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Chapter 1

Introduction 

The purpose of our experiment is to measure the half-life of ionized Be		଻ by containing a 

non-neutral plasma of Be		଻ ions for long enough to measure its half-life through a 

process known as Fourier Transform Ion Cyclotron Resonance Mass Spectrometry 

(FTICR). This requires confining the plasma in a Malmberg-Penning trap with a flat 

magnetic field for a period of time about equal to its half-life, which is approximately 53 

days. The purpose of this thesis is to characterize the Helmoltz coils used to produce the 

magnetic field which corrects for the earth’s magnetic field and other magnetic 

asymmetries in the plasma chamber.  
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Chapter 2

Measurement 

2.1 Helmholtz Coils 

The Helmholtz coils we will use to correct for earth’s magnetic field are copper wire 

wrapped onto a rectangular aluminum frame.  The geometry of the frame is designed so 

that a current flowing through the wire will create a flat magnetic field in the center of the 

coil.  The coil will be placed around our plasma chamber so that the area of flat magnetic 

field is in the chamber itself. Our coils are 77 cm by 76 cm with the 76 cm side (y)  

having a distance of 40.5 cm between the top and bottom wires (Figure 2.1) and the 77 
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cm side (x) having a distance of 23.5 cm between the top and bottom wires (Figure 2.2). 

The wire was wrapped around this aluminum frame 6 times. Together the two coils can 

be used to create a magnetic field to correct for whatever anomalous fields we may 

encounter in the experiment. 

Figure 2.1 The Helmholtz coil showing the y and z sides and their lengths. 
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Chapter 3

Results and Analysis 

3.1 Results 

After measuring the magnetic fields we plotted them in several two dimensional slices for 

the x, y, and z planes. This allowed us to observe trends in the data and see if the field 

really was flat. We made 11 two-dimensional plots for each direction of field. The figures 

below show the field in the horizontal plane located at the vertical center of the coil. 

These plots show that the field in all directions is fairly flat. The measured field in the Z 

directions varies between about 610 μT and 650 μT in this plane. In the Y direction the 

field varies between 0 μT and about 50 μT, with the exception of a few outliers. The field 

in the X direction is similar to that in the Y direction: it is mostly between 0 μT and 50 

μT. 
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Figure 3.4 Average magnetic field in the X direction showing the standard deviation 

Figure 3.5 Average magnetic field in the Y direction showing the standard deviation 
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In addition to measuring the magnetic field we also kept track of the current flowing in 

the Hall probe. Making sure that this current is steady allows us to know that the probe is 

measuring the magnetic field consistently and helps us evaluate variations in the current 

as possible sources of error in the measurement. 

Figure 3.6 Average magnetic field in the Z direction showing the standard deviation 
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Figure 3.7 Average current in the X direction Hall probe in the X measurement planes 
with the standard deviation

Figure 3.8 Average current in the Y direction Hall probe in the X measurement planes 
with the standard deviation
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3.2 Analysis and Discussion 

The current in the Hall probe is fairly consistent, with variations from two to three µA 

across the board. This is about 0.5% of the total current, and the standard deviations are 

even less: around one to two µA, so variations in the current should not affect our 

measurements much. The standard deviations in the magnetic field are 15-20 μT, which 

comes out to approximately 0.05 % of the magnetic field produced in the chamber by the 

solenoid. This is approximately one part in 20,000. The accuracy required to distinguish Be଻  from Li଻  was approximately one part in 7600, or a resolution of about 60 μT, so the 

field we generate should be uniform enough to distinguish the two using FTICR.  

Figure 3.9 Average current in the Z direction Hall probe in the X measurement planes 
with the standard deviation
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3.3 Conclusion

The field we have generated from this coil is quite a bit larger than the field necessary to 

counter the earth’s magnetic field, but it can be scaled back to the level that we need in 

order to counter the earth’s magnetic field. The field we generate should also be large 

enough to counter any other magnetic fields that could be the source of plasma loss in the 

system. In addition, the field we generate seems to have a small enough variation that we 

can maintain sufficient resolution in the FTICR. The standard deviations in the field are 

fairly small, about 30 µT, and we merely needed variations smaller than 60 µT to give us 

sufficient resolution to distinguish Be଻ and Li଻  in the FTICR. These coils should serve 

well to keep our fields correct and prevent any plasma loss as we measure the decay rate 

of ionized Be଻ .
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