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Abstract: 

In the following we describe a method for expanding the beam 

cross section in a storage ring by coupling the betatron oscillations 

and damping* the synchrotron oscillations. 

*Translator's note: Undamping? 

It is shown that in the case of resonance 

Qz - Q* z integer 

the vertical beam expansion is increased and the horizontal expansion 

decreased if coupling of the betatron oscillations is introduced. 

In connection with coupling a further enlargement of the beam 

cross section in the x-direction, as well as in the z-direction, occurs 

by damping of the synchrotron oscillations. 

Rotation of the beam at the crossing points generated by 

coupling, which could give rise to additional coupling, does not 

appear if 

1) Q -0 z X 
is an odd number; 

2) the rotated quadrupole which produces the coupling is 

precisely in the middle between the interaction sections. 
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The expansion of the beam cross section leads to 

1) balancing of the strong vertical and the relatively 

weak horizontal space-charge forces and 

2) weakening of the space-charge forces. 

In this way the limit of luminosity due to the space-charge effect is 

raised. 

Equations to determine the beam cross section and the Q-shift 

induced by the beam-beam interaction are derived and evaluated numerically 

for the case of the DESY storage ring. 
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I. Introduction and Statement of the Problem 

In the present work we describe a method for considerably 

expanding the beam in the interaction regions with a view to raising 

the luminosity limit given by the Amman-Ritson effect. This is achieved 

by coupling of the betatron oscillations and a shift in the damping 

constants for betatron and synchrotron oscillations. 

First we consider the coupling alone. We see how the beam cross 

section can be altered, with the aid of a rotated quadrupole which causes 

a coupling of the betatron oscillations, in such a way that the beam 

expands in the vertical direction at the expense of its comparatively 

large width. 

Such deformation of the beam cross section leads to a balancing 

of the strong vertical space-charge forces and the relatively weak 

horizontal ones in the interaction regions. 

A measure of the strength of the space-charge forces is the 

Q-shift caused by the Amman-Ritson effect. Experience has shown that 

this shift must be smaller than 0.025 in the x- and z-directions if the 

beam is to remain stable, The beam expansion in the z-direction caused 

by coupling works in such a way that, for a constant beam current I, 
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adjustments in the Q-shifts AQI and AQ,, occur for both forms of 

oscillation, such that the smaller shift grows and the larger decreases. 

In consequence, the luminosity limit due to the Amman-Ritson effect 

is found to rise. The most favorable distribution of the space-charge forces, 

at which both forms of oscillation are influenced by the beam-beam interaction 

in the proper manner relative to the focussing power, is attained precisely 

when AQI and AQII assume equal values. 

Our task, therefore, is first to determine the Q-shift that 

occurs upon switching on of the coupling and the related change in the 

luminosity limit. We shall also give the general conditions for coupling 

strength and the machine parameters that must be fulfilled if the luminosity 

limit is to be appreciably raised. 

Following the study of beam expansion by coupling, we shall show, 

by means of the general equations for the beam cross section, that a 

further magnification of the beam size is possible. This is done by 

simultaneously switching on the coupling in the x- and z- 

directions, whereby the betatron oscillations are undamped, by the installa- 

tion of a FODO channel, and the synchrotron oscillations are simulta- 



neously damped (1) . This additional expansion of the beam by means of 

a shift of the damping constants is only limited by the size of the 

vacuum chamber. The effect is to further weaken the space-charge forces 

in the z-direction as well as in x-direction, so that a further rise in 

the luminosity limit of the space-charge effect is produced. 

The beam expansion is of importance for the storage ring 

planned at DESY, particularly in the energy region 

E 2 2 GeV, 

where the lifetime of the beam is essentially determined by the 

Amman-Ritson effect. 

II. The General Equations for the Beam Cross Section and the 
Amman-Ritson Effect in a Coupled Machine. 

To calculate the beam expansion and the shift of the luminosity 

limit due to the space-charge effect in the presence of coupling, we begin 

with the general equations for the beam cross section and for the Amman- 

Ritson effect in a "coupled" machine (2, 3, 4) . 

