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Summary 

This note records and parameterizes as a fbnction of momentum the strength of the 
quadrupole and sextupole fields in the AGS main magnets. 

The AGS Main Magnets 

The AGS main magnets are combined fbnction C-magnets which have two lengths. The 
“long” magnets are 90 inches long and are designated “A” or “C” magnets. The “short” magnets 
are 75 inches long and are designated “ B  magnets, If the wide side of the magnet gap is to the 
outside of the magnet, away from the backleg, the magnet is called an open magnet. If the narrow 
side of the gap is to the outside of the magnet, the magnet is called a closed magnet. There are 
three kinds of magnets: long, open or closed, and short, open. Their designations are: 

A long, open 
B short, open 
C long, closed. 

Depending on their installation orientation in the ring, each of these magnets may be focusing or 
defocusing. Therefore there are six designations for magnets installed in the ring: AD, AF, BD, 
BF, CD, and CF. 

The Measurement Data 

Some years ago one of us (R.T.) made point-to-point field maps for an open magnet and a 
closed magnet over a number of current settings. The data were analyzed and used to generate 
the excitation fbnctions and harmonic contents for the AGS main magnets. The results of this 
analysis have been incorporated into a number of operating systems, however the results have 
never been documented. Since magnetic storage may be long-lasting but the retrieval hardware 
and software seem to disappear in less than a decade, this note is being prepared to provide a 
permanent record of the data. It deals only with the analyzed results of quadrupole and sextupole 
component of the AGS main magnets. The dipole component is treated in AGS Tech. Note 424. 

The Results 

The results are given in the standard nomenclature, used for instance in MAD, of the 
quadrupole coefficient, K1, and the sextuple coefficient, K2, where: 



and 

The results are found by point-to-point evaluation and integration along the arc of the reference 
orbit. The integration is performed along two different paths in each magnet: F for integration 
along the reference orbit when the magnet is focusing, and D for integration along the reference 
orbit when the magnet is defocusing. These paths are defined in Tech. Notes 215 and 217. 
Table 1 gives K1 for the six magnet configurations over a range of momenta. Table 2 gives K2, 
the sextupoles coefficient. 

Accuracy 

The point-to-point accuracy of the measurements is about one part in 5000. Integrating 
over the fields probably gives relative accuracies better than this. However the overall calibration 
of the apparatus is probably about 0.5%. Fitting the coefficients as a function of momentum 
introduces additional uncertainties leading to the conclusion that the overall accuracy in 
.predicting tunes should be better than one part in a thousand. Careful tune measurements may 
approach a few parts in ten thousand. Thus the tune data may be somewhat better than the 
predictions based on field measurements and we may want to adjust slightly the results presented 
in this note. In this note we carry a lot of decimal places for two reasons: we can avoid round-off 
problems in the parameterizations and many decimal places will enable us to identifjr the source of 
the data in the future. 

Parameterization 

For the quadrupole coefficient, K1, Figure 1 shows the data from Table 1. We have 
parameterized these curves by fitting the low field data to powers of UP, forcing the curve to be a 
straight line fiom 6 to 15 GeV/c, and fitting the remainder to a power series in P. The fitted 
curves are also shown in Figure 1 and the parameters are given in Table 3. 
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For the sextuple coefficient, K2, Figure 2 shows the data fkom Table 2. We have 
parameterized these curves by fitting the low field data to powers of 1/P and fitting the remainder 
to a power series in P. The fitted curves are also shown in Figure 2 and the parameters are given 
in Table 4. 

s s-2 s-1 

P3 P 2  p 
K2=~+-+-+so+slP+sZp2+s3P3+s,P4+s,P5+s,P6 

We have chosen to use the momentum of the central orbit, P in GeV/c, as our standard 
variable. In this and subsequent notes machine properties will be recorded as a fimction of P. 
Tech Note 424 gives the formulas for relating the field, B, and the current, I, to P. 



TABLE 1 

QUADRUPOLE COEFFICIENTS of AGS MAIN MAGNETS 

I P K1 AD K1 AF K1 BD K1 BF K1 CD K1 CF 
AMPS GeVlc m" m" m" m-' m" 

TABLE 2 

SEXTUPOLE COEFFICIENTS of AGS MAGNETS 

2400 27.508 -1.451 E-02 -1.436E-02 -1.667E-02 -1.656E-02 -1.633302 -1.631 E-02 
2575 29.262 -1.991 E-02 -1.984E-02 -2.227E-02 -2.222E-02 -2.227E-02 -2.21 8E-02 
2925 32.1 07 -3.405E-02 -3.397E-02 -3.656E-02 -3.650E-02 -3.676E-02 -3.692E-02 



TABLE 3 

PARA- K1 AD K1 AF K1 BD K1 BF K1 CD 
METER mm2 m3 m-2 m” m9 

q-2 1.04942E-05 -9.96282E-06 1.08550E-05 -1.03703E-05 -1.81 597E-05 
9-1 2.77647E-04 -2.71 244E-04 2.8391 8E-04 -2.79087E-04 -3.68214E-04 
an -4.87187E-02 4.87709E-02 -4.85320E-02 4.85774E-02 -4.84683E-02 

FITTED PARAMETERS for CALCULATING Klversus P 

K1 CF 
m-2 

1.93892E-05 
3.72630E-04 
4.85356E-02 

qi 
q 2  
q3 

-4.a232E-05 4.W98E-05 ~ -4.32894E-05 4.18073E-05 -1.48047E-05 1.56503E-05 
1.54321 E-05 -1.50273E-05 1.49027E-05 -1.45470E-05 6.80258E-06 -7.01 344E-06 

-2.02357E-06 1.99004E-06 -1.93514E-06 1.90478E-06 -1 . I O 1  80E-06 1.12750E-06 
I ad I I .25812E-071 -1.24749E-071 I .I951 8E-071 -1.18469E-071 8.02484E-081 -8.21732E-081 

q5 

q6 

-3.72654E-09 3.72397E-09 -3.52356E-09 3.51 61 5E-09 -2.69635E-09 2.771 33E-09 
4.30540E-11 -4.33033E-11 4.07089E-11 -4.08535E-11 3.45700E-1 I -3.56256E-11 

TABLE 4 

s2 

s3 

s4 

s5 

Sfi 

FITTED PARAMETERS for CALCULATING K2 versus P 

4.837E-05 1.748E-04 1.559E-04 
-2.636E-06 -5.935E-06 -3.462E-06 -5.852E-06 -1.907E-05 -1.702E-05 
2.178E-09 2.124E-07 7.609E-08 2.31 8E-07 9.025E-07 7.92OE-07 
6.024E-09 6.365E-11 3.240E-09 -1.237E-09 -1.751 E-08 -1.445E-08 

-1.607E-10 -9.882E-11 -1.247E-10 -7.770E-11 7.240E-11 3.833E-11 

2.948E-05 5.202E-05 3.258E-05 
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FIGURE 1 
QUADRUPOLE COEFFICIENTS 
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FIGURE 2 
SEXTUPOLE COEFFICIENTS 
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