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BPM MAFIA Model
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MAFIA model of SNS linac BPM (one-half cutout) with cone tapered
box and electrodes (dark-blue) with modified terminations
(connectors are shown in red).

BPM Systems IFP 12/14/00 Los Alamos



Electrostatic Coupling in BPMs
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Electrostatic coupling in three BPMs: 60° electrodes (left), the same with
separators (center), and 45° electrodes (right). The color of equipotential lines
corresponds to the scale below.
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CCL BPM Linearity

(R-LW{R+L} or Ln{R/L)/2
@ 2B 2 B B @ 2
Pud fad b Ln {=r] == om =]

=
-k

L=

—na

0.5

(0 1= 8 A A I G e

£0.25 1001 O L A1
okl L L EL

DA A f A

A CTETTEETTEE T R T TLET (TR TR
i Hl Lk i i HLLLE 5

0.4 ---““““T"“-r-T"wnm-wnm"w"MHWHq"--“-r-m-
H H [ H H H L

03 =5 kel o o, £ b o .. . 2 ]

H
CR A o B R B B B Y S L

0.05

0.1

0.2

0.25
=T

0.3 045 0.5

Horizontal ratio S of the signal harmonics at 402.5 MHz (top lines for S=In(4y/4,)/2.
bottom ones for S=(Ag-A )/(Ax+A4)) versus the beam horizontal displacement x/r, for a few values of
the beam vertical displacement y/r, (left, see legend); contours of equal ratio S=In(4x/4, )/2 (right).
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CCL BPM Signals
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Signals on four BPM electrodes from a passing transversely displaced (x=r,/2, v=r/4)
bunch: left — voltages versus time during one period 7=1/f,=2.4845 ns; right — normalized Fourier
transform amplitudes (V) versus frequency.
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CCL BPM Phase Response
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402.5-MHz signal phases on four BPM electrodes and for the summed signal versus beam
vertical displacement y/ry,, for the beam horizontal displacement x/r,=1/4 (left) and x/r,=1/2 (right).
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Berkeley MEBT BPM

Berkeley designed MEBT BPM
22 degree lobes, 71.5 mm long
Two apertures, 30 and 40 mm
KAMAN feed through

Fits inside quadrupole magnets
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Berkeley MEBT BPM Overview

SMA Vacuum ’[[—I
Feedthroughs

.
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Welded Bellows

— e Stripline

pmm—— Spool

Spot Welded
Connections

Rotatable
4.25" Flange
(split)

Material: 316 Stainless Steel

Bore Tube
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Berkeley MEBT BPM Interface with Quads y
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Adequate
clearance is
provided to
connect to
feedthroughs

F
i
e

BPM shimmed
between quad
pole tips (nominal

clearance =.005") ok
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DTL BPM Prototype

A prototype of the DTL BPM
has been fabricated.

Need to test the response of
the BPM before and after
installation into the drift tube.

Need to insure the ability to
thread coax lines back
through DT stem.

The KAMAN feed through is a
long lead item (6 month
delivery), so a different type
of feed through was used.

Additional work is going on to
refine brazing techniques.

Continue working with
KAMAN to develop right angle
feed through.

Different feed through
utilized because of availability
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DTL BPM Fabrication - Body Sub-Assembly

BPM outer cover and inner
electrode parts are machined
to specification.

Machining of the electrodes
induces internal stresses
which in turn cause the
electrode to move.

Electrode part is then
annealed (stress relieved)
using fixturing to hold
electrodes in place.

Fixturing consists of a bore
sized plug to set electrodes
at the proper position.

Cover and electrode are then
brazed together.

Dowel pins are used to
correctly clock the two parts.
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Inner electrode

/

/Outer cover
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DTL Beam Position Monitor

Beam line instrument consists of 60° angle

outer cover and inner electrode
parts.

Inner part has four, 60° included
angle, strip-line electrodes,
shorted at one end.

Electrodes flush with drift tube ID.

Geometry is optimized to form 50-  Feed through with nut\
Q impedance transmission line.

Signal from electrodes is taken Y
out through outer cover and drift
tube stem.

SMA vacuum feed through is used
to provide vacuum seal (Al,O3
strengthened boro-silicate seal).

Outer cover

Inner electrode -
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DTL BPM Fabrication - Feed Through Sub-Assembly

Still working with KAMAN to develop the
feed through.

Center pin will likely be TZM
molybdenum, which will require a
material transition between center pin
and electrode.

Copper plug is brazed to Moly center
pin, on the bench (if we can’t get this
from KAMAN).

Stainless to copper transition piece is
needed between feed through body and
outer BPM cover.

Transition piece is brazed together, then
e-beam welded to feed through.

