¢ Brookhaven

National Laboratory
BNL-105129-2014-TECH
Booster Technical Note No. 82;BNL-105129-2014-1R

Some issues concerning beam sensing pick-ups

E. Higgins

July 1987

Collider Accelerator Department
Brookhaven National Laboratory

U.S. Department of Energy
USDOE Office of Science (SC)

Notice: This technical note has been authored by employees of Brookhaven Science Associates, LLC under
Contract No.DE-AC02-76CH00016 with the U.S. Department of Energy. The publisher by accepting the technical
note for publication acknowledges that the United States Government retains a non-exclusive, paid-up, irrevocable,
world-wide license to publish or reproduce the published form of this technical note, or allow others to do so, for
United States Government purposes.



DISCLAIMER

This report was prepared as an account of work sponsored by an agency of the
United States Government. Neither the United States Government nor any
agency thereof, nor any of their employees, nor any of their contractors,
subcontractors, or their employees, makes any warranty, express or implied, or
assumes any legal liability or responsibility for the accuracy, completeness, or any
third party’s use or the results of such use of any information, apparatus, product,
or process disclosed, or represents that its use would not infringe privately owned
rights. Reference herein to any specific commercial product, process, or service
by trade name, trademark, manufacturer, or otherwise, does not necessarily
constitute or imply its endorsement, recommendation, or favoring by the United
States Government or any agency thereof or its contractors or subcontractors.
The views and opinions of authors expressed herein do not necessarily state or
reflect those of the United States Government or any agency thereof.



SOME ISSUES CONCERNING BEAM SENSING PICK-UPS

AD
Booster Technical Note
No. 82

ECWARD HIGGIMS

JULY 1, 1987
ACCELERATOR DEVELOPMENT DEPARTMENT

Brookhaven National Laboratory
Upton, N.Y. 11973




SOME ISSUES CONCERNING BEAM SENSING PICK-UPS

Edward Higgins
June 24, 1987

GENERAL

Pick-up electrodes are important in the Booster from the standpoint of
machine control, observation of beam parameters such as beam shape, length,
trajectory, orbit, etc., and for observation of spectra and motion in both

transverse and longitudinal space.

Ideally, a pick-up having only a single design could do all of the
needed sensing of beam parameters but for a complex machine such as the
Booster, it may be necessary to have more than one design to allow observa-
tion and control of the parameter set which ranges over very wide ranges in

frequency, intensity, and other dynamical beam properties.

In many machines two or more kinds of sensors have been used to secure

data and other special features depending on the operational circumstances.

BOOSTER PICK-UPS

A favorite type of pick-up, for high frequency near relativistic
bunched beams, the stripline,has been used to advantage to define the tem-
A favorite type of pick-up, for high frequency near relativistic
bunched beams, the stripline, has been used to advantage to define the
temporal, frequency domain, and position properties of beams in many
synchrotrons. However, in the case of the Booster, where one must explore

beam phenomena in the frequency spectral range in the few 100s of kilohertz



to say several MHz, the properties of the stripline, particularly its large
size which approaches A/4 in length for high longitudinal impedance, are
not good. The sensitivity of the pick-up, determined mainly by the

effective longitudinal impedance, Z/n, diminishes rapidly below the most

l‘D<

sensitive point defined by Z/n = gRo/V 2; fpax = » where Ro is strip im-

I

%
pedance, g = geometric factor, % = length of electrode, and v, = effective

velocity.

The electrostatic pick-up consisting of plate electrodes in single

units or arrays or the magnetic pick-up consisting of single or arrayed

current transformer sensors will offer characteristics better matching beam

temporal and frequency requirements. Note, however, that these devices
need very careful attention to electrical and mechanical design factors if
they are to be successful in accurately measuring the beam parameters and
sensitive enough to be broadly useful. Generally, both pick-up types are
characterized by a low frequency response region, i.e., a G(s)= G(jw)=Kq(s)
response, a flat mid-frequency region i.e. G(s) = Ky, and a high freqﬁency

K

region characterized by G(s) = T%)' For the elctrostatic device, the low

low frequency response points ends at about f = 1/wRC where R is the elec-
trodes effective load resistance and C is the electrode capacity. The flat
region extends to the point where the induced signal and the electrode
structure exhibits resonant effects or where the electrode capacitance
begins to dominate the impedance parameter and the pick-up integrates the
beams induced signal. See Figure 1. Resonant effects are perhaps the most
serious error producing effect in the electrostatic designs since both

longitudinal and circumferential resonances can be generated, with some



resonant effects developing in the mid-frequency region where the sensor is
"supposed" to have constant (good) characteristics, Attachment points on
the electrode plate play an important part in reducing the possible
resonant modes of the electrode and its connecting strucutre/mechanism as
do damping networks placed between adjacent electrodes for those pick-ups

(multi-electrode) designed for position monitoring.

