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1. [bookmark: _Toc441826811]Purpose

Maintaining high quality factor (Q0) of LCLS-2 cavities requires a very low residual magnetic field near cavity RF surfaces. The basic requirement is for any part of the cryomodule to add no more than 5 milliGauss of magnetic field at the surface of the RF cavity.

Mechanical parts that have a permeability that is greater than unity can become magnetized. Combined with other similar components, this can increase the ambient magnetic field at a cavity surface even inside a local magnetic shield.  All the components assembled onto the cavity are expected to be surveyed by a magnetometer and/or permeability reader. 

Parts that have no residual magnetic field but high permeability can gain a high residual magnetic field if they are in a close proximity to magnetic sources such as high power RF circulators, ion pumps, permanent magnets, activated electro magnets or solenoids,  or heavily magnetized steel structures.

Parts that have a residual magnetic field but permeability close to unity can be demagnetized. Typically, parts should have permeability less than 1.1. Parts that are custom made may exceed a permeability of 1.1 due to machining or welding. If the part requires long lead procurement time, deviation can be accepted if demagnetization successfully reduces the remnant field to within specification. Once they are demagnetized, care should be taken so they are not exposed to magnetic sources. 

2. [bookmark: _Toc238370502][bookmark: _Toc243371260][bookmark: _Toc243371971][bookmark: _Toc243372145][bookmark: _Toc243372596][bookmark: _Toc243372656][bookmark: _Toc243383505][bookmark: _Toc441826812]Authorized Personnel
No authorization is needed to operate the magnetometer and permeability reader. Follow the operation manual for the two instruments.  No one who has an electrical medical implant should be allowed near a demagnetizing tool while it is in operation.  Such personnel should be excluded from the area of the magnetizer for a distance sufficient so that the maximum stray magnetic field is less than 5 Gauss.

3. [bookmark: _Toc238370503][bookmark: _Toc243371261][bookmark: _Toc243371972][bookmark: _Toc243372146][bookmark: _Toc243372597][bookmark: _Toc243372657][bookmark: _Toc243383506][bookmark: _Toc441826813]PPE, Clothing
No PPE is required to operate the magnetometer and permeability reader.  

Other PPE requirements that may be specific to handling of parts to be measured are included in part or tooling specific procedures.

4. [bookmark: _Toc441826814][bookmark: _Toc243371262][bookmark: _Toc243371973][bookmark: _Toc243372147][bookmark: _Toc243372598][bookmark: _Toc243372658][bookmark: _Toc243383507][bookmark: _Toc238370504]Tools

Permeability Reader: Ferromaster Permeability Meter
Magnetometer: 3-axis Coliy G93 DC milliGauss meter, or equivalent 
Zero gauss chamber: Custom made A4K cylinders, FNAL/ILC Cryoperm magnetic shields, or equivalent.
5. [bookmark: _Toc441826815]
Magnetic Hygiene Quality Control
Following is the summary of the quality control measures for magnetic hygiene.
· Magnetic hygiene scope definition
· Material specification and certification 
· Incoming inspection and demagnetization
· Tooling inspection and demagnetization
· Pre-assembly inspection and demagnetization
· Assembly check points in production traveler

Permeability and remnant magnetic field are the two physical parameters associated with the magnetic hygiene. 

Based on the simulation of the field attenuation of the magnetic components, a limited magnetic hygiene scope is proposed as a compromise between quality and cost. Any component that is within 3-inches from niobium cavity including beam pipes is considered in the magnetic hygiene scope. 

Material specification should be clearly identified in mechanical drawings and procurement document. Material certifications are requested to ensure that only non-magnetic materials are used. When an exception is used, low remnant magnetic field should be specified as measured on contact and 1-in distance field magnitude. For components that have been already in stock, follow the inspection and demagnetization procedures to bring the components to compliance.

Incoming inspection utilizes spot checking of components with a permeability reader. Permeability reader always magnetizes the components that has relative permeability greater than unity. Complete measurement of all components using permeability reader is not recommended. All components will be subject to remnant magnetic field inspection. Any component that shows high remnant magnetic field will be set aside for demagnetization, depending on cost of the component. No permeability reading should be allowed following the demagnetization.


