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Abstract

Rules have been derived showing how to choose the shape of
electrodes measuring the displacements of centre of gravity of the
beam of charged particles in & chamber of arbitrary cross-section.

The paper is a continuation of (1)

Recently several articles and reports have been published
(ref. 2—5) on the determination of the form of electrodes for the
measurement of the beam position (so-called "beam-locator electrodes").
In the present article theoremes are discussed which allow to solve
this problem exactly for vacuum chambers of arbitrary cross section.

In ref. 1 has been shown that the difference of the poten-
tiale induced by a beam of charged particles in two conducting sur-
faces & and B which are isolated from ground and which are of arbi-

trary form can be found from the formulae :

Wy - Yy = U{; (2, v, 2) « ¢ (x, y, 2) dx dy dz (1)
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where »QA and QQB are the potenticls which appear on the surfacos

A and B whon a beam passes by, p(x, vy, z) is the charge density in

the bean and m(x, Vs z)’is the potential at the point (X, Y, z) which

is originated by having one sinélo positive'chﬁrge on the surface A

and one single negative charge on the surface B (in absence of a beam).
Let us now look ot the most intercsting case for our pur-

pose where the bcam density over the length of clectrodes and somc-

what beyond them (see below) does not depend on the coordinate =z

(the longitudinal direction of the bcem). Bqu. 1 can then be written

in the form :

Yy - g = ggx dy e(x, y) jé(x, y, z) dz =fg’p(x, y) 8(x, y) ax dy  (2)

In equ. (2) enters the potential integrated over 2z

By w) = [o (v, o) a0 (5)
Equ. (2) follows from . equ. (1) only in those cases where
the beam density p  does not depend on z  in the region where ¢ is
essentially different from O - that is roughly spcaking in a region
which exceeds the length of the electrodus by one chamber width.
" Usually this condition is largely fulfilled.
The function @(X, v, z) fulfils the Laplace equation

2 2
o .
a<29+ e L, 29 _, (4)

ax 2y° 3z°

with the boundary conditions

= conste., @B = cons = congte (5)

CPA t.’ CPC, Dt..

The potentials Pa and Py are determined by the charges of the elec—
trodes A and B (unit charges of opposite sign). The potentials of
all other electrodes arce cither O (if they are at ground) of are de-

termined by the geouctry of the problam (their mutual capacities).
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The vacuun chamber is assumed to To on ground so thet for sufficiantly
large absolute values of 2z ( far away from the cloctrodes) ¢ and

d9/dZ are equal O.
In order to clarify the propertics of the function ¢(X, y)

we integrate equ. 4 over z from - & to +o¢ + Remcmbering that
o0 od
2
2
o9 dz = —% =0
2 Oz
b 0%
we find -o9 (6)
2% 270
dx”  Qy

the function ¢ (X, y) fulfils, conscquently, the two-dimcnsional
Laplace equation with, gencrally speeking, very complicated boundary
conditions.

FPor our further discussion we limit ourselves to the case
where the measuring system contains inside the vacuum chamber a closed
grounded electrode (a screen) the section of which does not depend on
z over a sufficiently long distance. We assume now that the walls
of the screen are partly replaced by electrodes (among which the clec-
trodes A and B) as is, for instance, shown in fig. l. We assume further-
more that the screen goes very close to the electrodes partically
without gap. The system composed of the screcen and the electrodes
is placed inside the vacuum chamber. The latter one is not drawn
on figure 1l.

Under the above formulated conditions the form of the border
of the region in which the potential @(x, ¥, z) is different from zcro
does not depend on z and the problem is very much simplificd. It is
natural to characterize a point of thce border line not by three but
by two coordinates, for instance by the coordinate z and the angle
a as it is shown in figure 1. We now integrate the potential

@(x, Y, z) over z along theborder lines. The integration over the
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screen 1s zero. In the region be ond the screen the potential ¢ and

together with it the integral {¢9 dz arc also zcro, because under our
/

conditions the field produced ty the el ctrodes A and B beyond the

screen is negligably small. Wc obtain therefore

g,(a) =9, {(a) ; ¢B(a) = 9 {(a); ¢c, Deer = 9, Du.. L) (1)

