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Mechanical Design of MI8 Collimators
Abstract


A collimation system for the Booster to Main Injector transfer line (MI8 line) has been designed and installed at MI-836 and MI-838.  This system will remove particles in the beam halo from 8 GeV Booster beam before it arrives at the Main Injector.  A pair of collimators, with horizontal and vertical motion, is installed between the gradient magnets in half-cell 836 and an identical system is placed one cell away (about 90o in phase advance) at 838.  A description of the mechanical structure of the collimator, including the support and motion control is provided.  The vacuum, loss monitor (LM), beam position monitor (BPM), and thermocouple monitoring systems are briefly described.  

Introduction


In expectation of increased beam intensity requirements associated with operation of the NuMI beamline, Residual radiation around the Main Injector tunnel was examined prior to the 2004 Fermilab facility shutdown1. A small but significant contributor to the residual radiation was losses of beam due to tails of the Booster beam which were not accelerated but were scraped around the Main Injector at locations which had only very little less aperture than other similar lattice locations. By providing a more defined beam from the Booster, we will reduce the losses from these tails which will reduce substantially the number of hot locations in the MI Ring.  Collimation in the MI8 Line can provide this improved beam to the Main Injector2.  Tails from the Booster Beam may contribute residual radiation at other, as yet unidentified Main Injector locations.  In addition to more general sources of beam tails, measurements of the beam motion induced by changes in the beam trajectory through the Booster Extraction Septum (MP02) suggest that non-uniformity of the fields in this bending magnet (including quadrupole and skew sextupole terms) may be sufficient to create halo from some of the extracted Booster beam3. The design concept for this collimator system is based on the Booster Beam Collimation system4.  The difference between circulating and single pass beam collimation requires additional collimators.  The design selected uses marble to shield the tunnel aisle from the collimator residual radiation and a more compact design has been chosen at the expense of less loss control capability.

MI8 Collimator Layout


.

The MI8 Collimators will intercept the beam in stainless steel vacuum boxes (part of the MI8 vacuum system) surrounded by massive steel absorbers with an external marble shield. As in the Booster collimation system, the motion system will be external to the entire collimator system. A pair of these remotely positioned collimators will be placed in a 5.2 m (200”) open space in an MI8 half-cell in which the focusing is provided by gradient magnets. One collimator will provide scraping on one horizontal and one vertical edge (bottom and outside, for example) while the next will scrape the other sides (e.g. top and inside). They will be followed by a fixed collimation mask which will protect the downstream magnet.  In order to scrape large emittance particles which happen to be at small displacement but large angle at the 836 location (initial collimator), a second collimator-mask set will be placed two half cells downstream at 838 (about 90 degrees phase advance).

Collimator Design, Overview
Conceptual design of the MI-8 Collimator is based on the Booster Collimator design.   A 2” x 2” aperture is surrounded by a 0.75” stainless steel primary absorber (3.5” x 3.5” outside by 47” long).  The bulk of the collimator consists of 35” long iron absorber which is 26” wide by 20” high.  This is surrounded by 4 layers of marble which is 3 cm thick (4.72 inches).  It was planned to use 1.25” marble which would have provided 5” thickness and 45” length.  The marble is held in place by a frame of 1.5” aluminum channels.  

Four lifting jacks mounted on the base plate (item 1) provide vertical motion. Travel nuts for these jacks are bolted to the support plate (item 2).  THK linear bearing systems mounted onto support plate permit horizontal movement.  The motor, gear box, and 2 ton Uni-Lift Jack supply the horizontal motion of  +/- 1.00” for the vacuum liner (item 3) surrounded with steel absorber (item 4) and marble (item 5).  The vertical movement of the collimator from the center of the beam line is +/- 1.00” also. A short bellows (items 6) is joined to the beam pipe (upstream and downstream) and a long bellows (item 7) is installed between two collimators to make a collimation system pair (See Fig.2).


[image: image1.wmf]



Fig.1. Collimator Assembly.
1- Base Plate Assembly; 2 - Support Plate Assembly;  3 - Vacuum Liner Weldment;         4 - Steel Shielding Block Assembly;  5 - Marble plates;  6 - 7.5” Bellows Weldment;            7 - 10.25” Bellows Weldment; 8 – Aluminum Frame. 
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Fig.2 Collimation system location in 8 Gev line.


The marble mask surrounds the Recycler-style elliptical beam pipe in the down stream end of the collimation system. Two BPMs are welded into beam line, vertical upstream and horizontal down stream (See Fig.2).  

Nominal Collimator Components

	Material
	Horiz.

Edge
	Vert

Edge
	Horiz

Thickness
	Vert

Thickness
	Length
	Weight 

Lbs

	Vacuum
	2”
	2”
	
	
	47”
	0

	 Stainless Steel
	1.75”
	1.75”
	0.75”
	0.75”
	47”
	112

	Steel
	13”
	10”
	12.25”
	9.25”
	35”
	5000

	Marble (side)
	17.72”
	14.72”
	4.72”
	4.72”
	35”
	2840

	Marble (ends)
	18”
	15”
	16.25”
	16.26”
	4.72”
	


Actual design uses more steel at bottom for support.

Vacuum Pipe/ Primary Absorber   
The primary absorber is a 3.5” square by 47” long weldment of ((304 or 316L ?? which one was obtained)) stainless steel.  A tapered portion is provided at the upstream end to increase the penetration of intercepted particles.  This chamfer is 8.94” long with a taper of 2.56o.  We expect the beam which strikes the collimator to be most intense at the downstream end of this chamfer.  The wall thickness of 0.75” in the body is only 0.35” at the upstream end.

Two groves of 0.125” width are cut in the top and bottom of the absorber block for mounting thermocouples.  These groves extend from the downstream end to within 19.84” of the upstream end which places them 10.9 inches downstream of the end of the tapered portion.  For each collimator, we will instrument two channels of thermocouple readout with the other two devices available as spares.  
The connection to the upstream and downstream vacuum system consists of a 6” adaptor plate and a spool to connect to a 4” bellows with a 4” quick disconnect at the ends of the bellows.  

(((names of thermocouple channels)))  

Marble mask description

((Motion System section))

Name devices – Motor types and radiation rating, gear boxes and lubricants, limit switch use and hard stop description, lvdt types and resolution.  

Motor control hardware – controls group made it but what do they call it??  

	
	
	
	MI-8 Collimator Motion Data
	

	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	

	ACNET 
Name
	Motor #
	Direction
	Steps 
Per 
Mil
	Total 
Pulses / 2"
	Total Mils LS to LS
	Backlash in Steps
	Backlash in Mils
	Pulses to Center

	
	
	
	
	
	
	
	
	

	I:C836AH
	0
	Horizontal
	192
	374,840
	1,952
	384
	2
	187,804

	I:C836AV
	1
	Vertical
	576
	1,137,746
	1,975
	1,900
	3.3
	570,773

	I:C836BH
	2
	Horizontal
	192
	376,219
	1,959
	384
	2
	188,493

	I:C836BV
	3
	Vertical
	576
	1,137,708
	1,975
	2,468
	4.2
	571,322

	I:C838AH
	4
	Horizontal
	192
	379,724
	1,977
	1,456
	7.5
	191,318

	I:C838AV
	5
	Vertical
	576
	1,136,854
	1,973
	2,080
	3.6
	570,507

	I:C838BH
	6
	Horizontal
	192
	374,835
	1,952
	494
	2.5
	187,911

	I:C838BV
	7
	Vertical
	576
	1,146,373
	1,990
	2,877
	5
	576,063


BPM system

Specify type, locations and channel names

BLM system

Location to be determined,  provide names 
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