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I. Conventions of the Manual  
Before covering any technical issues, there are a few conventions used in this manual that should be 

discussed. 

CƛǊǎǘΣ ǿƘŜƴ ŘƛǎŎǳǎǎƛƴƎ ƛƴǘŜǊŀŎǘƛƻƴ ǿƛǘƘ ǘƘŜ ǎƻŦǘǿŀǊŜΣ άŎƭƛŎƪέ ǿƛƭƭ ŀƭǿŀȅǎ ƳŜŀƴ άƭŜŦǘ-ŎƭƛŎƪέΦ ²ƘŜƴŜǾŜǊ 

right-clicking iǎ ǊŜǉǳƛǊŜŘΣ ƛǘ ǿƛƭƭ ōŜ ŘŜƴƻǘŜŘ άǊƛƎƘǘ-ŎƭƛŎƪέΦ !ŘŘƛǘƛƻƴŀƭƭȅΣ ǿƘŜƴ ŘƛǎŎǳǎǎƛƴƎ ǘƘŜ ǎƻŦǘǿŀǊŜ 

interface, menu names will be in italics, such as File, and options under the menu will be in quotations: 

ά9ȄƛǘέΦ 

In the Theory of Operation section, important new terms will be in bold: anode. This is to distinguish 

them as terms that will be reused. 

The manual has frequent references to other sections, these references will be actively linked (so 

clicking on them in the PDF will take you to the correct section), and will be bolded and in light blue: 

Theory of Operation. In contrast, hyperlinks that will open an e-mail client or internet browser are, per 

the normal convention, underlined and in blue: support@xia.comΦ CƛƴŀƭƭȅΣ ǊŜŦŜǊŜƴŎŜǎ ǘƻ ŦƛƎǳǊŜǎ ŀǊŜƴΩǘ 

distinguished from normal text, but will link to the figure. 

  

mailto:support@xia.com
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II.  Theory of Operation  

A. Operation of the UltraLo -1800  

1. Synopsis 

The diagram of the UltraLo-1800 in Figure II-1 shows its major components.  It is basically a 

specialized ionization counter comprising an active volume filled with argon, a lower grounded 

electrode that is a conductive tray holding the sample (called the sample tray) and an upper pair of 

positively charged electrodes.  Of these two electrodes, the anode sits directly above the sample, while 

the guard electrode surrounds and encloses the anode. Both electrodes are connected to charge-

integrating preamplifiers whose output signals are digitized and then processed by a digital pulse shape 

analyzer.   

!ƴ ŀƭǇƘŀ ǇŀǊǘƛŎƭŜ ŜƳƛǘǘŜŘ ŦǊƻƳ ǘƘŜ ǎŀƳǇƭŜ όʰs) creates an ionization track of argon ions and 

electrons.  As the electrons drift in the counter's electric field, they induce a time varying charge on the 

anode that is seen as a current by the preamplifier, which integrates it to produce an output pulse that 

is digitized and then analyzed to extract its risetime, amplitude and shape.  Similarly, ionization tracks 

ǇǊƻŘǳŎŜŘ ōȅ ŀƭǇƘŀ ǇŀǊǘƛŎƭŜǎ ŜƳŀƴŀǘƛƴƎ ŦǊƻƳ ƻǘƘŜǊ ŎƻǳƴǘŜǊ ŎƻƳǇƻƴŜƴǘǎ όŜΦƎΦ ǘƘŜ ŀƴƻŘŜ όʰa) and the 

sƛŘŜǿŀƭƭǎ όʰw)) also produce digitized output pulses in the anode or guard processing channels or both.  

The UltraLo-1800's geometry is designed specifically so that the output pulses associated with these 

different points of alpha particle emanation are substantially different ς having, specifically, different 

risetimes, amplitudes and shapes.  The UltraLo-1800's analysis software uses this shape information to 

 
Figure II-1: Schematic overview of the UltraLo-1800. 
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reject all pulses except those from alpha particles emanating from the sample.  This method allows the 

UltraLo-мулл ǘƻ ŀǇǇǊƻŀŎƘ άȊŜǊƻ ōŀŎƪƎǊƻǳƴŘέ ƳŜŀǎǳǊŜƳŜƴǘǎΦ 

The following sections will examine these processes in detail: how the signals are induced, what the 

location-dependent characteristic shapes are, and how the pulse shapes are analyzed.  Using this 

information, we will then also examine two related topics: what the sources of residual background are 

and when they need to be considered; and how to tell when the counter is not working properly and 

troubleshooting is required.  Finally, we will review counting statistics as they pertain to UltraLo-1800's 

ability to provide estimates of the accuracy of its reported measurements. 

Before moving on, we would like to re-emphasize the extremely strong correlation between output 

pulse shape and point of alpha particle emanation within the counter.  In particular, this correlation 

ƭŜŀŘǎ ǘƻ ŀ ǎƘƻǊǘƘŀƴŘ ǾŜǊōŀƭ ƴƻǘŀǘƛƻƴ ǿƘŜǊŜƛƴ ǿŜ ǊŜƎǳƭŀǊƭȅ ǊŜŦŜǊ ǘƻ άŀ ǇǳƭǎŜ ǊŜǎǳƭǘƛƴƎ ŦǊƻƳ ŀƴ ŀƭǇƘŀ 

paǊǘƛŎƭŜ όƻǊ ΨŀƭǇƘŀΩ ŦƻǊ ǎƘƻǊǘύ ŜƳŀƴŀǘƛƴƎ ŦǊƻƳ ǘƘŜ ǎŀƳǇƭŜέ ŀǎ ŀ άsample pulseέΣ thereby contrasting it 

ǿƛǘƘ άceiling pulsesέ ŀƴŘ άsidewall pulsesέΣ ǿƘƻǎŜ ƛƴƛǘƛŀǘƛƴƎ ŀƭǇƘŀǎ ŜƳŀƴŀǘŜŘ ŦǊƻƳ ǘƘŜ ŜƭŜŎǘǊƻŘŜǎ ŀƴŘ 

sidewall, respectively.  To avoid confusion, pulses in the anode and guard processing channels will be 

ǊŜŦŜǊǊŜŘ ǘƻ ŀǎ άŀƴƻŘŜέ ŀƴŘ άƎǳŀǊŘέ ǇǳƭǎŜǎΦ 
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2. Electrostatic Description of the UltraLo -1800  

To understand how the UltraLo-1800 works we start with a description of its active volume. As 

shown in Figure II-2, the active volume is set up as two parallel conductive plates separated by distance 

D. The top plate, called the electrode, is held at positive voltage (denoted V throughout), which is 

typically 1000 V. The bottom plate, called the sample tray, is held at ground potential and holds the 

sample to be measured. This arrangement produces an electric field (E) between the plates that has the 

value V/D. The volume between the plates is filled with a high-purity counting gas, in this case argon. 

Finally, the sides of the chamber, called the sidewalls, hold the fieldshapers, which are PCBs containing 

strips of copper separated by resistors that keep the electric field lines parallel throughout the volume. 

Suppose a radioactive isotope on the sample tray decays, emitting an alpha particle in a random 

direction. In Figure II-2 it leaves the atom and is stopped in the gas after traveling some distance. This 

distance is called its range and is a function of both ǘƘŜ ŀƭǇƘŀ ǇŀǊǘƛŎƭŜΩǎ ŜƴŜǊƎȅ ŀƴŘ ǘƘŜ specific gas 

species. As the alpha particle travels through the gas it loses energy by ionizing the gas molecules, 

producing a track of ion-electron pairs. The range and number of pairs (N) created in the gas increase 

with energy of the alpha particle. Being charged, these ions and electrons drift in the applied electric 

field, the electrons toward positive voltage on the electrode, the ions toward the tray. Each drifts with a 

velocity equal to its mobility ( )˃ in the gas times the electric field, or: ὺ ὉϽ‘ ὠϽ‘ Ὀϳ  (where the 

subscriǇǘ άŜέ ƛƴŘƛŎŀǘŜǎ άŜƭŜŎǘǊƻƴέΣ ŀƴŘ άƛϦ ǿƻǳƭŘ ƛƴŘƛŎŀǘŜ άƛƻƴέύ. The mobility of electrons is thousands 

of times higher than that of ions, thus they drift to the electrode faster than the ions drift to the tray. 

