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Deep BPM Thoughts Nore Dare -

by Bob Webber 139y

I.v TEV BPM History - Why it is what it is
A. Motivaters

1.

4.
5.

commissioning, tune-up (short batch, low intensity), and operation (high
intensity slow spill fixed target mode, perhaps eventual colliding besms) of
first-ever high energy superconducting magnet synchrotron

availability of single tern normalized position information for beam abort
system for quench preveation and magnet damage protection

managesble cost and complexity resulting in primorily clossd orbit system
(as opposed to giobal TBT or position vs. “time in batch teain’ system)
mmmmmmmmpbmm”m

svailsbility of fanctioning system for initial beam commissioning
Myndnmwmtmﬂnmw“)

| Y '*M

1
2.

3.

short batch o full sing epamtienal capebility (single bunch measurement
performance was 8 sasatday guiscity)
availability of widle bandud@il, ‘seal time’, normalized position sigaal for

mmmwﬁuuummmuh
more useful ﬂywm)

first pass position and intemsity information availability

TEV was the first machine to have the luxury of being commissionsd with 2
mmuum“mma‘.d—m
suficiently in advamce.

I.  SSC BPM Status
A. Few Final Design Decisions Actuaily Reached

L

combination of diode peak detectors and AM/PM was the bassline signal

: wmmmw
. sovision des: 1112994
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2. this was not a satisfactory, suitable, nor complete plan
3. enormous work remained to be done to specify BPM system of agreed up
performance capability
B. Committed to utilization of log amp circuitry for Linac and LEB
1. confident of suitability for those applications
a) sufficient prototyping and testing had been done (even in FNAL Booster)
b) performance requirements for these machines were not too tough

2. experience of those applications was needed before finalizing decision for
superconducting rings

3. sum and difference nomenclature got perverted in some of the write-ups

IIl. Persistent BPM Problems

A. Range of beam charge distributions and magnitudes to be accommodated
(number of bunches, bunch length, repetition frequency, etc.)
B. Timing
1. ‘self-triggering’ always has problems with bunch/batch intensity, charge
distribution, and bunch/batch shape variations
2. external triggering is expensive in large distributed systems

C. A and B (or equivalent) Channel Matching
1. stability vs. time and temperature
2. tougher with larger signal dynamic range

We signal tested, temp tested, and matched or pair-selected a large fraction of
the components in all TEV/MR style BPM RF Modules.

3. on-line calibration may help

a) calibration system and signal injection paths must overcome same time/
temp sensitivities and problems

b) calibration system may also be inadequate or erroneous (as in LEP where
calibration pulse shape and frequency content did not adequately
replicate beam pulse leading to erroneous calibration, machine
operational confusion, and eventually expensive retro-fit)

IV. My General Concerns

A. With fast ‘bunch sampling’ schemes
1. sample trigger accuracy (see TIMING above)

‘Webber:Desktop Folder:Deep BPM Thoughts
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a) channel to channel
b) vs. time and temp
c) vs. beam intensity
d) vs. bunch shape
2. dynamic range
3. accuracy and noise of sampling circuitry

B. With ‘normalization after digitization’

1. limited instantaneous dynamic range (range switching usually required)

2. absence of availability of low latency normalized analog signal

Concerns can be alleviated with proper specification of BPM system
performance requirements and with suitable understanding of the
compromises that are possible or may be necessary.

Systems specifiers and designers are well served to appreciate the differences
between measurement of beam parameters (single pass position, position vs.
time in a batch or train of batches, oscillation amplitude, instability modes,
energy error, etc.) and measurement of machine parameters (closed orbit,
tune, dispersion, chromaticity, phase advance,  function, etc.) BPM systems
are nearly always called upon to serve both needs. Most of the beam
parameters are global and may be determined by measurement at one or a
small number of locations in a ring. Many of the machine parameters, closed
orbit for example, are local and require measurement at a large number of
locations for complete information. An understanding of these differences is
essential to making satisfactory compromises when lack of time, money,
people, or whatever prevent design of the perfect, all encompassing system.

Amazements of a BPM Desigher

A. How much unquestioning faith users put in BPM data under all conditions

if the system is shown to work well in one instance.
B. How a system with so many shortcomings can still serve so well.

C. How much more difficult are the design/implementation/operational

problems of the control systems/user interface than the so ‘agonized about’

analog signal processing problems.

D. How a beautiful signal processing scheme can simply be an inconsequential
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VI

part of a miserable BPM system when the user interface is screwed up.

E. How every BPM system is expected to everything, in spite of what it was

designed to do.

F. How the beam always ends up being configured to produce signals just on

the edge of what the BPM system was designed to handle.

G. How difficult it is to reach necessary decisions to limit the scope of
performance of a BPM system in specification.

The Ideal System

A. Reliable External Triggering

Wideband Analog Normalization

Turn - by - Turn Digitization with Deep Memory
Sufficiently Large Instantaneous Dynamic Range

m S 0w

Designed-in and built-in time and temperature stability

Design compromises always will be necessary. The best design will depend on
the particular application and that best design may have to be compromised.
The attempt to apply the Tevatron Multibus based system to the Main Ring, to
transfer lines, to P-bar, and then to Booster resulted in progressively less
satisfactory performance. This was the result of a compromise in which the
motivation to apply existing hardware won out over the desire for optimal
performance. ‘

The signal processing circuitry and the control system/user interface are quite
separate aspects of a BPM system, but the system will be most acceptable only
when those two complement each other by design and the important
performance objectives of the system are limited and understood from the
start.
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BPM DESIGN NOTE ¢3¢
JANUARY 8, 1088

apagh CLOSER LOOK AT RF MODULE AND DAUGNTER CARD
* RESPONSE TO

SHORT BATCH AND SINGLE BUNCE BEAM SIGNALS
ROBERT C. WEBBER
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