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Abstract
This document covers the procedure for removing the flange / detector and accessing the micro-channel plates of the Mark‑III version of the Ionization Profile Monitors in the Main Injector and Recycler.  These four monitors are magnetic versions with 3 of the 4 being the full Mark‑III version and one (Main Injector horizontal) having the Mark‑II version of the magnet and vacuum container and a slightly shorter active region than the Mark‑III detector.


Introduction
[bookmark: _GoBack]The Ionization Profile Monitors (IPM) in the Main Injector (MI) and Recycler (RR) are located within the MI-10 region just downstream of the stairwell.  The RR horizontal and vertical, and the MI vertical are full Mark‑III versions of the IPMs, while the MI horizontal has the Mark‑II version of the magnet and vacuum container, and a modified version of the Mark‑III detector assembly.  The modified version has a smaller distance between the micro-channel plate (MCP) and the high voltage (HV) cathode plate.  For an introduction to IPMs, see [1], and Fig. 1: Conceptual diagram of an IPM for collecting electrons..  



Figure 
1: Conceptual diagram of an IPM for collecting electrons.

The MI/RR IPMs contain a detector assembly embedded in a magnetic field.  The detector assembly has a HV cathode plate opposite the MCPs which function as the anode providing an electric field to pull the ionized electrons to the MCPs.  There are two MCPs in the MI/RR versions.  Since the MCPs have a finite lifetime, they occasionally must be replaced.  Replacing them involves removing the detector assembly from the vacuum can and partially disassembling the detector assembly.  This document covers the procedure to access the MCPs in the MI and RR IPMs.
IPM Vacuum Access
To access the IPM detectors, the vacuum for the IPM must be let up.  This is done by the mechanical support group, typically the morning of the MCP replacement.  There are no special requirements for letting up the vacuum.  Once vacuum has been let up, the IPM access procedure can begin.  There is a manual forklift stored in the transfer gallery at TGN-100 in the back stairwell.  This lift must be taken to MI-10 and is used to extract the 14‑in flange and detector assembly.  The forks of the forklift can be flipped upside down and will need to be for the RR IPMs.  In addition, the feet of the forklift can be slid out and will need to be for several of the IPMs where there are obstructions on the floor (Fig. 7 shows an example of this). One should familiarize oneself with the forklift before using it, as it has a manual locking mechanism which must be engaged by the operator to prevent the crank handle from spinning uncontrollably under the weight of the forks and/or load.  The forks of the lift have holes near the end to which various adaptors can be bolted to enable the 14‑in flanges to connect to the forks.  Likewise, the 14‑in flange has two threaded holes for attaching the aforementioned adaptors.  Each of the four IPMs has a slightly different extraction procedure and set of adaptors.  These procedures are documented below.  Before the detector assembly can be removed from the vacuum can, the various cables must be detached from the flange.  Figure 2 shows the flanges with cables still attached for each IPM.  Once the cables have been detached, perform the following appropriate procedure to remove the flange and assembly.


