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Introduction

A hospital-style MRI at LANL has recently been decommissioned (Jan 2013) and is available for transferring to Fermilab.   The magnet was used for the famous series of LAMPF muonium hyperfine splitting experiment, and until recently, was used in the LANL Biological and Quantum Physics Division.

In this document, I outline the justifications for the magnet, mainly for use by g-2.  Since the magnet has a huge bore and can reach 2T, the magnet will be useful for material testing for Mu2E.  CMS operates at 4T, so this item is not directly applicable for the CMS upgrade R&D. 

Diagram and Pictures of Magnet
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Magnet Characteristic

The table below summarizes the magnet characteristics during its recent operation at LANL.   Except for the main power supply, which failed during warm up in Jan 2013, the magnet appears to be in good working condition.  Pictures are shown at the end of this document.

	Magnet Make and Style
	Oxford Whole Body Imaging System.  Manufactured sometime between 1980-1990.
Persistent Super Conducting MRI Magnet.

	Field Range
	Adjustable up to 2 Tesla

	Shimming Magnet and associated shimming power supply
	Included
Up to 8 channels at < 20 Amps, < 40 volts per channel

	Cryostat Outer Dimensions
	1955 mm diameter x 2368 mm Length (including shim kit)

	Bore Dimensions
	920 mm diameter x 2368 mm

	Dimension of Iron Flux containment shield around the magnet
	Sides: 10’ x 15’ x 5”
End caps: 10’ x 10’ x 5”

	Magnet Power Supply
	150A – 350A maximum
-10V to 10V
Requires AC240 and Water-cooled
Note:  This unit no longer functions.  We will have to use a replacement.


	Coil Temperature
	~ 4.5 K

	Recirculation of LHe and LN2
	None.  Boil off gas not recaptured.  Cooling capacity of boil off gas not used.

	LHe and LN2 Volume in Cryostat required for 1.5T operation
	LN2 Min,Max = 120,575  Liters
LHe Min,Max = 550,1100 Liters

	Estimated Weekly Usage of LN2 
	180 liters/week

	Estimated Weekly Usage of LHe 
	200 liters/week 

	Estimated Weekly Cost of Cryogens (Jan 2013 values)
	$1300/week  (dominated by LHe)

	Estimated Heat Load
	0.86 Watts

	Field Stability
	< 0.1 - 1 ppm over 30cm diameter of spherical volume

	Field Uniformity
	< 0.1 ppm per hour






Justification for g-2

For g-2, the measurement of the magnetic field is aiming to be better than 0.07 ppm (out of a 1.5T field).   This is an unprecedented accuracy for a magnet of the size of g-2 (50’ diameter).  The LANL magnet has several extremely useful  characteristics for g-2:

1) The LANL MRI magnet will be more homogenous and stable than the g-2 magnet.  The homogenous volume is 30 cm (sphere diameter), and allows for calibration of the various g-2 NMR probes against a true standard NMR probe.    During g-2 operation, we expect to bring various monitor NMR probes from the g-2 hall into this magnet for periodic calibration.

2) The magnet bore is very large, and allows g-2 to calibrate the trolley probe and check for detector material (and electronics) effect on the precision magnetic field.

3) The magnet uses no iron.  Therefore, it is inherently very stable in time, since otherwise iron is susceptible to temperature variations.  The time stability is makes for a clean and robust interpretation of the data.  

4) The magnet uses no iron.  An additional benefit is that there are no calibration corrections due to “magnetic image charges”, which would be present if one were to use iron.  

5) Since the magnet is “persistent”, the magnet current will remain indefinitely.  The power supply is removed after the coils are energized.

6) Members of the g-2 collaboration, namely David Kawall of UMass and Klaus Jungmann of KVI Netherlands, have experience with this particular magnet.  David Kawall will take the lead in reestablishing the required uniformity.


Other Benefits and Synergies  

The magnetic field measurement is a significant portion of the intellectual work for g-2.  A huge effort will be required to achieve the 0.07 ppm goal.  The value achieved in BNL-E871 was 0.17 ppm.   

From now and through the end of g-2 operations, Fermilab PPD is likely to house many visiting g-2 students, postdocs, and scientists, many of whom are world experts on precision magnetic field measurements.  

This LANL MRI magnet will serve as focal point for a huge number of activities:  probe calibration, R&D on magnetically compatible materials, and R&D on subtle systematics.  Everyone involved, including the Fermilab engineering and technical staff, will benefit from these very exciting and intense activities.    

Packing and Shipping from LANL

A few of us on g-2 have been in contact with the LANL Biological and Quantum Physics group.  They proposed the following model:  if PPD will accept the magnet, the Biological and Quantum Physics group will seek LANL funding to pack the magnet, and g-2  (or perhaps PPD) would pay for shipping.  

The shipping cost is expected to be < $10K.  MRI magnets are built to be shipped to hospitals.  No special precautions are needed for shipping the cryostat.

Proposed Operation in PPD

Here are suggested modes of operation at Fermilab. 

	Location
	Sidet Lab A or D0.

Pros:  proximity to technical and engineering staff.  Nice office space for visitors.  Good LCW and AC240 hookup.  Has option for Liquid Propane Generator Backup Supply.  Large Crane and space for Iron Flux Return.

Cons:  Both areas are high traffic, so may have to implement a physical boundary.

	LHe Cooling
	Use Commercial Helium Cryocooler re-condensing unit such as from Cryomech:  Cost ~ $60K  (see below)

	LN2 Cooling 
	Use Commercial Cryocooler: Cost ~ $20K

	Residual Fringe Field and protection. 
	With the Iron Flux in stalled, residual field is ~10 Gauss at the Iron Flux wall.  Will need to rope off an additional area to stay below 5 Gauss.

	Main Magnet power supply
	The power supply was damaged during warm-up in January 2013.  At Fermilab, we can engage a vendor to energize the magnet, and then take it away.  There is no need to keep the power supply present.   The current persists as long as there are cryogenics.





Commercial Re-Condensing Units

Since the heat load is rather low (0.8 Watts at ~ 4.5 K), it is possible to recondense the Helium boil off.  A Cryomech unit such as below costs $61K, 5 months lead time.
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