The magnetic pick-up has similar concerns and its response region are
similar except that the low-frequency region ends at about f = 1/w (L/R),
where L is the equivalent sensor inductance and R is the load resistance.
At first glance one would expect that the spurious resonance effects for
this pick-up would be less than that of the capacitive electrode but if the
magnetic loop is made large enough to obtain high transfer impedance as
would be needed for obtaining reasonable voltages from low intensity beams,
the loop area must be large and the physical structure of the loop must be
correspondingly large, hence, the possibility of in-band spurious reson-
ances exist because of stray capacitance. This effect seriously limits

accuracy.

Note that generally, for all types of pick-ups, that the spectral por=-
tion of the beam induced signal which falls in the low-frequency region
will be differentiated while that falling in the high frequency region will
be integrated while good representation of the beams temporal character-
istics will only be obtained if the beam spectrum falls within the flat

part of the sensors response.



An additional factor that must be considered in the selection of the
pick-up is how to transfer the developed sensor power (voltage) to the loca-

tion where the signals are processed. Both the transfer impedance,

Vout
Ibeam

Zp = » and the frequency response associated with the device may be

altered significantly and spurious noise effects may be serious due to
ground currents. For example, for the case where the load resistor is
extremely large, ( thR P>1), Zp =gl/vC, a relatively large value even for
£, and C small; for example a small capacitive pick-up may have a capacity
of say 50 pf (25 pf plate + 25 pf stray), g = .5, a length of 0.1 meter and
for v = Bc = 1.68E8, (Booster inj,p*), Zp = 5.95 ohms. As a result, this
pick-up (depending on the load resistor) is a very sensitive device com-
pared to most striplines and single-loop magnetic devices. Note, however,
that the high coupling impedance (Z/n) may impact the Booster machine
design budget for the total allowable longitudinal impedance for the
machine. If N such pick-ups (est 24 for Booster) are used for the position
monitors, then the total longitudinal budget just for these devices is ZpN

= 143 ohms; a very large value for a high current machine.

If the pick-up electrode is loaded with a smaller load resistor, Zp
will be reduced but the device becomes reactive and mildly frequency sensi-
tive (See Fig. 1). For example, for R = 100 ohms, C total = 50 pf,
£ = .1 meter, Bjnj = .56, Zp = .41 /86° ohms, at f = fip; = 2.5 MHz. At
extraction (4.1 MHz - P) the magnitude of Zp is .46 ohms while the phase

angle is lower, 83°,



The net result of terminating the pick-up electrode with the smaller
resistor is to reduce Z, by at least an order-of-magnitude (in this

example) but the response of the device to the beam spectrum is now that of
of a differentiator i.e., Vgut o %E (Ig(t)) since the low frequency range

is set to about, 1/27RC = 32MHz for the example parameters.
Z/n ISSUE

One of the important issues in the design of the Booster is whether
the beam position monitor system can be designed to be compatible with the
allowable longitudinal impedance budget for both high intensity proton oper-

ation and low intensity heavy-ion operation.

Clearly, if an impedance "modulator" attached to the electrodes and
controlled automatically by ion or intensity logic, both objectives could
be realized with the same sensor assuming the signal processing equipment
could be contrived to handle the complex signals. (Figure 2). Also, there
may be a plate terminating method using a single load resistor which could
satisfy both high and low beam currents., A search for this alternative

needs to begin.

The differentiated beam signals, inherent with small size low
impedance pick-up structures, could easily be utilized in the high
intensity mode (protons) to obtain position data with little machine
performance impact because of the longitudinal impedance issues, but the
beams temporal characteristics and measure of intensity would be difficult

and prone to error if these parameters were to be determined from the same



sensor. On the other hand, for the low intensity heavy ion beams the elec-
trodes could be terminated in a high impedance permitting the needed broad
frequency response together with better coupling to the beam for improved
signal-to-noise ratio and there would be little impact on beam stability or

longitudinal impedance issues.

An alternative plan would be to include 4 small [g = ) "button"

20
pick-ups in an integral arrangement with the plate assemblies. In such an
arrangement the plate electrodes would be provided with a switched low
impedance load such that for the operation with high B and high intensity
protons the plates would be grounded, making the coupling impedance nearly

zero. The button pick-ups would then be used in the normal way for

position information for protons and because of g = 5% , the Z/n would be

small in this mode., The advantage of the technique is that the shorting
switch contacts used to control the Z/n of the plates would not have to be
precisely established at a specific value (a few milliohms-to-a few ohms

would be okay).

In the design of the signal transmission cabling, from beam line to
electronics processor a great deal of care must be exercised with either
concept so as to eliminate the inherent "noise" spectrum from dec-to-a few
tens of kilohertz so as to avoid mixing the spurious noise content with the
beam developed signals. At least two techniques are applicable here (1)
insulate the pick-up assembly from the beamline and (2) increasing the
transfer cable impedance by use of a set of cable/ferrite core impedance

transformers. Both techniques (Fig. 3) add cost and complexity to the



System but will pay, handsomely, in good signal reproduction at the signal

processing terminal point.

APPENDIX

Appendix I contains some general information about beam pick=-ups and

beam signal processors.

SUMMARY

1.

