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ABSTRACT

An inductive beam monitor, as used for the extracted

proton beam of the CERN synchro-cyclotron, is described.

It measures the number of protons passing through its
aperture in a single burst,; a second, or any other time interval,
without interfering with the beam. It gives analogic and nu-
merical displays of the result, and has got easy and fast

calibration facilities.

67/276/10/cr



1. INTRODUCTION
2. THE ELECTROMAGNETIC BEAM MONITOR
3. CONDITIONS DICTATED BY THE CERN SYNCHRG-CYCLOTRON

3.1 Beam Conditions
3.2 Environmental Conditions

4. DESCRIPTION OF THE SYSTEM

4.1 Functions
4.2 Specifications of the Elements :

4.2.1

WO WD EHFEOTOU NN

° e e
« e o

o
® NN NN N
L]

= e

4.3 m

e o o
. .

.
JSNEC RGN RGN RVARCARUARSHRS Y
L)

PRERAAPRAEARAAEPEHESASESDS S
» . [ ]

APPENDIX

The
The
The
The
The
The
The

nts

The
The
The
The

‘The-

The
The
The
The

CONTENTS

Preamplifier

Integrator

Voltage to Time Conversion System
Time Sequence Unit and Programme
Frequency Discriminator etc.
Electronic Counter etc.
Calibration Unit

Transformer

Transformer Shielding and Support
Preamplifier

RC Integrator

Conversion Unit

"O" Suppression Unit

Time Sequence Unit

Frequency Discriminator
Electronic Counter: Programme

Switching Circuits for the Time Base
Synchronization of Beam Measurements
a) Single Pulse

b) Per Second

¢c) Per Time Interval

4.3,10 The Calibration Unit

5. PRECISION OF THE MONITOR
. ACKNOWLEDGEMENTS
REFERENCES

LIST OF FIGURES

67/276/10/cr

Hd
@ [olecBENIE N IE N e ) e e N IS BN I L\ HL%
o

el e e
HBWVWLWLWOO

14
14
14
15
15

16
17
19
2l
27



1. INTRODUCTION

The intensity of the CERN synchro-cyclotron extracted proton beam

can be measured by several methods.

Some of them cannot be used for a continuous monitoring of the beam

during the experimental work. One could mention among them :

a) The so called activation methods, like the one based upon the
determination of the CT° (p, pn) ¢!t cross-section. They yield a precision of
the order of 4 - Sﬁ, corresponding to the preeision with which the cross-section
can be determined. They do not disturb heavily the beam, but are not suitable,

by their own nature, to work continuously or to give immediate results.

b) The adiabatic calorimetric method, which ylields again a precision
of the same order of magnitudel)«
¢) The primary beam charge collecting nethod (Faraday cup) which can
2)

reportedly cffer fairly good precisiond , but acts anyway as a beam stopper, and

can be used only as a standard.

The monitcrs normally used for continuous measurements are the
o

3)

secondary effect type devices, like Secondary emission monitors and Ionization

chambers4 » They disturb the beam very little, but must be calibrated from time

to time by one of the afore-mentioned methods.

To have a continuously working, non-interfering, easily calibrated

5)

beam monitor, one had to develop an electrostatic

6)

pick-up /.

or an electromagnetic

For the CERN synchro-cyclotron extracted proton beam, an electro-
magnetic type monitor,; which is described in this report, appeared to be

the most suitable.
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It is a modificd version of the monitors of toe same by

7) 8

, ¢lectron synchrotrons
which takes into account the speclal condiftions dictated by the CERN synchro-
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kel
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used for proton synchrotrons inear accelerators'Z

[

and

cyclotron.

The principle underlying it is that a beam of charged particles can

be used as the primary current of a transformer.

To calibrate the device it is sulficient to feod current pulses
of known amplitude and duration through an auxiliary winding of the transformer.
The monitor can be programmed to measure the nuwnber of protons cxtracted from
the synchro-cyclotron in a single burst, in one second or in any other time

interval.