How long does this take? If the electron is freed a distance d away from the electrode (as in Figure II-2), 

its drift time is d/v e seconds, or ὸ ὨϽὈȾὠϽ‘ . When d is the height of the entire chamber, D=15cm, 

and V=1000V, then te is found to be ŀǇǇǊƻȄƛƳŀǘŜƭȅ тл ˃ǎ ƛƴ ŀǊƎƻƴΦ  

 
Figure II-2: Schematic overview of the important parts of the UltraLo-1800's active volume. 
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All of the electrons in the track drift at the same velocity, so the initial geometry is preserved from 

the moment it is created (t0) until the first electron reaches the electrode (tS), as shown in Figure II-3. 

(There is some diffusion of electrons out from the track, but for our purposes this effect is negligible). As 

the track continues to drift, the electrode absorbs the electrons as they arriveΣ ǳƴǘƛƭ ǘƘŜȅΩǊŜ ŀƭƭ ŀōǎƻǊōŜŘ 

(tR). The time between t0 and tR is called the risetime.   

3. Signal Generation  

As an electron moves toward the electrode it induces a current in the attached electronics. This may 

be understood through DŀǳǎǎΩǎ [ŀǿΣ ǿƘƛŎƘ ǎǘŀǘŜǎ ǘƘŀǘ ǘƘŜ net electric flux through any closed surface is 

proportional to the enclosed electric charge. Because the electrode is a conductor it does not support 

internal electric fields, all external fields must terminate at its surface, which implies a net flux and, by 

DŀǳǎǎΩǎ [ŀǿΣ ǘƘŜ ǇǊŜǎŜƴŎŜ ƻŦ ŎƘŀǊƎŜ ƻƴ its surface. Further, any changes in the flux imply a change in the 

charge present on the surface and therefore imply current in the circuitry connected to the electrode 

that is proportional to the rate change of flux. This means that as the electron drifts toward the 

electrode it induces a current in the attached electronics (this is also known as the Shockley-Ramo 

theorem). This induction only happens while the electron is traveling; once it reaches the electrode its 

electric field disappears, the changing flux goes to zero, and therefore the induced current goes to zero. 

 

Figure II-3: The location of the electron track at the 3 important times. 
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In the UltraLo-1800, tracks consist of hundreds of thousands of electrons, how do many electrons 

drifting at once behave? In that case the total observed current is the sum of the individually induced 

currents. LŦ ǘƘŜ ǘǊŀŎƪ ƛǎƴΩǘ ǇŀǊŀƭƭŜƭ ǿƛǘƘ ǘƘŜ ŜƭŜŎǘǊƻŘŜΣ (ŀƴŘ ƛƴ ƎŜƴŜǊŀƭ ƛǘ ǿƻƴΩǘ ōŜ), some electrons in the 

track will induce current for longer than others, and once the track begins to hit the electrode (at tS) the 

rate of induction slows. The rate at which induction slows will be proportional to the angle of the track 

relative to the electrode; the further from parallel the longer it will take to slow. This slowing shows up 

as a rounding of the pulse from tS to tR, as can be seen in Figure II-4. 

What do these induced signals look like? In the UltraLo-1800 the electrode is connected to a charge-

sensitive preamplifier that integrates the current. The preamplifier outputs a signal (in volts) that is 

proportional to the total current induced. As discussed above, for a track originating on the sample ό1h 

in Figure II-5) there are two distinct regions in time: one from t0 until ts where the electrons drift 

unchanged, and another from ts until tR where the electrons are disappearing linearly in time.  The 

resultant integrated signal Ss(t) is thus linear until ts and then parabolic until tRΣ ǘƘŜ ŎƘŀƳōŜǊΩǎ ƳŀȄƛƳǳƳ 

transit time:  

Ὓ ὸ  
ὔὩ‘ὠ

ὅὈ
ὸ ὸ Ὢὶέά ὸ ὸέ ὸȟÁÎÄ 

Ὓ ὸ  
ὔὩ‘ὠ

ὅὈ
ὸ

ὸ ὸ

ςὸ ὸ
 Ὢὶέά ὸ ὸέ ὸȟ 

where Cf is the detector capacitance, e is the charge of an electron, and: 

ὸ
ὨὈ

‘ὠ
 ȟὸ

Ὀ

‘ὠ
 ȟὥὲὨ Ὓ  

ὔὩ

ςὅ
ρ
Ὠ

Ὀ
 

where ds is the distance from the topmost electron of the track to the electrode (Figure II-5). 

 
Figure II-4: Example of an alpha pulse. The anode is in red, the guard is in blue. The three lines are the three important times, 
from left to right t0, tS, and tR. Note the rounding between tS and tR. 
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The resultant pulse is shown in Figure II-4. Note that SsMAX scales with N, so that the final pulse  

amplitude is proportional to the energy of the alpha particle.  

However, when a uniform charge track originates from the electrode, charge starts disappearing 

linearly in time immediately, so that the resultant signal Sa(t) is a parabola given by:   

Ὓ ὸ  
ὔὩ‘ὠ

ὅὈ
ὸ

ὸ ὸ

ςὸ
 

The risetime ta and maximum amplitude SaMAX are found to be:  

ὸ  
ὈὨ 
‘ὠ
 ÁÎÄ Ὓ  

ὔὩ

ςὅ

Ὠ

Ὀ
 

da being the track length normal to the electrode.  

The important lesson to be drawn from this comparison of the two track types is that electrode 

pulses look different from sample pulses. Both the risetime and the maximum amplitude are much 

longer for sample pulses. Because the ratio of electrode to sample risetimes (ta/t R) is da/D, if the sample 

chamber is made several times the maximum range of an alpha particle, then the risetimes of the two 

cases will always be separated. The UltraLo-1800 is designed so this ratio will be about 1/3 for a 5 MeV 

alpha particle emitted perpendicular to the anode. Similarly, the ratio of maximum amplitudes 

(SaMAX/SSMAX) for two identical alpha decays is  ὨȾὈ Ὠ . This ratio is dependent on the angle of 

emission relative to the anode, but it will always be greater than or equal to the ratio between 

risetimes. Since D has already been chosen to exaggerate the difference in risetimes, the difference in 

amplitudes is exaggerated as well. Being able to differentiate pulses based on their risetime and 

amplitude is a key feature of the UltraLo-1800.   

 
Figure II-5: Demonstration of important distances in the UltraLo-1800's active volume. 
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4. Necessary Assumptions 

There are several assumptions that we must make in order for our model to accurately describe the 

physical counting system: 

 The first is that the electron drift speed is both uniform and known. Because electron mobility 

changes with the type of counting gas, so does the drift speed. Further, it can also change by significant 

ŀƳƻǳƴǘǎ ƛŦ ǘƘŜ ŎƻǳƴǘƛƴƎ Ǝŀǎ ƛǎƴΩǘ ǇǳǊŜ όe.g. concentrations of water of only 100 ppm can decrease 

risetimes significantly). By selecting the correct operating gas in CounterMeasure and purging for 

adequate amounts of time these assumptions should always be met (unless the material being counted 

is itself a source of water vapor, see No Alphas). 

We also assume that the charges are free to drift all the way across the active volume. This 

assumption can break down if there are significant amounts of oxygen in the active volume, since O2 has 

a high electron affinity. As above, adequate purging also makes this condition easy to satisfy.  

A third assumption is that the electric field is uniform, which is guaranteed by the design of our 

active volume, but can be perturbed if, for example, materials with significant height or very high 

resistivity are placed on the sample tray (see Counting Various Sample Types). 

Finally, when we report energies we assume that all alpha energy is expended in the gas. If the alpha 

ƛǎƴΩǘ ŜƳƛǘǘŜŘ ŦǊƻƳ ǘƘŜ ǎŀƳǇƭŜΩǎ ǎǳǊŦŀce (surface emission) and passes through some amount of material 

before entering the active volume, then its energy will be reduced by some unknown amount. Because 

ƛǘΩǎ ƛƳǇƻǎǎƛōƭŜ ǘƻ ƪƴƻǿ Ƙƻǿ ƳǳŎƘ ƳŀǘŜǊƛŀƭ ŀƴ ŀƭǇƘŀ ǇŀǎǎŜŘ ǘƘǊƻǳƎƘ ǿŜ Ŏŀƴƴƻǘ ŎƻǊǊŜŎǘ ŦƻǊ ǘƘƛǎ. 

However, bulk sources (as these kinds of samples are called) show certain behaviors that are 

understood, see Bulk Sources for more information.  
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B. Secondary Veto Channel 

1. Rejection  

The second key design feature that allows the UltraLo-мулл ǘƻ ōŜ άȊŜǊƻ-ōŀŎƪƎǊƻǳƴŘέ ƛǎ ƛǘǎ veto, or 

guard electrode. The electrodes are arranged as shown in Figure II-2 and are read out simultaneously, 

with the interior, active portion called the anode, and the exterior portion called the guard. As can be 

seen from Figure II-6, tracks originating on the counter sidewalls or on the tray outside the sample 

region will induce signals on the guard and can be rejected. When combined with the risetime 

discrimination discussed earlier, we are capable of rejecting events that originate on any surface other 

than the sample. 