[bookmark: _Ref19710891]Figure 
[bookmark: _Ref19713587]2: Cable connections to IPM flanges.  These must be removed before removing the flange and detector assembly.
Recycler Horizontal
The horizontal RR IPM is extracted horizontally (Fig. 3).  The procedure for extraction is as follows.
1. Remove the bolts on the sides of the 14‑in flange nearest the threaded holes (the top of the flange is where the “Danger” sticker is placed in Fig. 3).  Leave at least 6 bolts at the top and 6 at the bottom of the flange.
2. Attach the forklift to the flange.  The forks of the forklift are inverted for this IPM, and each connection to the flange is made with a pair of Unistrut brackets.  An L‑shaped bracket attaches to the 14‑in flange, and a Z‑shaped bracket attaches between the forks and the L‑shaped bracket.  
3. Once the forklift is attached firmly to the flange, the remaining top and bottom flange bolts can be removed.  Be sure to check that the forks are high enough that the weight of the flange and assembly is held by the forks.  
4. With the bolts removed, carefully move the forklift back to extract the flange and detector assembly.  The UHV Conflat copper gasket will likely fall onto the SHV feedthrough or copper wires on the vacuum side of the flange.  Latex gloves should now be worn by anyone assisting to avoid contaminating the vacuum components.  Continue extracting the assembly until it is clear of the vacuum can.  At this point, the top of the flange will be close to the cable tray.  Beware of the proximity to the cable tray and the pipes below the IPM while maneuvering the forklift and assembly out into the aisle.
5. Work on the detector assembly can now be done.  See below for MCP access procedure.
To reinstall the detector assembly, reverse the procedure above with the following additional items.
· Clean the vacuum side of the flange, the vacuum can, and a new copper gasket with alcohol.
· While reversing step 4 above, the person assisting must ensure that the small Beryllium-Copper (BeCu) ground tabs on the bottom edge of the assembly (Fig. 4) don’t bend while entering the vacuum can.  If they bend, just leave them bent.  Don’t attempt to bend them back as they may break. If they break, they must be properly disposed of since they contain Beryllium.  Once the tabs are inside the vacuum can, the Copper gasket must be positioned.  If it stays in place, then gently push the flange all the way in.  If it does not stay in position, then it must be held (ensure you have gloves on before doing this).  If you attempt to use a metal object such as a screwdriver or metal ruler, be extremely careful with the knife edges of both conflat flange surfaces.  A small nick can cause a vacuum leak that may not be repairable in situ.
· In step 3, getting the first bolts in can be difficult as the flange may have rotated slightly due to the imprecision of the forklift.  You may have to rotate the flange slightly by hand to get the bolts in the holes.  Hand tighten the bolts as you install them.
· In step 1, don’t completely tighten the flange bolts, just snug them tight.  The mechanical support technicians will fully tighten them.


Figure 
[bookmark: _Ref19714314]3: Forklift attached to the 14‑in flange prior to removing the flange bolts.  The two Unistrut brackets are an L‑shaped bracket and a Z‑shaped bracket.



Figure 
[bookmark: _Ref19714438]4: The detector assembly.  Note the BeCu ground tabs which must be monitored while reinstalling into the vacuum can.
Recycler Vertical
The vertical RR IPM is extracted vertically (Fig. 5).  The procedure for extraction is as follows.
1. Remove the bolts on the sides of the 14‑in flange nearest the threaded holes.  Leave at least 6 bolts at the top (aisle side) and 6 at the bottom (wall side) of the flange.
2. Lower the IPM vacuum can using the motor controls on ACNet Console Page D96 / IPM, subpage 1.  Make sure to alternate upstream and downstream motors.  
3. Attach the forklift to the flange.  The forks of the forklift are inverted for this IPM, and each connection to the flange is made with a single Unistrut bracket.  A Z‑shaped bracket attaches between the 14‑in flange and the forks.  The Z‑shaped bracket attaches to the top side of the inverted forks, which requires a spacer to properly support the bracket as it’s tightened to the fork.
4. Once the forklift is attached firmly to the flange, the remaining top and bottom flange bolts can be removed.  Be sure to check that the forks are high enough that the weight of the flange and assembly is held by the forks.  
5. With the bolts removed, carefully lower the forklift to extract the flange and detector assembly.  The UHV Conflat copper gasket will stay in place on the vacuum side of the flange.  Latex gloves should now be worn by anyone assisting to avoid contaminating the vacuum components.  Continue extracting the assembly until the forks are almost against the pipes below the IPM.  
6. Raise the IPM using the motors on D96 until the detector assembly is clear of the vacuum can.
7. Work on the detector assembly can now be done.  See below for MCP access procedure.
To reinstall the detector assembly, reverse the procedure above with the following additional items.
· Clean the vacuum side of the flange, the vacuum can, and a new copper gasket with alcohol.
· While reversing steps 5 and 6 above, the person assisting must ensure that the small BeCu ground tabs on the bottom of the edge of the assembly (Fig. 4) don’t bend while entering the vacuum can.  If they bend, just leave them bent.  Don’t attempt to bend them back as they may break. If they break, they must be properly disposed of since they contain Beryllium.
· In step 4, getting the first bolts in can be difficult as the flange may have rotated slightly due to the imprecision of the forklift.  You may have to rotate the flange slightly by hand to get the bolts in the holes.  Hand tighten the bolts as you install them.
· In step 1, don’t completely tighten the flange bolts, just snug them tight.  The mechanical support technicians will fully tighten them.


