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ABSTRACT

The aberrations of several loop-monitors for m

t he displacetnent of an electron-bcam in an accclcrator

are calculated, The picture produced by induced si^nal

of an orthogonal lattice in a plan perpcndicular to

beam direcCion is distorted s i m i l a r Co distortion by

optical lenses. The distortion can be rcduced by using

8-Loop-instead of 4-Loop-lIonit ors .

INTRODUCTION

Usually pick-up elcctrodes or loop-monitors are used to

detect the position of the electron be am in an accelerator

relative to the ideal beam center line. rit'n loop-iioni-

tors the magnetic field of the bean induces a si^nal to

the loop, with pick-up electrodes on the contrary the

electric field of the beara interacts with the electric

field of the tnonitor. Though special formed nick-un

electrodes with linear response are known the acnsitivity

is small conspared with loop-raonitors. Two different 4-loop
"> ^

configurations are used "|J (fig. l and 2) .
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In f i g u r e l the ho r i zon ta l and ver t ica l d isp lacement

is de t e c t ed by m e a s u r l n g the d l f f e r e n c e of the Induced

Signals :

R „ O R . =* A- B (A, B, C, D: i n d u c e d s i g n a l s t o ...

the loops a t b , c, d)

R V E R T , 1 ' C -

In f i g u r e 2 the m e a s u r e d d i sp lacement is:

R H O R 2 * E + F - G - H (E, F , G t H: induced Signals .

to the loops e f f , g f h )

R V E R T , 2 = E + G - F - H

As shown later, both configurations givc distorted response,

With a 8-loop-monitorf that is a combination of both

4-loop-monitors, one exspects a reduction of distortion

because the distorsion of configuration fig. I is negative,

the distorsion of fig. 2 on the contrary is positive.

The horizontal and vertical response is given by summarizing

the responses of the 4 loop-monitors:

RHOR,3 » A + E + F - B - G - H

RVERT,3 - C * E + C - D - P - H (3)

CALCULATION OF THE LOOP-RESPONSE:

For ca lcu la t ion of the induced signal to a loop the e lec t ron

beam is assumed to have sraall expansion compared w i t h the

dis tance to the loop. The induct ion of a current to a

para l le l wire of length l is well known:



L **i
* J * S ̂ f _ T /, y ^ , „

(4)

A constant

l . • • • * . * . . . l eng th of the loop

r ... d i s t ance be tween e l e c t r o n ~ b e a m and loop

The dis tance between the e l ec t ron beara and the l oops

can be de r iva ted f r o m f i g . 3

(5 )

/A * * * * * 3 * z *

coord tna tes of the beara

d ins tance between seomet r ica l c en t e r and loops

/ • * . « . angle be tween vert ical -ax is and loop-axis .

In loop conf igura t ion f i g . l /-' is z c r o and in

f i g . 2^13 T T / 4 .

Combin ing the equa t ions (4) and (5) the response f o r each

c o n f i g u r a t i o n can be ca lcu la ted . A r e c t a n g u l a r la t t ice is

c o n s t r u c t e d in the x-y p lane ( f i g . 4) . The d i s t o r t i o n of the

loop response of the la t t ice is demonst ra ted in f i g . 5 ( 6

and 7. The indices of l and R r e fe r to the l o o p - c o n f i g u r a t i o n s

of f i g . l . a n d 2. In table I the d i s to r t ion of the d i f f e r e n t



- 4 -

loop-conf i surat ions are compared, As to be seen frorn

fig* 7 t he lattlce distances increase with Incrcasing

distances frora ehe axis. Thts deviation 1s shown in

flg. 8.
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y* const (mm)

1
3
5
7
9

11
13
15
17
19
21
23
25
27
29
31
33
35
37
39
41
43
45
47
49

re la t ive x - d is tor t ion between x - I and x = 19 ram

4 - loop - conf igurations

c o n f i g , f i g . 1 ( % )

- 9,9
- 9 t O
- 9 , 1
- 9,1
' 9 , 2
- 9,4
- 9,5
- 9,7
- 9,9

- 10 ,1
- 10 ,4
- 10,7
- 1 1 , 1
- n, 5
- 1 2,0
- 12,5
- 13 ,1
- 1 3 , 7
- 14,4
- 15 ,2
- 16 ,1
- 1 7 , 1
- 1 8 , 2
- 19,4
- 20 ,3

conf ig . f i g . 2 ( % )

13 ,3
13 ,3
13 ,4
13,6
13,3
14 ,1
14 ,5
1 4 , 9
15,4
1 6 , 0
1 6 , 6
1 7 , 3
13,0
13 ,7
19 ,4
20,2
20,9
2 1 , 6
22,3
2 2 , 8
23 ,3
23 ,7
23,9
24 ,0
2 4 , 0

8-loop-conf ig.

1 ,0
0 , 9 6
0,97
0,98
1,0
1,0
1 ,0
1 , 1
1,0
1 , 1
1 ,0
1,0
0,93
0,8
0 ,62
0.38
0,06

- 0,36
- 0,89
- 1 ,6
- 2,4
- 3,3
- 4,5
- 5,8
' 7,3

Table 1: Relat ive d i s to r t i on of 4-loop- and 3- loop-moni tors
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Fig.1 4-Loop-Monitor The loops are situated in the
horizontal andver t i ca l planes

vertical axis
e * ,3 loop axis

electron beam

Fig.2 / i -Loop-Monitor The loops are shif ted by 45
compared to Fig.l



geometncal center

Fig.3 Beam position and geometrical center with
l loop configuration
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Fig.i Rectangular lattice in x-y plane (onquarter
o f the total plane)
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X- Response (arbitrary units)

Fig.6 Response of the rectangular lattice Fig./»
produced by a loop configuration accordmg
oFig.2 ( R 2 = 7 2 m m , I2 = 21mm)
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X- Response (arbitrary units)

Fig. 7 Response of the rectangular lattice Fig. k
produced by a 8 loop monitor

= 72 mm, R2 = 72m I2 = 21mm)
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Fig.8 Lattice distance versus distance from axis (8 loop monitor)