Feed though sub-assembly is e-beam
welded into place.

Electrical contact is ensured by e-beam
welding (tack weld) copper plug on end
of center pin to electrode.
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SMA interface\

KAMAN custom
/ feed through

Stainless transition \
—E

Copper transition —,

TZM moly
center pin

Stainless steel
weld lip

Copper plug =t

brazed to center pin\f

Braze
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DTL BPM Fabrication - BPM Final Assembly

Feed though sub-assembly
Is then e-beam welded into
outer cover so that the plug
on the center pin of the feed
through fits into hole in end
of the electrode.

Electrical contact is ensured

by e-beaming the copper

plug on the end of the Feed through
. sub-assembly

center-pin to the copper

electrode. Outer cover

Inner electrode is
brazed into outer cover
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DTL BPM Assembly in Drift Tube

The complete BPM unit will be delivered to
Drift Tube fabricator for installation in DT.

The DT inner body, outer body, diverter tube,
and water tubes (stem) will already be
assembled.

One end cap will not be in place yet.

Signal cables will be fed down through the
Drift Tube stem and threaded on to the SMA
connector.

BPM with cables attached is now placed in
DT and will seat in installed end cap.

A dowel pin design will be used to ensure
proper clocking in the DT.

The open end cap is then placed on the drift
tube and the final sealing e-beam welds are
done.

BPM is no longer accessible at this point.

Final machining of DT faces is required to
bring them into tolerance.

DT inner body

DT outer body

I \Water tubes

dlverter

BPM unit

End cap

Final welds
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DTL Alignment

The drift tube/BPM assembly will be
mapped (taut wire measurement)
with reference to the fiducial
features in the lab.

Alignment of the drift tube/BPM
assembly will be accomplished by
using the two fiducial holes in the
side of the drift tube.

It will be necessary to insure the
BPM is clocked in the drift tube so
that the fiducial holes line up with
the horizontal electrodes.

The plan is to have a pin in the drift
tube end cap and a groove in the
BPM body, so that when the two
parts go together roll will be
controlled.

Fiducial flat

Fiducial flat
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CCL BPM Prototype
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A prototype of the CCL BPM has been fabricated by BNL.
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CCL Beam Position Monitor

=S

Beam line instrument consists of
outer cover and inner electrode
parts.

Inner part has four, 60° included
angle, strip-line electrodes,
shorted at one end.

Geometry is optimized to form 50-
Q impedance transmission line.

SMA vacuum feed through built
into 1.33” conflat flange is used to
provide vacuum seal (Al>O3
strengthened boro-silicate seal).

All stainless steel construction. Outer cover

Based on BNL RHIC design. Mounting flange \

SMA feed through
built into conflat
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CCL BPM Fabrication and Assembly

BPM outer cover and inner
electrode parts are brazed
together.

Fixturing plug is used to hold
different pieces in place during
assembly.

Plug threads into the electrode
and holds pipe standoff in place
during welding.

Then parts go into furnace and
outer cover and inner electrode
pieces are brazed together.

Fixturing plugs are removed.
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Inner electrode \

Outer cover

Standoff seal
welded to body

Mounting flange
Braze fixturing plug
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CCL BPM Fabrication and Assembly

Conflat flange is welded to
standoff.

Signal pins are threaded into
the end of the electrode.

Contact pressure between
the feed through center-pin
and the pin threaded into
end of electrode provide
electrical connection.

By varying the length of the
pin the offset of the BPM can
be tweaked

The feed through imbedded
in the conflat allows removal
and replacement if
necessary.

— 1/SNS
%&
KAMAN feed through
/inside conflat

/ Mating conflat flange

Standoff

Signal pin

Threaded holes
in electrode ends
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CCL BPM Fabrication and Assembly

Conflat flange is welded to
standoff.

Standoff supports mating
conflat during welding.

— £SNS
Flange is bolted %%

and pinned to Quad
adapter plate

Signal pin

Standoff

Mating conflat/'l

Feed through——>
in conflat
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CCL BPM Alignment
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The CCL BPM will be rigidly
attached to a quadrupole
magnet.

Up and downstream beam
tube will be welded to BPM.

The quadrupole magnet will
have an adjustable kinematic
mount.

An adapter plate will be used
to mount the BPM to the
magnet.

One side of the adapter plate
will be pinned to the magnet
face and the other side of the
adapter plate will be pinned to
the BPM mounting flange.

We also intend to provide
target holes for alignment
fiducials.

CCL quadrupole

Adapter plate

BPM mounting flange
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SCL Beam Position Monitor
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Same basic design as the CCL
BPM.

Bore diameter is 2.87 inches
(72.90 mm).

