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The Problem
• Injection and extraction 

are always tight spots.
• Main Injector cut  

corners here.
• With NuMI intensity 

rising, the quads were 
becoming unpleasantly 
activated.



The Specification

• Same integrated gradient at all currents
• Same length
• Larger aperture



IQB Average strengths
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IQB performance

IQB Average nonlinear integrated gradient
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Number of turns

2/2r
G ΝΙ
=

0µ

N R (mm) B pole (T)

4 41.73 1.23

5 46.66 1.37

6 51.11 1.50

7 55.21 1.62

8 59.02 1.73

Gradient   20.78 T/m (3600 A)



Steel

• More or less silicon?
– More → lower remanent field
– Less → high saturation field









Hedge I
• Removable end pieces + shims

– Adjust pole length
– Adjust pole end profile

• Right the first shot



Hedge II
• Add trim coils to adjust ±2% at full excitation

– Low current vs. high inductance (self and mutual)
– 18 turns, 28 A

• Important































WQB lam profile
Morgan probe MH940701 (r = 34.32 mm)

0

10

20

30

40

50

60

70

80

90

100

0 10 20 30 40 50 60 70 80 90 100

x, mm

y,
 m

m

lam profile

probe (0,0)

probe (0.980",0)



WQB001 strength (rotating coil)
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WQB001 nonlinear part of strength
(relative to mean IQB TF = .01222 T/A)
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All WQB magents STDEV/average
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WQB Production Harmonics, I=3600A, x=0"
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WQB006 harmonics vs current at x=0
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WQB001-0 gradient shape at 1000 A
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wqb trim neg pol 2800A    Integrated strength
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wqb trim neg pol 2800A    non-linear strength
compare trim loop to "production" profile
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WQB003-0   percent anomaly
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