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Introduction 

4 

20Ne and 22Ne measured by J.J. Thompson 
on parabola mass spectrograph (1913)1 

A. O. Nier with the flight 
tube for his magnetic 
mass spectrometer used 
to separate 235U in the 
Manhattan Project2 

MAT 261, TIMS3 

Nu Plasma II, MC-ICPMS4 



Outline 
• The Mass Spectrometer 

− Ion Source 
− Mass Separation 
− Detectors 

• Isotope Dilution Mass Spectrometry 
• Some corrections: 

− Detector Corrections/Calibrations 
− Abundance Sensitivity 
− Interferences 
− Blanks (Filament, Plasma, etc.) 
− Mass Fractionation/Mass Bias 

• Uncertainty 
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Before Mass Spec Analysis… 
• Sample preparation! 

 

• Some samples may require minimal preparation.  
For example, analysis to perform a survey of 
elements may merely require dissolution and 
dilution of the sample. 
 

• Some samples will require significant preparation.  
For example, analysis for isotope composition 
and/or concentration of minor elements will 
require chemical purification no matter the mass 
spectrometry method used. 
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Before Mass Spec Analysis… 

• Purification usually involves the 
use of ion chromatography or ion 
extraction resins 
 

• Depending on the sample, this step 
can consume from a couple of 
hours to several days 
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Various commercially available ion 
exchange and ion chromatography 
columns (Eichrom)5 



Mass Spectrometry 

• In mass spectrometry, the ions are sorted by their 

mass to charge ratio (
𝑚

𝑧
) 

• In the source of the mass spectrometer, the sample is 
converted to ions (usually +1) 

• Before entering the mass separator the ions are 
accelerated by a potential voltage drop 

• Ideally, all ions have the same kinetic energy in the 
mass separator 

• Ions are sorted based on their behavior in electric or 
magnetic fields 
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Schematic of a Mass Spectrometer 
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Ion  
Source 

Mass  
Analyzer 

(Ion Separation) 

Ion 
Detection 

(Detectors) 
• Thermal (TIMS) 
• Inductively Coupled  

Plasma (ICP-MS) 
• Gas  

• Quadrupole 
• Magnetic Sector 
• Magnetic Sector with 

Electrostatic Analyzer 
• Time of Flight 

• Faraday Cup 
• Ion Counter 



Ion Source – Inductively Coupled Plasma 

• The sample solution (e.g., 1M HNO3 or 1M HNO3 + 
0.01M HF) is introduced to the plasma through a 
nebulizer 
 

• The nebulizer creates a fine aerosol 
 

• The aerosol passes through a spray chamber that is 
designed to separate the larger drops from the fine 
drops 
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Ion Source – Inductively Coupled Plasma 
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Schematic of ICPMS nebulizer and spray chamber6 

Spray chamber attached to Thermo 
Scientific Neptune7 



• Nebulizer described (Meinhard-type): 

− May have flow rates from ~100 uL/min to 1 mL/min  

− Roughly 1 – 5% of the sample solution will exit the 
spray chamber  

• Micronebulizers: 

− Flow rates of 10 – 300 uL/min 

− Less sample consumed 

− Higher efficiency (more sample to plasma) 

− Fewer memory effects 

− Do not handle samples with complex matrices well 

• Desolvation nebulizers: 

− Can be up to 20 times more sensitive than a 1 mL/min 
Meinhard-type 
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Ion Source – Inductively Coupled Plasma 



Ion Source – Inductively Coupled Plasma 

• Plasma gas is usually a high-purity argon gas 
 

• Plasma is maintained in an oscillating magnetic field 
that is controlled by a radio-frequency generator 
 

• Plasma is at atmospheric pressure 
 

• Plasma temperature is in the range of 6000 – 8000K 
 

• Everything is ionized in the plasma 
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Ion Source – Inductively Coupled Plasma 
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Detailed schematic of plasma torch, RF coil, and ICPMS interface8 



Ion Source – Inductively Coupled Plasma 
• Electrostatic (or capacitative) coupling between the RF 

load coil and the plasma discharge can cause arcing at 
the sampling cone, resulting in: 
− Production of doubly charged ions 

− Wider spread of kinetic energies for the sample (lower resolution) 

− Ions from the sampling cone 
 

• Solution: Add some form of grounding at the load coil, 
e.g., guard electrode 
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ICP torch assembly with guard electrode9 

 

Close-up of working plasma torch with guard 
electrode not in place.10  The electrode is 
inserted between the RF coil and plasma prior 
to sample analysis. 



