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Abstract 

Relativistic beam of charged particles 

circulating in finite conductive vacuum cham- 

ber (VC) of storage ring produces electromag- 

netic fields. These fields influence on beam 

dynamics. It results in coherent tune shift of 

betatron oscillation and also can limit number 

of particles in beam due to “resistive wall” 

instability. In this paper results of coherent 

tune shift measurements are described. New 

technique of coherent tune shift elimination 

which is based on wake fields compensation is 

also demonstrated. This technique can lead to 

considerable increase of maximum beam current 

in accelerators and storage rings with small 

aperture, when beam - wall interaction is 

important. 

1. Introduction 

A magneti c field in VC can be produced by 

beam current and also by currents induced in 

walls of VC. Wall currents’ decreasing due to 

finite conduc tance of wall material results in 

different behavior of electric and magnetic 

fields versus time. Just after injection of 

beam into VC the electric and magnetic forces, 

acting on beam particles are mutually compen- 

sated as l/r 2 ( T - Lorentz’s factor). But 

later magnetic field from wall currents decre- 

ases and consequently the force acting on par- 

ticles increases. When time tends to infinity 

mean wall current will be totally damped, beam 

magnetic field will diffuse out of vc. The 

maximum transverse force for the beam d 

placed from axis of round VC is determined 

the mean current I: 
21e 

F = x* (1) 2 ca 
where c-speed of light, a-inner radius of 

s- 

by 

C, 
X- beam deviation from the VC axis. After 

bunch passing trough any cross-section of VC 

the field of wall currents remains on the 

up to the moment t-(ZnAag)/c’ ( A - wall 

thickness, (r - conductance 1 and later this 

field will fall exponentially with time con- 

stant t. This wake field produce force which 

acts on the next bunches. Limitations of maxi- 

mum number of particles in accelerators due to 

such fields were discussed in many papers 

(see, for example [1,21). 

In all below for the convenience the cohe- 

rent tune shift of betatron oscillation will 

be normalized on it’s maximum value,correspon- 

ding to the force (11. 

At fig.1 coherent tune shifts calculated 

for two type of VCs are shown. 
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Fig.1 Calculated normalized coherent tune for 

two copper VC with II=50 mm: A=O.l mm(l) 

and A=20 mm(21. Used formulas from 121. 

Several traditional methods are used to 

overcome these limitations. For example incre- 

asing of betatron frequencies spread in beam 

leads to Landau damping, or using of feedback 

sys terns which suppress coherent movements of 

bunches (see [31). 

The method would be proposed allows to 

compensate the wake field, i.e., to cancel the 

origin of limitations. 

O-7803.0135.g/91$01.00 @IEEE 529 

© 1991 IEEE. Personal use of this material is permitted. However, permission to reprint/republish this material

for advertising or promotional purposes or for creating new collective works for resale or redistribution to servers

or lists, or to reuse any copyrighted component of this work in other works must be obtained from the IEEE.

PAC 1991



2. Measurements of coherent tune shift 

Scheme of measurements is shown at fig.2. 

For coherent tune shift measurements we 

use two coils placed inside cylindrical VC. 

The first coil is long and flat with approxi- 

mately 20 turns and size 20x2 cm and it "as 

used to create magnetic dipole field in the 

vc, which is equivalent to field of bunch de- 

viated from VC axis. This excitation coil is 

fed by current pulses with duration 0.1-0.3 ms 

and amplitude up to 1 A. A second coi was 

small (1 cm in diameter) and it "as used to 

measure the magnetic field. It "as fixed at 

the center of the first coil. Due to small 

size of the second coil measured field is not 

disturbed. Inductance L of second coil was 

3 milliHenry. Induced in the measuring coil 

current was shunted by resistance R=lOO Ohm. 
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Fig.2 Scheme of measurements: 1,2.3-exitating, 

measuring,compensating coils,4-VC model, 

5,6-current generators. 