The potentiasl ¢ and together with it the difference of the potentials
on the beam locator clectrodes is determined by the solution ceque (6)
under the boundary conditions equ. (7). We note that if one varies
(in dependence on a) the lengths of the electrodes the boundary con-
ditions can depend in an arbitrary way on the angle a while the poten-
tials wA and Py do not, of course, depcnd on the angle o, ' |
It follows from equ. (l) (for details sce ref. 1) that one
must create with the help of the beam locatcr c¢lectrodes A and'B‘in
the space a potential which depends lincerly from =x if oﬁe wants to
measure the abscisse of the centre of gravity of the beam. This can
be done either by giving the c¢lectrodes & and B the form of endléss
plates parallel to the ordinate avis or by varying linearly with réSpeot
to x the potential on the border surrounding the beam. Por clec—
trodes the form of which does not depend on  z only the first way is
possiblc. This is practically without inturcst. The exact solution
of the problem of mecasuring the beaw position by two beam locator elec-
trodes is in this case impossiblg (an approximation of the solution
with the hcelp of cleetrodes of finitc dimensions is poséible and is

being used in large scale). The second way lceads immcdiately to

simple. condition : the form of the electrodes which mcasure the beam

displacement along the xaxis must be chogen in such a way that they

appear for an cobscrver looking along the vy-axis to be trimngles

as it is shown in figure 2a, b and c. It should be emphasized that
the fulfilment of this condition allows an accurate solution of the
problem as it has been posed for vacuum chamber of arbitrary cross-

sections, No additional conditions on the elcetrode length has to
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be added. It had, howcver, boer ssumcd thet the charge intensity in
the beam docs not devond on 2z  over a sufficicnt length (sec above)
and that thc scrcen is sufficicently long.

We add scveral romarks

1) In thc geometry as shown in figurc 2c¢ the electrodes 4 and B scrve for
measuring the beam displacement along the X-axise. The projection is
formed by straight lines for an obscrver looking along the y-axis.

The elcctrodes C (on the top) and D (on the bottom) scrve for the mea~
surcment of the ordinate of the centre of gravity of the beam. The
projections of these electrodes must appear to be formed by straight
lines for an obscrver looking down the x-axis, but for an observer
looking down the y-axis (as shown in the figure) they have, gencrally
speaking, & complicated form. Between the clectrodes appecar free
spades which, strictly spcaking, should be filled in by the screen.

If the free spaces arc not big, and if the vacuum chambor is close

to the electrodce, it is not absolutcly nccessary to fill the frce

spaces.

2) If the electrodcs are symmctrically arrangoed, the oxistance of the
plétos C and D have no influcnce .n the measurcmeni of thce beam dis-
placement along the X-~axis by means of the clectrodes A and B, In
fact, if onc brings unit charges of oppositc signs onto the clectro-
des A and B, the potentials of the plates C and D do not change and
remain zero. Onc can therefore recon thewm to be comnected to the
sérccn, and the plates 4 and B have for an obscrver looking down the

y~axis the form of trianglcs as it has been asked for.

3) The clectrodes 2a, b and ¢ solve the problem of measuring the abeissa
of the centre of gravity of the bennm indepondently of its ordinate.
In order to convince onesclf on this, it is sufficicnt to know that
the equipotentials of the ficld integrated over zare sftraight lines
parallel to the y-axis. Under this condition the differcnce of the
potentials \PA —l%% as determined by cque. 1 dous not depend on the
ordinate of the beam (and not, in particularly, on the distribution

function over the y-axis).
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4) It has bec) essential for our disc:ission that on o goction perpendi-
cular to the g-axis the screcn and the clectrodes form 2 contour the
form of which does not depend on z over the whole range in which poten-
tials essentially differ.nt #erm zero appcar after unit charges hrve
been brought onto the beam locator clectrodes. If there is a big gap
between the vacuum chamber and the clectrodes and if the electrodes
are short (so that §£§§Z%h¢ field coffects play an importent réle)
then onc must place between the electrodes the grounded screen as it
has been shown in figure 2. In thce case of long cluctrodes, one
can drop the screcen without influencing the results.