Ion Source – Thermal Ionization 

• Typical filament materials: 

−Rhenium 

−Tungsten 

−Tantalum 
 

• Sometimes, especially for very small 
environmental samples, a carbon modifier  
(e.g., graphite) is used on the filament   
 

• Increases the work function of the filament, 
allowing the sample to evaporate and ionize off of 
a single filament 

16 



Ion Source – Thermal Ionization 
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Source 

Evaporation Ionization 

Ions 

• Double filament geometry (some instruments use triple 
filament geometry) 
 

• Evaporation filament (with sample):  low temperature, so 
that sample does not evaporate too quickly 
 

• Ionization filament (across from evaporation filament):  high 
temperature, to ionize the sample vapor that is coming from 
the evaporation filament 

Double filament on turret11 
Schematic of double filament geometry.12  The sample 
is the dark blob on the evaporation filament. 



Ion Source – Thermal Ionization 
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• Problem:  double filament geometry is inefficient for very small 
samples (~ <1 ng) 
 

• Solution:  single filament geometry and use of a carbon 
activator (e.g., graphite load, filament carburization, resin bead 
load) 
 

• Increases the work function of the filament, allowing the 
sample to evaporate and ionize off the filament 

Source 

Ions 

Filament 

Graphite 

Single filament geometry13 Schematic of the single filament geometry14 



Ion Source - Comparison 
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• Inductively coupled plasma 
− Frequently has higher ionization efficiencies 

− Most of the sample and plasma are ionized 

− Wider energy dispersion = lower resolution 

− Polyatomic interferences 

− Samples introduced as solutions … can be modified for other 
sample types 

• Thermal ionization 
− Lower ionization efficiencies, but more selective ionization 

− Sample is dried onto a filament, and put into a vacuum 

− Number of samples in a batch limited to turret size 

− Low background 

− High resolution/sensitivity 



Mass Analyzers  

• Magnetic sector  (TIMS) 
 

• Magnetic sector + electrostatic analyzer (ICP) 
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• Quadrupole analyzer  (ICP) 

Schematic of quadrupole mass analyzer15 

Schematic of magnetic sector mass analyzer16 



Mass Analyzers - Quadrupole 
• Maintained at vacuum of 10-6 Torr 

 

• Composed of four rods to which AC and DC current are 
applied 
 

• When the current is properly set, the ion of choice will be 
stable within the field and will pass through the rods 
 

• Other ions will be unstable, and their paths will lead out of the 
quadrupole through the rods, or will collide with the rods 
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Schematic of quadrupole mass 
analyzer.17  The analyzer is optimized 
for ions (M1).  Ions M2 and M3 exit 
between the rods or collide with the 
rods and are not measured. 



Mass Analyzers – Magnetic Sector 
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Schematic drawing of ion behavior in a magnetic 
sector mass analyzer (with multiple Faraday cup 
detectors)19 

Schematic drawing of forces acting on an ion in a 
magnetic sector mass analyzer18 

• A stable magnetic field is used to separate the ions 



Mass Analyzers – Magnetic Sector 

• The masses are separated in the magnetic field by 
𝑚

𝑧
=
𝑒𝐵2𝑟2

2𝑉
 

• During a single measurement: 

• Magnetic field, charge, and acceleration voltage are 
constant.    

• The mass to charge ratio (
𝑚

𝑧
) and the radius (r) will 

change. 

• In a stable magnetic field, ions with greater m/z will 
travel a path with a larger radius, ions with a smaller 
m/z will curve inward more sharply. 
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Mass Analyzers – Magnetic Sector + 

Electrostatic Analyzer 
Used in most ICPs 

• The dispersion of ion energies is greater in a plasma 
compared to a thermal source 
 

• Thus, the ion focus can be more diffuse than in a thermal 
instrument (lowering resolution and sensitivity) 
 

• Solution: add a second mass/energy filter that will 
further sort the ions, to minimize interferences with the 
m/z of interest 
 

• An electrostatic analyzer will focus the ions between two 
curved plates of opposite charges 
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Mass Analyzers – Magnetic Sector + 

Electrostatic Analyzer 
• Nier-Johnson geometry 
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Line drawing of Thermo Scientific Neptune21 

