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Abstract.  The Fermilab Collider Run I (1994-1996) experienced limitations in the Tevatron halo removal system that motivated upgrades for the halo removal system for the Collider Run II. The upgrade provided a new 2 stage collimator design, new designs for collimators and collimator motion control incorporating loss monitor and beam intensity feedback.  A central process is used to coordinate the 12 collimator microprocessors that utilize local feedback to produce an automated halo removal system.  The halo removal system and experiences for the Tevatron Collider Run II will be described. 

Introduction

During the Collider Run I (1994-1996) the Tevatron halo removal system experienced limitations that prompted a complete design of a new system for the Collider Run II.  The new design specified that the entire halo removal process needed to be conducted in approximately 5 min [1]. This implied that the halo removal process would have to move toward automation.  The new design would incorporate a multiple 2 stage collimator design including 8 newly built 1.5m collimators and 4 targets. New motion control hardware capable of fast processing of beam loss monitor and beam intensity feedback control with motor speeds that would allow the 2 inch full travel of the collimator to take 15sec were also specified.  A central control software system was also developed to coordinate the global sequence of motion for all 12 collimators while incorporating the halo removal system into the Tevatron Collider sequencer software.  The Collider Run II halo removal system was installed, commissioned and operational since June 2001.
2 Stage Collimation system 
The Collider II Halo removal system was designed to be a 2 stage collimation system [2] which employs an “L” shaped primary collimator consisting of a  5-mm thick tungsten wing that is used to scatter particles which are then intercepted with 2 secondary collimators placed a appropriate phase advance.  The primary collimator is placed a 5 and the secondary collimators are placed at 6 from the beam.  Secondary collimators are 1.5m in length and made of stainless steel also “L” shaped. Figure 1 is an example of the placement of the collimators in the 2 stage collimator system. 
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FIGURE 1.  Placement of the target and secondary collimators to produce a 2-stage collimator system.
The Tevatron Collider II halo removal system requires 12 collimators of which there are 4 primary collimators or targets and 8 secondary collimators. The collimators are arranged in 4 sets: 2 proton and 2 antiproton sets and are installed around the Tevatron ring as shown in Figure 2.   Placement of collimators in the Tevatron is limited to a few locations since there is limited warm space and the proton and antiproton beams are on helical orbits.
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Figure  2. Tevatron Collider Run II Halo Removal Collimator Layout.  CDF and D0 detectors are located at B0 and D0 respectively.
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Hardware Controls
 The hardware consists of a Motorola VME 162 processor and Advanced Controls System Corp. Step/Pac stepping motor drivers that interface to the VME processor [3].  LVDT’s (linear voltage differential transformers) are used to read collimator positions.   Figure 3 is the block diagram for the hardware controls for a single collimator. 


 Figure 3.  Block diagram of the hardware controls for a single collimator. 

 The Collider II collimator halo removal system was designed with the capability of incorporating feedback into the motion of a collimator.  The system uses two sources for feedback. The first source is feedback from a local beam loss monitor.  4 standard Tevatron beam loss monitors and amplifiers are interfaced to the VME processor to provide loss monitor feedback.  2 of these loss monitors are used to detect losses in the proton direction and 2 in the antiproton direction.  2 loss monitors for each particle are used to provide redundant loss monitor signals in case of failure during collimator movement. Figure 4 denotes the tunnel loss monitor layout for the system. The second source of feedback comes from a beam intensity signal. A fast bunch integrator [4] is used to provide beam intensities signals for both proton and antiproton beams at a 360Hz update rate.  Feedback is accomplished by encoding proton and antiproton intensity signals on to the global machine data link (MDAT).  The MDAT signal is decoded by each of the VME processors at a 720Hz  rate.   
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Figure 4.  Tunnel layout of warm straight section that houses F17 collimators and location of beam loss monitors for feedback.