When discussingthe rdle of the screen, one must keep the
following in mind : the screen is nccessary in order to make zero the
potential vhich appears on the extention of the contour of the elec-
trodes (see figure 3) after bringing unit charges onto the electrodes
A and B. Only in this casc is integral 'gw dz taken along the border
linces equal to the potential of the c¢lectrode multiplied by its longth
é(a). 4s can be scen from the figure alrcady a very short grounded
gscreen is sufficient in order to make with sufficient accuracy the

potential on the extension of thoe contour of the eclectrodes to zero.

5) The signal, measured from the locator c¢lectrodes, is proportional to
the product of the beam displacement and its charge. In order to
obtain the beam displocement itself, 1t is nccessary to divide the
potential difference by a signal proportional to the intensity of the
beam. Such a signal can be obtained by any clectrode fully surrounding
the beanm (see ref. no. 1).

f some conditions are fulfilled, a signal proportional to
the beam intensity can be furnished from the potential as originated
on fhc locator electredes themselves. In order to cbrg » this ques-
tion, let us have a look at figurc 4. We consider a system of clee-
trodes surrounding the beam. If the cloetrodes are galvanically cone-
nectod, they form one single ring elcctrode, the potential of which
docs not depend on the position of the beam (on the displacemcnt of

the beam from point O to point 1). If wc usc wisem® for the intensity vanQ/
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the sum of the potuntials of fthe ¢ lcetrodes, thon we obtain in this
case four times the potential of such an clectrode : 4 U (for the case
of four c¢lectrodes as shown on the figurc).

If the beam is displnced, the gencral charge on the clec—
trodes isolated from ground remains zeru. The charges of its parts
A, B, C and D, however, arc not scparatcly equal 0. 1If, for instance,
the beam gocs onto point 1, the charge of the clectrode B will increasc ard
the charge of the electrode L decrease.

If now the electrodes are separated and the beam displaced
again, then not only the sum of the charges remains zero, but also the
charge of cvery clectrode scparatcly, The potential of the electrodes
are not equal to each other any more (which gives the possibility'to
mecasure the beanm disPlacement) and the suu, generally speaking, is

" not equal to 4 U. »

We shall show that the sum of the potentiasls c¢f the clec—
trodes does not depend of the position of the beam if the capaéitius of
all clectrodes arc equal. In fact, if the capaéities are equal, the
transfer of charge from one clectrode to snothor does net perturb the
sum of potcntials on the electrodes and, by, transfer of charge onc can
arrive at thc same distrituilion which appears if the clectrodes are
galvanically connected.

In this way, one can mcasure the intensity of the beam by
means of the sum of the potentiels of the electrodes surrounding the
beem if the capacity of all clectrodes are equal to ecach other (inde—
pendently on the size and the position of these glectrodes). On the
gize and position of the clectrodes depends their contribution to the
sum of potentials and also the error which is madc when the capacitics
are not egqual. As it follows from this deduction, the capacity of the
locator clectrodes is thoir full capseity to ground in the resl scheme
with all clectrodes in placc.

The formulated rule is corrcet only in tho cases where the
sum electrode obtaincd from galvanical conncction of all individual
clectrodes surrcunds fully <the beams The "tongs" of the screen (see
figurc 1 or fig. 2¢) nnd the gaps between the electrode perturb the

accuracy of thce proof. This is, howcver, in most of the cases unimportant.

PS/5508


http://sepa.rate.ly

i

References

1) L.L. Gol'din, PTE, in press, 1966

2) A.A. Kuz'min, S.S. Kurobtehkin, PTE, no. 4, 1962, p. 126

3) I.P. Karabekov, M.A. Martirossian, PTE, no. 5, 1964, p. 36.
’4) A.J. Sherwood, IEEE Transaction, vollls-12, no. 3, 925, (1965)

5) G. Schneider, Private Communication, 1965, CERN.
11th Januvary, 1965.

Figure captions

Fige 1 Signal electrodes and screen. (The vacuum chamber

surrounding the system is not shown).

Fige 2 Different forme of signal clectrodes (seen in projection).

Fige 3 Stray field in presence (left) and in absence (right) of

a screene.

Fige 4
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