We designate the eigenvectors of the circulation matrix 

m (s + C, s) (C is the orbit circumference) by: 



If the normalization conditions 

1 
2i 

are fulfilled, the following equations should hold: 

0 -1 0 0 . 

j-= ( 100 0 

0 0 0 -1 
0 0 1 0 1 

(2.1) 

(2.2) 

Damping constant for synchrotron OsCillatiOnS: 

where we have 

cX = Kx(l-2nJ; 

C 2 = KZ(l-2nZ); 

R2 = K2 + K2 ; 
X 2 

il; t $ recy3E*<1<2> ; 

(2.4) 

(2.5) 

(2.6) 



9 

'i = field index; (i = x, z) 

Ki = curvature 

Di = dispersion 

E = particle energy 

W = average energy loss for a particle 

Damping constants for betatron oscillation: 

1 (D i L’,, - !I.)&, ’ (2.7) 

,t D; u,,, - &‘urr, II) ’ I 

Emittances: 

(2.8) 

with (h = I, II) 

Average beam size in the x and z directions: 

(2.10) 
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Semi-axes of the elliptical beam cross section: 

with 

G $1 n (2.13) 

Rotation angle of the beam: 

(2.14) 

+shift by space-charge forces in the interaction zone: 

(h = r, .u ) 
with 

N = number of particles 

.$ = number of bunches 

(2.16) 

(the crossing angle is neglected in Equation 2.16.) 
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We assume 

storage ring: 

that the following relations hold for the DESY 

KZ l Dx = Kx* DZ = 0 ; 

Kz l D; = Kx' D; = 0 ; 

D 
X l DZ 

= 0; 

Dx*D; = lIz-D; = 0; 

D;*D; = 0; 

Kx-KZ = 0 

(2.17) 

Then Equations (2.3), (2.7), and (2.9) simplify further to: 

oi = cf . E <I?> + (2.3a) 
f Ee 0’) 

where 
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(2.9a) 

To evaluate Equations (2.1-2.16), we still require the 

eigenvectors of the circulation matrix N (s + C, s) for the coupling 

of the betatron oscillations by a rotated quadrupole. They are calculated 

in the following section. 

III. The Eigenvectors of the Circulation Matrix for Coupling of the 
Betatron Oscillations by a Rotated Quadrupole 

To determine the eigenvectors, imagine that the rotated 

quadrupole is replaced by a thin lens with the transfer matrix 

rnL = 

1 0 0 0' 

.o 1 6 0 

0 0 1 0 

6 0 0 1 

(3-l) 
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and denote the lens center by s=s L' Then the complete matrix will 

have the form: 

'i-n ( s,+c,%l = m,- mJ5‘t c, SJ,, (3.2) 

where m o(sL + s, sL) stands for the transfer matrix of an ideal 

machine (no coupling). For the eigenvectors 

we obtain the equation (2) 

If we then write 

where we define 

(3.3) 



: = 

.- ‘, 
. 

1. 

m  

. 
I: 

the following equation follows from Equations (3.1~3.5), if we also 

use the normalization condit ions (Equation 2.2) (n = I, II) (5) : 
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(3.6) 

where (using k = x or z) we define: 

-iaZnt2, 

(3.8) 
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(3.10) 

(3.11) 

Here the sign of Q, and Q,, is to be determined by Equation (2.2), 

so that the following relations are satisfied: 

(3.12) 

-IV. c 

A) General Case (Q,, Q, are arbitrary). 

With the help of Equations (3.6-3.11) we are now able to 

calculate the beam expansion and the corresponding shift of the luminosity 

limit of the Ritson-Amman effect for the case in which the coupling of 

the betatron oscillations is brought about by a rotated quadrupole. 

