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The layout and beam optics of the new design of the heavy ion injection line for the 
AGS booster have been described in reference 1 by R.C. Gupta et al. In their design, at 
the booster injection point there is vertical dispersion mismatch and MAD program was 
used. I have run the same lattice with both MAD and SYNCH programs. Dr. Milutinovic 
has run it with program PATRIS. Th e outputs from different programs are really different 
slightly. The output of MAD program is shown in Table 1, the input data and output 
of SYNCH are shown in Table 2 and Table 3 respectively. The Twiss parameters and 
dispersion functions at the booster injection point from different programs are shown in 
the following table, Table 4, 

Table 4 

Pz ox 73: 7:: c1x PY ayY rlY 77: PY 

MAD 13.976 -0.208 2.82 0.286 1.545 3.568 0.304 0.391 0.119 0.973 
SYNCH 13.976 -0.208 2.82 0.286 1.545 3.547 0.307 0.485 0.057 0.972 
PATRIS2 12.550 -0.073 2.82 0.286 1.552 3.514 0.359 0.391 0.119 0.967 

The dispersion functions from MAD coincide with those from PATRIS and the Twiss 
parameters from MAD coincide with those from SYNCH. The discrepancy is produced due 
to the tilt of bending magnets. From the above results, one can assume that, the output 
of MAD is reliable even though in its output there is a warning message. 

The focusing parameters and the location of the quadrupoles have been tuned so that 
to get a better match at the booster injection point. In this process, MAD program was 
used. The output are shown in Table 5. 

Next, the emittance dilution due to dispersion mismatch will be estimated. Suppose, 
the Twiss parameters in y-direction at the booster injection point are a, /3, y, qy and 
$,, the dispersion function of the injection line at the injection point are vye, $l and 

momentum error is 9, then the emittance dilution factor F is expressed as follows3 

2 

where e,, is the emittance of the injected beam and ep can be expressed as follows 

Ap 2 Ep’ - ( >r P 
Y (rlye - vY)2 + 2a (l?ye - 17Y) (& - dj) + P ($e - v;,2] (2) 
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For the original injection line lattice, the emittance dilution factor due to vertical dispersion 
mismatch will be: 

F= [,+$ (!y)1’2]2. 
From reference 4 E 0 x 1 mmmmrad, then 

F = [l +0.35$]’ (4) 

where $’ is expressed in lo- 3. The emittance dilution factors F corresponding to various 

9 are shown in the following table, 

F 1.83 1.38 1.14 

9 (10-3) 1 0.5 0.2 

For the improved lattice, F due to r$, mismatch can be expressed as follows 

1 + 5.7 x 1O-3* 1 
2 

P - 
(5) 

F due to &, oy small mismatch is 1.007. Both F’s equal 1 approximately. The emittance 
dilution is negligibly small. One thing should be pointed out is that the maximum ,& in this 
lattice is approximately 100 meters, but the beam size remains well within the 4” aperture 
of the quadrupoles. Another possibility to improve this line is to tune the upstream line 
focusing parameters or to tune the whole line from Tandem to booster injection point. 
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