2. Counting Efficiency  

Because the direction of emission of an alpha is random, some events that originate near the 

boundary of the electrode, but still on the sample, may be rejected because part of their track crosses 

the boundary (see h4 in Figure II-6). The end result is that the UltraLo-1800 has a counting efficiency 

that is less than 100%, and decreases with increasing energy (higher-energy alphas have longer track 

length, and longer track lengths are more likely to cross the boundary). We have calculated this 

efficiency loss both directly and with Monte Carlo simulations, and take it into account when calculating 

an emissivity with CounterMeasure. For a 6 MeV alpha particle the overall efficiency in the 707 cm2 

configuration is about 85%, and in the 1800 cm2 configuration it is about 90%. When we report 

emissivities they take this correction into account, see Emissivity Value for more details. For a table 

showing the correction values, see Counter Efficiency. 

 

Figure II-6: Alphas originating from various locations in the counter and their resulting pulses. 1h ǎƘƻǿǎ ŀ ǎŀƳǇƭŜ ŀƭǇƘŀΣ ʰ2 shows 
a ceiling emission, and h3 ǎƘƻǿǎ ŀ ǎƛŘŜǿŀƭƭ ŜƳƛǎǎƛƻƴΣ ŀƴŘ ʰ4 shows a sample alpha that travels under the guard. The anode pulse 
is shown in red, the guard in blue. 
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3. Induction  

The final phenomenon resulting from the split electrode is what we call charge induction (also 

called Ramo induction). A pulse with significant charge induction is shown in Figure II-7. When electrons 

drift near the boundary between the two electrodes, they will induce some charge on both electrodes, 

ŜǾŜƴ ƛŦ ǘƘŜȅΩǊŜ ŜƴǘƛǊŜƭȅ ƭƻŎŀǘŜŘ ǳƴŘŜǊ ƻƴƭȅ ƻƴŜΦ .ǳǘ ŀǎ ǘƘŜȅ ƳƻǾŜ ŎƭƻǎŜǊ ǘƻ ǘƘŜ ŜƭŜŎǘǊƻŘŜǎΣ ǘƘŀǘ ƛƴŘǳŎǘƛƻƴ 

will diminish and eventually disappear, except on the electrode where the electrons are finally collected. 

This phenomenon is a result of the physics discussed in Signal Generation. When the charges are far 

away the flux they cause on the surface of the electrodes is spread over a wide area. As they drift closer 

this area decreases. If this area is initially shared by both electrodes, as it diminishes the rate change in 

flux (and, by the Shockley-Ramo theorem, the induced charge) will itself change, increasing on one 

electrode and decreasing on the other. The result is a pulse on the collecting electrode that has the 

same final height as it would if it originated far from the boundary, but with significantly more curvature 

in its rising edge, while the signal on the other channel will be at the same level at the beginning and the 

end but with a significant bump that falls directly under the curved portion of the other trace. Our 

algorithm looks for these signatures, and when we find them, we perform add-back, a specialized 

procedure designed to provide a more accurate estimation of risetime and energy, and thus a more 

accurate classification of the pulse.  

 

Figure II-7: Pulse with significant induction. Note the negative curvature on the anode (red) and the hump on the guard (blue). The 
ȅŜƭƭƻǿ ƭƛƴŜ ƛǎ ǘƘŜ άŀŘŘ-ōŀŎƪέ ǘǊŀŎŜΣ ŘƛǎŎǳǎǎŜŘ ƛƴ ǘƘŜ ǘŜȄǘΦ 
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C. Comparison to Gas Proportional Counters  
As previously mentioned, the UltraLo-1800 is an ionization counter and most other low-rate, large-

area alpha counters are proportional counters. There are some important differences between the two, 

ŀƴŘ ƛŦ ȅƻǳΩǊŜ ŦŀƳƛƭƛŀǊ ǿƛǘƘ ǇǊƻǇƻǊǘƛƻƴŀƭ ŎƻǳƴǘŜǊǎ ǎƻƳŜΣ ōǳǘ ƴƻǘ ŀƭƭΣ ƻŦ ǘƘŀǘ ŦŀƳƛƭƛŀǊƛǘȅ ǿƛƭƭ ōŜ ŀōƭŜ ǘƻ 

transfer over. 

CƛǊǎǘ ǿŜΩƭƭ ƭƻƻƪ ŀǘ ǎƛƳƛƭŀǊƛǘƛŜǎΦ .ƻǘƘ ǘȅǇŜǎ ƻŦ ŎƻǳƴǘŜǊǎ ŀǊŜ ŦƛƭƭŜŘ ǿƛǘƘ ƛƴŜǊǘ ƎŀǎΣ ōƻǘƘ use the electron-

ion pairs formed by alpha particles, both use electrodes to collect the signal, and the pulse processing 

equipment is largely similar. 

The main ŘƛŦŦŜǊŜƴŎŜ ƛǎ ǘƘŜ ŜƭŜŎǘǊƛŎ ŦƛŜƭŘ ƛƴ ǘƘŜ ŎƻǳƴǘŜǊΦ CƻǊ ƛƻƴƛȊŀǘƛƻƴ ŎƻǳƴǘŜǊǎ ǘƘŜ ŦƛŜƭŘΩǎ ǾŀƭǳŜ ǎǘŀȅs 

fairly low and is uniform (the UltraLo-муллΩǎ ŦƛŜƭŘ ƛǎ ŀǊƻǳƴŘ 66 V/cm) while gas proportional counters 

have fields high enough to create electron avalanches. An electron avalanche occurs when drifting 

electrons accelerate to energies high enough to create electron-ion pairs themselves. The created 

ŜƭŜŎǘǊƻƴǎ Ŏŀƴ ǘƘŜƴ ŀŎŎŜƭŜǊŀǘŜ ŀƴŘ ŎǊŜŀǘŜ ƳƻǊŜ ǇŀƛǊǎΣ ŎŀǳǎƛƴƎ ŀƴ άŀǾŀƭŀƴŎƘŜέ ƻŦ ŜƭŜŎǘǊƻƴǎΦ Lƴ 

proportional counters this process is called gas multiplication. To create avalanches proportional 

counters typically have an anode composed of thin wires, this creates a region of very high electric field 

close to the wire, which is called the multiplication region. 

These small changes have large practical consequences. The most immediately obvious is that the 

proportional counter has a large internal gain, and so the resulting signals are much larger and easier to 

process. This means less electronic noise and fewer design constraints on detector parts such as 

preamplifiers. The higher noise and more difficult design for ionization counters is why proportional 

counters were long the favored device for low-rate, large-area counting. 

However, the tradeoff for this internal gain is that proportional counters lose any information about 

where the pulse originated. Pulses from the counting tray look the same as those from the sidewalls, the 

ceiling, even the electrode wires themselves. This is because the vast majority of the signal comes from 

the time between the first electrons of a track entering the multiplication region and the final 

multiplication ending. The duration of that signal is only dependent on the orientation of the track 

relative to the anode wires, and not on where the track originated in the detector. (See Figure II-8 for a 

 

Figure II-8: Events and the resulting pulse from a proportional counter. All events result in the same pulse shape. 
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graphical depiction.) This means that pulses produced by a proportional counter contain no information 

ŀōƻǳǘ ǘƘŜ ǇǳƭǎŜǎΩ Ǉƻƛƴǘ ƻŦ ƻǊƛƎƛƴ ƛƴ ǘƘŜ ŘŜǘŜŎǘƻǊΣ ǿƘƛƭŜ ŀƴ ƛƻƴƛȊŀǘƛƻƴ ŎƻǳƴǘŜǊΩǎ ǇǳƭǎŜǎ Řƻ. As discussed 

earlier, knowing where pulses originate enables you to reject those which do not originate from the 

sample. This fact allows the UltraLo-1800 to have a significantly lower intrinsic background than a 

proportional counter made of similar materials. 

In short, the important difference between the gas proportional counter and the ionization counter 

in this context is that the ionization counter has poorer signal-to-noise, but saves information about 

where pulses originated in the detector. 
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D. Remaining Background Sources in the UltraLo -1800  
While the UltraLo-1800 is capable of filtering out pulses originating from its various internal surfaces 

όŀƴŘ ƛǎ ƛƴ ǘƘŀǘ ǎŜƴǎŜ άȊŜǊƻ-ōŀŎƪƎǊƻǳƴŘέύ ǘƘŜǊŜ ǎǘƛƭƭ ǊŜƳŀƛƴ ǎŜǾŜǊŀƭ ƪƴƻǿƴ ǎƻǳǊŎŜǎ ƻŦ ǊŀǊŜǊ ŜǾŜƴǘǎ ǘƘŀǘ 

produce traces that our software classifies as sample alphas but that do not originate from the sample. 