First we insert the expressions Equations (3.6-3.8) in Equations 

(2.7a, 2.9a, 2.8, and 2.11), and obtain the following for the damping 
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(4.lb) 

)ft = ( J(,f (1 - I** 1 93 > ; 

and for the quantities YI and YII : 
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(4.2b) 

where (k E; x or z) 

For the emittances,we have: 
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<K’> - - ‘ct4 R - tin, 2R i lx 
(4.6a) 

where 
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Finally, for the average beam size 

(x+1)* Pa 
I 

(4.8b) 

(4.9) 

(4.9a) 
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(The quantity cxz determines the rotation angle of the beam cross 

section, by Equation (2.14) )* 

B) General Requirements for Beam Expansion 

Equations (4.8) and (4.9) determine the beam cross section at 

every position s of the ring, particularly in the interaction regions, 

if the position s = s L of the lens that causes the coupling, and the 

lens power 6 are given. For the case 6 = 0 (or A = 0) these 

equations simplify to the well-known equations for an uncoupled machine: 
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Q p 
X 

E: x*q s. 
(4.10) 

0 = E z z ’ Ja z ’ 

According to the program set out in the introduction, we must now 

determine whether the beam cross section can be expanded in the vertical 

direction at the intersection points, in order to weaken the space-charge 

forces in this direction and thereby stabilize the betatron oscillations. 

The following conditions are generally set for such beam 

expansion: 

(I) The Q-shift (Q,, Q,) -+ (Q,, Q,,) caused by coupling must 

remain sufficiently small so that the operating point (Q,, Q,,) does 

not reach a stop band. 

In other words, the conditions of stability of the beam steering must 

be fulfilled (4) : 

QIS PII + 4 ns (4.11) 

where n is an integer. 
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(II) The beam expansion must occur for the smallest possible 

lens power 6. 

(III) When the coupling is introduced, the dispersion orbits Dx(s), 

Dz(s) may not be disturbed. The lens must be positioned at a 

point s = sL such that D and D vanish: 
X Z 

DxbL) = DZ(sL) - 0 . (4.12) 

(IV) Since space-charge forces arising from the interpenetration of 

two rotated beams act, in a linear approximation, as a quadrupole lens 

rotated through the same angle, the beam's rotation in the interaction 

region must be so small that the additional coupling caused by the 

beam-beam interaction does not noticeably affect the beam cross section. 

Such additional coupling must be negligible compared to that arising 

from the quadrupole lens. 

c> The Resonance Condition 

In order to fulfill the requirements (I-IV), we first consider 

that, in accordance with Equations (3.10) and (4.8), the average beam 

dimensions in the x- and z-directions change appreciably only if 
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the following relationships hold*: 

sinu l 

X 

sinus > 0 (4.13) 

A2 . sinu 
X- 

sinu z ' (cosux - cosllz)* (4.14) 

On the other hand, it follows from Equation (3.9) that the 

quantity m (and correspondingly the coupling strength of the lens A ) 

may not be arbitrarily large. Otherwise the quantity 

tm ZnQk, (n = I, II) 

from Equation (3.9) would exceed unity, Q, would be complex,and the 

beam would be unstable(4): 

Icos~RQ~/ < 1 , (n = I, II); 
(4.15) 

(condition of stability). 

All three conditions (4.13, 4.14, 4.15) are simultaneously satisfied 

only if we pass to the resonant case: 

-Q, - Qx = n + 6Q; 

n = integer; (4.16) 

* 
The case sinp sinus -C 0 has an unfavorable effect on the Amman- 

X 
Ritson effect, and we do not consider it. Besides, requirement (IV) 
cannot be fulfilled in the case sinu sinp < 0 

X z (see Equation 4.18). 
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Actually,the requirement (4.13) is automatically fulfilled with: 

sinp E 
.X 

sin 2n 61, 

= sin(lnQ, ik t ga) 

2 sin 2nQ, 3 ?;)I~ 

Further, we have from Equation (4.14): 

A2 >> (21~64)~ . (4.17) 

For IsQl << 1 ) this condition can be satisfied with relatively small 

coupling strength A , without violating the conditions of stability 

(4.15). These may now be written in the form: 

It is clear from the above that with the resonance condition (4.16) 

alone the requirements (I) and (II) can be satisfied. 

