 998 BEA GH=z
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T

Wl WMMW !

CEMTER .332 BE60 BEE GHz SPAMN 188 886 806 GH=

CH1 Markers
1:-74.495 dE
F35.4608 MHz

2i-E1.286 dBE
341.258 MH=

Fi-54.98% dB
SdE.448 MH=

4:-328.528 dE
297.438 MH=z



After Installation of 9 Snubbers

CHI TRH  LOG

4472 . 3794| MHz=

il nmﬂvﬁr\%\ﬂfm I




Bench Test Result Summary

=9 snubber assemblies were
successfully pulled into the bench
test vacuum chamber

= Simulations and measured data
for before and after snubber
installation show good correlation
and promising results

=\/acuum chamber cut-off
frequency shifted from

approximately 330 MHz to 440
MHz

sStandard snubber design works
well for 7 out 9 BPMs

=Now the bad news

v
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Ray tracing data identifies problems on
curved chambers

SECTION 4

Ray tracing data indicates downstream BPM on curved chambers
cannot use standard snubber . Downstream BPMs AP4 and BP3
require new approach to avoid any possibility of x-ray interception



Snubbers Installation Plan for Sector 29




Solutions

» Designed and prototype
curved snubber that would avoid
X-ray intersection for
downstream end of curved
chambers

» Optimized installation
locations on curved chambers
downstream BPMs S29:AP4 and
S29:BP3 for best passband (347-
357 MHz) using curved snubber

\




Curved Chamber Solution

»The new approach avoids x-ray
interception by curving into the anti-

chamber




Curved Snubber Installed on Test Chamber

14 Jun 2818 15:11:39
EHI] TRH LOG 18 dB., REF -82.23 dB 4i-6Z.043 dB 358 470 BEA GH=

*
CH1 Markers
1:-94.4491 dE
235.558 MHz

2-29.819 dE
4 34253268 MHz

Z-90.911 4B
34E.556 MH=

Si-180.45 dE
365.9680 MHz

=

CEMTER .352 @00 068 GHz SFAM 100 8868 608 GHz

This plot shows the previous measured resonances (marker values) have
been suppressed when curved snubbers are installed



Curved Snubber Installed on Test Chamber

14 Jun 2818 15:11:359
EHI] TRH LOG 18 dB/REF -82.23 dB 4:-62.843 dB  .358 470 000 GHz

¥

CH1 Markers

1:-94.491 dE
335.550 MHz

2:-89.819 dB
342,520 MHz
Fae%35haz
S-188.45 dBE
365,900 MHz

CENTER .352 BB8 888 GHz SPAH .180 888 888 GHz

This plot shows the previous measured resonances compared to simulated response
in red

b



Should we proceed with the installation planned
for September 2010?

*|s this design Electrically and
Mechanically suitable for
application?

*VVacuum Compatible?
*Materials?

*Cost Considerations?

»July 2010 parts were
ordered



September 2010 Shut-Down

e Installation approved by storage ring manager and vacuum
system group

 Drawing package completed

e All parts assembled and cleaned

e Plan all work involving the installation

e Complete installation procedure

e |Installation completed by Mom group in one week

Number of Standard | Number of “C” type | Drawing Number
Snubbers/sectlon Snubbers/sectlon

310307-201100

2 8 2 310307-202100
3 *6 0 310307-203100
4 7 2 310307-204100

5 7 0 310307-205100



Sector 30




Commissioning S29 Cold Test Measurements

Goals

» Cold test each vacuum chamber before and after
installation of snubber system

» Determine if rogue modes are suppressed by cold test
measurements resonances in curve chamber

» First measurements of a complete vacuum chamber with
getter strips installed

» Launch vertically polarized signals in chamber and measure
the BPM button responses

» Verified cut-off to be near 440 MHz after installation
» Verified cold test data with beam test data



S29AP1 & AP2 Before and After Snubber
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S29AP3 & AP4 Before and After Snubber
Installation
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S29BP5 Before and After Snubber Installation
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S29BP4 & BP3 Before and After Snubber Installation

1 Sep 2010 @2:2E:59
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S29BP2 & BP1 Before and After Snubber Installation
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Beam Study Conducted September 30, 2010

Goal

» Collected vsa spectral data for BPMs in S29 which had mode
snubbers installed

*Theoretically the single-bunch spectrum when measured
by a capacitive pick-up is the convolution of the single

bunch spectrum, button response, filter response and cable
attenuation.

°In general the response should have a smooth bell-shaped curved
similar to the output bandpass filter of the filter comparator



BPM Front-End Filter Comparator
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Typical Rogue Microwave Problem
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summary

v

v

The snubber design will reduce or eliminate the trapped TE mode
resonances in the APS storage ring vacuum chambers

The bpms closest to the crotch absorbers, S29AP4y and S29BP3y show
one resonance line each, at 362.8 MHz for AP4 and 343 MHz on BP3.
Other than those two lines all other monopulse BPMs are now clean

A more robust snubber design or a stick absorber that is water cooled
could be implemented if required on AP4 and BP3

A narrow band filter on the BPM frontend is also being considered for
these two BPMs if required
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