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SUMMARY

~An electrostatic and an electromagnetic beam monitor are discussed to be
used in the slowly ejected beam,. The necessary increase of sensitivity of a factor
of 105, compared to the present system, causes difficulties in amplification and

pick-up of externsl noise sources.

The electromagnetic monitor (Hereward transformer) scales up the sensitivity
by increasing the number of secondary turns and. improving the geometry and permeability
of the system, The ocutput voltage for 0,25 /ua beam current of the transformer. consie

dersd would he 7.5 /uv and the cgrrent 5 x 10"11 4, both values are too small
compared with the input noise of good commercial amplifiers.. ' Fourteen different -
external noise sources are discussed. The disturbance from the PS magnet (at straight
gection 60) is about 100 times larger than the flux induced by the beam and:extensivé

magnetic shielding would be necessary.

A 10ng electrode (e.g. 1 m) for the electrestatic pick-up monitor increases
the sensitivity but the output signal is still only 37 /uv, with an initiélxcurrent
of 1.3 x ZLO-15 As  Good electrometer tubes have leakage currents in the same order
of magnitude and only a special tube or field effect transistors could solve this
problem, From fthe external noise sourees, the ionizstion of the residﬁal £as causes
onerqf the more severe distufbaﬁces; A grid is suggested to collect these free

Qhafgﬁs,

We conclude that the discussed types of electromagnetic and electrostatic
beam monitors can only be used if we are able to develop suitable amplifiers and
reduce all the external noise sources below the signal strength from the besm, A4 step~
by~8tep increase of sensitivity is suggested in order to find the superiority of

elther the eclectromagnetic or electrostatic detector.
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INTRODUCTION

The properkty of being non intersectihg makes the use of electromagnetic
and electrostatic pick-up stations very attrvactive, The purpose of this report
is to investigete modifications of the presently used monitors to make them suitable
for the slowly ejected beam, The nmumbers given should be considered only as figures

of merit with the purpose of pointing out the problems envolved in these projects,

PROPERTIES OF THE SLOWLY EJECTED BEAM

. ‘The slowly ejedted beaﬁ consists of burstzs of variable iéngths,_namely from
- 0,5 msec up to sbout 200 msec., This causes the current to bé reduced proportionally
from 100 /ua to 0,25 /ua'fbr 3 X‘lO1l protons/p. Table I shows some typical values
of the slowly ejected beam, ‘ ' '

Type ejected beam intensity 3 x 10tt p/burst ;
Pulse dvration - . 0,5 to 200 msec )
Proton flux_“ . A 6 x 1014ito_1.5 X 1012 v/sec )
Repetition rater | every 1 -« 3 sec _ ' ; TABLE T
Current (typical) | 100 /ua (at 0.5 msec pulse length)_ )
o T 0,25 /ua (2t 200 msec pulse }ength).a
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PART © A 5  ELUCTROMAGIETIC BRAN MONTIOR

I, Principle of Operation

Ve firet consider the rprineiple as suggested by Hereward (Fig, 1) -of
5 tertiary feedback winding, This eliminatez the influence of the winding
resistance, Note that this system works enly well for low frequencies, since

a punege shift in the feed back loop esn cauge instability.

o ckiffadf
eo - w%ik (M'.dbq'wd)

Zis-

Principle of Hereward Transformer
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The transfer function is (Pig.l) :
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at mid band

20 __ R

ib N
€, = Output voltage
ib = Beam current
R = Feed back tesistor
) = Number of turns
p: = laplace variable
A = Amplifier gain
L = Inductance of toroid
Cs. = OStray capacity
RL = Winding resistance
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II, Choice of Values

We can choose the following parameters

Feed back resistor

Nunber of turns

R

N

A Amplifier gain
L Induction of toroid
C

S Stray capacity

The feed back resistor is determined by the drive current available at.the

output of the amplifier to give a reascnable scale factor,. If a postamplifier is

 considered the smallest current should produce a signal above the noise level.

