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Can anti-matter be created without the machine? Does it exist in the world? Nathan: We 
don’t always use the Alpha machine. We sometimes use a radioactive source like potassium 40. 
When you eat a banana the potassium decays in the body and produces anti-matter and 
matter. To decay means that something is unstable. It is unstable because it doesn’t exist 
forever as it changes into something else.  

Brad: Stuff wants to be in the lowest energy state that it can (it releases energy). If you have a 
collection of anti-matter, in principle you wouldn’t expect it to behave any differently to 
matter. Anti-matter has an opposite charge to matter so in a magnetic or electric field it would 
go the opposite way. When there is an interaction of the two they cancel each other out – 
through annihilation it should all be gone but we are left with photons/light.  

Nathan: It all starts with energy and then you get matter and antimatter. This energy creates 
light. If we had a chunk of anti-matter it would behave the opposite to matter but in a similar 
way. For example, if you have matter and want anti- matter, first flip the electric charges then 
look at it in a mirror and watch it in reverse (like a movie). If you do all this to matter then you 
would have created anti- matter. Diana: The movie would be completely different but still the 
same.  

Questions from scientists: Brad: Both of the artists went an anatomical route. Was that a 
mutual influence or a coincidence? Olivia: My practice is centered on the body and 
materialization so when Diana created her work about the Alpha machine as the human 
reproductive system this directly related to my existing practice. So it was a coincidence in a 
sense. Diana’s project opened up an opportunity for me to continue to explore the body. Brad: 
You brought up the notion of duality and its interesting to think of it in terms of Nathan’s 
analogy of the movie’s time reversal and thinking of the body. The body as a whole has a 
bilateral symmetry. If you swap or reverse sides the body will look relatively the same. I don’t 
necessarily think of anti-matter with this notion of duality. On a big picture we expect it to have 
equal parts/duality between matter and anti-matter but in reality that is not what we have.  

Nathan: Are there anti-electrons being created through cosmic radiation? Brad: Up higher but 
not on earth. There can be a highly energetic proton that comes down into atmosphere and 
collides with other particles and makes a jet (spray of other stuff composed with matter and 
anti-matter). Nathan: There is radiation in particles that are moving really fast and they rain 
down on the earth all the time – they are going through us right now (cosmic rays). Olivia: So to 
clarify, anti-matter is created through some form of energy after it collides with 
something? Nathan: Energy comes from the movement and collides with something 



else. Brad: It costs energy to make anti-matter and matter but we have more matter (CPT 
violating processes). Diana: So, anti-matter costs energy. Nathan: For example, you can get 
anti-matter from radioactive potassium source.  

Olivia: Why is radiation related to anti-matter? Nathan: Matter is not conserved. Through 
decay the product is lighter than the original atom. Brad: Beta-decay. It has stored up energy 
inside it. Nathan: That’s the energy. Using energy from matter itself. Radioactive things are 
things that decay.  
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Materials I use 
 
Below is kind of a laundry list of stuff I've used in the past. When I choose a material the things I 
think about are: 
1) Is it magnetic (and how much)? 
2) Does it conduct electricity (and how well)? 
3) Does it conduct heat (ie: a good insulator)? 
4) Will it absorb, reflect, or transmit radiation (radio frequency, microwaves)? 
5) How much does it shrink when cooled to cryogenic temperatures (-270 degrees C)? 
Nathan 
Metals: 
Titanium 
Stainless-Steel 
"mild" steel 
Brass 
Copper 
Aluminium 
Nichrome 
Solder (Lead, Tin Silver) 
Ceramics / dielectrics: 
Macor ...... https://en.wikipedia.org/wiki/Macor 
Sapphire 
Ruby 
Teflon 
PEEK...... https://en.wikipedia.org/wiki/Polyether_ether_ketone 
Paraffin Wax 
Epoxy (glue) 
Glass 
Pyrex 