Advantages 

• High resolution 

• Abundance 
sensitivity 

• Multi-collector 
capability 

Disadvantages 

• Magnet controls 
mass scan 

• Scanning over 
large mass ranges 
is slower than 
quadrupole or 
reverse Nier-
Johnson geometry 



Mass Analyzers – Magnetic Sector + 

Electrostatic Analyzer 
• Reverse Nier-Johnson geometry 
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Thermo Scientific Element 222 

Advantages 

• Faster scanning over 
large mass ranges 

 

• High resolution 
 

• Abundance sensitivity 

Disadvantages 

• Single collector only 
 

• Slower than 
quadrupole 



Mass Analyzers - Comparison 
• Quadrupole 

− Can quickly scan across multiple masses 

− Resolution/abundance sensitivity lower than magnetic sector 
 

• Magnetic Sector  
− Mass selective – can jump between certain elements, ignore others 

− Scan over a wide mass range is slow compared to a quadrupole 
 

• Magnetic Sector + ESA 
− High-resolution 

− Magnetic sector – ESA provides compromise between fast scans 
and high resolution, only single collector 

− ESA –Magnetic sector has very high resolution, allows for multiple 
ion collectors, but has the slowest scanning speed 

27 



Detectors – Dynamic Range 
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Dynamic range of Faraday and SEM detectors with typical signal intensities 
for uranium nuclear measurements23 



Detectors – Faraday Collector 
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Simplified schematic of a Faraday cup24 in 
which positively charged ions are 
deposited.  The deposition of the charged 
ions induces an electron current, which is 
amplified and recorded by the mass 
spectrometer.  

An open Faraday cup in a Thermo 
Scientific Triton mass spectrometer.  
The black graphite cup inside the 
metal frame is the Faraday cup.25  



Detectors – Faraday Collector 
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Advantages 

• Can measure large ion 
beams (up to 40V 
signals on newer 
instruments) 

 

• Do not need to be 
replaced often 
 

• Can measure multiple 
ion beams at the same 
time, if multiple 
detectors are installed 
in the instrument 

Disadvantages 

• Effects of noise 
become significant 
sources of error when 
the ion current is <~3 
mV 
 

• May need to correct 
data for tailing from 
adjacent isotopes 



Detectors –Electron Multipliers 

   aka: secondary electron multipliers (or SEM) 

• Two types 
 

Discrete Dynode 
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Continuous Dynode 

Schematic drawing of a discrete 
dynode electron multiplier26 

Schematic drawing of a continuous 
dynode electron multiplier27 



Detectors – Electron Multipliers 
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Advantages 

• Very sensitive 
 

• Low noise 
 

• May follow an energy 
filter (which reduces 
peak tailing) 
 

• Some continuous 
dynode multipliers are 
small enough that they 
can be stacked 
together to form a 
multi-collector array 

Disadvantages 

• Multiplier may not be 
linear at higher ion 
currents 
 

• No energy filter for the 
multiple ion detector 
array 
 

• Can handle limited 
signal intensities 



Multiple Detector Methods 

33 

Advantages 

• All of the isotopes are 
measured all of the 
time 
 

• Stability of the ion 
current is not 
important 
 

 

Disadvantages 

• Must calibrate and 
correct for yield and 
gain on all detectors 



Peak Shapes – Magnetic Sector 
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Scan of NBL U-500 across multiple Faraday cups.  Note the 
flat-topped peak shape.  This was a test to verify cup alignment 
for a multiple cup analysis.   The factors by 234U and 236U adjust 
the peaks for easier visual alignment.28 



Single Detector Methods 
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Disadvantages 

• When one isotope is 
measured, the others 
are not 
 

• Analysis can take 
longer than multiple 
collector methods 
 

• Best with a very stable 
ion current 

Advantages 

• Do not need to 
calibrate between 
detectors 
 

• When equipped with 
an energy filter (RPQ), 
will not need to 
correct for tailing of 
nearby isotopes (or 
minimal correction 
will be required) 

 

 



Isotope Dilution 
• Isotope dilution mass spectrometry (IDMS) is a technique 

for quantifying the amount of an isotope in a sample by 
mass spectrometry 
 

• Under certain circumstances, with the use of a double 
spike, can also be used to correct for mass fractionation 
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Add spike Homogenize 

Analysis 

Chemical 
Purification 

Sample 
Sample 

Sample 
+ Spike 

Cartoon of IDMS sample preparation29 



Isotope Dilution 

• What makes a good spike? 

