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1. Introduction

The AGS booster is important for the RHIC project, the AGS polar-
ized proton project and the future upgrade of AGS projects. In this
paper, we shall study some of the correction systems in the booster.
Section 2 reviews briefly the booster lattice of Ref. 1 and Section 3
discusses the effect of the chromatic sextupoles. Section 4 discusses
the depolarization resonance strength for the polarized proton and the
closed orbit correction for random alignment error. The conclusion is
given in Section 5.

Our study was performed in Nov.-Dec. 1985 prior to the Booster
Task Force. A more updated study will be worked out by E.D. Courant.
We feel however that our study may be useful. Thus we publish this as
an AGS Tech. Note.

2. Booster Lattice

Figure 1 show the lattice function for the BNL Booster design.
The betatron phase advance of each FODO cell is approximately 72°. Two
missing dipole half cells are arranged2 in the manner of easing the
injection and extraction problems. The machine consists of six super-—
periods. The circumference of the Booster is 1/4 of that of the AGS.
The betatron tune is Q = Q= 4.75. The systematic half integer stop-
bands at Q=3 and 6 are far away from the proposed operation tune.
Figure 2 show the half integer stopband width3 as a function of the
betatron tune with 4 sextupole magnet (2 family) per superperiod. We
observe that the half integer stopband width at Qx= 0_ = 4,75 is 0.006,
which is a rather small number. The stopband width (Wwith 4 sextu-
poles/superperiod) depends strongly with the tune at v = 6, However at
the proposed operation point, the stopband width is small.



3. Chromatic Correction Sextupoles

Almost all modern accelerators have very elaborate chromatic sex-—
tupole correction schemes. Although the booster is a simple machine,
one should investigate the implication of various sextupole correction
schemes in detail. Figure 3 shows the tune and beta-function modula-
tion as a function of momentum deviation of particles for two family of
sextupoles (two variables SF and SD only) with one, two, three and four
pairs of sextupole respectively. First, we note that the higher order
effect is important for one pair of sextupole. With increasing number
of pairs of sextupole, the momentum dependence becomes linear. Figure
4 shows the amplitude dependence coefficients of the betatron tunes,
i.e. O = BVK/SEX, o v = va/ae and € = avx/ae as a function of the
betatron tune’. We ogserved thaX the présent arrahgement has a peak at
v = 5,4, On the other hand, when four pairs of sextupoles are used, the
singularity disappear. It is therefore preferable to have a sextupole
next to every quadrupole,

The reason® for the peak of o ., o, and a . at tune Vv, =V _ = 5.4
is due to the fact that the dispersion fiumction x_ becomes negative at
the Sy location. The chromatic "focusing"” sextupoles become defocus—
ing. Therefore these coefficients, O s axy and ayy are large.

4. Strength of Depolarizing Resonances

Figure 5 shows the spin depolarization resonance strength in the
booster. Here we have assumed vertical misalignment of AY < £ 0,1 mm
and rotation angle error of € % 0.1 mrad for the calculation of the
imperfection resonance strength. These random alignment errors give
rise to an rms closed orbit error of 0.37 mm. A set of horizontal and
vertical orbit dipole correctors are assumed to restore the rms closed
orbit to within 0.2 mm (corrected to within 0.08 mm in the present
configuration).

For a 10 cm long kicker with 10 cm magnet aperture, the maximum
strength needed is about 76 Gauss. The number of the kickers needed is
about 10 in the booster ring. When the alignment error is increased by
a factor of 2 i.e., AY € ¥ 0,2 mm and rotation angle of * 0.2 mrad, the
strength of the kicker needed will be increased approximately by a
factor of two. The number of correction kickers needed remain about
the same. The rms closed orbit error is 0.76 mm and 0.15 mm before and
after the local corrections.

The resonances that the polarized proton will see are YG = 2 and
3. The polarized proton is accelerated through YG = 3 with o = A(YG)/
A® = 5 ¢ 107®. The resonances strength of 10™* (see Fig. 5) is below
1% depolarization. At YG = 2.15, the injection polarized beam will be
stacked for tens or turns. Following the Courant and Ruths, the de-
polarization effect of beam storage is proportional to llell/A = 5 « 10*5/
(2.15 - 2) = 3.3 » 107% (see eq.(37) of ref. 6), therefore the injection
stacking will not harm the polarization of the beam.



5. Conclusion

In conclusion, we have studied some features of the correction
scheme of the AGS RBooster lattice at BNL., Although two pairs of
sextupoles is adequate for the chromatic corrections, we found that 4
pairs of sextupoles per superperiod help (1) to reduce the higher order
(> 2) contribution in the tune vs. Ap/p variation and (2) to reduce the
tune vs. betatron amplitude by a factor of 100.

When two pairs of sextupoles are used, the tune vs. amplitude
coefficients depend strongly on the tune of the machine. This may
suggest that 4 pairs of sextupoles would be more appropriate for the
booster sextupole corrections.

We have also calculated the depolarization resonance strength for
the polarized proton. With the proposed proton acceleration rate , the

only resonance at YG = 3 for the polarized proton operational range of
the AGS booster gives little depolarization (< 17%).
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Figure 1. BRooster lattice functions. The tune is v = v_ = 4.75.
Superperiodicity equals to 6., Shown in the figure, § represents
the sextupole location.

[oX]e} T T T T T
008 -1
Bv,
| AGS BOOSTER n
- Superperiod —
[}
0.06 |~ -

———-12
Flgure 2. Half integer

- . stopband width of the

- Booster as a function of

~ tune at the operation

i point, V=V _ = 4.75. The
width is aboul 0.0062.

0.04

0.02




0.016
0.012
0.008
Av 0,004
0
-0.004
-0.008 | L1 [ | |
-0.76 -0.5-0.25 0.0 0.26 0.5 0.75
-
OJOF
0.5
0.0
-0.75 -05 -025 0.0 0.256 05 075
= %)
3a.
0.016 ~
0.012 -
| 3 (SF,SD)
0.008
0.004
0.0
~0.004 |~
1 | P |
-0.75-05-0.25 00 0.25 0.5 0.75
22 ()
0.05 |~ N
- DBy
- éy
f— A
ABx
0.0 —x~
§ Bx
| L1 I
~0.75 -0.5 -0.25 0.0 025 0.5 0.75
AF ()
3c.

0.016—

.02 2(SF,SD)
0.008
0.004
0,0
~0.004
L ! 1 | J }
~-075 -0.5-0.25 0,0 025 0.5 075
A2 (o)
0.05 —
L

Q.0

[ ] | ! |

-075 -05 0.25 0.0 025 0.5 0I5
APP (%)
3b.
0.016 —
0.012 —
- 4 (SF,SD}
0.008
0.004
0.0
~0.004
~0.008 [ 1 | i l
-0.75 -0,5 -0.25 0,0 0.25 0.5 075
Q10—
0.05—
LT
-0.75 -0.5 -0.25 0.0 0.25 0.5 075
3d.

Figure 3. Tune and betatron function is momentum deviation is
shown for (a) one pair, (b) 2 pairs, (g) 3 pairs and
(d) 4 pairs of sextupoles per superperiod.
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Figure 4. The amplitude dependence coefficient of the betatron
tunes, ¢__, O__, O is shown as a function of betatron

tune for two family” of sextupoles.
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Figure 5. Spin depolarization resonance strength for the Booster,
The only important resonance for the polarized proton

is YG = 3 resonance. The polarized protons will be
injected at YG = 2.15 and extracted at YG = 3.6.