‘Trom equation (3} (Fig.l) follows :

Assuming a low noise stabilized transistor smplifier, e.g. Fhilbrick SP 656,
we find the voltage noise 10 /uv PePe If we assume e, at lesst 50 /uv at

ib = 0,25 /ua and ¥ = 5000, then

Re=—2M 5000 = 1m (D
0.25/ua ————

From Fig. 1 we derive the input voltage

ei:pL_]:p_
N
and reglize that we can write L = KN2. K is a factor of the toroid containing

geometry, permesability etc.
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We substitute L and sssume 2 step input C%) H

In order to develop a sufflclent 1nput voltage we have to meke K and N

high, If we . choose 10 tor01ds of”Ultraperm.lO” (App.III)as shown in Flg. 2 we

get K= 1,4 % 10 X h, N is limited by the stray capacity of the windings and

_has to be found -experimentally. For the moment we consider 5000 and 25000  turns.,

The input voltage becomes then ¢

N= 5000

' e AT L A e T ‘ :
e, = 1,4 x10" hx 0,25 us x W= 1. v
i R _ ) ﬂ/f‘_ N 5~/u;
- The inpuf current :

L= = 0,25 m Co
“in ﬁh "ﬁgEfE@ = 5 x 107

The equivalent drift (Pig.l)

: Y | R | _ o
lbequ = %L T om = 0.017 /ua T

i equivalent drift current .
begu B

o
Il

drift voltage
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The time constants can be written as follows (Fig.l) :

5000 + 25000 +
: 4 L '
po=d oy o 28x10 0 5 0B L g5 100 1.8 % 10° g
1 R ° 3 B .
. 10 :
_ CsR ' —n
. @2 = A " chosen to be - % = 50 /usec

s iz not known snd difficult to calculate. 4 iz frequency dependent
which is a characteristic of the chosen emplifier. Since the long time constant Tl
is sufficient for both possibilities of 5000 and 25000 turns, we choose a final
aumber of tﬁrns giving us togéthér with the amplifier a time constant T2 it SQ/usec.
This is possible if the total capacity - Cs = 0,1 /uf and an amplification
A at 50 Jusec is = 2000,

The noise considerations are guided by the present status of émplifier
techniques. One of the best commercislly available low ncise amplifier is the
Pnilbrick SP 656, Thig chopper stabilized silicon transistor amplifier has the

following properties :

de  open loop gain . : 2x 108
Small signal unity gain band width 1 Me

Input voltage offset (per + hour) 1 /uv
Narrow band noise (p.p. voltage) 10 v
_Input current offset (per ¥ hour) 107 11 amp
Narrow band noise (p.p. current) 10"10 amp

Comparing this data with the input voltage e and the current iin we
find that both of them are well within the noise band, Note, that increasing the
number of turns improves the voltsge signal but at same time reduces the current

proportionally.

P5/4558,



A number of low noise amplifiers have been developed, among them one
hy Radekka iQ/. The TT 2N 930 9%ransistors also look promising for low
noise amplifier design, Unless an amplifier can be found commercially available

much better than the Philbrick SP 656, we have to develop our own model,

Experience with the present beam monitor has shown that there are a
number of other external noise sources present which exceed by far the amplifier
noise, It is the purpose of the following section to investigate'these sources

of noise,

PS/4558




- 10 -

III., Sources of Noise

We consider the following possible sources of noise s

-l. RF from Linéé

2, RF from adcelerator

5. DC magnetic fields

4, Ripple from magnetic fields
5. Tields from mains

6. Stray protons

7. Flat ftop slope -

8. Accelerator noise

9, Noise due to inhomogenities in toroid
10. Earth magnetic field

- 11, Nolse from pulsed machines

12, Radiation damage

13, Microphoniec noise

14, Electrostatic pick-up

1. , 2. BF from Linac snd fAccelerator

Linac RE 202,6 MHz &/
Ace RF 2.8 ~ 9,55 Mz

These frequencies are beyond the sensitive range of our toroid and can ber
filtered out very easily. We also mount the system insulated from the beam pipe,
such that fravelling waves pess the toroid outside and thus do not interfere with

the electronics,.
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5. D.C. Magnetio fields

The quadrupoles and the bending magnets cause a D.C. stray field
are passing through the toroid. As long as the field is homogenious
there is no net flux induced in the toroid Fig. 6., 4ny D.C. field below the

gaturation flux is harmless.