Thus these sources contribute to a background rate that we presently estimate to be about 0.0005 

counts/hr/cm2 in the UltraLo-1800 (for a counter at sea level with no significant overhead shielding). The 

following background sources are under active R&D at XIA, see our website for more details. 

1. Cosmogenics 

Historically, ionization counters were most commonly used for measuring fluxes of cosmic radiation, 

ŀƴŘ ǿŜΩǾŜ ŘƛǎŎƻǾŜǊŜŘ ǘƘŀǘ ǘƘŜ ¦ƭǘǊŀ[ƻ-1800 still works for that purpose. Early on in the development of 

the detector we observed ǇǳƭǎŜǎ ǘƘŀǘ ŘƛŘƴΩǘ ƭƻƻƪ ǉǳƛǘŜ ƭƛƪŜ ŀƭǇƘŀǎΦ ²ƘƛƭŜ ŀƭǇƘŀ ǇǳƭǎŜǎ ǿƛƭƭ ƘŀǾŜ ǎƻƳŜ 

rounding at their peak (due to the absorption of the electrons into the electrode), the rounding 

observed on these pulses was much more significant (see Figure II-9). We created a new class of pulse 

όǘƘŜ άroundέύ ƛƴ ƻǊŘŜǊ ǘƻ ǎŜǇŀǊŀǘŜ ǘƘŜƳ ƻǳǘ ǿƘƛƭŜ ǿŜ ǇǳǊǎǳŜŘ ǘƘŜƛǊ ƻǊƛƎƛƴǎΦ CǊƻƳ ŜŀǊƭȅ ƻƴ ǿŜ ǎǳǎǇŜŎǘŜŘ 

they were caused by cosmic rays, but proving it experimentally was difficult. The reason we suspected 

cosmic rays is that in order to observe a very rounded peak the ionization track would need to be very 

long, but in order to deposit energy equivalent to a 1-5 MeV alpha particle it would have to have a fairly 

high dE/dx. Alpha tracks are too short and dense, and beta and gamma rays are far too weak. This leaves 

some kind of cosmic ray, most likely a light baryon such as a proton. 

 A recent experiment conducted by XIA [talk available online] showed a strong dependence between 

elevation/depth and observed round rate. These findings clearly indicated that rounds are indeed 

caused by cosmogenics. 

While we can identify and filter out cosmogenic events with some efficiency a few will still pass 

through our analysis and show up as alphas, particularly at low alpha energies where our signal-to-noise 

 

Figure II-9: A "Round" pulse. Note the extremely large time between tS and tR (second and third lines, respectively). The 
anode is shown in red, the guard in blue. 

 

http://xia.com/
http://ewh.ieee.org/soc/cpmt/presentations/cpmt1110w-9.pdf
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ratio is worse. It is difficult to precisely measure this probability because of the inherent difficulty in 

disentangling cosmogenics from true low-energy alphas. This difficulty is compounded by the fact that 

the magnitude of the effect can vary greatly between different locations, with altitude, shielding 

provided by building materials, and other factors contributing. Additionally the different electrode 

configurations will see different rates. This is because the 707 cm2 configuration has a much smaller 

solid angle that a cosmic ray could pass through without leaving energy on the guard compared to the 

1800 cm2 configuration. The difference is greater than the difference in area alone, and therefore the 

707 cm2 configuration sees fewer rounds. We can say that at XIA (which is at about sea level with no 

special shielding) we see approximately 8 rounds per hour in the 1800 cm2 configuration, and that only a 

small percentage of those can make it through our analysis (about 5%), which leads to a background 

rate of about 0.0002 counts/hr/cm2. Additionally, virtually all of these are low-amplitude events, below 

3.5 MeV. There are no common isotopes that emit alpha particles of that energy, so pulses in that range 

can only be produced by bulk decays or rounds. Therefore this background can be virtually eliminated by 

providing a stringent energy cut at around 3.5 MeV if one is only interested in surface activity. 

CƛƴŀƭƭȅΣ ƛǘΩǎ ƛƳǇƻǊǘŀƴǘ ǘƻ ƴƻǘŜ ǘƘŀǘ a cosmogenic background will be present in any gas-filled 

counter, including proportional counters. And, as noted earlier, in proportional counters they cannot be 

identified by shape as all pulses have the same shape. 
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2. Radon 

The other source of background in the UltraLo-1800 is radon gas. Radon is a noble gas, and as such 

is nonreactive and capable of diffusing some distance through ƳŀǘŜǊƛŀƭǎ όŜǎǇŜŎƛŀƭƭȅ ǇƭŀǎǘƛŎǎύΦ LǘΩǎ ŀƭǎƻ 

ǊŀŘƛƻŀŎǘƛǾŜ όƛƴ ŦŀŎǘΣ ƛǘΩǎ ǘƘŜ second-leading cause of lung cancer in the US). These two properties 

combine to make it a pernicious source of background in any counting experiments. There are two 

common isotopes of radon, 220wƴ όŀƭǎƻ ŎŀƭƭŜŘ άthoronέ ōŜŎŀǳǎŜ ƛǘ ŎƻƳŜǎ ŦǊƻƳ ǘƘŜ 232Th chain) and 222Rn 

(ǎƻƳŜǘƛƳŜǎ ǘƘŜ ǿƻǊŘ άǊŀŘƻƴέ ƛǎ ǳǎŜŘ ǎƻƭŜƭȅ ƛƴ ǊŜŦŜǊŜƴŎŜ ǘƻ ǘƘƛǎ ƛǎƻǘƻǇŜΣ ōǳǘ ŀǎ ǘƘƛǎ ƛǎ ǇƻǘŜƴǘƛŀƭƭy 

ŎƻƴŦǳǎƛƴƎ ƛƴ ǘƘƛǎ Ƴŀƴǳŀƭ άǊŀŘƻƴέ ǿƛƭƭ ŀƭǿŀȅǎ ƳŜŀƴ ǘƘŜ ŜƭŜƳŜƴǘ ǿƛǘƘ ƴƻ ǎǇŜŎƛŦƛŎ ƛǎƻǘƻǇŜ ƛƳǇƭƛŜŘ). The 

decay chains of both are shown in Figure II-10. The two chains have very distinct alpha-decay energies, 

and their spectra in equilibrium are shown in Figure II-11. Outside of equilibrium one or more of the 

peaks may be missing, depending on conditions. A spectrum with a peak in any of those locations is 

generally indicative of some kind of radon contamination on the sample. 

In the UltraLo-1800 radon can show up in two ŘƛŦŦŜǊŜƴǘ ǿŀȅǎΥ ƛƴ ǘƘŜ άƻƴƎƻƛƴƎ ŜȄǇƻǎǳǊŜέ ŎŀǎŜΣ ōȅ 

being continuously ǇǊŜǎŜƴǘ ƛƴ ǘƘŜ ŎƻǳƴǘƛƴƎ Ǝŀǎ ƛǘǎŜƭŦΤ ƻǊ ƛƴ ǘƘŜ άǘŜǊƳƛƴŀǘŜŘ ŜȄǇƻǎǳǊŜ ŎŀǎŜέ ōȅ ŘŜŎŀȅƛƴƎ 

 
Figure II-10: Decays series of 

222
Rn (top) and 

220
Rn (bottom). 

 

http://www.cancer.gov/cancertopics/factsheet/Risk/radon
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near a sample and contaminating it with its daughter isotopes prior to insertion of the sample into the 

Ultra-[ƻΣ ǿƘƛŎƘ άǘŜǊƳƛƴŀǘŜǎέ ǘƘŜ ŜȄǇƻǎǳǊŜ. The two cases can be distinguished with relative ease, since 

ŀƭƭ ƻŦ ǊŀŘƻƴΩǎ ŘŀǳƎƘǘŜǊǎ ŀǊŜ ŜƛǘƘŜǊ ǎƘƻǊǘ-lived or very long-lived. If the exposure was terminated prior to 

inserting the sample in the counter (case 2) there will be a distinctive drop in the emissivity through the 

run (see Figure II-12). In contrast, in the ongoing exposure case no such drop will occur. Exposure prior 

to measurement can be easily dealt with by simply waiting for the isotopes to decay (which takes a few 

hours for 222Rn and several days for 220Rn). However, the problem of radon in the active volume has no 

easy fix. 

