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Cleaning Extraction Gap in the MI using RF Barrier 
W. Chou, D. Wildman, J. Griffin and K-Y. Ng (February 28, 2008)
· Goal: To clean the two gaps on each side of the slip-stacked proton batch used for pbar production (Figure 1, courtesy P. Adamson) so that the 120 GeV extraction losses at MI-52 could be reduced.
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Figure 1: Illustration of the method of using RF barriers to clean up the extraction gaps.
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Figure 2: RF barriers generated by the MI barrier RF cavity.
· Method: To accelerate/decelerate the particles in the two gaps by means of the RF barrier. There are two routes for the gap particles to get lost before reaching 120 GeV:

1) Those knocked out of the separatrix would immediately get lost at 8 GeV when acceleration starts.

2) Those remaining inside the separatrix will fill up the RF bucket to form a “fat” bunch (i.e. with large longitudinal emittance).  Part of them would be lost at the beginning of the acceleration when the RF bucket starts to shrink. Another part would be lost during transition crossing.
Some residuals could still reach 120 GeV. But the number would be much smaller than what we have now.

· Calculations:

Beam energy: 

E = 8.938 GeV

Slip factor: 

( = 8.88 ( 10(3
RF voltage: 

V(rf) = 1.1 MV

RF frequency:

f(rf) = 52,811,400 Hz

Harmonic number: 
h = 588

Bucket half-height: 
ΔE(bucket) = 34.4 MeV

Bucket area: 

A(bucket) = 0.83 eV-s

Beam emittance:
( = 0.16 eV-s (assumed)
Constant H contour:
N = 0.25
Beam half-width:
b = 3.1 ns

Beam half-height:
ΔE(beam) = 16 MeV

Synchrotron tune:
((s) = 0.0102

Synchrotron period:
T(s) = 98 turns = 1.1 ms

Gap width:




D = 600 ns (30 buckets)

Barrier rise/fall time:



dt = 20 ns (( D

Barrier voltage:



V(barrier) = (16 kV
Barrier width:




L(barrier) = 500 ns
No. turns to move beam by ΔE(bucket): 
n = ΔE(bucket) / V(barrier) 

   
   = 2150 turns 

  
   = 24 ms
· Procedure: 

· After the completion of slip stacking, turn on the RF barrier such that the positive voltage (acceleration) pulses in one gap and negative (deceleration) in another gap (Figure 1).

· Each pulse is 16 kV in height and ~500 ns in width.

· Keep the RF barrier for 24 ms or longer (optimal time will be determined by study) and then turn it off.

· Compare the losses at MI-52 (521B and 522A) with and without the RF barrier.

For this experiment, we have all equipments in place (Figure 2). 
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