In its present version, it is able to measure beam intensities
4 l2 / ; . . o
of 10 down to lO9 pretong/second, with an absolute precision of 1%ko for the

maximum valuc.

Plexibility of operation, simple and fast absolute calibration
procedurc and good absolute precision are thus the main featurcs of this

beam intensity monitor.

2. THE ELECTROMAGNETIC BEAM MONITOR

Prom an clectrical point of vizsw, 2 beam of charged particles
extracted from a cyclic accelerating machine can be considered as & pulsed
current :

io= 32 | (1)

where Q is the charge of the particles flying through a plane orthogonal to the

becam direction.

Such a beam can be used as the primary current of a transformer

(single turn), letting it pass through the transformer aperturc. The secondary

current
ib
lS :TI— (2)

where N is the number of turns of the secondary winding, is then proportional

to the beam current.
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Peeding +the ends of the secondary into a high gain, resistance
feedback operational amplifisr, the output voltage of this is proportional to

the beam current
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The inductance of the sgecondary winding, as well as ite resistance R, and its
4
stray capacity, the cable capacity, etc., determine the frequency response of

the system coil-amplifier.

The low frequency limit is given by :

w — §_ 4
low — L (4)
Rf
where R = N + RL is the input resistance as seen from the coil.

The high frequency linit is given by :
- L
Phigh = CR (5)

where C is the sum of all the capacities appearing at the input of the amplifier.

Feeding V., into an RC integrator, the output voltage V, of this

1 2
is proportional to the total charge flown through the opening of the trans-

former during the time of integration :

5, t2
1 R ﬁf
T2 %) M = w ) R - T O ()

B 8!
where :
V2 = output voltage of the integrator
Q = total charge
t2 - tl = interval of integration, equal for instance to a burst length.

V2 is then proportional to the number of protons passed through the transformer

67/276/10/cr
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Depending upon integration, one can have an output proportional to the
number of particies extracted from an accelerator in any wanted time interval :

in a single burst, in a fraction of a burst, in one seccond, znd SO On.

3. CONDITIONS DICTATED BY THE CERN SYNCHRO-CYCTOTRON

3.1 Beam Conditions

In comparison to other accelerators, Tor which clectromagnetic beam
monitors had besn previously developed, 2 synchro-cyclotron is a faster cycled

machine with en exiracied nroton beam of lower burst peak intensity.

For the CERN synchro-cyclotron there exist two modes of beam extractions

a1 and Slow Bxtracition.

protons acceclerated in a machine cycle (repetition frequency about

54 ¢/sec) are extracted in cne or more bursts, according to the mode of extraction

and as illustrated in the Tollowing table

umber of bursts |Nunmber of prot
oebt : RURDEr 0L PrOLOnS)  purst length
per second per burst
. - 10 9 ‘
Fast Extraction ~ 54 1077~ 1C 100-200 psec
; b A 9 8. and
Slow Extraction up to ~1000 107 - 10 1c&ss 200-300 usec
From an electrical point of view, the beam current consists then of :

L. about 54 pulses/sccond, about 200 psec long,of mean pulse current
Ba

6 =17

intensity 8.107 7 - 8.10 Amp, in st Extraction

ae]

up to about ~ 1000 pulses/second, still about 200 psec long,

67/276/10/cr
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variously distanced in time and of largely different mean

7

intensities (between 10 ' and 1078 Anp, and still less) in

Slow Extraction.
The Beam Monitcr,object of this report must then be able to detect

current pulses of mean intensity 5210-8 Amp, about 200 psec long, variously

distanced in time.

3.2 Environmental Conditions

In the various positicns along the beanm direction where the
transformer can be placed, see fig. 1, the SC stray magnetic field can be as

high as ~ 500 Gauss, depending upon the distance from the machine.

Apart from this, the stray magnetic ficlds of the magnetic lenses

nearby along the beam cannot be neglected.

The whole gives rise to a heavy problem of magnetic shielding. for

the transformer.

Strong RF and other frequency sources of disturbance in the surrounding:
necessitate an accurate ¢lectrical shielding not only of the transformer, but

also of the cables and of the dectronic parts to be placed in the machine Hall.