A Tield gradient, howevef, will induce a flux, but no current will be

it = 0, Summarizing, we. cdan state
thet there is no influence on the current measurement from the D€, fields of the

induced in the secondary coils®ss long as

bending magnets and the quadrupoles., Fig. 3.

4, Bipple frow Magmetic fields

Ag soon as a field gredient is present, which has a component radial
to the toroid; we obtain a net flux. If this flux varies, e.g. due to ripple in
the power supplies, we have an induced error current in the monitor. The magnet

voltage (5.4 kV) has a ripple of .5 % at 5000 4 with 600 c.

Becauge of the location of the toroid, we cannot neglect the field
-induced by the FS megnet. The stray field at Pos. 3 Fig. 4 is a worst
case consideration and is calculated here. In straight section 60 magnet‘No. 59
has the open section towards the toroid and its stréy field gradient induces an

" induction B, in the toroid.

PS/4556 "




- 12 -

Fig. 4 ghows the p081t10n of the toroid and the flux gradlent
at that point is O 1 Wb/ﬁ .

(=S

We now have to caleulste the induction of the torcid., This is very
difficult to a0 with precision) but a geometrical épproximation will give us the
order of magnitude. Fig, 6 explains the procedurc and yields the result of
~~ 75 Gs induced.by one section of .the PS magnet. The voltage ripple filtered

is 0.5 % of 5.4 kV, According to measurements by M,. Georgijevic - the induction
changes about 3.5 Gs in the air gep. This value reduced byl-iggas = 6.25'3{'10'"3

(Fig, 6), due to the toroid position, yields :

é& EZ =35G8 % 6,25 % J.Om3 = 2.2 10_‘2 Ga

Appendizx I shows that the flux in the toroid under normsl conditions
-2

(pulse lengthy 200 msec, 0.25 /ua) will have an induction of about 5.5 x 10~ Gs,

If we desirve to measure to 10% ‘accuracy we ¢an tolerate an induction of

5.5 x 10 =5 Gs. This value is already in the order of magnltude of our stray field,
Con51der1ng %he many crude approximations and assumptlon along the calculatlons, we
suggest neverthele&;a shleld .i" of Mhrmctal (1 l 1) Z/ dpp L1 which reduces_

the stray fleld by facfor of r*J 400

5. .Fields from Maing
There are two noise sources from the mains

a) Stray fields from 50 cycles s,c.

b) plck-up through pulsed machines viamaing,

PS/4558
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to a) long cables with high currents in the neizlbawhaodiof #he toroid
| _ produce intensive dlsturbance_pf‘%fghfower 51gnals. The hum enters eitherp
through electric coupllng dlrectly/%he tor01d or. 1nduces n01se 1n the cables to
the amplifier and in. the electronlcs 1tse1f. ‘The electrlc fleld can. be.svleld@d
by enclosing the toroid with a copper sheet and uging double shlelded

microphone cable as leads to the amplifier. Also the amplifier should be shielded.

to b) The influence of pulsed equipment, e,g, . spark chambers etc, cen
enter the electronics through the mains, The system can effectively be decoupled
by using a voltage stabilizer to feed the power supply. It is important to keep

these cablas short.,
terminal

Since ﬁhe dis tance between pick~up and read—out/ls very long fthe grounding
is very important, The ground potential can differ several volts between these
two points. The best performenss with the beam monitor at Stanford's Linac M ITT
was obtained with double shielded coax cables, floating at the pick—up station and

one single solid ground at the read out point.
This is also suggested to apply here.

Noise from the maingcen be avoided to a great extert by careful layout and

shielding,

6. BStray Protons

There are about 103 tlmes 1ess protons at the beam tube wall than in the
ceritre of the tube. Assuvning all these protons hit the wall and produce about 3
times more secondary elsotrons, the currentm&n31de the: toroid i s3i1l about 300

< times:larger than outside.: Zhe current produced by stray protons and secondswdy’

eieéfrbﬁé 5" therefore negligible, There will be some heat production in the
toroid by the stray protons which, however, will be mostly compensated by:the v
tertiary feed back winding, (Electrostatic pick-up on page 16).
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TeFint Top Siove

During the slow ejection the'flat top"of the nagnet pulse has a slope,

At about 18 Gev we require a $lope of 'C' Biat = 108 Gs
9-1:- (31' ) = 9 a.nd thus s net: curren'l: will be induced in the toro:.d

¢ As g result

i F )
e ey

.- uﬁﬁy_._,m__:.__, .