In order to show that the requirements (III) and (IV) can also 

be fulfilled, we choose for the planned DESY storage ring the lens 

position 

sL = - 4" 

(C = orbit circumference), 
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so that the rotated quadrupole is exactly in the middle between the two 

interaction regions, The following relationship then holds for the DESY 

storage ring, in agreement with requirement III: 

Dx ($ ax’ DZ (z) 5 Q 

We require further that the difference between the Q-values (Q, - Q,) 

is nearly an odd number: 

Q, - Q 'x = '(2m + 1) '+ 6Q ; 

m = integer. 

Then, considering the phase difference (which is determining for the 

quantity gx,): 

at the intersection points s = 0,s where 
2 

We shall have 
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For the factor cos(A$) in Equation (4.9a), we have 

As a consequence, we can make the quantity uxz arbitrarily small 

as required by condition (IV), by adjusting to a narrow resonance 

(I'SQI << 1) 9 This quantity, according to Equation (2.14), determines 

the rotation of the beam and therefore the rotation angle 0 in the 

interaction regions. 

In the following section we determine the beam cross section 

(0 CJ x' 2' and axz) that is produced at the intersection points at 

resonance. 

D> Beam Cross Section at Resonance 

The quantities ox, oz and oxz , which characterize the beam 

size, may now be calculated for the case of resonance from the general 

formulae,Equations (4.8) and (4.9), taking into account the following 

relation, obtained from the resonance condition (4.16): 

In principle, we are now in a position to determine the beam cross 
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section for an arbitrary coupling strength A, if the beam cross section 

"detuning" SQ is specified. 

However, Equations (4.8) and (4.9) can still be appreciably 

simplified if the following assumptions are made. These assumptions 

apply largely to the case of the DESY storage ring, or are realizable in 

this case (by adjusting to sharp resonance ISQl << 1 and relatively 

weak coupling): 

With these assumptions we have 

and all the terms in Equations (4.6) and (4.8) 

as a factor may be ignored in these equations. Therefore, we obtain from 

(4.20a) 

(4.20b) 

4, 
t LI .Jn 0 51 1 2 

; (4.20~) 

(4.20d) 

which contain $ ,r .I 

Equation (4.8) the following expressions for the beam cross section at 

resonance, with the aid of (4.6): 
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where 

(4.21a) 

(4.21b) 

(4.21~) 

(x-l)4, 1k9 - n, 
(4.22a) 

+ 

4 hL (I?>- ";," II,- -y-R, 1 ; 

(4.22b) 



, 

X 
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In order to put conditiom(4.20) in a form more convenient for 

evaluation, we put from the Eqs. (4.3, 4, 5, 7) for .t, @*A 
. 

, 
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as well as 

+ 

Then from Equation (4.20b) we have the conditions 

and from Equation (4.20~) 

(4.27a) 

4< c* (4.27b) 

; (4.28a) 

of which Equations (4.28b, c) along with Equation (4.20d) are 

automatically fulfilled. 
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If we also have the following inequalities 

(4.29) 

which hold for the DESY storage ring, we may ignore Equation (4.27a), 

and Equation (4.27b) becomes identical to Equation (4.20d). Altogether, 

we thus arrive at the following requirements which are equivalent 

to Equations (4.20): 

These are to be satisfied, together with Equation (4.29), for 

the equations (4.21) and (4.22) for the beam cross section to be 

valid. A suitable shift of the operating point may be required. 

For the DESY storage ring (without FODO channel), we may 

subsequently use the following to determine the beam cross section: 

(4.20') 

(4.30a) 
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This is because we have 

so that Equation (4.22) goes over into 

(4.30b) 

(4.31) 

(4.32a) 

(4.32b) 

If K2 >> 1 , we have a nearly circular beam cross section, particularly 

in the interaction regions where we have Bx = BZ (for the DESY storage 

ring). 
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The radius is given by 

In the case of decoupling (X = 1) , we have from Equations (4.22) and 

(4.32): 
Fx(l) = E ; X 

Fxz(l> = 0 . 