How does radon get into the active volume? There are many possible sources of exposure, including 

the reservoir of counting gas, the tubing leading the gas into the counter, diffusion in through the 

counter walls, or generation from minute 232Th/ 238U contamination in the materials of the counter. 

 

Figure II-11: Simulated spectra from radon as they appear in the UltraLo-1800 based on the terminated exposure case. Given the purge time and 
ƳŜŀǎǳǊŜƳŜƴǘ ǿƛƴŘƻǿǎΣ ǎƻƳŜ ǇŜŀƪǎ ŀǊŜƴΩǘ ŀǇǇŀǊŜƴǘΦ 

220
Rn (left) has small peaks at 6 and 8.6 MeV. These are small because of the split decay of 

212
Bi. The other decays in the chain are too fast to see through a purge. 

222
Rn (middle) has similarly-sized peaks at 6 and 7.7 MeV. As before, some 

peaks are not visible because of the purge, but additionally 
210

Po is not shown because of the long half-life of 
210

Pb. A peak at 5 MeV is a giveaway 
for 

210
tō ŎƻƴǘŀƳƛƴŀǘƛƻƴ ƛƴ ŀ ǎŀƳǇƭŜΣ ōǳǘ ǘƘŀǘ ƛǎ ŀ ǎŜǇŀǊŀǘŜ ǇǊƻōƭŜƳΦ CƛƴŀƭƭȅΣ ǘƘŜǊŜΩǎ ŀ ŎƻƳōƛƴŜŘ ǎǇŜŎǘǊǳƳ όǊƛƎƘǘύΦ  

 

 
Figure II-12: A run with significant terminated radon exposure. Note the similarities to the simulated combined spectrum above. 
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Radon in the counting gas gives rise to a very specific signal. First, the decay of the radon atom itself 

occurs anywhere within the volume with equal probability. Because of the geometry of the counter, 

most of the resulting tracks will have a risetime shorter than a typical alpha and longer than a typical 

ŎŜƛƭƛƴƎ ŜǾŜƴǘΦ ²Ŝ Ŏŀƭƭ ǘƘŜǎŜ ŜǾŜƴǘǎ άmid-airsέΣ ŀƴŘ ǘƘŜȅ ŦƻǊƳ ŀ ōŀƴŘ ƻŦ ƛƴŎǊŜŀǎƛƴƎ ŜƴŜǊƎȅ ŀƴŘ risetime 

that spans between events that occur just off of the electrodes to events that occur right next to the 

tray (see Figure II-13). Some of these radon decays will have similar risetimes as alphas and thus be 

classified as alphas (after all, they are alpha decays occurring near the sample tray). We can estimate 

this ratŜΣ ŀƴŘ ƛǘΩǎ ŀōƻǳǘ лΦллл25 alphas/cm2/hr in the Full configuration. The innate background will not 

change over time or between different environments if the counter is set up and maintained correctly. 

(Counters have been run in underground labs with external radon activities of over 500 Bq/m3 with no 

increase in midairs.) If you see more activity than around 5 midairs per hour, see Excess Events. 

Finally, because thoron has a precise decay chain and every alpha decay has a specific energy, any 

signal from thoron will create a specific spectrum. For an example of how this looks in the UltraLo-1800, 

see Figure II-12. The rate of thoron decay in the chamber is so low that this spectrum takes many days to  

appear and will only be noticeable with very low-count samples. However, familiarity with this spectrum 

(and the spectrum of 222Rn, also shown in Figure II-11) could help diagnose other forms of radon 

contamination, such as emission from a sample or terminated contamination. 

  

 
Figure II-13Υ ¢ƘŜ άōŀƴŘέ ƻŦ ƳƛŘŀƛǊǎ όōƭŀŎƪύΣ ǎǘŀǊǘƛƴƎ ŦǊƻƳ ŎŜƛƭƛƴƎǎ όǊŜŘύ ŀƴŘ ƎƻƛƴƎ ǘƻǿŀǊŘ ŀƭǇhas (blue). There are a number of 
midairs outside this band that are caused by other phenomena, most are likely misclassified cosmogenics (green). At low 
energy the timing parameters separating rounds and midairs become difficult to determine accurately. 
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3. Undersized samples  

The design of the UltraLo-1800 assumes that the entirety of the area underneath the anode is 

occupied by the sample. IŦ ǘƘŀǘ ŀǊŜŀ ƛǎƴΩǘ Ŧǳƭƭȅ ƻŎŎǳǇƛŜŘ, the exposed ǘǊŀȅΩǎ ŀŎǘƛǾƛty will be equivalent to 

a background. In this case all of the normal background subtraction methods can be used. LŦ ȅƻǳΩǊŜ 

ǳƴŦŀƳƛƭƛŀǊΣ ǘƘŜ ƛŘŜŀ ōŜƘƛƴŘ ōŀŎƪƎǊƻǳƴŘ ǎǳōǘǊŀŎǘƛƻƴ ƛǎ ǘƻ ǎǳōǘǊŀŎǘ ǘƘŜ ƴǳƳōŜǊ ƻŦ Ŏƻǳƴǘǎ ȅƻǳΩŘ ŜȄǇŜŎǘ ǘƘŜ 

tray to emit, on average, from the total observed counts, leaving behind only counts from the sample. 

¢ƘŜ Ŝǉǳŀǘƛƻƴ ŦƻǊ ōŀŎƪƎǊƻǳƴŘ ǎǳōǘǊŀŎǘƛƻƴ ǘƘŀǘΩǎ ǇŜǊǘƛƴŜƴǘ ǘƻ ǘƘŜ ¦ƭǘǊŀ[ƻ-1800 is: 

‐
‐ὃ ‐ ρ

ὃ
ὃ

ὃ
 

And the error is: 

„
ρ

ὃ
„ὃ „ ρ

ὃ
ὃ  

Where ‐  is the measured emissivity that is being corrected, ‐ is the background emissivity, ὃ is 

the area of the sample, ὃ  is the total area (either 707 or 1800 cm2), and „ is the error in a given 

emissivity measurement. Taking a background immediately before or after the sample measurement is 

best, and it should have as small an error as feasible to minimize the error in the background-subtracted 

emissivity. 

4. When backgro unds become important  

Our best estimate of the total background in the UltraLo-1800, at sea level, is about 0.0005 

alphas/cm2/hr. As long as the emissivity of a sample is significantly above this number (say around 0.005 

or higher) then the background can be safely ignored as it will only have a minor impact on the final 

results. But as sample emissivity gets lower the fact that these backgrounds exists becomes more 

important. At ultra-low emissivity values (below ~0.002) the background is a large contribution to the 

measured emissivity and its existence must be taken into account. Unfortunately, because the 

background will vary between individual counters and different locations (due to small differences in 

material construction, elevation, and overburden), we cannot provide an exact estimate of the 

background, and it will need to be inferred from the behavior of the counter over time. 

There are some estimates we can make, however. Based on the counter geometry, for every 6 

midairs there will be about 1 that gets classified as an alpha. The estimate for rounds is more difficult, 

but based on experiments with a previous generation of counter, for every 20 rounds there will be 

about 1 misclassified as an alpha. This means that if a two-day run in the 707 cm2 configuration has 31 

ŀƭǇƘŀǎΣ пн ƳƛŘŀƛǊǎΣ ŀƴŘ млл ǊƻǳƴŘǎΣ ǿŜΩŘ ŜȄǇŜŎǘ ƛǘǎ ǘǊǳŜ ŀƭǇƘŀ Ŏƻǳƴǘ ǘƻ ōŜ ом-42/6-100/20 = 19. This 

changes its emissivity from 0.00091 (ignoring the corrections due to Counter Efficiency) to 0.00056 

alphas/cm2/hr. Keep in mind that there is substantial uncertainty in these estimates, so this will increase 

the error significantly. 
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III.  Sample Handling  

A. Standard Good Practices  
There are several practices that will help minimize contamination of your samples and ensure that 

your results are as accurate as possible. Most are straightforward prescriptions any lab can follow, a few 

require specialized equipment. The most important thing you can do to ensure cleanliness is to think 

about cleanliness. 

¶ Keep samples covered whenever possible. This helps minimize radon contamination (see 

Radon) 

¶ Only handle samples with clean instruments. Clean instruments are free from debris and are 

regularly washed (for recommended washing procedure, see Cleaning Procedure). 

¶ Keep hands gloved at all times, even when not handling samples directly. Use only powder-

free gloves. At XIA we use powder-free blue Nitrile examination gloves. 

¶ Regularly clean instruments and tray surfaces, as well as anything else that comes into 

contact with samples.  

