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1. Summary

One of many possible schemes for improving the BTA is sketched. Its primary
feature is to reduce dispersion in the early bending region by replacing the present pair of
dipoles with four shorter ones, separated equally by quads of alternating polarities.
These cells are tuned to give a region of vanishing dispersion after the bends, where
alternating quads produce the relative X and Y phase advances needed for AGS accep-
tance. The present lattice from the Booster through quad QH4 is retained, along with the
section from DHS5 into the AGS. Typical operating Booster delivery parameters and
AGS acceptance parameters have been used in these model studies. No Booster pertur-
bations are involved in this particular set of tracking games.

2. The Trial Lattice

The intent here is to explore a relatively simple lattice geometry that makes use of
the experience gained from continuing BTA studies. [1, 2]. We show one such plausible
lattice and resulting optics in Figure 1, along with the corresponding listing for a tracking
run. For simplicity, the existing dipoles DH2 and DH3 have been halved, and V quads
placed midway between the halves, in the usual H-B - V-B -H - B - V - B - H pattern.
Two additional quads are involved to clamp dispersion through the bend region. The
common bend angle was adjusted by about 5% upwards to center beam in bend DHS5
near the AGS entrance. The DHS5 bend angle was adjusted accordingly, increased by
about 15%. This line of bends reaches outwards about .5m closer to the AGS than the
present arrangement, using somewhat arbitrary .6m spacings among magnets. The spac-
ing is mainly to keep the bending profile about the same as it is now. All of this pretends
that the shield wall is adequately porous. Five quads, QH4, QV4, QHS, QVS5, QHS6, are
spaced equally among these four bends. Similarly eight quads of the present QV35 type
are spaced equally in the region of Q6 through Q13, two more than at present as sug-
gested by the previous study, for a total of 19 quads. Again for simplicity, correctors,
monitors, and other stuff is omitted. None of these placements or spacings are optim-
ized.



3. The Matching Technique

Matching using the BNL MAD simplex method needed a lot of guidance to deal
with the 19 quad current parameters and the given entrance and exit conditions. The
incoming dispersion of 2.85m is high and has to be clamped down in the bend region.
The existing QV1 - QH4 quad arrangement is not matched to either the BTA or the
Booster optics, but is left alone here in favor of easier regions to rebuild. Initially, rather
wide AGS acceptance conditions are used to get the parameter search into a reasonable
region of parameter space. Amplitudes are clamped strongly at Beta max < 25m.
Dispersion limits are then successively reduced to Dmax < 2.5m, which leads to a gently
sloping dispersion that crosses zero somewhat after the bends. Then the AGS acceptance
windows are reduced in a series of iterations. The final alphas and betas are easily
reached, but the dispersion components are not, and the apparent convergence usually
has to be watched. The iterations are helped by a feature added to the FEndMatch com-
mand that optionally writes a file of the set of final fitted parameter values. These values,
along with adjustments to constraints and step sizes, are then input to the next iteration.

4. Results

This class of fit has a proper minimum, which is rather flat and has a common center
among all of the quad current parameters. The fit is generally insensitive to quad current
drifts. The envelopes for the orbit functions are shown in Figure 2, where each of these
currents are varied in turn between two amps on either side of the fitted value. Most of
the slight width observed is due to the first three quads, QV1, QH2, and QV3. This
arrangement is also insensitive to incoming momentum offsets. The envelopes for a -2%
to +2% swing in input momentum offset are shown in Figure 3. The eventual fit noted
here is a little squeezed by the beta max constraint of < 25m, mostly because of the way
that the existing QV1 - QH4 geometry has to deal with the incoming dispersion.

The largest dispersion in this display is at the BTA entrance, set by the unfortunate
choice of extraction point in the Booster. This is the limiting constraint for momentum
acceptance, and possibly a source for cooking the Booster septum region. While this
kind of BTA appears to handle momentum acceptance rather well, it does not eliminate
the need for reducing dispersion in the Booster extraction region. Once into the BTA our
four bend design permits full control of the dispersion through the bends. It further pro-
duces a desirable region of low dispersion with gentle slope downstream, which allows
quads there to deal with X and Y phases without unduly prejudicing the dispersion near
the AGS. The quads here can undoubtedly be better placed for this phase matching role.

This simple example points towards a more useful set of matching criteria for the
actual BTA operation. The bend region should tightly contain dispersion, and slope it to
reach zero in the center of the quad group located to deal with phase adjustment. Both
dispersion value and slope components should appear as a formal constraint at the given
point. The rest of the quads up to the AGS mainly deal with clamping the amplitudes
during passage.

5. Comments

This kind of experience suggests including the magnet layout geometry in the
matching process. In MAD, lattice geometry is computed in the group of routines that
carry out the Survey command. Survey now has to be iterated through a number of



-3-

separate runs to adjust quantities such as bend angle to lay out the beam path along an
actual floor or whatever. While there is a private survey match feature attached to Cern
MAD V8 [3], unfortunately it doesn’t mix very easily with our simplex, for which track-
ing is based on our vastly improved data base. Beam line matches with their numerous
free parameters have needed the far more capable simplex variant developed here. Sur-
vey matching has thus been grafted into our versions of MAD, which is easy enough
because of our structure tools and much better developed matching features, inspired far
too much by this BTA mess. This kind of code maintenance is in fact so straightforward
that well over a thousand lines of new code for survey matching commands and con-
straints have been added throughout the approximately 6700 lines of the MatchF source
file within a day, without affecting the present BTA match calculations. Survey match-
ing should make it rather simple to optimize magnet placements, bend angles, and spac-
ing for more careful beam line designs.

J. Glenn has suggested that there may be ways to play with the potential focusing
capabilities of the present two main BTA dipoles, which might lead to some of the
dispersion reducing effects discussed here. This idea might be explored further in these
models.
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Figure 1. Tracking functions for BTA with four bends.
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Figure 2. Sensitivity to -2 Amp through +2 Amp quad current drifts.
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Figure 3. Sensitivity to -27 through +27 momentum offset.



Trial BTA Lattice with Split Bends
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LINEAR LATTICE PARAMETERS FOR BEAM LINE:
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