There is also a problem of vibration and shock protection of the
transformer. Mechanical vibrations from ground, due to vacuum pumps, vibrating
condenser, ¢tc., can disturb hcavily the transformer, giving rise to strong noise

across the secondary.

Last but not least, the high radiation level forbids the electronics

to be put near the transformer or anyway in the SC-Hall.

Only the first amplificr, whose connections to the transformer must
absolutely be as short as possible, is placed under the floor of the SC Hall,
to protect it, while all the remaining electronics arc about 100 m away, in the

Main Control Room.

4. DESCRIPTION OF THE SYSTEM

4.1 Functions

The monitor is illustrated schematically in the block diagram of

fig. 2.
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4.2:3_Voltage to Time Conversion Systen

The voltage to time conversion is accomplished by discharging to
zero the feedback capacitor of the integrator by a current of a well
known and constant value. This is supplied by a current source through
a switch driven by a fast flip-flop, the direct output of which gives

the time signal to be measured, see fig. 3.

The rise time of the flip-flop must be < 0,1 pusec, to match the
0,1 psec resolution of the electronic counter which measures the time
signal, while the current source must be very stable to avoid errors in

conversion.

Also,even in ebsence of any beam or calibration signal from the trans-
former, there is an unwanted time signal from the conversion flip-flop.
To suppress this "zero" tirme signal, we use a coincidence unit, which

subtracts a fixed time from the total signal.

4.2.4 Time Sequence Unit and Programme
The "start conversion” pulse and the driving signals for the switches
must be supplied at times and for time intervals well determined in

relation to the beam bursts or the calibration pulses.

The time sequence used is shown in fig. 4. The timing signals are
supplied by a Time Sequence Unit in synchronization with the machine
beam bursts or with the calibration pulses. This unit does not have to
fulfil strict reguirsments of precision, because errors in time of the
order of a few microseconds are of no importance for the functions
accomplished.

4,2.5 FPrequency Discriminator for Synchronization to_the Machine

Frequency Programme

The synchronization cf the time sequence and of the other parts of
the monitor to the beam is accomplished by a frequency discriminator
working on the main frequency programme or on the Slow Extraction
frequency programme of the synchro-cyclotron. Tuning the discriminator
on a frequency near to the extraction frequency, one can shift the

synchronization pulse with respect to the beam bursts.

Again, there are no very strict requirements in stability or

precision, errors of =2 fcw microscconds being of no importance.,

67/276/10/cr
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4.,2.6 The Electronic Counter : Transformation of the Time Interval

e

into Numerical Information and its Display

The transformaticn of the time interval resulting from the voltage
to time conversion into numerical information and its dis=-
play are done by an electronic counter. It is the resolution of 0,1 usec
of this instrument for time interval measurements which brings in the
necessity of fast flip-flops in the conversion and "O" suppression units,
to avoid errors due to long rise-times of time signals.

4.2.7 The calibration unij

Calibration is accomplished by feeding current pulses into an
auxiliary winding of the transformer. In fact, if NC is the number of
turns of the calibration winding, iC the constant calibration current
intensity, and Tc the pulse length, the total charge of calibration

simulating the beam burst is

The precision of the calibration of the beam monitor depends upon the

precision with which ic and TC are measured and upon their stability.

The time interval Tc must be stable to + 0.1%c, and the current

ic to i_l%o to match the expected precision of the monitor.

4.3 Blements

4.%.1 The Transformer

The transformer must fulfil the following requirements :

a) To have a core of toroidal form, because of the good coupling
to the beam and of the insensitivity to the beam position inside its

aperture.

b) To have a window larger than the section of the beam, the diameter

of which is L 8 cm,

¢) To occupy, magnetic shielding included, not more than 40 cm. in

the proton flight direction.

PFurthermore :

d) .The magnetic core must have a relative permeability as high as

67/276/10/cr
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possible in the frequency range 8 ¢ - 80 ke. In fact the secondary
winding must have a low munber of turns, tc get a high transfer ratio
for the preamplifier, and a high inductivity, to get a favourable low

frequency limit of the preamplifier pass band.