For the Booster capacitive plate pick-ups appear to be the best choice.
Careful mechanical arrangement of the assembly together with care in
electrical cable attachment methods will be mandatory for stable opera-
tion.

Z/n consideration dictate some technique either to modulate the longi-
tudinal impedance when the machine is operated in its various
modes, heavy ions, or high intensity proton production or a compromise
plate termination scheme developed to satisfy both high and low beam
currents,

Much care is needed in the design of the pick=-up electrodes and its
mechanical design to eliminate resonance effects.

The signal transport from pick-up to the electronic processor must be
designed to reduce/eliminate the spurious ground currents which could
produce serious error if mixed with the beam developed signals within

the spectra area of interest.
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PART 1 - OVERVIEW

*SoME GENERAL ATTRIBUTES OF BEAM LINE INSTRUMENTATION

o DeTect

o LocAaTE

0 QUANTIFY

0 MoNITOR

o ConTrOL

~



*11ems of SpeciaL INTEREST To ACCELERATOR SCIENCE

INTENSITY

PosiTiON

ENERGY

PROFILES

SPECTRA

Avc. BEAM CURRENT
NumBer DENsITY OF CHARGES
ABSOLUTE, RELATIVE

Ist MoMENT CENTROID

LocATE RELATIVE TO REFERENCE
[RAJECTORY/ORRBIT

KINETIC, MASS VELOCITY RELATION

TRANSVERSE CHARGE DISTRIBUTION
LONGITUDINAL CHARGE DISTRIBUTION

BEAM CoONTENT
BETATRON MoTION
SIDEBAND STRUCTURE



o KINETIC RELATIONS

0o EMITTANCE

0o RADIATIONS

0 OTHERS

]

® %k 0k % *

® ok kW

TuNES

CoHERENT MoTION
Beam Breakup
DamMPING
MOMENTUM SPREAD
BEAM TRAVEL TIME

Cross SeEcTioN X EMISSION
SoL1D ANGLE

SYNCHROTRON
NUCLEAR

STRAY RF FIELDS
X-Ravy, RF

MANY



GOOD INSTRUMENTATION HELPS

UNDERSTAND MACHINE DyNAMICS

VERY USEFUL IN COMMISSIONING
IMPORTANT IN GENERAL MAINTENANCE
MAkes PossiBLE OPERATIONAL PROCEDURES

ProvIDES HisTORY OoF MACHINE SETTINGS
& ADJUSTMENTS FOR ANALYSIS

BAsis FOR MANY UPGRADE SPECIFICATIONS

SAFETY



WHAT’S IMPORTANT ABOUT BEAM POSITION MONITORS

EstaBLISH ORBIT OR BEAM PATHWAY ; TRAJECTORY
PrimARY TooL FOR TRANSVERSE MOTION ANALYSIS, SPECTRUM

AIDs IN AcQuisSITION STEERING PARAMETERS FOR BENDS,
Bumps, ETC.

HeLps, FIND, AND CoNTROL INSTABILITIES
SETs OrRBIT RADIUS (syncHrRoTRons) COUPLED TO RF

CAN BE CouPLED WITH INTENSITY TO OBTAIN SPECTRAL ANALYSIS
AND Loss DaTA

HeLps IN MoniTORING CRITICAL OFFSETS, AIDS IN ADJUSTMENT
ofF Kick, Benp, Bump FIELDS.



BPM GENERAL FACTORS

0 NeeDps SENSOR To INTERROGATE & MEASURE BEAM FIELDS

0 MAcHINE Desi6N DIcTATES ARCHITECTURE
* BEAM PARAMETERS
BEAMLINE CONFIGURATION
Tyre oF Ion
CHARGED, UNCHARGED, PARTICLE
DesirRep TYPE OF SERVICE
(A) MoNITOR
(B) ConTROL
(c) Srtupy

L R R

0 SPeEeDp oF RESPONSE, LocATION, AcCURACY, RESOLUTION,
Dynamic RanNGe, DicTATeE Type oF CIRCUITS

0 DATA use DicTATES HOW SYSTEM INTERFACED WITH I & C.



PART 11 - THE SYSTEM PROBLEM

DETERMINE CENTROID RELATIVE TO REFERENCE (WITH
REQUIRED ACCURACY AND PRECISION)

* MEASURE WITHOUT BEAM INTERCEPTION

* RESULT INSENSITIVE TO INTENSITY, OR BUNCH WIDTH

* RESULT MONOTONIC WITH DISPLACEMENT

*

RESULT WITHOUT HYSTERESIS, DEAD-BAND, SPURIOUS NOISE

* NEGLIGIBLE EFFECT ON BEAM OR BEAM GUIDEWAY

* COST EFFECTIVE-MANY MONITOR LOCATIONS

R



SOME SYSTEM FACTORS

SENSORS SHOULD PROVIDE CAPABILITY TO PROCESS BEAM
FOR OppNESS ABouT BEaM LINE d 1E., F(X) = - F (-x) ~»
IMPLIES SEVERAL SENSORS IN CLUSTER.