¶ If available, store samples in glovebox or other purged container, particularly before 

counting. If a purged container is not available, a sealed or covered container is best. 

B. Interaction s Between Sample  Handling and Results  
In all but the cleanest of environments, more sample handling means more contamination. Because 

ƻŦ ǘƘƛǎ ƛǘΩǎ ōŜǎǘ ǘƻ ƘŀƴŘƭŜ ǎŀƳǇƭŜǎ ŀǎ ƭƛǘǘƭŜ ŀǎ ǇƻǎǎƛōƭŜΦ In addition, more exposure to atmospheric air will 

ƭŜŀŘ ǘƻ ƳƻǊŜ ŎƻƴǘŀƳƛƴŀǘƛƻƴ ǿƛǘƘ ǊŀŘƻƴ όŀǎ ŘƛǎŎǳǎǎŜŘ ōŜƭƻǿύΦ CƻǊ ǘƘŜǎŜ ǊŜŀǎƻƴǎΣ ƛǘΩǎ ƛƴŎǊŜŘƛōƭȅ ƛƳǇƻǊǘŀƴǘ 

to handle samples as little as possible, store them in as clean of an environment as possible (either a 

purged box or a sealed container), and move them from their storage location into the counter as 

expeditiously as possible. 

C. Radon 
Radon and its effects on the UltraLo-1800 are discussed in depth in Radon. In terms of sample 

handling the most important thing to know about radon is that the contamination on a sample is 

proportional to the radon concentration in the environment around the sample and the size of the air 

column above it. While radon can diffuse through many materials, including most plastics, the actual 

range is quite small. This means that simple measures can prevent much contamination, and protecting 

samples from radon can be as simple as sealing them in a Ziploc bag. More extensive measures, such as 

chambers under constant N2 purgŜΣ Ŏŀƴ ōŜ ŜǾŜƴ ƳƻǊŜ ŜŦŦŜŎǘƛǾŜΣ ōǳǘ ŀǎ ƭƻƴƎ ŀǎ ǘƘŜ ǎŀƳǇƭŜ ƛǎƴΩǘ ŜȄǇƻǎŜŘ 

to high levels of radon for extended periods of time the contamination will be minimal. For a detailed 

treatment of this topic, see The Effects of Exposing Samples to Room Air. 

  

http://xia.com/AppNotes/The%20Effects%20of%20Exposing%20Samples%20to%20Room%20Air.pdf
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D. Cleaning Procedure  
There are two types of cleaning procedures we use at XIA while working with the UltraLo-1800, a 

quick and a thorough clean. Quick cleans are ǳǎŜŘ ǿƘŜƴ ǘƘŜǊŜΩǎ ƳƛƴƻǊ ŎƻƴǘŀƳƛƴŀǘƛƻƴ ƻŦ ŀ ǎŀƳǇƭŜ ƻǊ 

handling instrument, whereas thorough cleans are used for major contamination and for routine 

precautionary cleaning. All cleans should be done using lint-free clean wipes, which are very important 

(an example of lint-free wipes is here). If the wipes leave behind residue the cleaning procedure could 

be actively harmful, so using lint-free is essential. 

1. Thorough  

The thorough clean is designed to eliminate radioactivity on the sample. (HŜǊŜ άǎŀƳǇƭŜέ ǊŜŦŜǊǎ ǘƻ 

whatever is being cleaned, not necessarily something being measured in the UltraLo-1800.) The first 

step is a liberal rinse with Radiacwash, an anti-radioactivity cleaning formula from Biodex (available 

here). Radiacwash contains mild acids and will slightly etch some metals, including copper. After several 

moments remove the Radiacwash with distilled or deionized water, using enough to ensure that all of 

the Radiacwash has been swept away. Finally, rinse with alcohol (at XIA we use methanol for its 

exceptionally fast evaporation, but isopropanol will work as well). Note that this procedure can be done 

without wiping the sample at all, but wiping with clean wipes can help spread or remove the various 

liquids. However, if there is concern about keeping the surface of the sample pristine, using only the 

liquids will still provide effective cleaning. For information on the results of this cleaning, see The Effects 

of Exposing Samples to Room Air. 

2. Quick 

If a sample or instrument needs a simple cleaning then a rinse with alcohol and rubbing with a clean 

wipe is often sufficient. This quick wash should be used regularly on instruments (such as tweezers) to 

minimize cross contamination. In addition, the tray (or any covering) should be frequently washed (e.g., 

weekly) with this method. 

  

http://berkshire.com/products/dry-wipers/68-choice-700.html
http://www.biodex.com/nuclear-medicine/products/radiopharmacy/decontamination-and-sampling/radiacwash%E2%84%A2
http://www.biodex.com/nuclear-medicine/products/radiopharmacy/decontamination-and-sampling/radiacwash%E2%84%A2
http://xia.com/AppNotes/The%20Effects%20of%20Exposing%20Samples%20to%20Room%20Air.pdf
http://xia.com/AppNotes/The%20Effects%20of%20Exposing%20Samples%20to%20Room%20Air.pdf
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IV. System Overview 

A. Components 

1. Complete System 

1. Counting Module: The main body of the UltraLo-1800. 

2. Support Box: Houses several necessary components that are separated from the counter for 

noise reasons. 

3. Rigid Gas Tube: Connects Support Box gas output to Counting Module gas input. 

4. Control Laptop: Communicates with the UltraLo, takes and stores data (not shown). 

5. оκуέ IŜȄ YŜȅ: For opening the Counting Module (not shown). 
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2. Counting Module  

¶ Side View (Panel Removed) 

1. Electronics box, houses the electronics that perform many of the communication and 

counting functions of the UltraLo. These include: 

o Processing electronics: Digitize the incoming signals, look for triggers, send data to the 

Control Laptop (not shown). 

o HV generation: Generates the High Voltage needed for electron drift (not shown). 

o Communications: Communicates both signals and device information (e.g. high voltage 

bias, moisture) values to the Control Laptop (not shown).  

2. Upper Chamber, contains: 

a. Preamplifiers: Analog amplification of the signals coming from the Active Volume. 

b. Moisture meter: Measures the moisture in the Active Volume in order to ensure a dry 

counting environment. 

c. Active Volume (ionization chamber). Includes: 

Á Electrodes: The drifting electrons induce charge via the electrodes (not shown). 

Á Fieldshapers: Ensure that the electric field is uniform (not shown). 

3. Lower chamber, introduces samples into the Active Volume. Primarily contains: 

o Tray/Door mechanism: Connects the motor to the tray and door, so that samples may 

be introduced and a gas seal created in a reliable manner (not shown).  

 

Figure IV-1: Side view of counting module with the panel removed. 
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¶ Rear View 

1. Air inlet: Purges the outer chamber with air in case of any argon leaks. 

2. Power connector: brings power to the electronics. 

3. USB cable opening. 

4. Gas inlet: Allows argon into the Active Volume. 

5. Gas outlet: Provides a controlled exit of argon from the Active Volume. 

6. Check valve: Provides overpressure exhaust relief. 

7. Pressure gauge: Allows reading the internal pressure to ensure that gas exit and the door 

seal are working as intended. 

8. Motor enclosure: Powers the tray mechanism. 

¶ Front View 

9. Door: Forms seal to keep argon pure, allows samples to be introduced. 

10. Side fairings: Aesthetic coverings. 

11. Vibration isolating feet: Damp mechanical vibrations. 

  

 

Figure IV-2: Right: rear view of counting module. Left: front view of counting module. 
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3. Support Box  

¶ Rear View 

1. Argon gas input 

2. USB to computer 

3. AC in and power switch 

¶ Front View 

4. Argon gas out to counter 

5. USB to counter 

6. Air out 

7. DC power to counter 

8. Connection to motor enclosure 

¶ Top View (Cover Removed) 

9. Power supplies: AC/DC converters to supply power to all systems. 

10. Flow control: Electronically controls flow rate. 

11. hǇǘƛŎŀƭ ƛǎƻƭŀǘƛƻƴΥ LǎƻƭŀǘŜǎ ƳƻǘƻǊ ǿƘŜƴ ƛǘΩǎ ƴƻǘ ƛƴ ǳǎŜΣ ǘƻ ǇǊŜǾŜƴǘ ŜȄŎŜǎǎƛǾŜ ƴƻƛǎŜ ǇƛŎƪǳǇΦ 

12. Air pump: Pumps air into the outer chamber of the counting module to prevent argon 

buildup. 

  

 

Figure IV-3: Top left: rear view of support box. Top right: front view of support box. Bottom: top view of support box with cover 
removed. 
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B. Requirements and Specifications  
This section is a brief overview of the various specifications and requirements for the UltraLo-1800. 