That is, the beam height vanishes. In practice, however, there is a 

small vertical expansion due to scattering on gas: 

We have ignored this expansion in calculating the beam cross section 

(Equations 4.8 and 4.9). In order that Equations (4.22) and (4.32) 

remain valid, we must assume a coupling sufficiently strong for the 

following to hold: 

In Section VB, we shall estimate more accurately the remaining 

coupling due to the space-charge forces together with a small beam 

rotation O(O) or O($) . This coupling is determined by the quantity 
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0 X2 or by Fxz . Before that, we shall determine the Q-shift caused 

by the Amman-Ritson effect. 

V. Amman-Ritson Effect with Coupling 

A) The Q-Shift 

The Amman-Ritson effect is in general described by Equations 

(2.15) and (2.16) which give the shift of the operating point due to 

the beam-beam interaction for an arbitrary rotation angle 0 . As 

we have seen in Section IV, one can set 0 = 0 as an approximation in 

the case of resonance (if Q, = Q, 2m + 1 is valid). If the 

relations given by (3.6), (3.7) and (3.8) are taken into consideration, , 

we have, from Equations (2.15) and (2.16): 

(5.la) 

r = classical electron radius e 

9 = number of bunches 

N = number of particles 
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where 

(5.lb) 

where the functions TX(s) and TZ(s> are to be taken from Equation 

(4.5). 

Equations (5.la, b) are valid for arbitrary lens coupling strengths 

(arbitrary K), assuming that the o and c 
X z are given. In particular, 

for K = 1 Equations (5.la, b) yield the following well known relations 

for a decoupled machine (aso << oxo) : 

0 = beam half width x0 
decoupled 

0 = beam half 
20 

height 
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Fur further analysis of these equations we again assume that 

the conditions given in Equation (4.20) are fulfilled. 

By inserting Equation (4.21) in Equation (5.1), we obtain: 

(5.3a) 

with the functions Fl(~) and F2(~) given in Equations (4.22) and 

(4.32). 

For the special case 

IRJ, I7?,I 4-z cR2> 

we have from Equation (4.32) 
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ulp - AQ, l 

(5.4b) 

. 

Here the condition given by (4.33) is to be observed. This condition 

restricts the validity of Equations (5.3) and (5.4) to values of K that 

satisfy the relation: 

It follows from these equations that when the coupling is 

introduced, an equalization of the space-charge forces takes place, 

as stated in the introduction. This is because the quantities AQI and 

"QII approach each other with increasing coupling strength, and become 

2 
equal for K >> 1. 

The factor by which the Amman-Ritson luminosity limit is 

raised with this new and more favorable distribution of the space-charge 

forces is given by the ratio: 

For the case 
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Equations (5.2) and (5.4) give the following expression for this ratio: 

(5.5) 
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Numerical Example: 

1 = o,co h (Lens distance) 

R * 0, 0 15 92 (Lens power) 

The difference (AQII - AQ,) is now only 

The luminosity limit is raised by the factor: 
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In this discussion, we have still not taken into account the 

requirement (IV) of Section IVB for coupling caused by the space-charge 

forces. This requirement, together with 

IA~y,I f Q.lIr 4 

gives rise to an additional restriction on the luminosity limit. We 

shall consider this in the following section. 

B) Estimate of the Coupling Caused by Space-Charge Forces 

It was mentioned in Section IVB that the space-charge forces 

of a rotated beam act, in linear approximation, as a thin lens which 

is rotated by the same angle as the beam. These forces thereby 

provide a coupling that is superimposed upon that from the built-in lens, 

The effect of the lens action of the space-charge forces can be 

mathematically described by the transfer matrix: 

Transfer matrix of a rotated quadrupole 



43 

with the coupling term 

s, = (5.7) 

and coupling strength 

A, = 6,. 
(5.8) 

( 55k I d , $- ; Irdersection points), 

where the quantities hl and h 2 as well as the rotation angle 8 can 

be obtained from Equations (2.12)-(2.16). 

