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THE PARAMETERS OF THE BARE AGS 

E. J. Bleser 

summary 

This note briefly recapitulates the properties of the bare AGS as calculated by MAD 
using a revised set of input parameters. It slightly changes the previously standard tune 
values and offers a parameterization of the tunes and chromaticities as functions of the 
momentum. 

Modeling and Calculations 

Technical Note No. 429 parameterized the quadrupole and sextupole fields of the 
main AGS magnets as functions of momentum. This note uses these parameterizations in 
MAD to calculate the tune and chromaticity of the AGS. It then parameterizes these results 
as a function of momentum, resulting in a set of simple formulas which give the tune and 
chromaticity for any value of the momentum of the AGS. The contributions of this note are 
1.) the formulas just discussed, and 2.) new calculated values for the tunes, presumably 
better than what we have been using. This change in the calculated tunes is discussed in 
Appendix I. 

These calculations are for the “Bare AGS”, that is for the AGS with just the main 
magnets powered. These calculations are also for the “DC AGS”, that is for the case where 
the magnetic field is not changing and there are no eddy currents. They provide a baseline 
set of numbers which can be adjusted to take account of low field and high field correction 
magnet systems and which can be adjusted for eddy current effects. The accuracy of these 
calculations should be about one part in a thousand. Careful tune measurements may have 
an accuracy better than this and experiment may dictate modifying the results presented here. 

The file used to input the AGS to MAD has been greatly elaborated to make modeling 
the AGS easier for the user. It now includes the standard geometry as before, all the high 
field correction systems, and parameterized momentum and current inputs. The user must 
simply specify his operating momentum and the currents at which he wants to operate his 
correction systems. Running MAD is somewhat analogous to operating the AGS. 



Tune and Chromaticity Results 

Table 1 gives the horizontal and vertical tunes, Q, and Qy, the normalized horizontal 
and vertical chromaticities, Q’,/Q, and Q’JQ,, and the mean of the chromaticities. These 
values were calculated by MAD for input values of the momentum, P, from 1 to 32 GeV/c. 
Also given in the table are the values of the main magnet current, I, calculated from the 
formula in Tech Note No. 424. The tune results are plotted in Figures 1, 2, and 3, the 
chromaticity results in Figure 4. 

Note that in Figures 1 and 2 the tune droops significantly at high field due to the 
saturation of the AGS magnets. The curves drawn in these figures are calculated from the 
formulas given in Table 2, resulting from a fit over the range from 1 to 32 GeV/c. Figure 3 
shows the tunes over our operating range. Around 2 GeV/c the fit is not perfect but it is 
within our measurement accuracy. As discussed in Appendix I, the old results for Q, were 
around 8.75 rather than 8.76 as calculated now. 

Figure 4 shows that the mean of the normalized horizontal and vertical chromaticities 
is close to -1, as we should expect for a nearly round accelerator. The sextupole component 
in the main magnets splits the horizontal and vertical chromaticities. At high fields a large 
saturation sextupole component increases this splitting. Below 20 GeV/c eddy currents in 
the vacuum chamber produce an additional large sextupole field which will make any non- 
DC measurements differ significantly fkom these calculations. Table 3 contains the 
parameters for the curves fitted to these data. 

The fitted results must be checked against experiment , but in principle the is no 
further need to run “bare AGS” tune calculations in MAD. 

Twiss Results 

In Tech Note No. 297 Auerbach presented extensive results for the Twiss parameters. 
The present calculations may be slightly different as discussed in the Appendix, but not 
significantly so. This note presents a calculation at 15 GeV/c. Table 4 lists the various 
parameters for one superperiod, A, which starts at the entrance to magnet A1 . The high field 
correction magnets are specified in the element column but are not powered. In other 
superperiods the correction magnets may be different, but as long as they are not powered, 
all the superperiod Twiss parameters will be identical to the results given here. These results 
are plotted in Figures 5,  6, and 7. 



APPENDIX I. COMPANSON OF THE OLD AND NEW CALCULATIONS 

Until the present calculations, the quadrupole gradients used in MAD assumed that 
the gradients in the open magnets were the same for both the long, A, magnets and the short, 
B, magnets. In actuality since the end fields are a larger effect in the short magnets than in 
the long magnets, the gradient in B should be slightly lower than the gradient in A. Detailed 
integrations by Thern have confirmed this assumption and his more correct values have been 
used for this note and installed in MAD. Using the old gradients reproduces the earlier 
calculations, using the new gradients reduces the calculated tunes by about 0.01 units as 
shown in Figure A1 . 



TABLE 1 



TABLE 2 

THE TUNE of the BARE AGS 
as a FUNCTION of the MOMENTUM 

in GeVlc 

, Q J C  Q y  

~~ ~ 

q 3  3.61 14E-04 4.021 5E-04 
U 4 -2.2733E-05 -2.4222E-05 
9 5  6.8948E-07 7.0669E-07 
q 6 -8.1 737E-09 -8.1 188E-09 

TABLE 3 

THE CHROMATICITY of the BARE AGS 
as a FUNCTION of the MOMENTUM 

in GeVlc 

Q' /Q=ro + r l P + r z P 2  +r3P3  + r 4 P 4  + r 5 P 5  + r 6 P 6  

Q ' x I Q x  Q 'y IQy  

I ro -2.5374 0.3159 
I r1  I 8.4661E-021 -8.1296E-021 
I r7 I -1.3439E-021 1.3069E-031. 1 :: I l.4142E-031 -1.4019E-031 

-9.8939E-05 9.7259E-05 
rr; 3.6948E-06 -3.571 OE-06 

~ ~~ ~ 

r6 I -5.5707E-081 5.2981 E-04 
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TABLE 4. continued 
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FIGURE 2 

Qy vs P for the BARE, DC AGS 
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FIGURE 4 

NORMALIZED CHROMATICITY vs P for THE BARE DC AGS 
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FIGURE A I  

Q VS P for OLD and NEW CALCULATIONS 
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