Requirement  Specification  

Rated Voltage 100-240 (± 10%) VAC 

Rated Frequency 50/60 Hz 

Typical Current (Count er + Laptop)  0.7 A 

Typical Power (Counter + Laptop)  0.08 kW 

Max Power 0.100 kW 

Gas Type Argon 

Pressure 21 PSI (150 kPa) ± 5% 

Tubing  ѻέ h5 ƳŜǘŀƭ ǘǳōƛƴƎ 

 

Component Width (in) Depth (in) Height (in) Weight (lbs) 

Counter Module (closed) 34.3 (87.1 cm) 40.0 (101.6 cm) 27.0 (68.6 cm) 330 (150 kg) 

Counter Module (open) 34.3 (87.1 cm) 40.0 (101.6 cm) 45.3 (115.1 cm) 330 (150 kg) 

Counter Module (tray ext) 34.3 (87.1 cm) 66.0 (167.6 cm) 27.0 (68.6 cm) 330 (150 kg) 

Support Module 16.0 (40.6 cm) 12.0 (30.5 cm) 8.5 (21.6 cm) 30 (13.6 kg) 

Laptop 13.5 (34.3 cm) 9.5 (24.1 cm) 10.5 (26.7 cm) 5 (2.2 kg) 
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C. Counter  Manipulations  
Sometimes in the course of maintenance or troubleshooting it may become necessary to perform 

certain manipulations on the UltraLo-1800. This section is a repository of common manipulations. In 

fact, other than ƻǇŜƴƛƴƎ ǘƘŜ ŎƻǳƴǘŜǊΣ ƛǘΩǎ ǳƴƭƛƪŜƭȅ that you will need to do any of these. As always, you 

should not perform any of these without good reason, and, except for adjusting the tray height, only 

under the instruction of an XIA technician. 

1. Adjusting the Tray Height  

Tools: None. 

The tray on the UltraLo-1800 is designed to adjust vertically in order to accommodate samples up to 

мκпέ ǘƘƛŎƪΦ ¢ƻ ŀŘƧǳǎǘ ǘƘŜ ǘǊŀȅ ƘŜƛƎƘǘ: 

1. Eject the tray, pull it all the way out of the counter. 

2. Remove the tray and the perforated support, set them aside. 

a. Note: removing these trays is slightly easier if you lower the tray handle by pulling 

out the two black knobs on the ǘǊŀȅΩǎ sides (you can turn these knobs slightly while 

they are pulled out to lock them in the out position). 

3. You will now see eight metal blocks with numbers on them. The numbers indicate the 

height of that face of the block, all 3 pairs of faces are different. The tallest is 1.440, which 

corresponds to a full-height tray. Rotating the blocks so 1.315 faces up will lower the tray 

мκуέΣ ŀƴŘ ǊƻǘŀǘƛƴƎ ǘƘŜƳ ǎƻ мΦмфл ŦŀŎŜǎ ǳǇ ǿƛƭƭ ƭƻǿŜǊ ǘƘŜ ǘǊŀȅ мκпέΦ 

4. Once the blocks are all at the same desired position, put the trays back on, making sure that 

they are seated on the blocks. 

a. Note: if you pulled out the black knobs, reinsert them now. 

5. Push the tray pack in and close it via CounterMeasure. 

This operation may be performed as needed to accommodate samples of substantial height. 

2. Opening the Counter  

¢ƻƻƭǎΥ hƴŜ рκуέ ōƻȄ wrench; ǘǿƻ фκмсέ ōƻȄ ǿǊŜƴŎƘŜǎ; one 3/8έ ƘŜȄ ƪŜȅ όsupplied with counter). 

The counter will need to be opened periodically for maintenance (see Annual Maintenance). To 

open it: 

1. Close CounterMeasure and turn off the power switch on the Support Box. 

2. Wait about 20 seconds for the residual high voltage to drain. 

3. Use the wrenches to unhook the rigid gas tube. 

4. Remove the two side fairings by gently pulling them off, and set them aside. 

5. Then remove the hex key from the rigid gas tube and use it to open the 4 latches on the side 

of the counter. 

6. Lift the upper chamber to open the counter. The gas springs will provide assistance with 

opening, but be careful nonetheless. 
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To close the counter, simply reverse the process: lower the upper chamber; latch the latches; put on 

the side fairings; connect the rigid gas tube; and finally turn the power back on. 

3. Removing a Side Panel 

¢ƻƻƭǎΥ hƴŜ мκуέ ƘŜȄ ƪŜȅΦ 

This operation should only be done at the request of an XIA Technician. 

Very occasionally an XIA technician will request you to open a side panel for troubleshooting or 

maintenance. To do this: 

1. Close CounterMeasure and turn off the power switch on the Support Box. 

2. Wait about 20 seconds for the residual high voltage to drain. 

3. Use the hex key to remove the ten screws on the panel. 

4. Pull off the panel. Removing the panel from the side may take some force, as there is slightly 

tacky silicone rubber between it and the counter body to serve as a vibration reducer. 

5. Set the panel and screws aside.  

6. To replace the panel you will need to carefully align the first few screws, as the panel sits 

slightly above the surface. 

4. Opening the Support Box  

¢ƻƻƭǎΥ hƴŜ мκуέ ƘŜȄ ƪŜȅ. 

This operation should only be done at the request of an XIA Technician. 

¢Ƙƛǎ ƛǎ ŜǎǎŜƴǘƛŀƭƭȅ ǘƘŜ ǎŀƳŜ ŀǎ ǊŜƳƻǾƛƴƎ ŀ ǎƛŘŜ ǇŀƴŜƭΣ ōǳǘ ǘƘŜǊŜ ŀǊŜ ƻƴƭȅ с ǎŎǊŜǿǎ ŀƴŘ ǘƘŜȅΩǊŜ ƴƻǘ ŀƭƭ 

located on the same surface. See Support Box for an image of where they are located. As with opening 

the side panel, make sure to turn the support box off before opening it. 

5. Opening the Electronics Box  

Tools: One 3/32έ ƘŜȄ ƪŜȅΦ 

This operation should only be done at the request of an XIA Technician. 

Depending on the height of the UltraLo-муллΩǎ table, you may want a step-ladder to open the 

ŜƭŜŎǘǊƻƴƛŎǎ ōƻȄΦ !ǎ ŀƭǿŀȅǎΣ ŘƻƴΩǘ ǇŜǊŦƻǊƳ ǘƘƛǎ ǇǊƻŎŜŘǳǊŜ ǳƴƭŜǎǎ ƛƴǎǘǊǳŎǘŜŘΦ CƛǊǎǘΣ ǘǳǊƴ ƻŦŦ ǘƘŜ ǇƻǿŜǊ 

switch on the Support Box. Next, using the hex key, remove the six screws. Set aside screws and panel 

for reinstallation later. 
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V. Maintenance/Calibration  

A. Calibration  
Calibration is initially performed at XIA, prior to shipment, and should be considered valid for up to a 

year. To ensure that your UltraLo-1800 continues to perform optimally over an extended period, XIA 

recommends enrolling in the Compliance/Calibration program. This program will verify that your system 

is producing results that conform to and comply with industry standards. 

If you suspect that your UltraLo-1800 needs calibration, or are interested in learning more about the 

Compliance/Calibration program, please contact XIA at support@xia.com. 

B. Weekly  Maintenance  
There is not much maintenance needed on a weekly basis. We recommend that you regularly check 

ADC traces (in the Diagnostic Panel) to familiarize yourself with the noise environment, so that if a 

change in the noise environment occurs it can be caught quickly. 

C. Monthly  Maintenance  
There are only a few maintenance steps needed per month. Cleaning the tray, or any tray liner, 

regularly (using the method outlined in Cleaning Procedure) is highly recommended. This will help keep 

the background in the detector as low as possible. (If you change samples often you may want to do this 

more frequently than once a month.) 

In addition, doing a run with a standard sample of your choosing to ensure that your background 

ƘŀǎƴΩǘ ŎƘŀƴƎŜŘ ƛǎ also good practice. 

D. Annual  Maintenance  
One annual maintenance step is to inspect and grease the seal around the door. To do this open the 

motor dialog and run the tray out. When door gets all the way down to the ōƻǘǘƻƳΣ ǇǊŜǎǎ άƘŀǊŘ ǎǘƻǇέΦ 

Lightly grease the seal using a silicone lubricant, either using your finger or some appropriate tool. Once 

it is greased, tell the motor control dialog to continue ejecting the tray. Once it is ejected push it back in 

and close it, either through the dialog or the tray control button. 