Overview 
- Brad Barquest 
Ok, here’s my primer on ion trapping basics, and a few comments on how ion traps are used in 
nuclear physics experiments in particular. I’ll try to mention other applications as well, but as 
this is based on my own limited knowledge and experience, there’s likely more out there that 
I’m unaware of. I should add that when I talk about ion trapping, the same principles can apply 
to trapping any type of charged particle, including electrons, positrons, antiprotons, and even 
more exotic particles, but for the rest of the document I’ll refer to ion trapping. 
Simply put, the main characteristic of charged particles is that they respond to electric and 
magnetic fields in a very straightforward way. Since we can create electric or magnetic fields 
easily by applying voltages to electrodes or running current through wires, it stands to reason 
that we would want to use electric or magnetic fields to make an ion trap. It turns out to be 
impossible to make a trap that confines a stationary ion in all three dimensions using only 
electrostatic fields, e.g. electric fields that don’t vary in time. Therefore, the different traps are 
described by what sort of fields they use (e.g. magnetic, time-varying electric, etc.), or indeed 
whether the “confined” particle is really at rest. 
For the purpose of this discussion, I’ll put the traps into three different categories: Paul traps, 
Penning traps, and confined trajectory-type traps (for lack of a better word). In the interest of 
completeness, there is a fourth category that uses only magnetic fields, but frankly I don’t have 
as much experience with these, so I’ll only give them a brief mention. There are other traps 
meant to trap neutral particles, such as magneto-optical traps, but since I’m not writing an 
encyclopedia, I’ll limit the topics to the aforementioned types of traps and their uses that I’m 
familiar with. 
Paul Trap (RFQ) 
As was mentioned before, static fields alone won’t confine stationary ions, so one way around 
this limitation is to use fields that vary in time. Traps that use such alternating electric fields are 
called Paul traps. Here’s a link to a video to illustrate the basic idea: 
https://www.youtube.com/watch?v=XTJznUkAmIY . Typically “time-varying” is taken to mean 
sinusoidally oscillating in this context, though certainly other waveforms, e.g. square waves, 
have been used successfully as well. The time-varying fields are often referred to as radio-
frequency, or RF fields. Some sketches of possible Paul trap geometries are shown below: 

 
Figure 1 Sketch of a cylindrical hyperbolic Paul trap 



 
Figure 2 Cartoon of a linear Paul trap. 
To take the linear geometry as an example, if we apply a positive voltage to the red electrodes 
and a negative voltage to the blue ones, we create a field that pushes a positively charged ion 
away from the red and towards the blue. To get confinement in the middle, we can effectively 
switch the sign of the voltages applied before the ion has a chance to move away from the 
center and hit one of the electrodes. The ion will then be drawn towards the red, so we switch 
the sign again as the ion moves towards the red electrode, and so on for as long as we want to 
keep the ion confined. Linear Paul traps are sometimes also referred to as radiofrequency 
quadrupoles (RFQs). 

 
Figure 3 Segmented linear Paul trap with longitudinal confinement 
In the case of the cylindrical hyperbolic geometry, that’s enough for confinement, but for the 
linear case we so far only have transverse confinement. To get confinement along the beam 
axis, we can, instead of using just the four rods, segment the rods (or add additional electrodes 
to the outside), and apply different static voltages to the different segments in addition to the 
RF voltages. In the example above, the central set of four segments has a negative voltage 
applied compared to the neighboring segments, resulting in a longitudinal trap. 
 

 
Figure 4 Gas-filled RFQ sketch 
The particular type of device I’m building is called an RFQ beam cooler and buncher. To get the 
full cooling and bunching capability, we need to add one more thing to our segmented linear 