Figure 
[bookmark: _Ref19715229]5: Forklift attached to the 14‑in flange.  The Unistrut bracket is a Z‑shaped bracket.  The spacer pictured here is not the correct one.  Due to lack of the correct spacer, an Al “L” bracket was used in these pictures but caused extra procedure steps to be needed caused by interference with the support structure.  The use of the correct flat spacer will not incur those extra steps.

Main Injector Horizontal
As with the RR, the horizontal MI IPM is extracted horizontally (Fig. 6).  The procedure for extraction is as follows.
1. Remove the yellow fence in front of the IPM protecting it from aisle traffic.  This step should be done as part of detaching the cables from the flange.
2. Remove the bolts on the sides of the 14‑in flange nearest the threaded holes.  Leave at least 6 bolts at the top and 6 at the bottom of the flange.
3. Attach the forklift to the flange.  The forks of the forklift are normal for this IPM, i.e. not inverted as for the RR, and the connection to the flange is made with a pair of Unistrut brackets.  An L‑shaped bracket attaches to the 14‑in flange, and a Z‑shaped bracket attaches between the forks and the L‑shaped bracket.  
4. Once the forklift is attached firmly to the flange, the remaining top and bottom flange bolts can be removed.  Be sure to check that the forks are high enough that the weight of the flange and assembly is held by the forks.  
5. With the bolts removed, carefully move the forklift back to extract the flange and detector assembly.  The UHV Conflat copper gasket will likely fall onto the SHV feedthrough or copper wires on the vacuum side of the flange.  Latex gloves should now be worn by anyone assisting to avoid contaminating the vacuum components.  Continue extracting the assembly until it is clear of the vacuum can.
6. Work on the detector assembly can now be done.  See below for MCP access procedure.
To reinstall the detector assembly, reverse the procedure above with the following additional items.
· Clean the vacuum side of the flange, the vacuum can, and a new copper gasket with alcohol.
· While reversing step 5 above, the person assisting must ensure that the small BeCu ground tabs on the bottom of the edge of the assembly (Fig. 4) don’t bend while entering the vacuum can.  If they bend, just leave them bent.  Don’t attempt to bend them back as they may break.  If they break, they must be properly disposed of since they contain Beryllium.  Once the tabs are inside the vacuum can, the copper gasket must be positioned.  If it stays in place, then gently push the flange all the way in.  If it does not stay in position, then it must be held.  If you attempt to use a metal object such as a screw driver or metal ruler, be extremely careful with the knife edges of both conflat flange surfaces.  A small nick can cause a vacuum leak that may not be repairable in situ.
· In step 4, getting the first bolts in can be difficult as the flange may have rotated slightly due to the imprecision of the forklift.  You may have to rotate the flange slightly by hand to get the bolts in the holes.  Hand tighten the bolts as you install them.
· In step 2, don’t completely tighten the flange bolts, just snug them tight.  The mechanical support technicians will fully tighten them.
· Don’t put the yellow fence back until the mechanical support technicians have fully tightened the flange bolts and leak checked the IPM, and the cables have been connected.