ATTACHMENT CABLES SHOULD NOT DEGRADE SENSOR QUANTITIES
SIGNIFICANTLY — LOW LOSS/DISPERSION

PROCESSORS MUST MEET ACCURACY & PRECISION WITHOUT
DRIFT OR NOISE ERROR — PASSIVE PROCESSING IF PoSSIBLE

INTERFACES MUST CONVEY PROCESSED DATA TO | & C WITH
APPROPRIATE SPEED AND RESOLUTION - SPECIAL CODE FORMAT
& ISOLATED INTERCONNECT BUS IF POSSIBLE

CoMPONENT DAMAGE - BEAMLINE COMPONENTS MUST OPERATE
IN SEVERE ENVIRONMENT - DECOUPLEjFROM BEAM RADIATIVE
EFFECTS & USE RAD HARD MATERIALS

j0



GENERAL SYSTEM ACCURACY/RESOLUTION

Accuracy & ResoLuTioN CONDITIONAL WITH

MeEcHANICAL ALIGNMENT ERROR
* ELECTRONIC PROCESSING ERROR

(A) DrRIFTS
(B) NONLINEAR EFFECTS

(c)  OffseTs
(D) DeLAY - RESPONSE TIME

(E) SPURIOUS NOISE AND INTERNAL EQUIPMENT NOISE

* NoOISE ERROR DUE TO SIGNAL-TO-NOISE(SNR) EFFECTS
THERMAL NOISE
Best Accuracy For SNR @ 60 pB ABout 0.5 % APERTURE

BeEsT REsoLutioN For SNR @ 60 pB asout 0.05% .

1 \s
SNR DEPENDENCE ¢ x =+ <____)
ASNR

Kl



PART I11 SENSORS & PROCESSORS

SENSOR OVERVIEW

*

*

*

CapACITOR ELECTRODE
MaGNETIC Loop
STRIPLINE

WAVEGUIDE

CAVITY WITH PROBE/LOOP
SLot & TEM stRIP

OTHER



CAPACITIVE BEAM SENSOR
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PLATE PICK-UP CONCERNS

Poor DRIVER -+ Z DRIVE REACTIVE
SPURIOUS RESONANCES ~+ RIPPLE IN TIME DOMAIN

STRAY C° A PROBLEM IN SUPPORT & COUPLING

STRUCTURES CSTRAY = CP

MATCHING 2 OR MORE DEVICES DIFFICULT - SPURIOUS
VARIATIONS

INTERCOUPLING BETWEEN PLANES DIFFICULT TO
REMOVE » 20 pB

Low FREQ@ PERFORMANCE POOR + (S)IN NUMERATOR,
(R) LOAD SMALL

DIRECTIVITY + NONE

0K _FEATURES

X &k % &

TRANSFER Z HIGH + >5 g

BUTTON TYPE EASY TO IMPLEMENT

SMALL SIZE FOR SOME TYPES

Low BANDWIDTH » CAN USE A (0-Jx)>(R+J0) CONVERTER

\Y

anj C(u:ioas rosmances .
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MAGNETIC LooP BEAM SENSOR
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O MAGWETIC l0oP SENSOR
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MAGNETIC 100P PICK-UP CONCERNS

0 Poor DRIVER + / DRIVE REACTIVE

0 SPURIOUS RESONANCES = WITH STRAY (S, RIPPLE

0 STRAY PARTICLES CAN INDUCE CHARGE -+ CAUSE ERROR
0 TRANSFER / USUALLY VERY LOW*> /M <1 OHM

0 USUALLY POOR LOW FREQUENCY PERFORMANCE

OK FEATURES

0 SMALL SIZE » LOW PROFILE

0 EAsY 10 SUPPORT

0 CAN BE SHIELDED -REDUCE STRAY PARTICLE EFFECTS
0 NARROW BAND + CAN USE (0-Jx)+(R+J0) CONVERTER

0o Goop FOR "IN-CAVITY” USE

¥
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0 SysTem DEFINED

1. OVERALL SYSTEM GOAL STATEMENT

2. SENSORS
3. BEAMLINE ATTACHMENTS
(A) FLANGES
(B) CAVITIES
(c) FEEDTHRUS
(p) IMPEDANCE CONVERTERS
., CABLE SYSTEM & Mux
5. ISOLATION SCHEME
6. PROCESSOR ELECTRONICS

/. CONTROLS INTERFACE

8. DiISPLAY & OPERATIONS
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RESISTOR/STRIPL INE SENSOR
TEMPORAL RESPONSE
. < STRIP_TRAVEL TIME = T0
-+ ! ' CHARGE TRAVEL TIME
PORT A VOLTAGE ! | !
DUE TO CHARGE { ] :
FLOW - , ! |
S l.FORWARD __; Rpeverse |
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PORT B voLTAGE [0 £ | DIRECTION | OPEOSITE
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NO — | i !
E S ] 1
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STRIPLINE PICK-UP FACTORS