Paul trap, and that’s a cooling mechanism. In this case, we can add a so-called buffer gas to 
basically damp out excess motion of the ions so that, instead of sloshing around in the trap, 
they’re damped down and settle in the potential minimum (the middle of the trap). At this 
point I should probably mention that the RFQ is in a vacuum chamber, and the air has been 
pumped out and partially replaces with the buffer gas. The point is to take a continuous beam 
and efficiently deliver a pulsed beam with low energy spread (i.e. all ions in a bunch have very 
close to the same energy), low time spread (the ions in the bunch all get where they’re going at 
about the same time), and good “emittance” (basically the bunch is narrow and has only a very 
small angular divergence).  
Although it is in principle possible to do certain measurements inside an RFQ beam cooler (such 
as in-trap decay spectroscopy or fluorescence measurements), such devices usually will have a 
specialized design to optimize for performing the measurement. To wit, they will tend to have a 
more “open” geometry to allow better optical access to the trap center (at the expense of 
trapping efficiency), because you can’t measure what you can’t see, after all! For most RFQ 
beam coolers though, the point is typically to prepare the beam for another experiment using a 
different type of device. Applications of bunched beams will be discussed in subsequent 
sections. 
Materials for Traps 
Since ALPHA and my project are both involved in trapping particles (or antiparticles, as the case 
may be), we do have some common requirements when it comes to component material. For 
RFQ beam coolers, residual magnetism isn’t such a concern, though it is for certain other types 
of traps such as Penning traps used for Penning trap mass spectrometry (PTMS).  
Electrical and heat conductivity are concerns as well, especially electrical conductivity, including 
surface characteristics that might affect electric field shape (e.g. quality/smoothness of surface 
finish, presence or absence of surface chemistry).  
Transmission, absorption and reflection of radiation are also important to varying degrees 
depending on the device. If one is trying to measure some signal, e.g. a fluorescence photon or 
a photon from a particle/antiparticle annihilation event, you certainly don’t want any material 
that will block the signal between the trap volume and your detector! Similarly, in an 
experiment like collinear laser spectroscopy, scattered/reflected laser light is a large source of 
background, so it might be necessary to coat nearby components with some kind of anti-
reflective coating. For RFQ beam coolers, the main issue to do with radiation has to do with the 
effect of the RF on other nearby systems, so the RF circuitry should ideally be enclosed in a so-
called Faraday cage (basically a metal cage) to absorb any emitted radiation. 
Thermal expansion/contraction is certainly an issue if one is operating at cryogenic 
temperatures. The RFQ beam coolers I’ve built/am building are designed to be operated 
cryogenically (more like -200 degrees C, not quite as cold as ALPHA), but under some 
circumstances they’ll work just fine running at room temperature. For me, the main point of 
using cryogenic temperatures is to “freeze out” contaminant gasses from the buffer gas that 
could otherwise screw up my ion bunch (some gasses can “charge-exchange” with my ion, 
basically neutralizing it and rendering it un-trappable) 
Actually, this segues right into another characteristic that is very important both for my project 
and ALPHA as well, and that has to do with vacuum characteristics. ALPHA in particular requires 



extremely good vacuum, so we need to select materials that don’t give off additional gas 
(outgas or offgas) when pumped on. In general, metals don’t outgas, and if we need insulators 
we try to select ones that aren’t too porous to minimize surface adsorption of e.g. water. Also, 
all material that goes under vacuum should be thoroughly cleaned first, as finger prints, 
machining oil, etc. will outgas like hell. 
For electrodes and vacuum vessels (almost all of the traps discussed here are inside a chamber 
where nearly all of the air has been pumped out), I typically use stainless steel, as it has 
reasonable electrical and vacuum properties, and isn’t too outrageously expensive. Gaskets 
used to make the vacuum seal between flanges are typically either copper or Viton. In some 
cases where I’ve needed a long, narrow electrode, I’ve used aluminum. The disadvantage is that 
aluminum forms an oxide layer (Al2O3) on the surface, so the electric field shape isn’t as good as 
with stainless. That said, when the aluminum was machined, it held its shape, whereas the 
stainless warped so badly that I couldn’t use it. For smaller electrodes, though, stainless works 
fine. To make the electrical connections from the electrode to the power supply, I use typical 
wire, but for the connections in vacuum I like to use wires coated with Kapton (an insulator that 
doesn’t outgas too much). Kapton is also useful in other cases where I only need a very thin 
(~0.125 mm) layer of insulation. 
My current design also includes a titanium support structure. 
For insulating (either electrical or heat) structures under vacuum, I’ve also used PEEK and 
Macor. I far-and-away prefer PEEK, as I’ve found that Macor is prone to cracking, and anyway 
PEEK is much easier to machine. That said, for some of the commercial insulators or electrical 
feedthroughs, Macor or a similar ceramic is the material most often used, so those will be 
included as well. 
For insulators outside the vacuum, I’ve also used the following in various capacities: 
Polyethylene, PVC, Nylon, Ultem, G-10/fiberglass, and commercial substation insulators. 
For buffer gas, helium is an ideal choice. I want a gas that is lighter than the ions I want to cool, 
and I want a gas that has a high ionization threshold so that it won’t charge exchange with my 
ions. Helium satisfies both of those conditions for the vast majority of ions of interest. 
For fasteners that are under vacuum, it can be helpful to use screws that have been plated with 
silver to prevent galling. 
Themes, analogies, etc. 
I hesitate to be too directive (or bossy, if you like) here, since as I mentioned before I don’t see 
it as my place to tell someone else how to do their craft. Instead I’ll just comment on some of 
the responses I’ve had from the interactions thus far. 
I found it interesting to see how, in both cases, antimatter is thought of in reference to matter, 
e.g. as a foil or a dual to something else that gives it meaning. Physically, of course, this means 
the annihilation that occurs when the two come into contact. That said, we expect that a 
macroscopic world of antimatter just on its own (i.e. no pesky matter around) would look very 
much the same as a matter counterpart (the obvious difference being that, in electric/magnetic 
fields, antiparticles move in the other direction, but again that’s a microscopic phenomenon). 
Of course the notion of duality comes up when thinking of antimatter, and symmetry is a key 
concept in physics (though it has a particular meaning that is a bit subtle to explain, Dave 
Morrissey would be a good person to approach about this), but what we’re really after is to see 