Will reside in the warm section
of beam line between Cryo
modules.

Plan is to also mount the BPM
to quadrupole magnets, still
under development.
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BPM Dimensions
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Min. Energy, | Beta, Min. | Diameter, | Length,mm | Lobe
MeV mm Angle
MEBT1 |25 0.0728 30 71.5 22
MEBT 2 | 2.5 0.0728 40 71.5 22
DTL 7.5 0.126 25 32 60
CCL 87 0.404 30 40 60
SCL 186 0.55 73 50 60
D-Plate |7.5 0.126 100 90 60
BPM Systems IEP 12/14/00 Los Alamos



BPM Signal Levels and Responses
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Freq. P, Beta P(Cent) | P(min) | P(max) | Dynamic | S,

MHz dBm Factor | dBm dBm* dBm* Range* dB/mm
MEBT 1 | 805 -055 |(0.139 |-17.66 |-35.31 |[1.12 36.4 4.76
MEBT 2 | 805 -0.55 |[0.051 |-26.33 |-48.57 |-2.86 45.7 4.52
DTL 805 1.03 0.455 |-5.8 -18.7 1.4 20.1 3.12
CCL 4025 |-242 |0.972 |-2.7 -11.0 3.6 14.6 1.87
SCL 4025 |-142 |0.933 |-2.0 -9.8 5.1 14.9 0.79
D-Plate |402.5 |2.55 0.108 |-16.7 -21.7%* | -13.9** | 7.8** 1.25

*pbeam displaced at 1/2 of pipe radius
** beam displaced at 1/8 of piperadius
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BPM Reference Signals
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Stabilized 352.5/755 MHz Reference Line

BPM Cables

e, Tunmel Wall 72 fthd o B Foa e Pt B

352.5 MHz

402.5 MHz

755 MHz

805 MHz

2.5 MHz LLRF
LLRF Ref. "|  Module

Stabilized 2.5 MHz
Ref.
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Electronics Specifications (preliminary)
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M easurement Freq. 402.5/805 MHz
|nter mediate Freq. S0MHz
L ocal Oscillator Freq. 352.5/755 MHz
Sampling Frequency 40 MHz
M easur ement Bandwidth S5MHz
Maximum Signal Power +2 dBm
KTB @5MHzBW -107 dBm
Electronics Noise Figure 17.5dB
Cable Loss (100 Ft.) 3.7/5.4dB
ADC SINAD 72 dB
SFDR 85dB
Max. Calibration Output 6 dBm
BPM Systems IFP 12114100 Los Alamos



PCI Card Dimensions
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Front End Daughter Card Dimensions
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AFE Preliminary Block Diagram
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BPM AFE Preliminary Data Sheet

BPM-AFE._

BPM Analog Frontend

BPM-AFE isan analog frontend to process RF signals from beam
position pickup electrodes. It deliversan output signal which can
bedirectly entered into fast 14-bit ADCs. It is specially developed
for transfer linesand linacs. It can be customized to any RF

frequency up to 1 GHz.

Non-inter ceptive beam position
measurement

Four parallel processing path

Mezzanine board to PCI
specifications

The Beam Position
Monitor Analog Frontend
(BPM-AFE) ) isan
electronics module for
fast analog processing of
beam pickup signals
1st row

400" (10.16mm)

Customizableto
any bunch
frequency up to
1GHz

4.400" (111.8mm)

.11 (2.8mm)
2x

3.8000"
96.5mm)

3.600”
(91.44mm)

Conceptual

Four input signals processed

4,500 (114.3mm)

1075" (1.5mm)

in parallel, allows single-pass
position measur ement

Input signals are down-converted by independent
super heter odyne receiversto an intermediate
frequency (IF)

| F output signals ar e differential and galvanically
isolated, for direct input into fast ADC (e.g.
AD6644)

Output signals are adjustable up to 1V to take
advantage of full ADC input aperture

High phase accuracy and low harmonic distortion by
current feedback amplifiers

| F bandwidth adjustable by separate independent
high-pass and low-pass filter s provide flexibility

Low power dissipation and temperaturedrift are
achieved with passive mixers

Excellent in-band transient response

Abuse-tolerent, by design. Hot-swap.

Signal processing

Input signal'sinto each superheterodyne channel can either be
the Calibration signal or the signal from the lobe, controlled
by the Lobe, Input and Calibration switches. Each channel
switches are controlled individually. Calibration signals are
balanced to identical level for each receiver, and can be sent to
any lobe for detection by another channel, under the control of
the switches. Calibration signal frequency isindependent of
the superheterodyne receiver frequency.