0 BrOAD BAND + 1 - 2 OCTAVES, 2 DECADES SPECIAL
0 6ooD DRIVER + REAL, 8 Z; STRIP

0 GOoOD INTENSITY SENSITIVITY » 2 - 5 OHMS .
Ve feac ™ 08T

I THME

0 FAITHFUL REPRODUCTION » UNTIL (terip )

0 EXCELLENT ISOLATION BETWEEN PLANES+ >40 DB
0 LOW BEAM EFFECTS~> Z/m«1—4~ OHM
0 DIRECTIONAL IF REQUIRED - 20 - 26 DB

0 PRODUCES DOUBLET + CAN BE USEFUL

NOT SO GOOD

0 NEGATIVE GHOST + STARTS AT (te1ip)
0 DIFFICULT TO CONSTRUCT * NEED GOOD TOLERANCES

0 ZEROS IN PASSBAND + IF NOT COMPENSATED
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WAVECUIDE REAM SENSOR
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/mm
¥ = 0.'7mV/mM
SIENAL SERET TIVITY

SR——

so} CHAQAC'TEP-I!TIQ
42
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W ¢ I
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> 6 |
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20mm  DISPLACERENT F0mm

ng = Ex3o - 1ot gy
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WAVEGUIDE PICK-UP FACTORS

Goop SENSITIVITY -+ 0.7 MV/MM DISPLACEMENT
+ 5% /MM PHASE DISPLACEMENT

SMALL SI1ZE - BEAM SPECTRAL COMPONENTS NEEDED AT
MICROWAVE FREQUENCY

DRIVER CONNECTION MATCHED + SPECIAL TRANSITION

DIRECT PHASE PROCESSING POSSIBLE + GOOD FEATURE

WIDE BANDWIDTH + POSSIBLE WITH RIDGED GUIDE

Goop LINEARITY > oVER 0.5 APERTURE

CONCERNS

HicH Zwp
NEED 2 STRUCTURES FOR DUAL PLANE

SPURIOUS MODE EXCITATION



- CAVITY PICK-UP

0 USES BEAM TO EXCITE MODES FOR POSITION, ELECTRIC COUPLING

0 USES THIN ASSOCIATED CAVITY AND MAGNETIC COUPLING FOR
INTENSITY

0 FOR POSITION + SQUARE CAVITY USING TE 102, TE 201 mobEe

O FOR INTENSITY * ROUND CAVITY USING TMOlO MODE

0 SHUNT Z(POSITION) > CHANGES WITH DISPLACEMENT




CAVITY BEAM SENSOR

FoR ?os«rnou Dawe/x Our PT = 3e|ro OMARXIS
l€., "TE 107 MODE NoT ExcITED

\ValV kAM'I ”n ) “~m
) 0

_— 1 y o
Where Zm = SDHMS/MM’@) O~ banA,

Typical Exampe @ S-band fovr 3004A cw beam, |mm

19D - [ -'L R \Li :.___Q— A P q
) = kSOOKlD X [omms) M"“ = 450x10 W&qu’F

. 2

Avarcioee Vow)= ¥=:=;""7”"%"‘,
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W u
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L~ ]
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D
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l/ T e JONUACE s A pm - : DISPLOCEMEMNT
JVoiEs [TRRIC CHRIUEES o
BY T WHEW 1T
BEAM MovES Acoiss ¥
Axiss. PRocECS -

BY SywcwRivous DET,



SLOT COUPLED BEAM SENSOR

o BEAM E-M FIELDS LEAK OUT SLOTS

o SLOTS ENERGIZE TEM STRIP

o APPLICABLE FOR SENSOR WHEN BEAM SPECTRUM IN
MICROWAVE REGION

\V(’ =r£g;n Tet) _
Zom=7 5€ fin (KN'F)
V, = 5§ Sin(knt)To)
Whow K= Ceometric Guetanl 44XI5°
| £ = -chtuency n éH).
N = Nuwmber .-6 Slote I at»rag




SLOT CouPLED TEM-LINE SENSOR

ExampE ! What 1S Zm Versos W@ L-band. 1.0 43,
Slet Spufn] g %

Ty
o

Myrvae L,)oJou(e
oHAS
0

.
!

o W

1
fo
N =# stoTs

MorE JWF0—-SEE. |EEE TRAVSACTIONS OU

WMVCLEAR SCIENCE & Avé (943
Pa&E 2158



o CompAcT sIzE » FEW A, LONG AND RELATIVELY FLAT

0 BROAD BANDWIDTH -+ 1-2 OCTAVES

0 HieH SENSITIVITY » ZM, 5-20 oHMS

(&)

]
w
e
c
x
by
O
o
[ %]
4
=
=
m
(%2}
Y
=
-
m
X
-
]
=
m

® T UICH TIE | ONG
u'lllu it LIV NS

* GOOD ONLY AT MICROWAVE FREQUENCY

N



SOME IMPORTANT PROPERTIES OF SENSORS

VouTt
MutuaL IMPEDANCE (M), » IM ~
IBEAM
VBEAM FWD
DirecTiONAL SENSITIVITY, SD » —MmM8M8—
V BEAM REV

1, NONDIRECTIONAL
>], DIRECTIONAL

DISPLACEMENT SENSITIVITY Sx - S (¥x)

