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 What is RARAF? 

 

 What is a microbeam? 

 

 Why is it important? 



 Microbeam II 

 

 What is an alpha particle?  

 

 Particle accelerator 



 

 Double Electrostatic Quadrupole Triplets 
◦ Focusing Lens 
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 Beam Shutter 



 Software  
◦ Calibration 

◦ Re-zero every 3 hours 

 Current beam spot size ~0.6-0.8 microns 

 Motivation to decrease the spot size  
◦ Target smaller parts of the cell, such as mitochondria  
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 Measuring magnetic field fluctuations 

 Exploratory 

 Motivation 
◦ Better understanding of magnetic field fluctuations could 

lead to a smaller beam spot size 

 Goals  
◦ Create circuit that measures B-field 

◦ Record B-field readings over a period of time to see 
fluctuations 

◦ Analyze readings to understand significance on beam path 

 



 Used the Honeywell HMC2003 IC  
◦ 3-Axis Magnetic Sensor Hybrid  

◦ 40 microGauss to ±2 Gauss range 

◦ Analog output of 1 Volt/Gauss 

◦ On chip +2.5 Volt reference  
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 Needed a way to record readings from 
voltmeter over a long period of time 

 

 Did this using a computer program called 
LabVIEW 
◦ Design Platform with a visual programming 

language 

 



 Designed a program to interface Keithley 617 
voltmeter to the computer 

 

 Main functions of the program  
◦ Formatted the Keithley instrument to be compatible with 

computer  

◦ Created loop that continuously recorded voltmeter value 

◦ Sent recorded values to an Excel spreadsheet  

 

 Program could be useful for RARAF in the future! 
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Where my 
circuit was 
placed 

Microbeam 
Endstation 
(Microscope, 
Moveable 
stage) 

One of the 
two 
quadrupole 
triplet lenses  



This is where 
I was 
sampling 



 Measurements were on two different scales 
◦ Hour-long measurement with recordings taken 

every second  

◦ 24-hr measurements with recordings taken every 
minute  

◦ All measurements taken from the X output 



-0.935 

-0.93 

-0.925 

-0.92 

-0.915 

-0.91 

-0.905 

-0.9 

-0.895 

11:45 12:00 12:14 12:28 12:43 12:57 
•1 hr sample 
•Taken on 7/17 
•Began at 11:50am 

~0.015 V 



-0.94 

-0.92 

-0.9 

-0.88 

-0.86 

-0.84 

-0.82 

-0.8 

-0.78 

9:30 14:18 19:06 23:54 4:42 9:30 14:18 
•24 hr sample 
•Taken on 7/17-7/18 
•Began at 1:01 pm 

~0.12 V  



-0.895 

-0.89 

-0.885 

-0.88 

-0.875 

-0.87 

-0.865 

9:36 9:50 10:04 10:19 10:33 10:48 

•1 hour sample  
•Taken on 7/19 
•Began at 9:40am 

~0.015V 



-0.95 

-0.9 

-0.85 

-0.8 

-0.75 

-0.7 

9:30 14:18 19:06 23:54 4:42 9:30 14:18 •24 hr sample  
•Taken on 7/19-7/20 
•Began at 11:00am 



-0.94 

-0.92 

-0.9 

-0.88 

-0.86 

-0.84 

-0.82 

-0.8 

-0.78 

9:30 14:18 19:06 23:54 4:42 9:30 14:18 

-0.95 

-0.9 

-0.85 

-0.8 

-0.75 

-0.7 

9:30 21:30 9:30 

7/17 

7/19 



 How much does this deflect an alpha particle?  
◦ Lorentz Force Law:  F = q (v × B) 

◦ Considering that the speed of the particle is entirely 
in the z-direction and magnetic field measurements 
are in the x-direction, equation can be simplified 
to: F = q (vzBx) ĵ 

◦ Using Newton’s Second Law of Motion and the 
Equations of Motion, the equation becomes:  

 ry = qvzBx t
2/2m 

Where ry  is the deflection of the particle in the 
y-direction  



Charge of alpha particle q 3.2 x 10-19 C 

Mass of alpha particle  m 6.64 x 10-27 kg 

Kinetic energy of particle K 6 MeV  

Velocity of particle vz 1.70 x 107 m/sec 

Time t 1.25 x 10-5 sec 

Using the table above, the 
equation can become a function 
of ry  in terms of Bx 

ry = 0.1276·Bx  

However, since the particle 
still has to go through the 
second quadrupole triplet 
lens, we must divide by a 
demagnification factor of 8 

ry = 0.01595·Bx  



 Plug in 0.12 G and 0.015 G (1.2x10-5and 1.5x10-6 Tesla) 

 
 For the .12 G fluctuation    ry =.19 microns 

 

 For 0.015 G fluctuation    ry =.0239 microns 
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 These results prove that the magnetic field 
fluctuations have a significant deflection 
effect on the microbeam on a submicron 
scale 

 Further research into how to counteract these 
fluctuations could lead to a smaller beam 
spot size! 



Thank you to my mentor, Gerhard Randers-Pehrson for 
guidance and support throughout the REU program this 
summer.  
 
Also a special thanks to Alan Bigelow, Steve Marino and the 
rest of the RARAF staff for all your help.   
 
Finally, thank you to John Parsons for giving me the 
opportunity to work with RARAF at Columbia University, its 
been a great summer! 