Switch-selected input signal's are summed to produce a phase
reference signal. Each channel is otherwise processed
independently. Two successive trap filters reject unwanted
harmonics. A passive double-balanced mixer processes the
signal with acommon Local Oscillator (LO) signa. The
common LO signal is distributed to each mixer after
buffering. The resulting Intermediate Frequency (IF) is
filtered by two cascaded high-pass and low-pass filters to reject
the unwanted mixing products.

The IF filtered signal is amplified by two stages of high gain
x bandwidth current-feedback amplifiers. Thefirst stage can
be switched between two gain levels, while the second stage
gain is adjustable by potentiometer in arange 1:4.

A balun at the output produces a balanced signal with floating
ground reference from each single-ended IF signal.v.0.1

Block
Diagram

Spit ad
Lobe B

Split adj
Lobec |

Spit ad
Lobe D

Phase
\

Cal. split output LO input

Specifications

Board size: 3.800" (96.5mm) high
4,500" (114.3mm) wide
with 2 mounting holes per PCI specifications
Operating frequency Customizable 60 MHz < f0 < 1 GHz
RF input signal +2 dBm max
IF output signal +1V max
Overdl gain Pot adjustablein 1:4 range

Fixed range switching x1/x4 by TTL control

Intermediate frequency ~ Customizable 10 MHz < IF < 100 MHz
|F output bandwidth ~ Customizable 10 kHz < IFBW < 1 MHz
IF harmonics distortion < 50 dBc

Sum output Pot ad]usable(M dB aboveinput level
Sum balanced to 0.1 dB.
On opuon ‘sum balanced to 0.01 dB
Sum phase error < 3degrees
Calibration By externa caibration signal

Calibration switching < 50-ns switching, >50 dB isolation

Calibration signal +13 dBm max

Calibration balancing ~ Splitter and switches compensated to <0.1 dB
error. On option: <0.01 dB.

RF harmonics rejection > 60dB f2, f3 rejection
Crosstalk Channel to channel: < 50 dB
Calibration to channel: < 60 dB

Connectors Male HE10 60 pins (30x2) right angle header
SMA jack right angle 50-ohm for RF signals (7)
Power supply +5V, -5V regulated

Temperature drift <103 per degree

=S

Balanced output

Gain range set

Gain adjust

Ordering information
BPM-AFE-xxxMHz BPM Frontend PCI mezzanine

On-board factory-installed options:
BPM-AFE/CLM  Calibration signal level matching
error <0.01dB

Maintenance accessories:

BPM-AFE/KIT Table-top test kit featuring
AC-DC power supply
Single-ended 50-ohm output
SMAsfor each channel

SUPERHET/04-xxxMHz

Superheterodyne detector with 4

inputs. Resolves 0.001 dB

channel-to-channel difference

Phase independent !

Incl. 4 Cannon pin probes

Schematics and test procedures,

full set with copyrights

BPM-AFE/SCH

One-time Customizing:
BPM-AFE/CUS-xxxMHz
Customize BPM-AFE to xxxMHz
operating frequency
Dlstr ibutors
MW Associates
955 Indusrlal Rd

s, CA 94070, U.SA.
Fax: (650) 8026796 - Tel. (650) 802-8202
sdles@gmw.com

Japan : REPIC Corporation

28-3 Kita Otsuka 1-Chome

Toshima-ku, Tokyo 170-0004, Japan
Fax: 03-3918-5712 - Tel.: 03-3918-5326
sales@repic.co.jp

Manufacturer

BERGOZ Instrumentation

Espace Allondon Ouest

01630 Saint Genis Pouiilly, France

Fax: +33-450.426.643 - Tel.: +33-450.426.642
sales@bergoz.com

Instrumentation
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Software Benchmarks
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« Assume 1.2-ms long macropulses

1 ms beam data
200 us calibration period rf turn-on transient

e 192000 data points

8 channels of | and Q
40 MSPS ADC clock gives 20 MHz 1/Q data pair rate

« Data can be read into LabVIEW at over 230 Hz

933 MHz CPU

« Typical linac application runs at over 600 Hz

100 millipulses of data processes
Average beam position calculated
Average amplitude and phase calculated

Doesn’t include time stamp, continuous calibration or channel access, but
this requires time

» More work needed

BPM Systems IEP 12/14/00 Los Alamos



Summary
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* Preliminary designs for DTL and CCL BPMs complete
— Prototype DTL BPM fabricated
— Prototype CCL BPM fabricated
 Preliminary design of SCL and D-plate BPMs in progress

 Preliminary design of BPM electronics in progress

— Digital I/Q processing if down-converted signals
Prototype analog front end ordered and due in March
Prototype PCI motherboard due in January

— Prototype RF reference oscillator chassis received
« System software development and testing in progress
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