
Brookhaven National Laboratory 

U.S. Department of Energy
USDOE Office of Science (SC)

Collider Accelerator Department

April 1987

G. Parzen

No coupling window in the choice of chromaticity in the AGS Booster

BNL-105122-2014-TECH

Booster Technical Note No. 75;BNL-105122-2014-IR

Notice: This technical note has been authored by employees of Brookhaven Science Associates, LLC under
Contract No.DE-AC02-76CH00016 with the U.S. Department of Energy. The publisher by accepting the technical
note for publication acknowledges that the United States Government retains a non-exclusive, paid-up, irrevocable,
world-wide license to publish or reproduce the published form of this technical note, or allow others to do so, for
United States Government purposes.



DISCLAIMER 

This report was prepared as an account of work sponsored by an agency of the 
United States Government.  Neither the United States Government nor any 
agency thereof, nor any of their employees, nor any of their contractors, 
subcontractors, or their employees, makes any warranty, express or implied, or 
assumes any legal liability or responsibility for the accuracy, completeness, or any 
third party’s use or the results of such use of any information, apparatus, product, 
or process disclosed, or represents that its use would not infringe privately owned 
rights. Reference herein to any specific commercial product, process, or service 
by trade name, trademark, manufacturer, or otherwise, does not necessarily 
constitute or imply its endorsement, recommendation, or favoring by the United 
States Government or any agency thereof or its contractors or subcontractors. 
The views and opinions of authors expressed herein do not necessarily state or 
reflect those of the United States Government or any agency thereof.  



NO COUPLI'NG WINDOW I'N THE CHOICE OF CHRDflATICITY 

IN THE AGS EIOOSTEF 

AD 
Booster Technical Note 

No. 75 

APRIL 3, 1937 

ACCELERATOR DEVELOPMENT DEPARTMENT 

Brookhwen National Laboratory 

Upton, N.Y. 17973 



NO COUPLING WINDOW IN THE CHOICE OF CHROMATICITY 

IN THE AGS BOOSTER 

G. Parzen 
March 130, 1987 



I. Introduction 

This paper points out that there exists a window in the choice of chroma- 

ticity in which the coupling and emittance growth due to the chromaticity sextu- 

poles become small. It is also noted that the present choice of the location of 

the sextupoles, which reduces the periodicity of the sextupoles from 24 to 6, 

considerably reduces the wLdth of the non-coupling window. 

It has been found’ that when the chromaticity sextupoles are set to make 

the chromaticity equal zero, Cx = Cy = 0, then the horizontal and vertical beta- 

tron oscillations are strongly coupled. When the initial emittances are 

EX = EY = 50 mm - mrad, the coupling is about 807. in the emittance which means 

that Ed, ~~ will grow by about 80% over the initial value of 50. This coupling 

appears to be undesirable. It produces a loss in aperture. 

A systematic tracking study was done of the dependence of the coupling and 

emittance growth on the #choice of chromaticity. The sextupole arrangement of 

the present design has a periodicity of 6, and 4 half-cells in each superperiod 

have no sextupole. In this case a narrow non-coupling window was found which 

was centered at the chromaticity C, = Cl, = -5. For C, = Cy = -5 the emittance 

growth is about 16%. The results are much improved by putting in the 4 missing 

sextupoles and restoring the periodicity of the sextupoles to 24. In this case, 

the no coupling window is much larger; the emittance growth is less than 12%, in 

the chromaticity range C, =: Cy = -10 to C, = Cy = 0. 

The study reported on in this paper is much indebted to the work of G. F. 

Dell who found that several choices of the chromaticity lead to a much smaller 

emittance growth. 
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II. Tracking Study Results 

The results of the tracking study are shown in Figure 1. In this study 

motion is started with the initial emittance &X = ~~ = 50. The chromaticity 

the 

is 

varied, holding C, = Cy, by varying the strengths of the chromaticity 

sextupoles, and for each choice of C, = Cy the largest emittance, Emax, achieved 

by either eX or eY 

In this study 

are done to find 

y, y’ but they all 

Two cases are 

is plotted versus C, = Cy. 

the eddy current sextupole fields are present, and four runs 

Emax* These four runs have different initial values of x, x’, 

have initial emittances eX = ~~ = 50. 

plotted in Figure 1. In one case, the sextupole arrangement 

is the present arrangement with periodicity = 6. The second has a sextupole in 

each half-cell and has periodicity = 24. one sees that the periodicity =6 case 

shows little emittance growth near C, = Cy = -5. The results for the periodic- 

ity = 24 show considerably less emittance growth, and allow the accelerator to 

operate with C, = Cy = -10 to C, = Cy = 0 with not much emittance growth. 

The results shown in Figure 1 are for initial emittances eX = eY = 50. The 

emittance growth will be smaller than that shown in Figure 1 for all initial 

emittances below the line. 

Ex + El .r = 100 

For initial emittance above the line Ex + Ey = 100, the emittance growth will be 

proportionally larger. 
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III,, DeDendence on v-Value Choice 

Lee, Tepikian, Zhao2 and Parsa have emphasized the importance of the 

Vy - vx = 0 resonance. The emittance growth can be reduced by moving away from 

the resonance line. However, the improvement is a slow function of the 

v-values, as shown in Figure 2. In Figure 2, the emittance growth is plotted 

against vy where vx is held fixed at 4.82 for the case where C, = Cy = -5 and C, 

= Cy = 0 and for the present periodicity = 6 lattice. In order to make the emit- 

tance growth for the C, = Cy = 0 case comparable to that in the C, = Cy = -5 

choice, one would have to move quite a distance away from the vx = vy resonance 

line. At a distance of -04 from the vx = vy resonance line, the emittance 

growth for C, = Cy = 0 is still about 40%. 

In contrast, the periodicity = 24 sextupole arrangement has a low emittance 

growth for C, = Cy = 0 even at a distance of .Ol from the resonance line. 
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