Depending upon what we could get from the industry, the transformer
core consists of 5 uncut strip wound toroids of Ultraperm 10, mounted
together to form a single toroid, of internal diameter Dl = 12 cm,
external diameter D2 = 22 cm, width b = 20 cm, and strip thickness
d = 0,05 mm.

Ultraperm 10 is a magnetic material which has a By = 120,000, and
a high p is necessary to obtain a high secondary winding inductivity

when the number of turns must be kept low.

In fact, for a toroidal core, the inductivity of a winding is given
by the formula :
D
L = 2N2b log 2. 10
e Dl

-9
s by, (henry)

where N is the number of turns, b is the length in cm, p_ is the relative
permeability. T

The permeability of the Ultraperm 10 depends strongly upon the
external magnetic field, see fig. 5, and we were able to shield the
transformer in such a way as to get a u = 50,000 (at initial permeability).
The strip thickness of 0,05 mm has been chosen because of the good p

vs. frequency characteristics, see fig. 6.

The core is put in a plastic container, filled with silicon rubber

to reduce the influence of mechanical vibrations from the surroundings,
and to prevent mechanical stresses of the material which would reduce

its permeability. The secondary winding consists of 2 x 50, turns of thin
copper i)vire9 symmetrically wound to eliminate the effect of electrostatic
pick-up from the beam and ionisation from sitray protons.

It has :
L =2.6henry (for 50 turns)

The auxiliary winding for calibration consists of 10 turns,

L =100 nmH

The winding wire is fixed on the plastic case by silicon rubber to avoid

67/276 /10/er



movements of the coils.

The shielding consists of an external cylinder of thick iron and of
6 coaxial cylinders, 3 of 5000 HZ2 and 3 of mumetal. The cylinders
are closed at the ends by rings of the same material and of appropriate

7

dimensions. See fig. 7 for constructional details.

It reduces the maximum external magnetic field of 500 gauss to
< 1 gauss, and acts also as shielding against RF disturbances. To
prevent the transmission of mechanical vibrations from ground, the
shielded transformer is put on shock absorbers and rubber foam supports
are interposed between the coaxial cylinders of the shielding.

To eliminate the asymmetry cffects which could arise from scattered
protons, electrostatic pick-up from the beam, radio frequency pick-up
inside the opening of the core etc., the secondary ends are fed into
the positive and negative inputs of the operational amplifier, while
its centre is connectéd to the amplifier ground. The feedback circuits
must be obviously perfectly symmetrical. The system can be so

schematized :

where : i, bean current

2N number of turns of the secondary

Ri resistance of coil + stabilization resistance

.Rf feedback resistance

Cs stray capacity of coil + capacity of cable between
transformer and amplifier + input cdpacity of

amplifier
- A amplifier nominal gain
Vl output voltage

The transfer ratio of the device is then :

67/276/10/cr
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1

i
% - R_/2§ (7)
lb f

while the low and high frequency limits of the bandwidth remain
as in (4) and (5).

Prom (7) one can see easily that to get the high transfer ratio
necessary because of the low current signals to be detected, N must be

small and Rf great.

In terms of the Fourier analysis of an isolated pulse, which we
take of rectangular shape +o be the most difficult case, a large pass-
band, extending from dc, is necessary in order to have an undisturbed

output pulse.

For instance, to amplify a rectangular calibration pulse 200 psec
long with a rise-time of about 1% of its length and a droop of about

1% of its height, a pass-band of approximately 8 ¢ - 80 ke is required.

From (4) and (5) to get such a large pass-band, L must be high,
¢, and (Rf/A + ni) small.

Moreover, one must try to get a high signal to ncise ratio.
The low frequency noise is most dangerous, while the RF noise is averaged
*
out in the integrator. These =re constrasting necegsities,; and

we were obliged to adopt a compromise solution.

One can be satisfied with a high frequency limit much lower than
80 ke, if interested chiefly in the result of the integration of the
beam signal. The low frequency limit is still extremely important,
because too high a droop reduces drastically the result of the second

integration.