: T
T = 400 /‘":a’c NS :

Fig, 1 Pulsed Magmet
At position 3 (straight seciion 60)we obtain again a reduction of tl.e
induction in the toroid, namely 3
.'ﬁsf‘z 108 Gs 'x 6.25 ::;10“3 = 0.675 Gs

‘ Th:.s value compares w1th 0 055 Gs induction from the beam pulse
(200 msec. pulse 1ength) A Shleld of Inore than a factor of ‘100 is necessary, In

order 1:0 be on. the safe side I suggest a dou'ble Jlayer My~metal M 1040 M
carefully wlded and mounted (Pig, 2),

PS/4558;
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8e Accelerator Noise
The circulating beam contalns oomponents of the revolutlon frequency,
150 to 450 kﬂz and its harmonlcs. ThlS 1s at the low end of the proposed RF filter,
It Would be de31rab1e to reduce the band w1dth of the cireuit by u31ng a
filter to keep these frequen01es out, The exact cut—off p01nt can be easily deter-

mined in practlee. A cut-off at 100 ke seems to be a reasonable order of magnitude,

9. Noise Due to Inhomosenities in the Construction of the Toroid.

Present measurements ll“/ have shown dlffermmsg. Jin, results by turning
‘the tor01d around its axls. This oxperlment altbws/conclude that inhomogendties must
Abe present The exact origin could not yet be determined but the following reasons

are con51dered

a) _1nhomogeneltus & magnetic materlal

“,bjéruneven dlstrlbutlon of the windings.
‘ e) =;ghogegengops magnetlc,shleld

o d) plck-sup by,fr_‘eedrthrough an&,leads

A11 ‘these points are of gredt importance fef:our highly sersitive device,

Special:care should be tgkeén for the megnetic 'shield, - We have assumed that a constant
gradient field has no net flux in the toroid, but apinhomogendity in the shield = -
nullifies this statement. Any welding joint or feed through isthe origin of asyumetry
and thus of noise. It is my opinion that careful shielding is the key to.the

success of thls beam monltor.

10. Eaprthi is magrétic field
is '
The earth magnetic field ig practically constant and almost homogeneoug

and can therefore be neglected,
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Lle... N01se from PulseGAeaulp ient

_ - One-of the noisiest pulsed equipmentis the sperk chamber. A&s we - .o
discussed earlier, the pulse-can travel trough the maing,.-.In addition every spark creates

a continous spectrum-of clectro-magnetic waves which propagates through the air. .. ..
andﬁdlpng the beam pipe etc.  An eleectric decoupling from the beam pipe is.necessary, .
(also from the point of view of accelerator noisehnd an effective HF shield, Here

again the earlier discussed copper sheet metal will reduce‘the noise (Fig. 2).

Cl2. Radlatlon Damage .

Prev1eus experience . has shown that magnetic material is not appr901ably

affected by rediation and we can assume that this will also be the case for the

oaterial presently in use,

Reference 2/'gives information on tests of electronic equipment in
radiation. MNMost transistors show loss of gain after exposure to segeral krad
radiation, All tested circuits worked up to 100 krad which eorresponds to about

100 hrs near the internel target. In the rlng we may expect a, multlple of 100 hours.

.

‘ It has been'éhggested by ";/éo mount the ampllfler 1n a hole in the floor below

a magnet. Thls could prov1de some Shleldlng and the 11fe of a transzstorlzed B

ampllfler could well exceed a tube clrcult.

ety

13, Microphonic Noise e
/.

Duc to mechanicsl vibration the gysten can act like a microphone

This requires a mounting on shock absorbers between beam plpe and monltor.‘ Exact

measurements of this microphtnic effect are, however, stlll m1551ng.

