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I. Introduction

In an accelerator at a given value of the magnetic field, changing the
mean radius of the orbit will change the momentum of the beam and the tune
of the beam. It is customary to define the natural chromaticity of the
accelerator as the fractional change in the tune of the machine divided by
the fractional change in momentum that occurs for a change in mean radius.
The chromaticity is normally designated by the Greek letter Xi. Thus, we
have:

Xi = (dQ/Q)/(dr/P)

[Chromaticity is also often defined as Xi = dQ/(dP/P), but in this note we
shall avoid that definition.]

In an accelerator without long straight sections, the chromaticity is
very close to being —-l. This can be observed by running various designs
through an accelerator design program, but finding the reason for it is a
little harder. Some authors simply assert it, while others leave it as an
exercise for the student. 8-Y. Lee has published a more detailed calcula-
tion [Lee and Tepikian, IEEE Trans. Nucl. Sci. NS-=32, 2225 (1985)] and gets
the result

Xi = —[tan(mu/2)]/(mu/2) (1)

where mu is the phase advance per cell. In the AGS mu is 0.9]1 radians so we
have: .

Xi = -1.07
and since (mu/2) is less than 1, we can write:
Xi = =[1 + (1/3)*(mu/2)%*2]

The important point here is that for a simple accelerator such as the AGS,
Xi is always very close to -l.
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However, this is never observed directly since in a real accelerator
there is always some sextupole present. The sextupole splits the natural
chromaticity, shifting the horizontal chromaticity in one direction and the
vertical chromaticity a nearly equal amount in the opposite direction.
Thus, it is the average of the measured horizontal and vertical
chromaticities that should be very close to -l.

1I. Measurements

In AGS Studies Report 182, Ahrens, et al. report their measurements of
the tune and chromaticity of the AGS. Figure 1 is a plot of their data.
The mean value of the horizontal and vertical chromaticities is about -1.4,
which cannot be. The data must be wrong.

In AGS Studies Report 202, it is reported that the scale factor in the
pick—up electrode system is off by 20%Z. Recalculating Ahrens data using
this correction factor gives the results of Table I and Fig. 2. The mean
measured Xi and that calculated from Eq. (1) are now in very good
agreement.

IIT. Magnetic Measurements

Detailed field maps have been made of sample AGS magnets (to be
published, Thern). In general, they display three characteristics:

i) At low field, significant magnetization effects of opposite sign for
open and closed magnets;
ii) At intermediate fields, very low sextupole in the body of the magnet
but significant effects in the end fields;
iii) At high fields, strong saturation sextupole.

The precise interpretation of the data and its use in a modeling
program, such as MAD, is very subtle and worthy of much study. For our
purposes Figs. 3 and 4 show the integrated quadrupole and sextupole
strengths for long and short, open and closed magnets, where the integration
has been carried out along the curved path of the nominal central orbit.
These figures use the usual terminology: A is a long open magnet; B is a
short open magnet; C is a long closed magnet; and the plus sign indicates
the magnet is open to the outside, a minus sign that it is open to the
inside.

IV. MAD Results

Using the magnet data from above, MAD calculates the chromaticities
shown in Fig. 5. These results are pretty good. The overall behavior of
the chromaticity at intermediate and high field is clearly explained by the
measured magnetic fields. The absolute agreement is good, although better
precision in calculation or measurement should be achievable. Below about 7
GeV/c the measured and calculated chromaticities plainly diverge. The shape
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of this divergence suggests the presence of a large sextupole field which
does not vary with the magnet current. The field measurements of Section
I1T were all dc measurements and eddy current effects were not taken into
account. However, the sextupole required to produce the observed effects
very large compared to the measured eddy currents (M.H. Blewett, 10/3/58)
and is very large compared to all the known low field sextupole terms.
Therefore, we have at present no easy explanation for this difference
between the measurements and the calculations.

V. Conclusion

The AGS is a very simple machine and at intermediate and high fields
the chromaticity and the tune behave just as we would expect from the
measured magnetic fields. At low fields we do not have all the answers

yet.
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