The following must hold if the beam is not to be appreciably 

disturbed by the coupling term: 

or, at resonance 

A,’ ce (5.10) 

This is because the quantity, 

K, = J/-f , (5.11) 

which according to Equations (3.11) and (4.8), is a measure of the effect 

of coupling on the beam, does not significantly deviate from unity, the 

value assumed by K for vanishing coupling. 
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By inserting Equations (2.14) and (2.16) in Equation (5.7), 

and taking Equation (2.12) into account, we obtain 

lb, I I 7, iv 

+k 
Under the assumptions given by Equation (4.20), together with the 

following: 

0, t 2, , 6, 2 c, , 

and making use of the relation, valid for the DESY storage ring 

(5.12) 

(5.13) 

we have, according to Equation (5.3b): 

Therefore, we may write in place of Equation (5.13): 
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Using the beam cross section given by Equations (4.22) and 

(4.32) (we restrict our discussion to the case 10, 1, In,1 cd (K’) ), 

the preceding yields: 

“I’ IiQl ' i CM,;' k M,:"ll ; 

- (-q)“. 1 - 
4 

With this, the following is valid: 

As we wish to obtain a minimal degree of perturbation, we assume 

that the operating point (Qx, Q,) is so adjusted that the following 

quantity 
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vanishes at the first crossing point (at s=O or s=$), and as 

a consequence the coupling due to the space-charge forces appears only in 

the second interaction region. For the DESY storage ring we have: 

9,23 ; 

4,23 ; 

and for A 
W 

from Equation (5.15): 

If we further consider that AQII can assume at the most a value of 

0.025, we finally obtain: 

Therefore the condition (5.10) is satisfied, and the coupling of the 

betatron oscillations caused by the space-charge forces can be neglected, 

even at the Amman-Ritson luminosity limit. 
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VI. Beam Expansion by Shifting the Damping Constants 

A) The Damping Constants for Synchrotron and Betatron Oscillations 

It was shown in Sections IV and V that through coupling alone 

only the beam height is increased (if o > o 
X 

z holds for no coupling) 

while the beam contracts horizontally. The vertical beam expansion 

through coupling therefore results at the expense of the beam width. 

If the coupling is strong enough (K2 " 1) , the horizontal beam dimension 

decreases according to Equations (4.21) and (4.32) by the factor 1 - , 
6 

and the beam cross section itself becomes almost circular in the 

interaction region (if ax = Bz). 

It was mentioned in the introduction that as a result of coupling 

of the betatron oscillations a further beam expansion in the x- and z- 

directions (with decoupling,however,only in the x- direction), can be 

simultaneously obtained by damping the synchrotron oscillations and 

undamping the betatron oscillations. In particular, one can restore the 

beam width to its original value (the decoupled value) with this method. 

In the casewhere the betatron oscillations are coupled by means 

of a rotated quadrupole, the damping constants a 
S’ 

aI, and 91 are 
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given by Equations (2.3) and (4.1). By means of these equations, one 

can easily confirm the relationship proven in general by K. W. Robinson 

d 5 (6.1) 

This equation shows that the damping of synchrotron oscillations and 

undamping of betatron oscillations (or damping of the betatron and 

undamping of the synchrotron oscillations) are interdependent. 

The following is valid for the DESY s.torage ring: 

I& I c< iR,I 

so that we can write instead of (2.3) and (4.1): 

(6.2) 

(6.3a) 

(6.3~) 

A shift of the damping constants in the direction corresponding to 

an expansion of the beam therefore means that the machine-dependent 

constant 

is increased, Such a change in Ax can be achieved with a FODO channel (1). 
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B) Calculation of the Beam Cross Section 

To calculate the new beam cross section that appears 

when the betatron oscillations are undamped we have only to examine 

the way in which the quantities ox, oz, and oxz, which determine the 

beam expansion, depend on the constant Ax. 

For this purpose, we consider that the product 

(6.4) 

is independent of Ax since, according to Equation (4.7), the factor 

cancels out with the denominator of c; . As a result, the quantity cllo 

defined by Equation (6.4) remains unchanged following a shift of 

the damping constants usI uI, and "II' 

Therefore, according to Equations (4.21) and (4.22) and taking 

Equation (6.2) into account, we may write: 
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,c (n-11'* hi) , 7 

(6.4a) 
,- 
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The dependence of the beam cross section on the parameter Ax , 

which also determines the size of the damping constants, is therefore 

characterized by the factors 

It follows from Equation (6.4) that the beam width in the interaction 

region (p11 = Pz ! I is always larger than the beam height: 

However, for K >> 1 , we have an almost circular beam cross section 

of radius 

as long as the assumption of Equations (4.20) hold. 