W

14, Electrostatic Picle-up

Holecomb et al ;2/ clainr. that the electrostatic pick-up of the magnetie
coil can exweed the magnetic induced signal. It is obvious that also the toroid has
a capacity to the beam and to the case, as well as . a high winding capacity,

Holcomb suggests an electrostatic shield which collects free charged particles

(Fig. 2).
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IV, Discussion

With the presently available commercial amplifier we.could measure with

the girquit desoribed beam currents as low as about.1.2/ua which corresponds to a

beam pulse length of about 400 msec, neglecting all external noise, Only if the

input noise level of the amplifier can be reduced by at least a factor of 5 we

reach the limit of 0.25 /ua and 200 msec,  With the domporeits availsble at_ pregent

it seems possible to reach this value, tut extenasive development will be necessary.

The external sources of noise will also cause considerable problems and only with

extreme care and some experiments we can hope to r%duce the noise to the level of

the amplifier,

Such a current monitor would have the following characteristic :

1.

27
3

4,

5'0,

Te

Principle schematic as proposed in Fig, 1 (Hereward transformer)

10 laminated toroids (Ultraperm 10, o5 = 120 000),
Dimensions 130 x 90 x 20 (about 100 sfr./kg)

5060 - 25 000 turns, tertiary winding bifilar
Amplifier 3 Philbrick FP 656 (or loecally built model)
Construction as proposed in Fig. 2

Maltiple shield with Mu-metal MIO40 with copper layer between

plus electrostatic. shield

We expect to measure as low as 1,2 /ua which corresponds to

40 wmsee pulse length,

Improvements of the presently suggested circuit could be twofold :

a)

- PS/4558

Design of low noise and high stability amplifier using cascode

input with 2N930 transistors or thin film fisld effect transistqrs,
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b) Utilize the principle of a tank cireuit as presently being develioped”
--gby,V;Radeka;QZ,ﬁor solid state detectors, The author expects a gain
zreof 2bout: 100 which would be sufficient to drive an ordinary amplifier,
;*é@hahanalysis'of'such a cireuit. is however very difficult and would
-regquire- 8 research project by itself,
*-ﬁﬁgbtfis;@;so;impractical to lengthen the system much further-and-theil

- induetivity ccefficient. k must be-consideréd for the present a constant,

: Before trylng to develop new c1rcu1ts,l1 suggest evaluatlng the results

.from the monltor belng now developed for the 0,5 msec slowly eJected pulse.*

| PS/4668
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Jagnetic Flux in Toroid for Slowly Bjected System

1 turn of 0,25 /ua / 200 msec

A

Bm = | ——

1

g

A

= magn. resistance

= magn, conductance

g
O = A = magn. tensien - - e omowva
9 = H ‘/Z = T ( T )
given = igl A, /u - Am 'g = 27TI' = ZWX 11.0 Cm‘

e 2T r
r = 5
T =

1

0.25 /u.a (lowest ,current)

» A V -
R Sy, Ao Maenetal

-

B =H /2 (H)
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(2 x 2) 10 = 40 cn®

i

2

N, = 1 (primary winding of beam)

assume /u being small and thus

1201000 x /uo = gongtant

/uo = 4T x }.0-.5
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2 .
p - NLxXd 100 53,0510
Y

R U Tt L T 5 i :
. 1lx10 " x2,5x 2% 107 x1,2 x 10 = 5.5 % 10

6
Bmin . 11

Wb
e

) ' -
 in 5.5 x_,lO, Gs (200 ms)

r_u_ﬂ
Ff
&

e
i
=
| SR |

I

Bmax = 22 Gg (.5 msec)

Assuming an accuracy of about 10 % we are required to keep the noise down

to Ba5. % g™ Gss

Caloulate the magnetic flux ﬂ .

d _-.g/L- 8 = /%?hEL:_QQ_ = p AeBs= /uA -

[

27r
2 -5
_ urx AR x 107 x A NI
= / T 2’”: " v
5 165 240 w10t s ps w15l
9{ _ L2x107 %10 x40 x 107" % 2.5 x 10 =109xlOlOVs

W11

i Ve x X% gf — }

A A

—

Iy

-1409 x %Q-S VERER
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APPENDIX II-

- Magnetic Shield Y

Good shielding results are obtained with thin multiple layer high
permeability material. For low frequencies the Mu~metal M-1040 seems to be

best suited,

it

Permeability at 5mOe 75 000

[ maz

/umax 90 000 for foil

il

60 000 for hulk

It

Shielding attenuation factors s

VAQ Firmenblatt M 001, Weichmagn.Werkstoffe,

[ i RB 42 (-H-"i) = 400
‘ i

This is true for very low H
Ha (0.5 0e) only.