For the transformer, we chose then the above mentioned dimensions

and a number of secondary turns N = 50, from which we obtained :

L = 2,6 henry

RL = 100 Ohm
C o~ 1nP
S

We decided to use a Nexus CLA - 12 operational amplifier, which has

* The low frequency noise of the amplifier goes up at lower frequencies,

67/276/10/cr
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The switch consists of a double transistor 3 N 74 driven through a
transformer to insulate it. The switch to restore the de value consists
cf a FET and a condenser and is driven directly.

4:5.4 The RC_integrator

An operational Nexus DL-1 amplifier is used as it has enough current
output to drive quickly the feedback condenser. The "reset to zero" switch
across bthe feedback condenser consists of a FET switch. The integrator
time constant is 100 psec.

4:3:5_The Conversion Unit

The conversion unit consists of a pulse generator to compensate the

charge of the feedback capacitor of the second integrator down to zero.

This pulse generator is made of a temperature compensated voltage
reference source (Fairchild RVLJ),stable at + O.l%o, of a precision

resistance, of a fast flip-flop and a gate.

The gate is driven by the flip-flop, which is set by a "start con-
version" pulse. This is provided by the time sequence unit,after the opening
of the output switch of the prean plifier, to avoid the influence of
the noise of this amplifier on conversion. The flip-flop is then reset
by a "O" comparator amplifier (Nexus FSL-12) which detects the zero cross-

over of the integrator. See diagran in fig. 3.

To avoid oscillations, which would arise in the zero detector due to
the fluctuations across zero of the preceding amplifier noise, we use
a fictitious,; slightly negative "zero" level to stop conversion.

4.3.5 The TO" suppression unit

The time signal to be measured is given by the direct output of the
flip~-flop of the conversion unit. Because of the fictitious "0" level
used to stop conversion, there is an unwanted time signal from the flip-
flop also in absence of any beam or calibration signal from the trans-

former,

To suppress ithis "O" signal we use a monostable, the time of which
is deducted from the total signal by an AND gatc, see fig. 10.
4.2:7_The time seguence unit

The time sequence unit consists of a monostable and two flip-flops.
See fig. 11.

67/276/10/cr



A synchronization pulse, coming either frow the fregquency discriminator
or from the 100 ¢ or 1 ke time base of the counter,; sets the monostable
and the flip-flops. These open the "zero restore switeh" and the

"integrator reset switcH, and close the "integrator ocutput switchl-

After a delay of %00 psec, supplied by the monostable, the conversion

is started and the 1nput switech is opened.

When the conversion is completed, a stop pulse from the "zero dis-
criminator resets the elements of the unit to their initial state, closing

again the reset switch of the integrator and the zero restoring switch.

To be sure of starting alweys from the "initial®™ state, another
resetting of the unit elements takes place when the apparatus is switched on.

4.3.8 Thg Frequency Discriminator

It consists of a limiter, to be frec of amplitude modulation, and of
a tunable narrow band amplifier. At the tuning frequency, a Schmitt
trigger delivers a pulse, used for the synchronization of the system

functions.

4.3.9 The Electrounic Counter

Y]

A Hewlett-Packard electronic counter 5245 L, a 50 Mc counter, is
presently used, exploiting its full capabilities -of remote control. It
measures the length of the conversion pulses coming from the "0 sup-
pression unit. Different switching circuits for the synchronization of
the time bases have been added to allow measurements per pulse, per second
and per time interval, either for the beam or for the calibration pulses.
See block diagram in figs. 12 and 13. |

a) single pulse

The built-in 10 Mc oscillator of the 5245 L is switched to the Main
Gate through the intermal gate 6, actuated by the time signal to be
measured. The Main Gate, which determines the time base of the measurement,
is actuated by the samc signal through gate 9, period trigger, gate 12
and the Gate Flip~Flop. This allows a 10 ¥c pulse train, as long as the
time signal to be measured, to be counted by the decimal counters.

b) per second

The Main Gate 1s now aciuzted by a one second pulse coming from the

decade divider assembly, in which the 1 Mc standard frequency of the counter

67/276/10/cr .
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is scaled down by a factor 106.