Figure 
[bookmark: _Ref19715304]6: Forklift attached to the 14‑in flange with the flange bolts already removed.  The two Unistrut brackets are an L‑shaped bracket and a Z‑shaped bracket.
Main Injector Vertical
The vertical MI IPM is extracted vertically (Fig. 7).  The procedure for extraction is as follows.
1. Remove the bolts on the sides of the 14‑in flange nearest the threaded holes.  Leave at least 6 bolts at the top (aisle side) and 6 at the bottom (wall side) of the flange.
2. Lower the IPM vacuum can using the motor controls on ACNet Console Page D96 / IPM, subpage 1.  Make sure to alternate upstream and downstream motors.  
3. Attach the forklift to the flange.  The forks of the forklift are normal, i.e. not inverted, for this IPM, and each connection to the flange is made with a pair of Unistrut brackets. Two L‑shaped brackets attach between the 14‑in flange and the forks.
4. Once the forklift is attached firmly to the flange, the remaining top and bottom flange bolts can be removed.  Be sure to check that the forks are high enough that the weight of the flange and assembly is held by the forks.  
5. With the bolts removed, carefully lower the forklift as low as it will go without the large HV connector contacting the ground.  The UHV Conflat copper gasket will stay in place on the vacuum side of the flange.  Latex gloves should now be worn by anyone assisting to avoid contaminating the vacuum components.  
6. Raise the IPM vacuum can as high as it will go using the motor controls on ACNet Console Page D96 / IPM, subpage 1.  Make sure to alternate upstream and downstream motors. When it is as high as it can go, the detector assembly will still not be clear of the vacuum can. 
7. With one gloved person holding the flange / detector assembly, a second person should loosen the bolts holding the two L-brackets together just enough such that the flange / detector assembly can be rotated in a controlled fashion around the L-bracket pivot points (Fig. 8).  
8. With the first person continuing to hold the flange / detector assembly, the second person should begin gently pulling the forklift away from the beampipe while the first person simultaneously rotates the assembly until it has cleared the vacuum can.  The non-vacuum side of the flange will almost scrape the floor during this procedure.  Continue pulling the forklift out until the flange / detector assembly can be rotated back to the vertical orientation.  
9. Rotate the flange / detector assembly back to the vertical and tighten the L-bracket bolts that were loosened in step 7.
10. Work on the detector assembly can now be done.  See below for MCP access procedure.
To reinstall the detector assembly, reverse the procedure above with the following additional items.
· Clean the vacuum side of the flange, the vacuum can, and a new copper gasket with alcohol.
· While reversing steps 5 and 6 above, the person assisting must ensure that the small BeCu ground tabs on the bottom of the edge of the assembly (Fig. 4) don’t bend while entering the vacuum can.  If they bend, just leave them bent.  Don’t attempt to bend them back as they may break. If they break, they must be properly disposed of since they contain Beryllium.
· In step 4, getting the first bolts in can be difficult as the flange may have rotated slightly due to the imprecision of the forklift.  You may have to rotate the flange slightly by hand to get the bolts in the holes.  Hand tighten the bolts as you install them.
· In step 1, don’t completely tighten the flange bolts, just snug them tight.  The mechanical support technicians will fully tighten them.


Figure 
[bookmark: _Ref19715098]7: The images on the left show the orientation of the forklift, and the feet which are extended out from the body.  The images on the right show the forklift attached to the 14‑in flange.  The Unistrut brackets are two L shaped brackets that form a step.  The joint between the two L brackets will allow rotation of the detector assembly which is necessary for removal from the vacuum can.