S X

LINEARITY = DEVIATION ABouT BSL
1-5% - 60% APERTURE

IsoLAaTioN = Vx - KVy, K »-20/40 dB

Noise TEMPERATURE »~ Ta = EE ,  KELVIN
K ay
PR = NoISE POWER
K = 1.38x10% s
8y = BANDWIDTH



[// TURN

LoNGITUDINAL IMPEDANCE, ZN ~ b

STRIPLINE » 1— 4 ohms

TRANSVERSE IMPEDANCE, Z; - Sma il

HARDNESS + MATERIALS MUST SURVIVE LARGE TOTAL DOSE
OF RADIATION

Low B FACTOR - WALL CURRENT FIELD SPREAD AT WALL

_ B<<i _-—_le _
3 <
_-L U S
FWHMI
=~ L4c



BEAM SENSOR - FUTURE

SPIRAL & SPIRAL ARRAY

ARRAY OF LOOPS

LIGHT GUIDEWAY + HOMODYNE AND Ib(t)
EFFECT ON FARADAY ROTATION

BACK SCATTER RADAR AT SUB ..\ | |meTER

FORWARD SCATTER AT SUB 1\ | merer



0 PROCESSOR OVERVIEW

*  WHAT TO PROCESS

o

= - AGC & FEEDBACK
r
d ~
* — gy FEEDFORWARD ”
x
i SR AT
77 4
VB d~
®* _ , RATIO BY CORRELATION
Va

*  VARIATIONS -+ ENVELOP DETECTOR, TIME MUX,
UP/DOWN CONVERSIONS

\3



WHAT To PROCESS

1. Deverop Simpee Modee

. OperatE ON CuRVTITIES

3. Cowclusions Basep SENLOR
on CRITERIA L "A"

L

Deveror AN obD Fonctiow
ABouT X=0 WITHOUT ()

ARV IwTENMSITY DEPEND]
ENCY 4

AssvmE
(@) GEoMETRY At SHowN
(b) Liwvear LwpovcTioN

(&) Va, Voot Lo, ¥, 4, Vp
Where

Tv= beam corrent

L = X dispLacEMENT VALE

/) = Pla'f'e Separation

VP = refevence nduction, beam

max dictance from oppos.fe
PlaT e

Va, Vp = Sensor oorpuT VoLrage
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o sum (V)

\/2 =(VB+V’7> = K3Ib) KS Sc.a.“m, constant

0 DoEs poT WEET CRITERIA — Mot 04d and
TS Propovﬁona.\ 1o Ib AvD woT To (1), .

© \Vz — couvstant with suty Tb as dependency

o ls tT USEFUL P--- Yes, WHY?

3¢



® DirreeencE (Vi)

\/d =(VB‘VA) = K, Tb 1) K\ ScALIw e CorxTANT

1 YA
( )_ | S

@ V4 ProcErsivé — DoEs woT mEET ovErALL
CRITERIA, X PEMAINS
PeoporTIonal To b ALTHovcH

A =0DD aBooT X=0

® Recall Vz amd DIWIDE —9(_\\/_/4_ -
T

o) o2

Vz
s (0= Ka(L2) ) Ke=covsTaiT

VQ THE SUM QUAVTITY WAS VSEFUL — TO SEE
WHY , TURN PAGE .



Ci1e 1S A BEMARKABLE AND 1mPoRTANT BECOLT

|. THE oll.sfluemoﬂ' 1 contained 1V
the DIFFEEENCE -TD - SUM RATIO

. The vesulT is oDD ABOUT ¥ = 0 due to
Yd c\wa.nam% CiGM

The vecalt s msensihveto Lb

q. The $|ope of the vewult can be
adjusted ba manifala.ﬁon of Kq
5" An elect ponic d;W}(er can be L(Je’é(

To Solve -'FOV")( I-F A'a\d-Ml.C’V\d-V\ Q)
Fesfome Sf’ed) ‘@re&ueucy)
Spectval comdtions (fterwﬁ‘(".

G. Mawy sysreus opeeare 6 SEboR
SlteNAL W THIS WAy



e Ritio (\/z)

VR s .\_/é.) = EIb Prlp » A I
<VA KIv@xlp P{"z:y))’@:(—izﬁ)
Ve = ['L___lé_:‘gz] = KX R 2k P

THIS 1S ALsO A BEMARKARLE AND IMPoRTANT RECULT
. The da‘crucemenT% /s lnd@,oéudeuf ot I}
. The displacement ic contained v Pam(%;%)
3. The Log (%5—) 1S odd a.f:ou'l"'?-'=0 J,LWEM’_

4. AY\ e’?dtvom'c, f/ocef.(o& cav be USED

To Solve for(X)AND cAN DETERMIVE
(¥) m a few ms.

5. Meets CRITERIA

"
€. ManY Sopze FasT” Posimion SYCTEMS
DPEQATE_ OM TTHI S TYPE oFE PROCESS ING.,



e [rovoct (\/@

1 (LY
Vi = (Vaxlk)= K}é— Ki&_zl;arbvp-;-v,,z

& CmPl cated result

© DoEs MoT MEET CRITERIA — EVEN ForcTipu
ABOUT  X=0 4t fa)={y)

? 0“‘( )
® Ic iTusefyl 7 F bly l%%ﬁ[_ﬁxﬁ%—‘?;{x)aﬂ.