The one second pulse is produced actuating gate 27 by a flip-flop,
set by the synchronization pulse coming from the frequency discriminator
a little before a beam burst and reset by the reset pulse of the counters,
while gates 3,7,8,9,10 and 11 are actuated continuously. When calibrating
the monito r,using the time bases of 100 ¢ or 1 kc for synchronization,
the gate 27 is also actuated continuously.

c) per time interval

The Main Gate is driven at will, by feeding negative voltages on the

Start and Stop points of the Gate FlipFlop.

Moreover, to have measurements of time periods of full seconds, the
Start and Stop signals are synchronized on the counter time bases. Between
Start and Stop, the time is measured by a mechanical counter.

4:3.10_The Calibration Unit

It consists of a temperature compensated, high stability voltage
reference source (Fairchild RVL-1) stable to + 0,1%0, used already for
conversion, feeding through a 100 k ohm resistance and a switch into

the 10 turns calibration winding of the transformer.

The switch is closed by a flip-flop for time intervals of 100 psec
controlled by the 1 Mc temperature stabilized quartz oscillator of the
counter through a systemn of a decade, a monostable and an "AND" gate.

See fig. 14.

A synchronization pulse coming from the frequency discriminator

or from a time basce of the counter sets the monostable fora~l50 usec.

The "AND" gate is actuated by the direct output of the monostable and
lets the 100 ke from the decade A 28 of the counter pass to the pre-set
decade scaler. The leading edge of the third 100 kc pulse coning sets
the flip-flop, the. direct output of which closes the switch. After
100 psec, the flip-flop is reset by the decade scaler and the switch is blocked.

In this way the 100 psec interval is stable to better than + 1%0.
Some additional errors are produced by residual on-resistance of the
transistor switch and the effect of its storage time. The stability of the

calibration pulse, in intensity and in durati on 1is thus approximately
+ 1%o.
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5. PRECISION OF THE MONITOR

One should distinguish betwcen absolute and relative precision of an

electromagnetic beam monitor.

The relative precision is the precision with which the monitor
neasures calibration pulscs fed through the transformer apcerture ,
The absolutc precision depernds upon the precisicn with which the charge of

the calibration pulses 1s known.

For the present nonitor, the charge of the pulses delivered by the
calibration unit has been mensured* at better than 1%0 and has been rccognized

to be stable ot better than 0.250.

So, if the relative precision of the wmonitor is of the same order of
magnitude or worse one can speak of absovlute precision, just using the afore-

mentioned calibration pulscs as standard.
Now, the dectromagnetic beam monitor is fundanentally an integrator.

In esingle burst measurcments, the charge iﬁdﬁcéd by d burst of
protons is integrated and, oncc converted to a tine signal, neasured by the
electronic counter. The counter's reading is then affected by an error, due
mainly to the integrated noise from the coil and the preamplifier. In fact
the higher frequency noise is averaged out in the integrator, but the lcower
frequency noise is still of inportance. This error becones more important
if the burst charge decreases. In per second and long tine measureﬁents,

a second integration is accomplished in the counter, and the error due to the
noise is reduced again. This allows the measurcument of the intensity cf the
beam when the value of the charge of thesinglebursts is low e.g. as in

Slow Extraction.**

The precision of the monitor has boen determined by using the current
pulses delivered by its own calibration unit as standard. The following table
in which the charge cof the calibration pulses has been converted into

protons shows sone results :

* By an integrating digital voltumeter

*¥%¥ The signel is inside the ncise.