Figure 
[bookmark: _Ref19715392]8: Drawing showing the final part of the procedure for removing the assembly from the vacuum can.  The assembly must be rotated to clear the flange on the vacuum can.
MCP Replacement
Once the detector assembly is removed from the vacuum can, the MCPs can be accessed.  To get to the MCPs, the two HV connections between the cage and the flange must first be disconnected (Fig. 9), and the cage part of the assembly must then be removed (Fig. 10).  Make sure all tools have been cleaned before using them in the following procedure.
1. Detach the HV spade connection to the top plate of the cage either by hand, or with the aid of a screwdriver.  This connection is the thin wire.  The other end of this may come off the HV feedthrough as it is just a press on friction connection.
2. If the HV spade connection to the control grid is the version without the resistor soldered to the connector (see Fig. 9), then detach the spade connector by hand or with the aid of a screwdriver.  If the HV spade connection has the resistor soldered to the spade connector, then either desolder the resistor from the spade connector, or desolder the wire from the HV feedthrough.  In the latter choice, the wire, resistor, and spade connector will remain attached to the cage, so care should be taken that the wire is not unnecessarily bent during the following steps.
3. Create a clean workspace on which to set the cage after it is removed.  A Tyvek coat spread on a MI magnet works well.
4. If installing new MCPs, open the MCP vacuum storage container, find the new MCPs that will be installed, and put them on the clean workspace.
5. Unscrew the 12 screws holding the cage to the flange assembly (Fig 10).  If the assembly is in the vertical orientation (MI / RR vertical IPMs), leave the top corner screws in place until all others are out.  A second person will need to support the cage to keep it from falling as the last two screws are removed.  Since the cage fits in a slight recess, the person holding it just needs to keep it tight to the flange assembly.  
6. Set the cage assembly upside down (top plate down) on the clean work surface and begin disassembly of the MCPs (Fig. 11 in reverse order).
7. Remove the 8 screws holding down the anode-side HV cover plate and remove the plate.
8. Remove the two insulating wedges that sit on the copper HV tabs.
9. Using a small screwdriver, very carefully lift one side of the anode MCP to enable you to grab it by the edge.  Pick it up by the edge and remove it.  It is important to avoid touching the surfaces of the MCPs as doing so may introduce contamination into the channels.
10. Remove the center copper HV distribution piece.
11. Using a small screwdriver, very carefully lift one side of the beam MCP to enable you to grab it by the edge.  Pick it up by the edge and remove it.



Figure 
[bookmark: _Ref19867467]9: Spade onnections of the top plate HV, and the control grid HV.  These must be detached prior to removing the cage.  There are two versions of connections to the control grid: one is just a spade connector which can be gently removed with the aid of a screwdriver, the second has one of the field-shaping resistors soldered to the spade connector.  This second version requires the desoldering of either the resistor from the spade connector, or the wire from the HV feedthrough.  For the case of desoldering the wire from the feed through, the spade connection and the wire will remain connected to the cage.



Figure 
[bookmark: _Ref19717813]10: The cage is removed from the detector assembly via 12 screws.  The 2 short screws are located over the area where the signal cables run and are thus shorter to avoid damaging the cables.  





Figure 
[bookmark: _Ref19869060]11: Assembly procedure for the beam-side and anode-side MCPs.  Here the cage is flipped upside down (relative to Fig. 10) to access the MCPs.  There are three voltage connections to the MCPs: beam-side of the beam MCP, center of the two MCPs (anode-side of the beam MCP and beam-side of the anode MCP), and anode-side of the anode MCP.  The first two are distributed by copper strips that go around the outside of the MCP, and the last one is distributed by the cover plate.

The used MCPs can be put back in the same containers that the new MCPs came in, but a label should be affixed to the container with proper bookkeeping information.  The used MCPs can then be put back in the vacuum storage container.  To install the new MCPs, the orientation of the channels must first be determined.  The goal is to orient the channels oppositely in the two MCPs in what’s called a chevron arrangement (Fig. 12).  In addition, there is an input side and an output side to the MCPs.  The input side of both MCPs should face the beam.  Usually, the MCP has a small triangle-shaped indicator near the edge which indicates both the orientation of the channels, and the input/output sides.  You may need to lookup information about the triangle from the manufacturer of the MCP.  Figure 13 shows arrangements for Hamamatsu and Photonis. If this information is not available, then looking through the MCP at a light source and tilting the MCP until it seems like you are looking through the holes may tell you the orientation of the channels, however, it does not tell you input or output side.  Once you have determined the proper orientation of the MCPs, perform the installation by reversing the previous disassembly procedure.  


Figure 
12: Chevron configuration for two MCPs.  The channels tilt in opposite directions to preserve the initial position.



Figure 
[bookmark: _Ref21511048]13: Typical specifications showing input, output and bias angles with respect to some visible indicator.  The Photonis diagram is via email from the company.
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