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Muon g-2 from the source 
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g-2 experiment

Magnetic moment of the muon is coupled to spin and gyromagnetic 
ratio g
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𝜇 =𝑔𝑒/2𝑚↓𝜇 𝑐 𝑠 	

Muons in a magnetic field:

Spin precession frequency

𝜔↓𝐶 = 𝑒𝐵/𝛾𝑚𝑐 	 𝜔↓𝑠 = 𝑔𝑒𝐵/2𝑚𝑐 +(1−𝛾) 𝑒𝐵/𝛾𝑚𝑐 	

Cyclotron frequency

𝜔↓𝑎 = 𝜔↓𝑠 − 𝜔↓𝐶 =−(𝑔−2/2 ) 𝑒𝐵/𝑚𝑐 	

𝑎↓𝜇 = 𝑔−2/2 	



•  Muons at “magic momentum” 3.09 GeV
–  ∆𝑝/𝑝 =+/- 2%

•  BNL was statistics limited- more muons
–  At least 7x10-7 muons per POT

•  Uniform field to within ppm

Requirements for FNAL g-2 
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Big Move
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FNAL
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8	GeV	3	GeV	

2-8	GeV	

Target	

Section	 Extraction	E	

Source	 0-35	keV	

RFQ	 750	keV	

Linac	 400	MeV	

Booster	 8	GeV	

Target	 ~3	GeV	



Elements	 Extraction	E	

Source	 0-35	keV	

RFQ	 750	keV	

Linac	 400	MeV	

Booster	 8	GeV	

Target	 ~3	GeV	
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FNAL
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8	GeV	3	GeV	

2-8	GeV	

Target	

Section	 Extraction	E	

Source	 0-35	keV	

RFQ	 750	keV	

Linac	 400	MeV	

Booster	 8	GeV	

Target	 ~3	GeV	



Muon Campus overview

9

Recycler	

M2	

M3	 Delivery	Ring	

M5	
M4	

AP50	



Muon production
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120	ns	

1012		bunched	protons		



Muon production
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120	ns	

1012		bunched	protons		

collide protons 
with target to 
produce pions

Pions 
decay into 
muons



Proton separation in DR
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Muon production
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Simulation
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g-2 ring
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B= 1.45 T

R= 7.112 m

Muon beam

Inflector Magnet



Inflector magnet 

1/25/18 K. Badgley18

Muon	Beam	

Lead	and	Cryo	



g-2 ring
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B= 1.45 T

R= 7.112 m

Muon beam

Kicker Magnet

Inflector Magnet



Kicker Magnet
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g-2 ring
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B= 1.45 T

R= 7.112 m

Muon beam

Kicker Magnet
Electrostatic quadrupole

Inflector Magnet

  
    Electrostatic quadrupoles plates introduce an electric field.

𝝎↓𝒂 = 𝒒/𝒎↓𝝁 𝒄 [𝒂↓𝝁 𝑩 − (𝒂↓𝝁  − 𝟏/𝜸↑𝟐 −𝟏 )(𝜷×𝑬)  ]	

	
	For	𝜸=𝟐𝟗.𝟑 → 𝒑↓𝝁 =𝟑.𝟎𝟗 𝑮𝒆𝑽/𝒄		
	 𝝎↓𝒂 = 𝒒/𝒎↓𝝁 𝒄 [𝒂↓𝝁 𝑩 − (𝒂↓𝝁  − 𝟏/𝜸↑𝟐 −𝟏 )(𝜷×𝑬)  ]	

The coefficient vanishes and giving the magic 
momentum of 3.09 GeV/c!!

To satisfy the magic momentum condition, the orbit 
radius is 7.112 meters. 



g-2 ring
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B= 1.45 T

R= 7.112 m

Muon beam

Kicker Magnet
Electrostatic quadrupole

Inflector Magnet

Tracker
Fiber harps

Collimator



Fiber harps, tracker, collimators
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Mechanical shimming of the main magnet
•  After other mechanical knobs had been tuned, large shimming 

campaign with over 8000 foils (<10 ppm)
•  Trolley with NMR probes to measure remaining field
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Multipole (ppm) Normal Skew 
n=1  0.02  -0.56 
n=2  -0.71  -3.77 
n=3 0.75  0.62 
n=4 0.44  1.61 



Active correction coils
•  200 concentric coils -100 on top and bottom
•  Independently controlled
•  36 boards on top and bottom, 10°
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Compensation coil modeling
•  Previous BNL experiment proposed current distributions to cancel 

remaining multipoles

•  h is the magnet half gap
•  Normal currents are the same for the top and bottom, skew have 

opposite sign
•  Did not account for asymmetry due to iron wedges
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Multipole Normal Skew 
Dipole   - 1 
Quadrupole ℎ 𝑥 
Sextupole ℎ↑2 − 𝑥↑2  𝑥↑2 − ℎ↑2  
Octupole ℎ↑3 −3ℎ𝑥↑2  𝑥↑3 −3ℎ↑2 𝑥 
Decapole ℎ↑4 −6ℎ↑2 𝑥↑2 

+ 𝑥↑4   
4ℎ𝑥( ℎ↑2 − 
𝑥↑2 ) 



Fields from current distributions
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Multipole Normal Skew 

Dipole

Quadrupole

Sextupole

Octupole

Decapole
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