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A VERTICAL BUMP AT THE J-10 SCRAPER 

E.J. Bleser 

1. SUMMARY 

This note describes a possible vertical bump at the J-10 scraper using the new steering 
dipoles. At injection this bump can be strong enough to scrape off most of the beam. 

2. INTRODUCTION 

The beam scraper to be installed at J-10 in the summer of 1997 will be essentially fixed in 
position, and the beam will be moved onto it using local orbit bumps. At present, we have 
significant injection losses at vertical apertures in the ring, and our goal is to collect those losses on 
the scraper. This note finds that a local vertical bump using the new low field steering magnet 
system will scrape the injected beam very nicely. Similar bumps might be designed to scrape the 
beam at the E-20 dump for the winter 1997 run. 

3. THE 3-BUMPS 

This note documents two basic three-bump designs: the short three-bump and the long three- 
bump. The short three-bump uses three dipoles in sequence. The long three-bump uses magnets 1 ¶ 

3, and 4 in a sequence of four magnets. Table 1 gives the phase advances between various dipoles 
for “The Standard Injection AGS” (Appendix I). By skipping the second magnet in the sequence, 
there is always more than a 90 degree phase advance between the first and second magnets of the 
bump. Therefore at the second magnet of the bump the orbit has already peaked and is decreasing 
which means that the second magnet of the bump must just steer the orbit back to the axis at the third 
magnet of the bump. Thus for long three-bumps the first magnet is the strongest magnet and 
determines the peak amplitude. For shoi-t three-bumps this is not always true and the achievable 
amplitude is less than for the long three-bump. In a superperiod the new steering dipoles will be 
located in straight sections 2,8, 12, and 18. Thus for each kind of bump there are four variations. 
The bumps will be named by the initial magnet position along with the suffix S for short bump or 
L for long bump. The required dipole strengths are readily calculated from the formula: 

where 8 is the bend and Ap,,, is the phase at m minus the phase at n. Table 2 gives the bends 
calculated from this formula. At injection the maximum dc current is 12.5 Amperes whlch gives 
a bend of 1/3 of a milliradian. Scaling the bends in Table 2 by this value and feeding them into 
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MAD gives orbits plotted in Figures 1 through 4 and summarized in Table 2. It should be noted that 
bumps calculated from the formula above have almost no residuals in the MAD calculations. 

4. COMBINING BUMPS 
0 

In order to maximize the bump amplitude at the J-10 Scraper we combine two long bumps, 
J02L and J08L. The results are shown in Figure 5. The second peak at J-15 is undesirable and can 
be reduced by subtracting bump J12L. There is a trade off here. Too much reduction at J-15 
produces an undershoot at J- 18 which may or may not matter. For discussion purposes we take the 
vertical bump for scraping at J-10 to be the combination of J02L, J08L, and J12L summarized in 
Table 3 and plotted in Figure 5. This bump is probably the most compact bump of significant 
amplitude that we can readily achieve. Table 4 records all the various bump orbits at the exits of the 
AGS main magnets for a peak bend of 1/3 milliradians. 
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TABLE 1 

PHASE ADVANCES BETWEEN VERTICAL DIPOLES 
IN STANDARD INJECTION AGS 

DIPOLE PHASE ADVANCE PHASE ADVANCE 
FROM DIPOLE DVCJ02 BETWEEN DIPOLES 
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TABLE 2 

GENERIC VERTICAL THREE-BUMPS 

BUMP MAGNETS BETAY MUY BEND POSITION AMPLITUDE 
PEAK PEAK* 

J02L 

J08L 

J12L 

J18L 

J02S 

J08S 

J12S 

J18S 

m 2PI mr 
DVCJ02 15.1 90 0.073 1 .ooo 
DVCJ12 18.458 0.444 0.504 
DVCJI 8 14.697 0.665 0.749 

EXIT of MAGNET mm 
J7CD i 5.26 
J11 BD 5.29 

DVCJ08 13.81 7 0.307 1.000 Jl1 BD 
DVCJI 8 14.697 0.665 0.053 J15AD 
DVCK02 15.190 0.814 0.922 J19BD 

DVCJ12 18.458 0.444 1.000 J16AD 
DVCK02 15.190 0.814 0.674 J19BD 
DVCK08 13.81 7 1.048 0.847 K3CD 

K3CD 1 5.24 
K7CD 4.53 

DVC J 02 15.190 0.073 1 .ooo I J7CD 1 4.421 
DVCJ08 13.81 7 0.307 -1.002 
DVCJ12 18.458 0.444 1.190 

DVCJ08 13.817 0.307 1 .ooo J11 BD 1 4.1 8 
DVCJ12 18.458 0.444 -0.685 J15AD 3.41 
DVCJI 8 14.697 0.665 0.748 

DVCJ12 18.458 0.444 1 .ooo J16AD 1 3.20 
DVCJl8 14.697 0.665 -1.014 J19BD 4.22 
DVCK02 15.190 0.814 1.346 

DVCJI 8 14.697 0.665 1.000 I K3CD 1 4.68 I 
DVCK02 15.190 0.814 -0.663 
DVCK08 13.81 7 1.048 0.835 * For max bend =1/3 mr 
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TABLE 3 

THE J-IO VERTICAL BUMP 

J02L+ J02L+J08L 
I MAGNETS I J02L I J08L I J12L J08L - J12L 

PEAK ORBIT AMPLITUDES 
for 1/3 mr maximum bend 

AT THE EXIT OF MAGNET 
BUMP J7CD J l l C D  J15BE K3CD 

JO2L+JO8L 5.27 9.45 9.670 0.000 mm 
J02L+J08L-J12L 5.25 9.46 5.500 -4.790 mm 
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w TABLE 4 

SUMMARY of VERTICAL BUMP ORBITS 

I I 

2.23 2.22 
3.88 3.87 
5.27 5.27 
4.98 4.97 

8.20 

I 3.871 -2.59 

Wl 
0.02 -0.07 
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VERTICAL THREE BUMPS: J02L & J02S 
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Figure I 
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VERTICAL THREE BUMPS: J12L & J12S 
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J18.XLS 

VERTICAL THREE BUMPS: J18L & J18S 
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Figure 4 
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VERTICAL BUMP for JIO: J02L + J08L - J12L 
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Figure 5 
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Appendix I 

The Standard Injection AGS 

We define the standard injection AGS as having a momentum of 2.25 GeVk and currents 
in both tune quad strings of 50 Amperes. This produces a lumpy AGS as tabulated in Table A1 and 
shown in Figures Al,  A2, and A3. On the figures the arrows indicate the exit points of the main 
magnets. The results given are for Superperiod J, but the other superperiods are identical. The 
absolute value of the tune of the AGS has not been carefully cross calibrated against the MAD 
calculation and the present results may not agree exactly with reality, but they are in general very 
good. 
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TABLE A I  

THE STANDARD INJECTION AGS 

MAD INPUT: P = 2.25 GeV/c, lax = 50 AMPS, lay = 50 AMPS 

MADOUTPUT: Qx = 8.83903, Qy = 8.892302 
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