/276/10/cr
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i calibration per second
pulse measurement
Fas?BiXZ;:gZ;on 1010 protons 594.lollnéeqtl%o
Slo?5g§t§3§:z$n 4,108protons 2.lOllp/seQi2,5%
Sl??bggtzigZi?n 2.108protons 2.lOllp/seQi2,5%

Measurements of the CERN synchro-cyclotron Extracted Proton Beam

yielded the following results :

Fast extraction 3,8.101l p/sec‘i 2% (instability of the machine)
+ 2%o(precision)

Slow extraction (1000 o/sec) 2,2 » 10%F p/sec + 2,5%

Slow extraction (500 c¢/sec) 1,6 o 101t p/sec + 2,5%
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APPENDIX

A. RATIO MEASUREMENT

B. THE AUTOMATIC "ZERO" SUPPRESSION
C. MAGNETIC SHIELDING TESTS

D. SUPPORT OF THE TRANSFORMER

A. RATIO MEASUREMENT

To measure the ratio of two beam signals (i.e. the beam before and
after a bending magnet or a target) a second transformer is used with its

preamplifier and integrator. See fig. 15.

Both signals are simultaneously integrated in the time tq until t2

then stored in the integrating condensers until t3.

At t3 two constant tensions are available at the outputs of the

integrators A and B. The values are proportional to the charge of one

burst of beam A and one burst of beam B respectively.

Now, in the normal intensity measurement the charge stored in the
condenser of the integrator is compensated down to zero by a pulse with

a fixed level of + 10 V  Here, in the ratio measurement, the fixed level
is replaced by a level produced by the beam itself : in fact, the larger

integrated beam value is used for the compensation (conversion),

Then k"

2
oo L
a2 = R C ° Vo .4t + V at theesod
a a a 0 1
tl 1 0
Va= Vb =0
t 0 o)
1 2
A = - = . v . dt + 'V
b2 RbC _ bl bO
5
Using for instance Va to compensate Vb it will be :
2 N 2
1 3
- = vV dt + V,_ =0
RCC J a, b2
t2 .

when the compensation is accomplished.
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Va is each time a constant voltage. Then :
2

1
-=— .7 (%, - %, + V. =0
R.C as 3 2 b,
1 -
R C 2, (t3 - tz) = Vb2
from which :
v
b, :
tc=t3—t2=—"v .RCC-
g2

The time constant RCC i@ chosen so that on our counter a reading of

1.000..,. is displayed when-v—g = 1. The number of digits after the
a
2

decimal point depends upon whether the ratio of one burst or the mean

value over 10 or 100 bursts is measured.

For
1 burst - 1.000 =*
10 bursts -  10.000 *
v 100 bursts - 100.000 *

Normally vrg-t< 1. Nevertheless also values between 1 and 2 can be
' a : Tl
measured if?signal,B should be larger than signal A.

The precision is also of the order of + 2%0 for 100 bursts measurements

in Past Extraction.

For lower values, the influence of random noise reduces the preciseion.

B. THE AUTOMATIC "ZERO" SUPPRESSION.

The simple "zero" suppression unit described above subtracts from the
total time signal a mean value of the unwanted "zero" signal, calculated

once over a certain number of cycles, in the absence of the beam.

Such a fixed time subtraction works satisfactorily for high burst
signals, but if the signal to noise ratio is very low, as it is in the
Slow Extraction mode of the synchrocyclotron, it becomes an important

source of error.

In the automatic 'zero" suppression unit here described, the 'zero"

signal is measured for each burst signal,and then subtracted from it.

¥ The last 2 digits are not significant
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his is done by starting an additiocnal "zero' measuring cycle
after each burst - therefore in very similar conditions of internal
and external source noise. This cycle has exactly the same characteristics
(opening times of the switches etc.) as the normal mzasuring cycle.
The incoming noise, the temperature and time drift, etc., are then

integrated in the same manner as in the beam measuring cycle.

The "zero" signal so obtained is put in digital form, stored and
then subtracted from the beam signal ("zero'" included) of the next
cycle., The digital storage has been chosen because of its freedom from

drift, which is a serious problem in analogue integrators.

The storage device is a reversal counter consisting of solid state
flip-flops, which acts as a variable preset delay. The preset delay
is produced by the 'zero™ signal in the "count down" position of the
reversal counter * » When the burst signal arrives, the counter is
switched to '"count up" and the beginning of a coincidence signal to
an AND-gate is delayed until the preset delay time is over. Then the
burst signal, from which the "zero" value has been deducted, can pass the
AND-gate and be fed into the 5245 L counter ® be measured and displayed.
See fig. 16.