Signal from the shunt "as digitized by 

CAMAC ADC with interval T=l microseconds and 

was stored in computer memory. Signal from the 

measuring coil U(iT) was processed according 

to the formula: 

H(IT)=U(IT)+ c U(jT1*T/To, To=L/R, i=1..512 (2) 

J =1 

Integrating time T "as about 30 microseconds. 0 
Fig.3 shows measured magnetic field H(iT) 

during and after excitation current pulse in 

different conditions: l- in free space, 2- in 

the thin copper VC with diameter 50 mm and 

wall thickness 0.1 mm, 3- in the thick alumi- 

nium VC with inner diameter 50 mm and wall 

thickness 20 mm. If one subtract from the 

field a rectangular pulse of magnetic field 

arising at the first moment - analog of beam 

own field (shown at fig.3 by the dashed line) 

- and normalize it on the field in free space 

then one get normalized coherent tune shift 

for different kinds of VCs as we said above 

(see fig.4). Small additional pulses on the 

figures are caused by the errors of digitized 

rectangular pulse of free space magnetic field 

subtracting. 

One can see from these figures that in the 

thick wall VC fields decrease slowly after 

bunch passing. It results in accumulation of 

coherent tune shift in multibunch regime. In 

the VC with thin walls a big coherent shift 

for single bunch is observed, but fields dec- 

rease faster so the influence of one bunch to 

another one is smaller. Right choose of opti- 

mal wall thickness depends on many factors I41 

3. Compensation of the coherent shift by 

external currents 

We suggest rather effective and simple 

technique for compensation of magnetic wake 
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Fig.3 Magnetic field inside different VCs 

1 .oo 

2 2 0.80 

z 01 0.60 
k Lz 
8 0.40 
-0 
.E 0.20 
Y 
E 
b 0.00 
z 

-0.20 1,...."'~.,.......,......, 
0 100 200 300 400 500 

T ( rnicrosec ) 
600 

Fig.4 Coherent tune for different VCs:l -20 mm 

aluminium, 2 - 3mm steel over 0.1 mm 

copper, 3- 0.1 mm copper, 4- 3 mm steel. 
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fields in VCs - to generate electric currents 

in conductors on outer surface of a VC. These 

currents should be equivalent to image cur- 

rents in the walls, i.e., to be analogously 

distributed on the VC cross section outer pe- 

rimeter and to be proportional to beam 

current. 

We carried out an experiment for demon- 

stration of this technique (see fig.2). A 

signal from the current shunt in the excita- 

tion coil is proportional to magnetic dipole 

field inside the VC. A current generator is 

controlled by this signal and produce current 

in external coil. The last one lays in the 

excitation coil plate. Image currents in the 

walls disappear if currents inside and outside 

the VC have equal values but opposite direc- 

tions. Fig.5 shows measured coherent shift 

for thin copper VC ( thickness 0. 1 mm, diame- 

ter 50 mm) in this case. One can see that the 

compensation decreases value of the shift to 

few per cent level. 

Practically coherent shift compensation 

system for accelerators and storage rings can 

use multi-electrodes pick-ups for beam positi- 

on measurements. Signals from electrodes con- 

trol the current generators for corresponding 

external conductors proportionally to image 

charges on inner surf ace of VC (see fig.61. 

Each bunch produces current pulse in the cond- 

uctors with time of decreasing z (see upper) 

distributed according to bunch displacement 

from VC axis. Summary current in conductors 

should be equal to mean current. 

Apparently if one take six conductors one 

will get good compensation of main (dipole and 

quadrupole) components of magnetic field. 

Without current compensation 

With current compensation 

-0.40 1.““““*‘.” m 
0 600 

1 (microseconds) 

Fig.5 Coherent tune shift for 0.1 mm copper VC 

with and without current compensation. 

J 

Fig.6 Scheme of coherent tune shift current 

compensation 

Length of each system should be noticeably 

less than particles’ betatron oscillation wa- 

velength. It is possible in principle to con- 

centrate correction coils near the multi- 

electrodes pick-ups but it should lead to inc- 

reasing of currents and power of compensation 

system. And also the compensation along all 

chamber allows to eliminate influence of fer- 

romagnetic elements because in this case mag- 

netic field in external space of VC would be 

completely absent. 

High degree of compensation can be achi- 

eved with thin walls of VC when image currents 

are compensated by currents in conductors on 

outer surface of VC. 

Authors are grateful to V.I. Balbekov for 

the helpful discussions and to A. I. Sleptsov 

for his help in installation preparations. 
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