how matter and antimatter are different, apart from the obvious equal mass/opposite charge 
sort of thing. Case in point: ALPHA have measured the spectrum of antihydrogen for the first 
time (a hell of an accomplishment, I must add). We expect it to look basically the same as that 
of hydrogen, but we wouldn’t have known for sure unless it had been measured. If it was in fact 
different, that would be an incredibly big deal and a signature of new physics to be explored. As 
it is, it’s a great verification of our existing ideas about antimatter. Nathan, feel free to 
elaborate if you feel I haven’t done the subject justice. 
For me to follow up later: Since the notions of energy and light seem to be of relevance, I will 
try to include more info about how we deal with those in our endeavors in a subsequent follow-
up if possible. Other issues I hope to possibly lend perspective to include the warm/cool light 
notion and the growth/decay interest. 
 
Very brief discussion of other applications of ion traps (I will follow up 
more on these later if I have time, forgive the technical jargon) 
Penning Trap – uses a combination of static electric and magnetic fields to confine ions. 
Cylindrical hyperbolic geometry is most common. Used in nuclear physics to measure nuclear 
masses, which is equivalent to measuring binding energies (E=mc2). Very precise, can measure 
masses to better than a part in a hundred million, comparable to measuring pocket change of 
someone sitting on a commercial jet. 
Collinear laser spectroscopy – Used to measure nuclear size (mean square charge radius) and 
shape (magnetic dipole and electric quadrupole moments). Does so by probing the “hyperfine” 
structure of atomic spectra (interaction between electronic and nuclear wavefunctions). Takes 
advantage of bunched ion beams from an RFQ cooler to significantly reduce background from 
stray laser light. (My PhD thesis was on developing an RFQ cooler for a CLS system) 
Charge breeding – Electron beam ion source (EBIS) or trap (EBIT) looks like a Penning trap, but 
with an additional electron beam. E beam is used to knock additional electrons off of any ions 
or atoms in the trap, thus increasing the charge state. Can be used for a variety of things, 
including high charge state x-ray spectroscopy, in-trap decay spectroscopy (e.g. send in an 
unstable nucleus into the trap, watch it decay and measure the decay products; Paul traps can 
be used for this as well), or charge breeding for more efficient post-acceleration (if you want to 
accelerate a beam to higher energies, you get more bang for your buck when accelerating if the 
beam is in a higher charge state). My current project is building an RFQ cooler for injection into 
such an EBIS, as injection of beam into the EBIS in the first place is much more efficient with 
bunched beam. 
Confined Trajectory – e.g. MRTOF – one can actually confine ions with electrostatic elements if 
the ion is kept moving, e.g. along a racetrack. A multireflection time of flight mass spectrometer 
(MRTOF) is such a device. This can be used to separate out different ions that are close together 
in mass, or in fact do a mass measurement in and of itself. I’m currently assisting in an 
experiment to commission just such a device even as I type this. 
0νββ search – as I mentioned, one of the searches for neutrinoless double beta decay (a.k.a. 
0νββ, i.e. are the neutrino and antineutrino actually the same particle) involves the use of a 
linear Paul trap to transport decay products out from a gaseous volume filled with the 
grandparent nuclide 136Xe. The idea is to “tag” the 136Ba by fluorescence with a laser and also 



verify the mass with another MRTOF. The Paul trap here is again used to prepare the ion for the 
fluorescence and MRTOF measurements. 
 
 
 
From Nathan - Alpha Project 
 

 