Caution: Permeability Reading is Intrinsically Inaccurate unless the Parts are Flat and Large Compared to the Permeability Probe.

Tools or assembly tooling should be regularly checked for remnant magnetic field. A wrench that has strong remnant magnetic field (>10 gauss) has shown to magnetize a RF connector that is made of steel. Tools that have strong magnetic field can be demagnetized to below 10 gauss and becomes incapable of magnetizing the other components. If tools in clean room are well controlled, they can be safely assumed to be free from magnetization sources and do not need to be regularly checked. 

Alignment fixtures commonly use strong magnets. Nonmagnetic fixtures should be used.

A pre-assembly magnetic field inspection is optional if the components are kept in a relatively magnetic field clean environment.  If a component’s history is unknown, inspection is a must, especially when the components are part of a vacuum assembly. 

Magnetic field check points should be listed in production traveler. For example, a magnetic field check is conducted after tuner is installed. Magnetic field check can prevent potential flare-up of a high remnant field component that is beyond the magnetic hygiene scope. High remnant magnetic field component should be removed to be demagnetized. If a component is not practical to be removed and demagnetized, it can be wrapped in a magnetic foil to guide its remnant magnetic field away from cavity.

Magnetic field of cryomodule vacuum vessel is not included here. It is covered in a separate QA document of vacuum vessels. 


6. [bookmark: _Toc441826816]Procedure for measuring magnetic properties

6.1. [bookmark: _Toc441826817]Permeability
6.1.1. Make sure the permeability reader is away from sources of strong magnetic fields   ( < 20 Gauss)
6.1.2. Check the battery by turning on the permeability reader.
6.1.3. Use the included known permeability material to check the value of the permeability (1.3). Contact the vendor if the reading does not match, which indicates the instrument is defective.
6.1.4. Move the probe to the surface of the subject item to within a distance of 0.25 inches, as permeability is a localized effect. If the surface contact with the probe is allowed, it is preferred. As an example, the permeability can vary from bolt hole to bolt hole in a con-flat flange. Record a few of the highest permeability readings.
6.2. [bookmark: _Toc441826818]Remnant magnetic field of small parts

6.2.1. Check the battery by turning on the magnetometer
6.2.2. Check the probe reading in a zero gauss field chamber. Zero the probe reading if necessary.
6.2.3. Keep the probe un-disturbed inside the zero gauss field chamber and move the subject part close to the probe within a specified distance (for example, 0.25 inches for a field probe). Record a few of the highest readings.
6.3. [bookmark: _Toc441826819]Remnant magnetic field of large parts
6.3.1. Check the battery by turning on the magnetometer
6.3.2. Check the probe reading in a zero gauss field chamber. Zero the probe reading if necessary.
6.3.3. Outside of the zero-gauss chamber, stabilize the probe with a holder fixture that provides large clearance around the probe. Zero the probe reading again to null-out the effects of the ambient magnetic field. Keep the probe un-disturbed and move the part close to the probe within 0.25 inches. It is important to rotate the parts while reading. The nature of vector sum of magnetic field have a slight chance to give the reading of zero  magnetic field even though the parts have non zero remnant field. Record a few of the highest readings.


















7. [bookmark: _Toc441826820]Magnetic property specification
Please refer to the corresponding engineering specification document for updated values. Note that this list is a work in progress and may be updated in subsequent revisions of this document.
Sub-assembly is better dis-assembled within 1-in overall dimension for effective de-magnetization.
Table 1: Components as part of a cavity string assembly
	 
	Description
	Remnant field at zero distance[mG]
	Distance to cavity [in]
	Relative
Permeability
	Document Number
With Permeability
Specification
	Note