Calculation of the Inductivity L of the toroid
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APPENDIX  III

From reference 2) we have the following formula

With

e m o =

= 5.000 (25.000)
= 10x2=20cn,

= 11 em

B
N
Q

LB

2x (5 x 103)2 x 20 (1oge

2x25x20°x20 (log, 2) 107

9 9

10 0.365 x 10 © = 0,4 h inair.

Fig. 9.

a permeability of 120,000 we get 36.000 h.

If we check the previous toroid using the same formul

using '/ur = 10,000, L= 0,27 h

1)

which coincides with .

Coil consisting

out of 10 Toroids.

a we obtain,
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PART B

'Electrostatio Bean Monitor

I, Principle of Operation

The measurement of the slow ejected beam requires an increase of sensitivity
by a factor of 105 compared to the presently used menitor for fast ejection,

Current development stresses higher bandwidth,which could be sacrificed to obtain

the required sensitivity for slow ejection,

Fig,10 shows the geometry of the eleétrostatic pick-up principle,

sickup electrode

Cale

II, Choice of values,

In order to obtain a high output voltage
_ V = output voltage
Vo= 8- | . @ = beam charge

Cg
Cg =capacity between electrode

and ground

we like 'Q large and Cg small,.

h
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First we calculate the chafééuper unit length for the slow ejected beam

of 200 msec and 0,25 /ua .

R * B—
NE = - " and
Q., = _ N.e = o€

Nf = . number of particles per unit length

= number of protons per pulse 5 x 10ll (typical)

b

Il

N
0
{Z = length of the electrode, agsume 100 om

1.6 x 10'_19 Asec

It

e = charge of proton

3x lO10 cn/sec

1)

v = velocity of protons

t = pulse length S : = 200 msec
Q@ = charge per unit length
‘ 5 x 10:Ll x l.6 x 10.-19 _177 CAs
. Qg = 0 = 1,33 x°10 p
3 x 107 0.2 - '

We like Q big, thus £ 1long, Let us say 100 cm, and obtain

17

Q. = J =1.35z10 ~15

x 100 = 1 x 10 Ag

- -

£

Charge on electrodes with the minimum besm current.

A large f? increases proportionally Cg and we 40 not gain voltage by
maklng the electrode 1enger. However, from the current p01nt of view, it is desirable

Yo have a hlgh charge avallable.

1/

The capacity Cg can be estimated by the following formula
(neglecting end effects): '



=25~

S/ 3 i /1000 74
log, (v/2) oA .

In order to keep Cg low we like the electrode dismeter b large

and the dase diameter a small,

Assuming
b= 40 cm
a= 5ocm
= 1
Cg = 27 £t

IS

“including feedthroughs, input capacity of tube, leads ete,, we guess about 35 pof

Thus ..
v = Uin _ 1.3 x 1072, R
min Ce 35 x 10m12 T ____in.

min = voltage acféss Cg caused by minimum beam durrent.

If we desire to measure the total beamﬂpnrrent;we_have to integrate the
output signal over the capacity Cg, For this Purpose we need an. electrometer tube,
- An integrating time constant of 5 x %t = 5.%.200 msee = 1 sec yields ~,. 1 %/o

aceuracy, but requires a very high input impedance,

o= Ri Cg and

1l sec
R, =
i 35 pf

2.8 x 1000

The current; flowing at time to with the voltage V .is 3

6

1= 7 o= AR 15105,
° 1 2,8 x 10 |

P5/4558




PS/4558

- 26 —

%)

Good electrometer tubes’

15

order of 3 x 10 4, Depending on ihe voltage noise of the tubes, we can adjust

of to-day have-a” grid leakage current in the

the capacity Cg to minimize the voltage noise and leakage current. Since the noise
level is usually in the order of several /ua, we cannot sufficiently increase the

i0 to be much hlgher than the grld leakage.