B[]

8 Answer — Uo‘(sin e fv ! de/oénaés on

Ibﬁ eren "ﬂwa’/l )1 has mow

i)gcome o deswable o0D -fqnd’«}ﬂ
about ¥=0

C@UCZU!/&/U{ [, Uge(%;—) pmcessmﬂ of

Q. VSE (%i—) RaTio ProcessinG

3. OHER SIMPLE PROCESSES

Don’'l Week [ :
HA



(—é—) PROCESSOR USING AGC AvD FEEDBAE

VA"‘ Ve 1 l
% T l G Cos 1AW ° %
p HyBRIDS AcC. K,

ToO

SEMORS FoR b — . PHASE. Eoer EDET
z. t d/ Vﬂ VB G‘L T > DET

7 & B4

|, MATCH G682 OVER 6PERATIONAL DYNAMIC RANGE
2. ForcE 6,=G, BY AGC AcTioN Avd Ex conetanT

3- ZG,:: E: d/v-ol. 4.6-3_:&

4. amd 6 =L et G- BA

5. Since 61=6. E= < __E.."_l- o Ed‘%—\) Ec
> d

b. Smce Ez is consTant(K) B4 = K'(%)

wt
1 Since these SI?HQIS have €W Je/aendenw

and the HVBP!D(A)sc'qnal Chanff’s phue
with beam 41‘5/a/a(€m9n7; =+ T, @ BEAM CROSSOUER

¢, Ever = K, K(—‘é—) (os{é)&-,- yea% 5odal FopcTion

SloPE cmwseJ l _ ,
DISPLACEMENT  SI6MCHAMFER AT

QLANTITY PoivT WHERE BEAH
CRoSSES AXIS

43



JOoB SHEET OF

‘lm'"\‘!m BEAM MONITOR ASC

DATE

ooy 04 Cattngrmag
M0 ALABOS MNEITPUNC LANBAL YOIV

AT DIVISION Com PLICAT(ONS BY

@ A COMPUCATION 1IN THE bluisio

PROCESS WHEN THE AGC-GAIN SLAVE
METHOD IS  USED.

. For Afw&ﬁ% A i o %—IJMB

ﬂoibv&/ Goin Wf L tHod /o(oc_
\.Oag T2o 0”3/426“4& ALy zi/M/u;'My I, S/WZ:;.
KL =40 —
|
s ' Sope — 208 jecade
l
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ONS I
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d
SUM & DIFFERENCE ( - ) PROCESSOR FEEDBACK

ADVANTAGES

o

o

0

WIDE DYNAMIC RANGE
STABLE OPERATION

GOOD NORMALIZATION

DISADVANTAGES

o

o

COMPLEX CIRCUIT
REQUIRES MATCHED CHANNELS
SLOW FOR LARGE DYNAMIC INPUT RANGE

AGC COMPLICATIONS ( MUST HAVE AVERAGER TO SMOOTH.
FEED BACK SIGNAL )

DIFFICULT IN REDUCING ERROR SINCE LARGE SIGNAL
DIFFERENCE IN EACH CHANNEL



d
SUM AND DIFFERENCE ( - ) FAST SYSTEM

L

How DO YOU SOLVE THE SPEED PROBLEM?

1.

DEsi6N FEEDFORWARD RATHER THAN FEEDBACK PROCESS.

MAKE A "TIME MACHINE” TO CORRECT FOR THE MAJOR
FEED-FORWARD ERROR.

Use GAIN SWEEP AND S & H TECHNOLOGY TO ADJUST
GAINS AND PERMIT OUTPUT SAMPLING. '

INTEGRATE (FILTER) THE T & H SIGNAL TO PRODUCE
THE OUTPUT

H6
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d
SUM AND DIFFERENCE ( S ) PROCESSOR FEEDFORWARD

ADVANTAGES

o

o

FAST <1 sEc

GOOD NORMILIZATION <1 a8
SINGLE PASS CAPABILITY
COMPACT

MINIMAL STABILITY PROBLEMS

COST EFFECTIVE RELATIVE TO SUM & DIFFERENCE TYPE (AGC)

RELATIVELY RELIABLE

DISADVANTAGES

o

0

o

MODERATE COMPLEXITY
REQUIRES MATCHED 1F AMPS

REQUIRES TIME MACHINE

48



SUM AND DIFFERENCE ( ¢ ) FEEDFORWARD

L

o TIME MACHINE

BECAUSE LARGE ERRORS CAN DEVELOP AS A CONSEQUENCE OF
THE SWEEP STOPPING DELAYS A TIME MACHINE cIRCUIT
SUBTRACTS OUT THE OVERSHOOT BY ANTICIPATING WHERE

ACTUAL STOP POINT IS, THE GAIN OVERSHOOT QUANTITY

(aG,) 1s:

a6 = GAIN SWEEP RATE x DELAY TIME
= 1 dBIN PRACTICAL CIRCUITS

#9



RATIO PROCESSOR

CORRELATOR
DIFFERENTIAL CORRELATOR

AM-PM CONVERTER GIVES AT FUNCTION

MIXER GIVES PRODUCT FUNCTION
AMPLIFIER GIVES INTEGRAL FUNCTION
PROCESSOR BLOCK DIAGRAM

TYPICAL DOWN CONVERTER PROCESSOR
ADVANTAGES

FAST PULSE TEST DEMONSTRATION

50
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ADVANTAGES OF RATI10 PROCESSING

SUPER FAST »ANSWER AVAILABLE IN 10-20 ns.

