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ABSTRACT 

In this nc’te the comparison has made between chosen set 

(1, 2, 4, 7) of chromaticity sextupoles and full set (I, 2, 

3, 4, 5, 6, 7, 8) of sextupoles which would be ideal for 

Booster. 

Mathematical model representing Booster lattice is 

based on certain approximations for eddy current sextupoles 

and for chromaticity sextupoles. In this note we also evalu- 

ate how good are these approximations. 



INTRODUCTION 

The AGS Booster is designed to accelerate protons from 200 MeV of injection 

energy. At that energy the typical energy spread could be AE/E=O.O0064 which 

corresponds to momentum spread Ap/p=O.O02 which in turn can shift the tune by 

order of Av=O.Ol. This tune shift due to momentum spread is known as a natural 

chromaticity. 

The best way to accommodate chromaticity corrections for the Booster would 

be implementation of sextupoles near to each quadrupole as it is shown in Fig. 1. 

QA QA QA QA 
’ SA ' SA 3 SA ’ SA 

QA ' QA 6 QA ' QA 2 8 
a 6 4 2 

Fig. 1. Schematic Diagram of the Booster superperiod: 

Ai - dipoles, i = 1,2,4,5,7,8; 
QAi - quads , i = 1,2,3,4,5,6,7,8; 
SAi - sext's , i = 1,2,3,4,5,6,7,8 is full set or i = 1,2,4,7 is chosen set. 

However, due to needs for the space I-equired for injection, acceleration, ejec- 

tion, and abortion the set; of (1,2,4,7) sextupoles was adopted for chromaticity 

correction. We’ll refer1 to that set as a chosen set while (1,2,?1,4,5,6~7,8) as 

a full set. 



This note 

was initiated. 

- how good the 

is a continuation of [Ref. 1,2] where evaluation of chosen set 

In following sections we answer two questions: 

chosen set compare to full set of sextupoles? 

(1) 

- how good a computational model for evaluation of chosen set? 

As a criteria for comparison we use a linear chromaticities 

Sx = dvx/d6, 5, = dvy/db, 6 = Ap/p 

and linear amplitude deperldence of tune 

cxx = av,/a&:,, "XY = avx/ae,r = avy/aEx = ayx, ayy = avy/aEy (2) 

all determined by Taylor expansion up to linear terms: 

v,(6) = v,(o) + sx.s, vyw = vy (0) + Sy.6, (3) 

v,(E~:,E~) = vx(o,o) + aXX.cX + aXy.Ey, 

v~(E~:,E~) = vy(o,o~ + ayX.cX + aYY.EY. (4) 

Another basis for comparison between different sextupoles sets was a particle 

tracking. All calculations of chromaticities and tune amplitude dependence were 

performed on CDC-7600 computer using SYNCH program, while MAD program was used 

on VAX computer for tracki.ng. 

The nominal tune was vx(o) = 4..82, vy(o) = 4.83 for all calculations. To 

provide that tune we ran SYNCH program,, fitting the strength Kl of focusing QF 

and defocusing QD quadrupoles to the given tune. The results are in Table I. 

TABLE I. 

The length The field Mag. rigid The strength 
Quads [L] = M [B] = T [Bp] = T-M [Kl = Bl /BP] = M-2 

QF 0.50375 0.156325 2.14962 1.19994 

QD 0.251875 0.156325 2.14962 -1.23693 

Another important parameter for calculations is the strength of eddy current 

sextupoles. There are different notations and units using in magnet and lattice 

studies. Following [Ref.. 31 we'll derive one relationship for the field expan- 

sion coefficients. 



Usually the field of the magnet is represented in magnet design studies as 

03 

By = B, + El, C b, 
X” 

, 

where r. is normalization radius. 

In lattice design studies the same field is represented by 

a, 

BY 
X” 

=B,+C B,,. . 
n= ). n! 

(5) 

(6) 

Equating (5) to (6) one can find correspondence between B, and bn: 

B,= B, 
n! 

bn * (7) 
n 
r0 

In particularly for the strength of eddy current sextupoles one can find using 

b2 and r. from [ Ref. 41 ;!nd normalizing to the magnetic rigidity Bop: 

K2= B2 = b2.2! = .78.1C1-~.2! = O 1,345m-3 . 