Here again we Just about reach the llmlt of to-day's development New
low leakage electrometer tubes or fieldeffect transistors can help to make this

project feasible,

We have so far excluded all the extérnal noise sources which seriously

increase the difficulties.

III, Sources of noise

In general, the same, sources of' .noise are,present,as‘discussed“ﬁon‘the

‘electromagretic beam monitor, Here, the magnetic disturbances are less severe, but

the electrostatic neise increases, Due to the very high impedance input, we easily

can pick vp electromagnetic WaveSQf?Qe.p;esent design, however, has the tube say
neaxr the‘electrode and thus limits these’effects.iSEielding may neverthe=

less be necESSary, In the folloWlﬁgvﬁashall brlefly-dlseuss other important additional

noilse sources not consxdered in sectlon A..

“Eorization of residual gas

teals RoKsiser and P.Gobbfeld lé/ebeerved considerable ionization of the restdusl

-6

gas, oven at?tacuum oft 10 ~ m=fHg, Deposits of these charged particles on. the electrodes

-cause undesirable currents.. A negatively biased grid could be inserted inside the

. electrode to remove the ions and stray-protons,

%) Vietoreen 5800/V x 41'A Tetrode
Philips 4068 Pentode

SRR P A
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Iv, Discussion

Neglecting external noise sources, it seems possible o develop with
some research the necessary electronics for the. electrostatic beam monitor, The
order of magnitude of the extermal disturbances is not known and only a step~by-step
increase of sensitivity with the neccssary shielding ete, enables us to eliminate
all the noise sources., People working on linear acceleratoré are very pessimistic
about the electrostatic pick—up monitor beczuse of charge deposit on the electrodes,
Before we complexely reject this possibility I suggest to investigate the possibiw

lities of a grid ingide the electrode,

PS/4558
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PART C

. Comparison of electrostatic and electromagnetic bean monitors

‘Holoomb et-al ;é/ made an intensive study of electrostatic and eleetro-

‘magnétic monitors, They investigated in particular position,Sensitive'monitors for
: : : 8
‘proton beams between 0,18 ma - 15 me which correspends to 6 x-10 p/p. Their

" analysis shows the superiority of electromagnetic beam monitors because of a bettdr

gignal to noise ratio,

1, The advantages of the electromagnetic monitoré

_a) The output signal is proportional to the beam peak current, thus it discriminates
against slowly moving charges,

b) The stray currents enter the electromagnetic system less becguse of the short
integratin g time constant,

¢) Secundary electron emission is a funetion of the surface area of the pick-up,
thus much smaller for the coils,

d) An electrostatic shield collects free charges moving in direction of the winding,
(4 similar protection could be installed for the static pick-up).

e) Comparsble electrostatic electrodes are much larger than the toroids,

2. The disadvantages of electromagnetic monitors

a) The construction of a toroid is more complicated than an electrode,
b) The toroid yields a lower signal,

c) Shielding of a toroid is much more difficult.

3. Conclusion

From the point of view of signal amplification excluding the external

noise, the clectroatatic method is closer %o realigation, However, the difference is

-minute, Any change of geometry (note the 100 cm long pick-up electrode)may well

reverse this-statenent,
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Holcomb et al, did not have the sirongly pulsed magnets we are bound to
have for the slow ejection, thus its biggest noise scurces were ilons, stray currents

and electroncleouds, It is obvicus- that the electrostatic pick-up is more sensitive to

these disturbances, .

In our case we lack exact quantitative data, both from magnetic fields
induced in the toroid and the intensity of-undesired éharge deposited'on the
electroedes, We can at present only predict that for either the case of the electrostatic
or the electromagnetic monitors, there will be‘a high level of noise. Wg finally
conclude that both methods require a considerabls amount of research and only a
parallel, step-by-step developuent will enable us to decide the definite superiority

of one of the systems,
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INDUCES A SYMETRICAL FLUX IN THE TOROID
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