−Ideally, a spike contains an isotope that is NOT in the 
sample (e.g., 233U is often used to spike uranium 
samples) 

 

−Sometimes spikes contain isotopes that are in the 
sample, but then it is necessary to know the isotopic 
composition of the spike and the sample (extra 
analyses) 

37 



Isotope Dilution 

38 



Some Corrections/Sources of 

Uncertainty in Mass Spectrometry 

Measurement 

39 



Detector Corrections/Calibrations 

Faraday cup   
• Gain   

− The ratio between the amplifier input and output 

− Mass spectrometer programmed to put constant voltage on 
Faraday cup amplifier 

− Usually correction is stable 

− One of the ways Faraday cups are calibrated to each other 

 

• Baseline 

− The signal recorded by the Faraday cup amplifier when no 
signal is applied 

− Reasonably stable in most cases 

40 



Detector Corrections/Calibrations 

Secondary Electron Multiplier (SEM) 
• Darknoise 

− Similar to baseline, it is the measured signal on the SEM 
when there is no ion beam 

− Darknoise will increase as the SEM ages 

− It will also increase if you are measuring very short-lived 
isotopes 
 

• SEM-Faraday Yield 

− A correction factor that calibrates the SEM to the Faraday 
cups 

− Low voltage [e.g., 4 mV (Faraday) = ~250,000 cps] signal is 
alternately measured on the Faraday cup and the SEM 

41 



Detector Corrections/Calibrations 

Electron Multiplier (SEM) 
• Deadtime 

− Recovery time needed by SEM between pulses 

− Usually set by the instrument manufacturer  
(e.g., ~20 ns) 

− Affects measurements with high ion counts (not 
noticeable for lower ion counts) 
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Mass Calibration 
• Magnet or quadrupole need to be set so that mass 

of interest is directed into the detectors 

• Stable, but can change slightly over the course of 
an analysis 
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Mass Calibration 
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This figure shows the mass calibration curve (green) that was calculated by the 
software.  The points used to extrapolate the curve are marked by vertical lines and 
are listed in the table to the right.  The x-axis represents the mass (amu) of the ion 
and the y-axis represents the magnet setting (MDAC value) at which the ion beam  
is detected in the center detector.31 

Isotope 
Calibration 

mass 
MDAC 

23Na 22.99 34879 
39K 38.964 60630 

185Re 184.953 198138 
187Re 186.956 199373 
235U 235.044 226616 
238U 238.051 228163 

235U16O 250.61 234377 



Abundance Sensitivity 
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Top figure: Effects of peak tailing from 232Th on the measurement of 230Th.  
Bottom figure:  Significantly reduced effects of peak tailing (improved abundance sensitivity) 
with a reducing potential quadrupole (RPQ) energy filter.32 
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Abundance Sensitivity/Peak Tailing 

Measurement of 236U on SEM with and without RPQ energy filter.  The dashed line in the 236 
peak represents the model used to correct for the peak tail.  The solid line is an extrapolation of 
the peak tail.33 

Dashed line 
represents the 
correction for 
the peak tailing 
from 238U 



Interferences 
• Isobaric Interferences:  Isotopes of different elements that have 

the same atomic mass 
87Sr+ and 87Rb+ 

40K+ and 40Ar+ 

238U+ and 238Pu+ 
 

• Polyatomic Interferences:  
56Fe+ and 40Ar16O+ 

239Pu+ and 238UH+ 

 

• Matrix Interferences: 

− Suppression of the signal because of acid concentration or 
level of dissolved solids 

− When sample affects the ionization conditions in the plasma, 
suppression varies, based on matrix components 
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Interferences 
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233U 234U 235U 236U 238U 

ReO3 ReO3 K6 
238Pu 

ReC4 ReC4 

PbAl 

PbSi 

Ga3C2 

238Pu  239Pu 240Pu  241Pu  241Pu  244Pu  

238U Ga3O2 
241Am 244Cm 

ReFe ReFe ReFe ReFe 

238UH 

Some common polyatomic 
interferences for the analysis of  
uranium and plutonium 



Interferences 
Some examples of common polyatomic interferences 
and resolution required to distinguish them: 

 