The second annual maintenance item is to check the air level of the inflatable vibration-dampening 

ŦŜŜǘ ŀƴŘ Ŧƛƭƭ ǘƘŜƳΣ ƛŦ ƴŜŎŜǎǎŀǊȅΦ ¢ƘŜǊŜ ǎƘƻǳƭŘ ōŜ ŀōƻǳǘ оκуέ ǎǇŀŎŜ ōŜǘǿŜŜƴ ǘƘŜ ǘƻǇ ƻŦ ǘƘŜ Ŧƻƻǘ ŀƴŘ the 

bottom of the counter, and the top of the foot should be level and without bulges or divots. The feet can 

be filled with a standard bicycle or car tire pump. Be careful not to overfill, as this can damage the foot. 

If you add too much air you can bleed some out by pressing the metal pin at the center of the valve with 

a fingernail or a small screwdriver.  

mailto:support@xia.com
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VI. CounterMeasure  

A. Application Overview  

1. Main Panel  

The Main Panel, shown in Figure VI-1, is the main window of the application and is shown on 

application setup. It is where many of the most important features of CounterMeasure are located. 

These features, excluding the menus, are: 

a) Run Control Button  

When no run is active, it launches the Start Run Dialog. When a run is 

active, it will stop the run. It will be disabled whenever starting a run is not 

allowed, such as when the tray is ejected or when CounterMeasure 

ŎƻǳƭŘƴΩǘ ŎƻƴƴŜŎǘ ǘƻ ǘƘŜ ŜƭŜŎǘǊƻƴƛŎǎ. (See /ŀƴΩǘ {ǘŀǊǘ ŀ wǳƴ for information 

on troubleshooting a greyed-out Run Control Button.) 

 

 

Figure VI-1: Normal view of the CounterMeasure Main Panel. The letters indicate the letter of the headings below, which are: a) Run Control 
Button; b) Tray Control Button; c) Run Clock; d) Alphas Counted; e) Emissivity Value; f) Status Icons; g) Alpha Energy Histogram Plot; h) Emissivity 
vs. Time Plot; i) Alphas Counted Time Series Plot; j) ROI Timeline Control. 

 
Figure VI-2: Run Control 
Button: top starts a run, 
bottom stops an active run. 
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Figure VI-4: Run clock counting up 
(top) and down (bottom). 

 

b) Tray Control Button  

Pressing the Tray Control Button will 

eject the tray and launch a dialog showing 

ǘƘŜ ǘǊŀȅΩǎ ǇǊƻƎǊŜǎǎ (1). When the tray is 

fully ejected the dialog shows whether it 

is fully pushed back (and therefore ready 

to be retracted, (2). Once it is ready to be 

ŎƭƻǎŜŘ ǘƘŜ ά/ƭƻǎŜ ¢Ǌŀȅέ ōǳǘǘƻƴ ƻƴ ǘƘŜ 

dialog is enabled (3) and pressing that will 

close the tray (4). See Figure VI-3 for 

screenshots. 

c) Run clock  

By default the Run Clock displays the amount of time remaining 

in the current measurement counting down, clicking the clock will 

change the display to time elapsed, counting up (shown in Figure 

VI-4). 

 

d) Alphas Counted 

This is the number of alpha particles that CounterMeasure has 

observed. The number is ǎƘƻǿƴ ŀǎ ά/ƻǊǊŜŎǘŜŘ όObservedύέΦ ¢ƘŜ ŎƻǊǊŜŎǘŜŘ ŀƭǇƘŀ ƴǳƳōŜǊ ǘŀƪŜǎ ƛƴǘƻ 

account efficiency losses. See Counting Efficiency for more information on this correction. 

e) Emissivity  Value 

This is the current value of the emissivity and its error. At the end of a measurement this value 

represents the final emissivity of the sample. The emissivity is calculated in the usual manner 

(‐ ‌ȾὃϽὸ) where h  is the corrected number of alphas, A is the current electrode size, and t is the 

elapsed time. 

f)  Status Icons 

Status icons report on the status of three auxiliary systems on 

the UltraLo-1800: the high voltage bias; the flow controller; and 

the tilt sensor. These icons are grey when their status is 

appropriate for immediately starting a run and are red when 

some change is needed before a run can be started. In addition, 

there is an icon to indicate that the software was unable to 

connect to the system. For information on debugging these icons, 

see Status Icons Red. 

g) Alpha Energy Histogram  Plot 

The top plot is a histogram of the energies of all alpha particles observed in the measurement and 

runs from 0 to 10 MeV. This plot has zooming and panning enabled to allow closer inspection of features 

 
Figure VI-5: Status icons in various 
states: all inappropriate for running 
(top); all appropriate for running 
(middle); software disconnected from 
hardware (bottom). 

 

 
Figure VI-3: Tray Control Dialogs, with arrows showing the flow. 
Ejecting dialog (1), tray extended dialog (2), tray ready to close 
dialog (3), closing dialog (4). 
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in the histogram. For more information on zooming and panning, see Zoom and Pan. Finally, the button 

indicated as g*  will toggle the y-axis of the histogram between linear and logarithmic scales. 

h) Emissivity vs. Time Plot 

The second plot is the evolution of the emissivity, and the error in the emissivity, versus 

measurement time. The most recent value (the right-most value on the plot) is the same as the value 

reported in Emissivity Value. This plot is useful diagnostically as it allows the user to look for systematic 

changes over time. For instance, a slow rise in emissivity could indicate that there were problems with 

moisture early in the run, and a sharp drop could indicate radon exposure. For more on using this plot 

for diagnostics, see Troubleshooting. 

i)  Alpha Counts Time Series Plot 

The final plot is a histogram of alpha counts in time. This plot depicts the number of alphas observed 

in a given interval of time and is similar to the Emissivity vs. Time plot. This chart can be hidden using the 

button indicated as i*  in Figure VI-1. 

j)  ROI Timeline Control  

The ROI Timeline control allows you to focus on any window of time that you are interested in. To 

set a ROI window, click either edge of the control and drag it toward the other edge. The times displayed 

on the edges of the control indicate where the ROI window boundaries are set within the total 

measurement time. When the ROI Timeline control is activated the rest of the Main Panel will display 

only data from the selected window (to see the ROI in action, see Figure VI-6). Additionally, any reports 

generated or data exported will contain only data from the ROI. This is useful for eliminating unwanted 

 
Figure VI-6: Main Panel with an ROI set. All plots are updated to display only data from the selected time window. The emissivity 
value and alphas counted are also updated. The Run Clock displays both the total measurement length and the ROI length. Both 
ŜƴŘǎ ƻŦ ǘƘŜ whL ǎƘƻǿ ǘƘŜ ǘƛƳŜ ǘƘŜȅΩǊŜ ŀǘΦ 
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transient signals, such as radon or moisture, without having to do another run. The ROI can be hidden 

using the button indicated as j*  in Figure VI-1. You can remove the ROI selection either by sliding the 

bars back, double-clicking inside the ROI control window, hitting Ctrl+A, or going to the View menu and 

ǎŜƭŜŎǘƛƴƎ ά!ǳǘƻ-ǎŎŀƭŜέΦ 
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At the very top of the Main Panel is a series of 

menus: 

k)  File 

File menu allows you to exit the program, open 

the Measurement History window, or generate 

Exports and Reports. File generation via export 

menu options is not possible during a 

measurement. 

l)  View 

The View menuΩǎ ǎƻƭŜ ƻǇǘƛƻƴΣ ά!ǳǘƻ-ǎŎŀƭŜέ 

allows you to remove an ROI window if one is set. 

This option is unavailable if there is no ROI set. 

m)   Firmware  

The Firmware menu allows you to launch the 

Firmware Update Dialog. This option will be 

disabled during a measurement or if the software 

ŘƛŘƴΩǘ ŎƻƴƴŜŎǘ ǘƻ ǘƘŜ ŎƻǳƴǘŜǊΦ 

n)  Tools 

Tools provides access to the Diagnostic Panel, 

the log window (see Generated Files for more 

details on logs), the Analysis Panel, and the Options 

Dialog. The Diagnostics Panel will be unavailable 

during a measurement. 

o) Debug 

The Debug menu contains a few debugging 

tools, such as a motor controller interface and a 

pulser toggle. Most users should never need to use 

these. 

p) Help 

The help menu Ƙŀǎ ƻƴŜ ƻǇǘƛƻƴΣ ά!ōƻǳǘ 

/ƻǳƴǘŜǊaŜŀǎǳǊŜέΣ which contains information on 

software and firmware version numbers, as well as 

links to the support@xia.com and 

http://support.xia.com addresses.  
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