	1
	HOM Probe
	5
	0.25
	1.1
	FC0051669
	Ti, may have other magnetic material 

	2
	Field probe
	5
	0.25
	1.1
	FC0046490
	Ti, may have other magnetic material 

	3
	SHCS M4 20mm lg
	5
	0.25
	1.1
	FC0041939
	

	4
	Nut backing plate
	5
	0.25
	1.1
	F00459093
	

	5
	FPC Studs
	5
	0.25
	1.1
	FC0046538
	

	6
	FPC Studs Washer
	5
	0.25
	1.1
	FC0016263
	 

	7
	Split ring weldment
	5
	0.25
	1.1
	F10031029
	

	8
	Beam Pipe Flange Studs
	5
	0.25
	1.1
	FC0047552
	 

	9
	Beam Pipe Flange Studs Washer
	5
	0.25
	1.1
	FC0016265
	 

	10
	Beam Pipe Bellows
	5
	0.25
	1.1
	F10023434
	

	11
	Beam Pipe Extension
	5
	0.25
	1.1
	F10009417
	

	12
	Gate valve
	5
	8.3
	1.1
	FC0046011
	Out of 3-in boundary, but may have high remnant fields

	13
	Right Angle Valve
	5
	13
	1.1
	FC0027311
	Out of 3-in boundary, but may have high remnant fields

	14
	BPM housing
	5
	9
	1.1
	F10023168
	Out of 3-in boundary, but may have high remnant fields

	
	
	
	
	
	
	 



Note: Quad Magnetic has shown negligible remnant field.



Table 2: Components that are not part of a cavity but attached to it within magnetic hygiene boundary
	 
	Description
	Remnant field at cavity distance [mG]
	Distance [in]
	Relative
Permeability
	Document Number
With Permeability
Specification
	Note

	1
	Field probe cable connectors1
	5
	1
	1.1
	
FC0045587
	

	2
	HOM cable connectors2
	5
	1.5
	1.1
	
FC0045670
	 

	3
	Tuner safety rods
	5
	0.5
	1.1
	F10031141
	  

	4
	Piezos
	5
	1
	1.1
	FC0046546
	  

	5
	Piezo bearing
	
	
	
	
	Ceramic 

	6
	Tuner support arm
	5
	0.5
	1.1
	F10008697
	 

	7
	Tuner support arm hardware
	5
	0.5
	1.1
	FC0049469
FC0008503
FC0018654
FC0015564
FC0014863
FC0050986
F10008807
FC0049469
FC0008960
FC0008961
F10030939
F10008763
	

	8
	Cavity support structures left hand F10028468
	 5
	0.5
	1.1
	FC0041391
F10028371
F10028388
F10028406
F10028427
F10028469 
	Needle Support LH

	9
	Cavity support structures right hand F10028313
	 5
	0.5
	1.1
	 FC0041391
F10028371
F10028388
F10028406
   F10028427    
   F10028314
	Needle Support RH 

	10
	Invar Rods3
	       5
	2.5
	N/A
	F10009988
	

	11
	Invar rod clamp 1
	5
	2.25
	1.1
	F10018219
	

	12
	Invar rod clamp 2
	5
	1.5
	1.1
	F10018221
	

	13
	GHRP Subassembly4
	5
	1
	1.1
	
F10009954
	Only demagnetize the legs next to helium support 

	14
	Thermal strap hardware
	5
	2.7
	1.1
	FC0021780
FC0006063
	

	15
	Magnetic Shield5
	5
	0.8
	~20,000
	F100036198
	Review necessity after prototype 


Note: 1. Field probe connector is 1.0-in away from beam tube, 2-in away from end cell.
          2. HOM cable connector is 1.5 away from HOM can, 2.5-in away from end cell, 1.5-in away from beam tube.
          3. Invar rods are outside of the magnetic shield.
          4. One needs to remove F10022613 (Warmup-cooldown line assembly) before the GHRP legs can be demagnetized 
         5. An R&D magnetic shield showed > 20 mG remnant field. This may not be the case for the production magnetic shield. Due to the complexity of measuring and demagnetization of the magnetic shield. The line 13 in table 2 needs review after prototype cryomodule assembly.




8. [bookmark: _Toc441826821]Exceptions

These are the exceptions that is close to cavity and has high magnetic field. 
a. Tuner Motor
Mitigation:  Local Cryoperm Shield
b. Superconducting Magnets
Mitigation:  In-situ demagnetization in the cryomodule (if necessary.  Modelling indicates that this will not be the case)
9. [bookmark: _Toc441826822]References

OP-464239 -- Demagnetization Procedure.
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