49 

Isotope Matrix Interference Resolution* 

40Ca+ H2O 40Ar+ 199,800 

44Ca+ HNO3 
14N14N16O+ 970 

56Fe+ H2O 40Ar16O+ 2,504 

75As+ HCl 40Ar35Cl+ 7,725 

55Mn+ HNO3 
40Ar15N+ 2,300 

*Highest Resolution = 10,000 

Thomas, Robert (2004) 



Interferences 
Some solutions: 

• Matrix interferences:  

−Dilution 

−Chemical purification 

−Use of internal standardization, especially for 
multi-element analysis 
 

• Isobaric Interferences:  

−Mathematical corrections 
 

• Polyatomic and Molecular Interferences: 

−Quadrupole: collision/reaction cells 

−Magnetic sector: high resolution capabilities 
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Resolution 
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Comparison of resolution in (a) 
Quadrupole ICPMS and (b) 
ICPMS with a Magnetic Sector 
and ESA.34   In this case, it is 
possible to resolve the 56Fe 
40Ar16O interference (1 large peak 
to 2 individual peaks), but it will 
be at the expense of ion 
transmission. 



Resolution 
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Schematic drawing of the use of slits that control 
resolution in magnetic sector ICPMS.  The final graphs 
illustrate the results as the magnetic field is scanned 
over the slits.35 

A 100 ng/L solution of 115In at  
Low (R=300;~ 350,000 cps),  
Medium (R=4000; ~35, 000 cps), and  
High (R=10,000; ~6,000 cps) resolution36 



Mass Fractionation/Bias  
• Mass fractionation or mass bias is observed in all types of 

mass spectrometry 
 

• Can vary from instrument to instrument 
 

• Thermal Source 

− Mass fractionation/bias due to different evaporation 
temperatures/rates of different isotopes 
 

• ICP Source 

− Mass bias is observed, but source is less well characterized 

− May have to do with the flow of sample at the interface 
(sampling and skimmer cones) 
 

• Corrected using standards/certified reference materials 
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Mass Fractionation/Bias 
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Mass Fractionation/Bias 
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Mass Fractionation/Bias 
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Mass Fractionation/Bias 
• To test and correct for mass fractionation/bias: 

– Need to use standards/certified reference materials 

– External:  Certified/Standard reference materials are run as 
standards on the same turret, along with the unknown 
sample.  

– Internal:  A sample is “spiked” with a two isotope standard 
material  (e.g., using a 233U/236U double spike 

233U-236U double spike for natural uranium samples 
242Pu-244Pu spike for plutonium samples 

• Correction factor is calculated from the measurement of 
the standards, and applied to the samples 

 

This use of standards/CRMS also provides traceability for the measurements.  
Traceability = a link to the base SI units. 
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Mass Fractionation/Bias 
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Three empirical corrections that are used to correct for mass fractionation.40 

 

• The exponential law provides the best fit for all masses 
 

• At high mass numbers (e.g., 238U), the results of the three models are 
indistinguishable. 



Mass Fractionation 

59 

Disadvantages 

• Internal Standard 

– U sample must have 
no 236U or the 236U 
must be well 
characterized 

– Will have to correct the 
final sample ratios for 
any isotopes that were 
introduced by the 
spike 

 

• External Standard 
– Must assume that the 

standards, which run 
on different filaments, 
have the same 
fractionation history as 
the samples 

Advantages 

• Internal  Standard 
– The standard 

experiences exactly the 
same fractionation 
history as the sample 

 
• External Standard 

– Do not need to know 
the isotopic 
composition of the 
sample 

– Will not contaminate 
the sample with the 
spike 

 

 



Blanks 

An analysis of “background” signatures that may come from the 
ion source, chemistry process, instrument 
 

• Instrument Blank: The instrument is run under normal operating 
conditions, but no sample is analyzed (this is a background 
measurement) 
 

• Chemical Blank:  Blank in the chemicals used to process the sample 
 

• Process Blank: Isotopic/elemental background that is created 
during the chemical processing of the sample (dissolution, ion 
exchange, loading)  
 

• Environment Blank:  Isotopic/elemental background contributed by 
the environment in which the sample is processed 
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Blanks 
To measure blanks: 

• Instrument 

− Thermal source: use a new filament, scan over mass range of interest 

− Plasma source: run plasma with only wash or matrix solution (no sample) scan 
over mass range of interest 
 

• Chemical 

− Collect a sample of the chemical, spike it, measure element/isotope of interest 
 