BOp x 13.75 (0.01 P 
(8) 

All the following calculations were performed with that values of parameters Kl 

and K2. 



APPROXIMATION FOR E:DDY CURRENT SEXTUPOLES 

AND FOR CHROMATICITY SEXTUPOLES 

There are two type of sextupoles in the Booster. First are eddy current 

sextupoles superimposed in each bending magnet of the length 2.4 m. The second 

are chromatici ty sextupoles each of the length of 0.1 m. In lattice model both 

types are represented by point sextupoles. 

To approximate eddy current sextupoles 3 schemes were tested with 3,5, and 

9 point sextupoles equidistantly inserted into dipole as it is shown in Fig. 2. 

In each scheme integrated strength of point 
k 

sextupoles is equal to int.egrated strength 
I I 

2.4 x K2 of eddy current sextupole. I I I 

To approximate chromaticity sextupoles 

also 3 schemes were tested with drift and I I I I 

point sextupole as it is shown in Fig. 3. 

1 I I I I I I I 

Fig. 2. 3,5 & 9 point sextupoles 

inserted in bending magnet. 

I DRIFT 

I 
-O.lm- 

I I 
Optimist I RIGHT 

Pessimist V LEFT 

Compromist - 2 POINTS 

Fig. 3. Right, left and 2 point schemes 

approximating chromaticity sex- 

tupoles. 

By obvious reason inherited from 

quadrupoles all the chromaticity 

sextupoles fall into families of 

focusing (horizontally) SF and 

defocusing (horizontally) SD. 

For each approximation scheme 

the results of testing are pre- 

sented in the Table II. 
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COMPARISCIN OF TWO SETS OF CHROMATICITY SEXTUPOLES: 
FULL SET AND CHOSEN SET 

In Table III there are results of calculations of chromaticities and 

amplitude dependence for two sets of chromatic sextupoles. Calculations were 

performed using RIGHT scheme for chromatic sextupoles and 3 point scheme for 

eddy current sextupoles. Also x-coordinate of closed orbit xc0 presented which 

refers to the end of Bocster superperiod. To complete a comparison of two sets 

a tracking calculations were done. 

Three particles (protons) were chosen for tracking along the Booster 

lattice. Initial energy h'as 200 MeV and initial transfer momentum were zero for 

all particles. Initial coordinates are shown in Fig. 4. For all particles 

tracking was repeated threme times for three values of momentum spread: 

6 = 0.002,0.0, + 0.002. Each time tracking was done for 300 revolutions with 

printing frequency after each five revolutions. All collected data were 

analyzed to choose maximal relative deviation according to formula 

D. 

Ri = 
max-=x 100% 

L 
n i 

where i= 1, 2, 3 and Li, Clin are distances shown in Fig. 4. 

- 2.5cm 25cni 

Fig. 4. Three particles inside of vacuum chamber. 

0 - particle inital position 
x - particle position after n-th turn 
.- closed orbit position. 

The resulting values Ri are kind of measure 

values in precent are shown in the last rows 

7 

for the motion nonlinearlity. Those 

of the Table III. 



TABLE III 

Set 
Type 

SF[ K2] 

SDcK21 

6 

SX 

sv 

VX 

axx 

c+J 

vY 

ayx 

a,, 

xc0 

Rl 

R2 

R3 

-.815308 I -.480318 I 

-.0c2(0)+.002 -.002(0)+.002 
-.113(0).109 -.037(0).036 

.167 (0) -. 168 -.o29(0).028 

4.8212(0)4.8190 4.8211C4.8214.8189 

14.6(14.2)13.8 -1.16(-l .25)-l .34 

-4.95(-4.381-3.89 -4.69(-4.80)-4.91 

4.82’99(4.83)4.8299 4.83Olc4.8314.83 

-4.95(-4.381-3.89 -4.69(-4.801-4.91 

94.5(94.9)95.3 15.9(15.9)15.9 

-.00106(O) .OOll -.00107(0).00109 
6.5(1 .5)0.0 8.5(3.8)0.0 

0.0(0.0>2.8 0.0(0.0)1.0 

O.C(O.1 JO.0 0.0(0.0)0.1 

One can see from this table that although the amplitude dependences axx, ayy are much 

stronger for chosen set nevertheless the dynamical properties Ri are pretty similar 

and stable for both sets. And that’s the beauty of chosen set. 
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