BUNCH BY BUNCH PROCESSING POSSIBLE

No AGC orR GAIN SWEEP CIRCUITS REQUIRED

REDUCED ERROR DUE TO SMALL DIFFERENCES IN A, B,
SIGNAL LEVEL

VERY STABLE — ALMOST NO OFFSET OR DRIFT COMPONENT

EASILY USED WITH UP/DOWN CONVERSIONS TO OTHER
THAN BEAM FUNDAMENTAL FREQUENCY.,



o

A%A LI NV

NoT SUPER SENSITIVE TO INPUT DIFFERENTIAL PHASE ERROR

VERY VERSATILE RELATIVE TO BEAM TEMPORAL FORMAT

CAN BE MADE TO OPERATE OVER VERY WIDE DYNAMIC

+ 60 d8

CAN FUNCTION ON NOISE-LIKE SIGNAL IF REQUIRED

VERY COST EFFECTIVE IN LARGE NUMBERS



EXAMPLE 7
KATIO FROCESS
IWTENSITY PRELATED

BEAY POSITION PROCESSOR PERFYLMANCE
SHoRT BouwvecH  mopDE

500ey L,
- 7 A3

O dB EEF

T Smm OFF
AXxlS

—10dB
—20 4B
—30 dB

—4p A8

L
tro  Tetal thoypot deloy = 30 us



PART IV DOs AND DONTs

*D0

0 ESTABLISH OVERALL REQUIREMENTS AND SPECS EARLY

0 DETERMINE LARGEST APERTURE OVER WHICH DATA IS REQUIRED

0 DETERMINE WORST CASE DYNAMIC RANGE

0 EsTIMATE SNR, WORST CASE

0 INSULATE SENSOR FROM BEAMLINE IF POSSIBLE



(o

It:

0 DEVELOP SENSOR ON BASIS OF

* SPACE
* DRIVING CAPABILITY
SENSITIVITY TO DESIRED FUNCTION

* Migtmror Frcetonnie
ciaNIMIZE CLECTRONIC

»

c
L 4

0 USE SUPER GOOD CABLES WITH LOW LOSS AND VSHWR
0 Keep ELECTRONICS SHIELDED AGAINST RADIATION
0 USE INDIVIDUAL CHANNELS RATHER THAN MUX

GN FOR COMMISSIONING, MAINTENANCE, AND NORMAL
Ti0N

(\::1
-~



Q

Q

MULTIPLEX UNLESS SPEED IS UNIMPORTANT

Har oraonADce 11AVITAIA~ 11T 10 7/ N!'Tshy‘igvlf 7/ 4] h/".a IST
Udk dOCLNOURO HAVINL 10 , vic K1 [ L’/N DV VG e
USE UNMATCHED VACUUM FEEDTHRUS

UNDERESTIMATE DYNAMIC RANGE OR SPEED REQUIREMENTS
ESPECIALLY FOR DIAGNOSTIC AND MACHINE STUDIES



DON'T

O SELECT INTERCONNECTIONS ON BASIS OF COST ONLY

d

0 Use - PROCESSING IF RATIO PROCESS WILL WORK
L

VERY IMPORTANT

o
7}
m
=
o
()
(L)
-
A%
X
(o}
(m)
m
w
w
Vot
=
Q
W
O
m
m
(]
Yt
[7¢]

0 Put SoLID STATE ELECTRONICS AT OR ON THE BEAMLINE

S

"~



SUMMARY

MAKE CAREFUL SYSTEM STUDY BEFORE SELECTION OF PROCESS.

AGC PROCESSOR FOR DIVISION MAY BE SLOW
( 100 wSEC-TO-MS)

USE FEED FORWARD FOR FASTER RESPONSE IN AN AGC
CONFIGURATION.

"TIME MACHINE"” CIRCUITS CAN REDUCE ERRORS IN
AGC SYSTEMS.

DynNaMIC RANGES IN BEAM POSITION SYSTEMS MAY BE
0.K. EVEN AT 60 - 70 d8 1., 1,000:1-T0 - 3,000:1

FASTEST PROCESSING DEVICE IS DIRECT DIVISION VIA
AM-PM CONVERTER AND CORRELATOR.

HYBRID PASSIVE DEVICES CAN BE USED TO MAKE THE
POSITION VALUE APPEAR AS THE Lo RATIO OF THE
SENSOR VALUES,

b



