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measured and found to be in good agreement with the 

model calculation[3].  

In December 2005, the lattice design algorithm was 

modified to include parasitic crossings in the weak-strong 

approximation.  This change was included since the 

separation of the beams at the parasitic crossings is much 

larger than the beam sizes, so the leading effects of the 

BBI will produce opposite deflections and common 

focusing errors for the two beams.  One effect of the 

design change for the optics was to decrease the strength 

of the horizontal ! integer resonance in the presence of 

the BBI.  The model’s result for such a set of optics 

designed using this algorithm has been displayed in 

Figs. 2 through 4. The maximum horizontal beta-function 

in the ring for the 3 electron bunches in trains 1-3 vs. 
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current in the 8 trains of 3 positron bunches is presented 

in Fig. 2, which indicates an enlargement of about a factor 

of two for the beta-functions for a bunch current of 4 mA.  

Plots of the corresponding horizontal tune shifts for the 

first three trains of electron bunches vs. positron bunch 

currents are shown in Fig. 3, illustrating the non-linear 

behavior of the tune distortion and the fact that there are 

some variations from bunch-to-bunch within a train; there 

are likewise variations from train-to-train.  These occur 

because the set of beta-function values and pretzel 

displacements at the parasitic crossings are in general 

different for different electron bunches.  Since the current 

limit for luminosity production in operations is 

determined by the reduced lifetime of the beams at high 

currents, the model also tracked particles in the weak 

beam for 500 turns to determine the dynamic aperture 

limit in the presence of the BBI.  Fig. 4 gives the limiting 

horizontal and vertical initial displacements for on-

momentum electrons at 0 mA and 4 mA currents per 

bunch in the positron beam for the same optics as in 

Fig. 2 and 3, but the global tunes are held constant to 

match operating conditions.  Prior to modifying the lattice 

design algorithm, the dynamic aperture at higher bunch 

currents (e.g. 4 mA) was significantly reduced, especially 

for particles with small vertical amplitudes. 
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Since the modeling predicts significant distortions of 

the optical functions from the parasitic crossings with the 

opposite beam and since the difference of these effects for 

particles in core or tails of the beam is not expected to be 

very different in magnitude, we decided to explore the 

possibility of providing partial compensation for the 

gradient errors.  The strategy makes use of the fact that 
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Figure. 2. Maximum horizontal !-functions for 3 trains. 

Figure. 4. Modeled dynamic aperture for the design optics. 

Units are horizontal " and fully coupled vertical " at the IP. 
Figure. 3. Horizontal tunes for different trains. 
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CESR O%#'&!)+,( X'+/% &,0 !"# CESR +%#'&!+'( &,0 

#(%#*)&..E !"# +%#'&!)+,&. #N%#'!)(# +3 `+", HE.&(6  
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OWQ T6 R)*# #! &.= Parameters for Low-Energy Operation 

of CESR= %'+*##0),-( +3 PACHUUW6 

OHQ M6 B&((#!!) &,0 X6 A6 E'(D),#= Closed Expression 

For The Electrical Field of a Two-Dimensional 

Gaussian Charge= CERN-ISR-THbAU-UV GWcAUK6 

OPQ M6 X6 B)..),- &,0 `6 A6 C')!!#,0#,= B#&B-2#&B 

I,!#'&*!)+, S!/0)#( &! !"# C+',#.. E.#*!'+, S!+'&-# 

R),-= PRSTAB c= WHWUW GHUUVK6 F)-/'#6 Z6 TE,&B)* &%#'!/'# 1)!" BBI *+B%#,(&!)+,6 


