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ATRAP: AnATRAP: An 
Antimatter TRAP

Hydrogen’s antimatter twin
e- e+

O d tit h d

P-P+

Our group and our competitors have made
antihydrogen, but no one has been able to trap it.
The goal is to make and trap cold (not moving) 
antihydrogen, so that we can study its properties.

CPT Violation!
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How Do YouHow Do You 
Trap Antimatter?

Penning trap for charged particles.

F=q v x B

Potential Well

Ioffe trap to capture neutral atoms.
Big challenge: keeping track of magnetic fieldsBig challenge: keeping track of magnetic fields 
with the nested trap.
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What Have IWhat Have I 
Done and Why?

Positrons are randomly emitted from Na22 
sourcesource.
Must collect e+ and send to trap in a bunch.

A l t th i tAccumulator = another penning trap.
Need to know potential in the trap, not just 

th don the edges.
Use LabVIEW and C++ to do a ‘relaxation 
calculation’.
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Positron Transmission

Na22 e+ Source
(not shown)

Accumulator
E i t

Accumulator
Experiment
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Ahhh, RelaxationAhhh, Relaxation
Boundary Conditions

10 10 10 10
Approximate with a grid.
In rectilinear coordinates, 10 10 10 1010 10 10 1010 10 10 1010 10 10 1010 10 10 10

y

0 0 0 0

,
put average of nearest 
neighbors into point.
C li d i l di t0 2.5 0 00 2.5 3.13 00 2.5 3.13 00 2.5 3.13 00 3.75 3.75 00 0 0 0

0 0 0 0

Cylindrical coordinates 
adds a natural log 
correction.

0 2.5 0 0

0 0 0 0

0 2.5 3.13 0

0 0 0 0

0 2.5 3.13 0

0 0 63 0 0

0 5 3 3 0

0 0 63 0 94 0

0 3.75 3.75 0

0 1 25 1 25 00 0 0 0
Do for each point in grid, 
iterate through grid 

l ti t t

0 0 0 00 0 0 00 0.63 0 00 0.63 0.94 00 1.25 1.25 0

0 0 0 0 several times to get 
‘complete relaxation’.0 0 0 00 0 0 00 0 0 00 0 0 00 0 0 0

Initial conditionsFirst Iteration First PointFirst Iteration Second PointFirst Iteration Third PointFirst Iteration Last PointLimit of Many IterationsInitial conditionsFirst Iteration, First PointFirst Iteration, Second PointFirst Iteration, Third PointFirst Iteration, Last PointLimit of Many Iterations
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LabVIEW ProgramLabVIEW Program

••Need to efficiently be Need to efficiently be 
able to calculate the able to calculate the 
potential at the centerpotential at the centerpotential at the center potential at the center 
of the electrode ‘stack’.of the electrode ‘stack’.

••C++ code wasn’tC++ code wasn’t••C++ code wasn t C++ code wasn t 
working properly, so working properly, so 
my LabVIEW program my LabVIEW program 
was giving nonwas giving nonwas giving nonwas giving non--
physical outputs.  physical outputs.  

L d d dL d d d••Learned and read Learned and read 
C++ code to debug the C++ code to debug the 
program.program.
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What the ProblemsWhat the Problems 
Might Have Been

Originally written for a simpler 
geometry.
Program doesn’t always handle

1 1 1 1 1 1 1
0 0 0 0 0 0 0 Program doesn t always handle 

diameter changes well.
It may not be defining initial 
boundary conditions correctly.

0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0

Assume putting 1V on blue
electrode, 0V on green
electrodes.
Purple points should be 1, but 
th t b d fi d

0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0

they may not be defined, so 
default to 0.

Assumes all electrodes ~same 
radii.

0 0 0 0 0 0 0 0
0 0 0 0
0 0 0 0 Assumes not long and skinny.0 0 0 0
0 0 0 0
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LabVIEW ProgramLabVIEW Program

••Now it works!!!Now it works!!!
••Input name of ‘relaxed’ Input name of ‘relaxed’ 
grid files, voltages ongrid files, voltages ongrid files, voltages on grid files, voltages on 
electrodes.electrodes.
••Output is onOutput is on--axis axis 
potentialpotentialpotential.potential.
••Fixes:Fixes:

Better Better 
boundaryboundaryboundary boundary 
handlinghandling

Length Length 
optimizationoptimizationoptimizationoptimization

More flexible More flexible 
geometriesgeometries

acceptedacceptedaccep edaccep ed

••Thanks to Andrew Thanks to Andrew 
Speck, original author, Speck, original author, 
f i i th df i i th d
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Reading Some Code
The relaxation 
wasn’t working.
Found problems 
in the C++ 
code

#pragma WHAT?!?
code. 
Convoluted 
structure of 
functions.
Hard, since I 
l d C++learned C++ as 
I went.
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Optimizing 
lPulse Generators

••Old system:Old system:
••Ping Pulse Generator, Ping Pulse Generator, 
ask it if it’s gotten aask it if it’s gotten a

••Pulse Generators used for Pulse Generators used for 
many applications, including many applications, including 
injection of antiprotonsinjection of antiprotonsask it if it s gotten a ask it if it s gotten a 

pulse.pulse.
injection of antiprotons.injection of antiprotons.

••Control room sends a Control room sends a 
pulse when they are pulse when they are 
about to ejectabout to eject

Hey!
about to eject.about to eject.
••Our Pulse Generators Our Pulse Generators 
see this, and tell the rest see this, and tell the rest 
of our hardware to getof our hardware to get

Hey!

••New system:New system:
••Have the Pulse Generator Have the Pulse Generator 
tell the computer when it tell the computer when it 

of our hardware to get of our hardware to get 
ready.ready.

••Need software to be aware Need software to be aware 
of the injection of antiprotons of the injection of antiprotons Hey! pp

has received a pulse.has received a pulse.
j pj p

into the trap.into the trap.
y
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Optimizing 
Pulse Generators

••Give it a device name.Give it a device name.
••Queries the database Queries the database 
for the instrument’s for the instrument’s 
addressaddressaddress.address.
••Tells instrument to Tells instrument to 
generate a Service generate a Service 
Request if it receives a Request if it receives a 
trigger.trigger.
••Waits until receives Waits until receives 
SRQ or is Aborted.SRQ or is Aborted.
••Checks whichChecks which••Checks which Checks which 
instrument requested instrument requested 
service (desired service (desired 
instrument?)instrument?)
••Checks that the request Checks that the request 
was for a trigger, and not was for a trigger, and not 
an error.an error.
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Cleaning House
(Other Tasks Accomplished)
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Temperature Sensor 
CConnectors BTRAP

My 32-pin connector is now installed 
on BTRAP.
BTRAP is an improved version of

ATRAP

BTRAP is an improved version of 
ATRAP.
BTRAP includes a Ioffe trap to help 
trap the neutral antihydrogentrap the neutral antihydrogen.
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Thank You
National Science Foundation

Ford Motor CompanyFord Motor Company
Dr. Gerald Gabrielse
Dr. Jonathan Wrubel
ATRAP Collaboration

Dr. Jean Krisch
Dr. Homer Neal

Dr. Steven Goldfarb
Other Summer Students!
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Obligatory CrazyObligatory Crazy 
Pictures

Touching electric fences

Being Freddie Mercury

Touching electric fences

Trying to buy train tickets
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It Turns Out I’m a 
S k f ASucker for Artsy 

Flower Pictures…

Heidelberg Paris Krakow Interlaken

Montreux
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