Processing the feedback internal to the VME is accomplished by sampling the loss monitor and/or beam intensity signal periodically while the collimator is moving.  The smallest step the collimator can make is 1 mil.  This minimum step takes 20msec to complete. A wait step occurs after the move step to provide more flexibility to timing movements.  During this step, loss monitor signals and/or beam intensity signals are sampled every 4msec and are compared to a loss limit value or beam intensity percentage to remove value to decide if the collimator is to be halted for the next step.  Each collimator VME front end has 17 parameters that the user can change to specify details about feedback processing.  
Software Controls
The halo removal system also utilizes software that allows global coordination of all 12 local collimator VME front ends. This global coordination software is called an open access client (OAC).  An OAC is a central process that runs on a VAX and has controls hooks into the main Tevatron sequencer software [5].     The OAC employs a finite state machine that is configurable by the user to preprogram one or many collimators to complete a task on a transition of a state.  For example, on the state “Goto injection positions” all collimator front ends are preprogrammed with local parameters that define their out of beam positions.  The OAC owns a configurable matrix of states verse collimators and the user specifies which collimators are to move when the state is transitioned.  Once the state is transitioned, all collimators will be moved back to their injection positions.   There are currently 11 defined collimator states with names like: Goto injection Positions, Begin Halo Removal Scraping and Retract Proton Collimators.  There is one special collimator state which is “Global Collimator Abort”.  A transition of this state will stop all 12 collimators immediately.   Figure 5 is a block diagram of the OAC.  
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Figure 5.  Block diagram of the OAC process which coordinates global movement of all 12 collimators. 
Collider Run II Halo Removal experience
The halo removal process is conducted in the Tevatron at the flattop energy of 980gev after and the proton and antiproton beams have been brought into collisions. This process is initiated by the Tevatron sequencer software. There are 4 sub-sequence operations that are necessary in order to complete halo removal.  1) Move Collimators to Initial Positions: This sub-sequence moves all the collimators at 50mils/sec into the beam to the “half way” point to the beam.  The motivation of this sub-sequence is to speed up the process. 2) Intermediate Halo Removal: Here each set (proton and antiproton) of collimators and targets are moved together under beam loss monitor feedback until a small loss is detected and all collimator in the set stop.  This sub-sequence is also preformed in order to reduce the total amount of time the halo removal process takes. 3) Perform Halo Removal: Each secondary collimator and target is moved serially into the beam.  Secondary collimators are moved under loss monitor feedback with a step size of 1 mil or .025mm until they reach the edge of the beam to shadow the losses by the primary collimator.  After all secondary collimators are placed next to the beam, each target is moved under loss monitor and beam intensity feedback until 0.4% of each beam (proton and antiproton) is removed. 4) Retract Collimators For Store: After targets and secondary collimators have reached their final assignment, they are retracted approximately 1mm.  This is the position they remain at for the duration of the store.  This roughly leaves the targets and secondary collimators at the 5 and 6  points discussed in the 2-stage collimation system chapter. 
Merit of Halo Removal Efficiency
The merit of halo removal efficiency is to simply record the proton and antiproton halo losses at CDF and D0 IP’s before halo removal divided by the same losses recorded at the completion of halo removal.   For stores 1220 through 1340, the average reduction in loss roughly due to halo removal is shown in Table 1.  The fact that there is no reduction in the D0 proton halo loss is attributed to the fact that for the proton direction the CDF IP acts as an addition collimator to reduce proton halo losses at D0.  
	TABLE 1. Merit of Halo Removal Efficiency

	Halo Loss Counter at CDF or D0 IP  
	Factor of reduction of halo losses after halo removal

	CDF proton halo loss 
	9

	 CDF anti proton halo loss 
	28

	D0 proton halo loss
	1

	D0 antiproton halo loss
	100


Tuning Halo Removal System for Maximum Efficiency
During the Collider Run II at the beginning and through out stores, the Tevatron would experience periods that recorded more proton and antiproton halo losses at the IP’s.  In attempts to minimize these losses, studies with the collimation system were conducted in attempts to understand the necessary parameters for minimizing halo losses at the IP’s. Two procedures were developed from these studies that are used routinely to verify proper operation for the collimator system. The first procedure is to verify that target and corresponding secondary collimators roughly have the correct 5 and 6  retraction from the beam.   Targets are left into the beam while each secondary collimator is retracted to the out of beam position.  Halo losses vs. collimator losses are plotted and a local minimum will denote the optimal location to place the secondary collimator.  This is repeated for all secondary collimators.   Figure 6 is an example of a scan using the E03 horizontal secondary collimator with the corresponding target at D49.  
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Figure 6.  Retraction scan of E03 horizontal secondary collimator to verify correct position with respect to D49 target.  Plot is proton halo losses vs. E03 collimator position.

Collimators are originally retracted 1 mm from the beam after halo removal is complete and this roughly satisfies this relationship.  The second procedure is to verify that the collimator to beam is parallel.  A collimator that is grossly misaligned with respect to the beam can cause a factor of 1.5 to 2 times larger halo losses.  By moving each end of the collimator independently as a function of the local beam loss monitor, alignment can be accomplished.  It has been found that collimators with angles less that166 rad are considered in good alignment and angles over 500 rad require realigning of the collimator.
Conclusions

The Collider Run II halo removal system overall has been a successful redesign from Run I.  The system provides adequate reduction of proton and antiproton halo losses at the CDF and D0 detectors reducing background losses.  Experience during Run II has provided procedures for best maximizing the halo removal efficiency by conducting collimator scans to verify proper 2-stage operation and also performing collimator to beam alignments to ensure that the beam is parallel to the collimator. The halo removal system is a necessary and integral part of Tevatron Collider operations.  The halo removal system is completely automated and benefits operations with ease of use.  The entire process takes 12 min. to complete and has been completed in as fast as 7 min. 
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