• Process 

− Use an empty beaker (usually Teflon for environmental work) through the same 
dissolution, purification, loading processes along with the samples (as if the 
empty beaker contained a sample) 

− Spike at the end for concentration of added isotopes 
 

• Environment 

− Fill an empty beaker/Teflon jar with dilute acid 

− Leave it open in fume hood, near where samples are loaded, on benchtop, etc.  
Spike can be added before or after collection. 
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Blanks 
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Blanks 
All filaments do have a background and may contain uranium.  This 
background needs to be quantified and the measurement needs to be corrected 
for it. 
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SEM Linearity  
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Linearity tests on three different electron multipliers.  At high count rates (>60,000 cps for ETP 
and SJUTS, >80,000 cps for Mascom), the electron multiplier loses detection efficiency.  This can 
be corrected, but is a source of uncertainty in the measurement.43   

Note: Current discrete dynode multiplies are linear up to about 500,000 cps. 



Counting Statistics 
• For very small samples, good quick estimate of uncertainty 

• Final calculated uncertainty should not be better than the 
counting statistics 

• Counting statistics are base on a Poisson distribution. 

• Effectively, the more counts that are measured, the better 
the measured result is known. 

• Not the only source of uncertainty in the measurement. 

• Counting statistics = 𝑛  where n = number of counts 

− For 1,000,000 counts, the uncertainty is ±1,000 counts 

• Relative uncertainty (counting stats) =
𝑛

𝑛
 = 

1

𝑛
  (x 100 for %) 

− At ~95% level of confidence (~k=2) = 
2

𝑛
∶ 

 40,000 counts = ~ 1% relative uncertainty 

 4,000,000 counts = ~0.1% relative uncertainty 
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Uncertainty Calculations 
The calculated uncertainty of the measurements will 
depend on the method used and corrections that are 
made 
 

• Samples that have been corrected using an external 
standard will be limited by the uncertainty of that standard 

 

• For environmental samples (and other measurements with 
low signals), the corrections related to peak-tailing, SEM-
Faraday yield, background, and darknoise may become 
significant components of uncertainty 
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Uncertainty Calculations 
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Relative 
uncertainty on 
the measured  
value (235/238) 

Relative 
uncertainty of 
the corrected 
value (k=2) 

% contribution 
from the sample 
measurements 
(column 1) 

% contribution 
from the 
uncertainty of 
the comparator 
(0.053%) 

% contribution 
from the 
uncertainty of 
the comparator 
measurement  
( 0.024%) 

0.01 0.063 10 70 20 

0.02 0.072 31 54 15 

0.05 0.12 73 21 6 

For the first two lines, though the uncertainty of the measurement is low, the combined 
uncertainty for the measurement after correction increases more than 2 times the uncertainty 
of the measurement due to both the uncertainty on the certified value of the comparator, and 
the uncertainty of the measurement of the comparator 



Summary/Conclusion: 

Choosing a mass spectrometry method 
Things to consider when choosing a method: 
 

• What is the question that you are trying to answer?  
 

• What is the information that you need? 
 

• What method will best provide you with that 
information? 
 

• What are the available funds? 
 

• Are there any time constraints? 
 

• How well do you need to know the answer?  What 
kind of uncertainties are required? 
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Mass Spectrometers – A Comparison 
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• Q-ICPMS (Quadrupole) - $$ 
− Trace element analysis, major isotopic analysis 

− Fast sample throughput 

− Fast scanning across many masses 

− Lower resolution than sector field mass spectrometers 

 

• Single Collector SF-ICPMS (Magnet-ESA) - $$$$ 
− Trace element analysis, isotopic analysis 

− Reasonably fast sample throughput 

− Reasonably fast scanning over masses 

− Slower isotopic analysis due to single collector 



Mass Spectrometers – A Comparison 
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• TIMS (Magnet) - $$$$$ 
− Isotopics 
− Sample batch limited to turret size, can run up to ~21 

samples a day (automatically) 
− High resolution 
− Few interferences for measurement of actinides 

 

• Multiple Collector SF-ICPMS (ESA-Magnet) - $$$$$ 
− Isotopic analysis 
− Could measure trace elements but it would be slow … but 

optimized for isotopic analysis of one, or two elements at a 
time 

− High resolution 
− Faster isotopic analysis than single collector 
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• Alpha Spectrometry – March 27, 2014 
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