If the beam half-width ox alone shrinks after switching on 

coupling of a given strength A , and the original width -Jp,'.K 

is to be restored, the following relation must hold: 
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This relation follows from Equation (6.4a). From it we may calculate 

A as follows: 
X 

c> Q-Shift 

If the assumptions of Equation (4.20) are correct, we may 

use Equation (5.3) to calculate the Q-shift that appears due to 

space-charge forces following the additional beam expansion from the 

undamping of the betatron oscillations. The quantities rsx and crs 

appearing in Equation (5.3) should then be taken from Equation (6.4). 

Since the beam size is increased when the damping constants are shifted, 

the luminosity limit is again raised. 

Together with Equation (5.3) there remains the relation given by 

(5.15), which sets an upper bound for the permissible coupling strength 

arising from the beam-beam interaction. 

In order to keep the coupling caused by rotation of the beam 

as small as possible, it is useful to choose Q and Q such that 
X Z 
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the following holds: 

Under tl-eseconditions Aw vanishes at the crossing point s = i . 

If we put 

Equation (5.3) provides an estimate of the factor c1 as well as of 

the maximum possible Q-shift for which the beam remains stable: 

Consequently, the maximum luminosity limit connected with the Amman- 

Ritson effect with AQ,, = 0.025 can only be achieved if Equation 

(5.3) can be satisfied with a = 1 . 



Numerical Example: 
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In order to achieve the original value for the beam width 

we must choose PI(-= fJ,5 l <‘K’> ,  according to Equation (6.6). 

From this we have the corresponding damping constants according 

to Equation (6.3): 
'a, * 5 G -. - f 

9 E 
5 i7 ; -,- 

16 E 

We obtain the beam half-height from Equation (6.4b) 

and A w vanishes at the crossing point C s =- 
2 if the following 

values are chosen: 

Q, = 4, 2 3 

Pi % v3 

The factor appearing in Equation (5.15) 

2* IbXll 
hx t c.1 1 

assumes the following value at s = $ 

1. IQ,1 
(t, + C&l2 

t  0,s. n l ISut 
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so that the condition given by (5.15) may be considered to be 

satisfied. 

Finally, we have from Equation (5.3) that the luminosity 

limit is raised by a total factor of 

k 
Therefore, after the undamping of the betatron oscillations 

the luminosity rises 40% more than in the case of coupling alone 

(see Section VA). 

I wish to thank Dr. A. Piwinski and Dr. H. Wiedemann for helpful 

and stimulating discussions. 



57 

References: 

(1) K. G. Steffen and H. Wiedemann, "A FODO channel for continuously 

varying the radiation damping in an electron synchrotron" (in 

preparation). 

(2) G. Leleux, Orsay, Technical Report No. 14-64 GL-FB. 

(3) A. Piwinski, "Strahlparameter bei Kopplungen, horizontaler and 

vertikaler Kriimmung und Raumladungseffekt," (Beam Parameters 

with Coupling, Horizontal and Vertical Bending, and Space-Charge 

Effect; DESY, Internal Report). 

(4) G. Ripken, "Untersuchungen zur Strahlftihrung und Stabilitat der 

Teilchenbewegung in Beschleunigern und Storage-Ringen unter 

strenger Beriicksichtigung einer Kopplung der Betatronschwingungen," 

(Study of Beam Steering and Stability of Particle Motion in 

Accelerators and Storage Rings Taking Coupling of Betatron 

Oscillations Strictly into Account, DESY Report Rl-70/b). 

(5) A. Piwinski, Private communication (to be published). 

addis TRANSLATIONS International 
post office box 4097 
woodside, California 94062 
(415) 851-1040 


	slac-trans-0134a.pdf
	slac-trans-0134b.pdf