C. MAGNETIC SHIELDING TESTS.

The shielding of the magnetic core described before has been tested
with an AC field of 50 ¢ produced by two copper coils with a diameter

of 1 m placed at a distance of 1 m from each other (Helmholz coils).

The transformer was placed in the centre first without, then with

the shielding.

It has been found that the worst case is with the field in the
direction of the toroid axis (= beam direction). In this case, the
shielding factor is

F = 330

For a magnetic field at 90° to the beam direction, the shielding is
about 10 times better with a sharp maximum of =210.000 at an angle of

around 900.

The above mentioned copper coils have been put with their field

* The 'count up" and '"count down'" signals come from the modified time
sequence unit.
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at 90O to the beam directicn and at 900 to the direction of the
DC stray field of the synchrocyclotron.

The values of the shielding factor are then between the worst

case and the hest case conditions

No DC magnetic field i shielding factor
after demagnetization 1800

With DC magnetic field
500...700 G - N
- (with 1800 A) : 600

D. SUPPORT OF THE TRANSFORMER.

There is a high level of vibrations in the place where the trans-
former is put, produbed by the tuning fork (with a frequency of 54 c),
and also by the vacuum pumps and the water pumps (with a frequency of

~ 30 ¢) of the'synchro—cyclotron.

If the shielded transformer is put directly on a rigid frame
support, a 54 c¢ sinusoidal voltage as high as the maximum beam signal,
appears at the output of the preamplifier. This disturbance, in phase
with the beam (synchronous noise) introduces a big error in the

measurements.

To reduce these microphonic effects,the tfansformer, with its

~ shielding, has been fixed on antivibration mounts. As the insulation
increases nearly with the square of the rafio of the exciting frequency
to the resonance frequency of the system "shielded transformer-
antivibration mounts'" the latter frequency should be kept as low as
possible. Moreover, to avoid strong and long lasting osc¢illations at
this resonance frequency, the damping factor of the system should

be high, also if this reduces slightly the insulation.

Using 4 shock absorbers, consisting of a metallic spring with

a steel-wool damper inside, the fellowing values have been obtained
Resonance frequency fn T4 c
Q-value Q = 2,5

Using the follOwiiag formula to calculate the attenuation factor

% due to saturation of the external shielding parts

67/276/10/cr
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\ S

nag . =)
A = 0
1 - (..f_ 2
T

n
where f is the frequency, one obtains for 54 ¢
A = 0,03
Measurements gave the following results :
54 ¢ voltage at the output of the preamplifier without shock *

absorbers 1,37
pp

54 c¢ voltage at the cutput of the preamplifier with shock
absorbers ¢ 40 mVpp

which correspond to

A 2 0,03
The antivibration mounts used are Vibrachoc Type W 227-11.
(Vibrachoc,

39, rue des Mathurins,
PARIS VIIIe.)

For comparisan, the maximum beam produces a signal of 1,6 Vpp'
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Transformer at the proton beam output of the Synchro Cyclotron
(with antivibration mount and magnetic shielding)

in the background: the SC magnet
in the forground : some moveable targets

Photo 1
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Suppression of the low frequency
noise influence with the zero
restore switch (with calibration
signal of 0,8 pApp and 100 ps

= 5.108 protons/pulse as in slow
extraction mode)

a) Preamplifier output voltage
(5 ms/cm, 0,1 V/cm)

b) As above, but 50 ps/cm, 50 mV/cm

¢) After the zero restore switch

d) Preamplifier output voltage
after the zero restore switch,
with calibration signal of
1,6 pApp and 100 ps = 5,109
protons/pulse
(50 ps/em, 50 mV/cm)

e) Integrator output voltage,
positiveslope: integration
negativeslope: conversion

f) Preamplifier output voltage
after the zero restore switch,
with slow extraction beam

g) Integrator output voltage
(integration of the above sigual)

Photo 3



	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

