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Helium Isotope Ratios with Noblesse or Chronos

Instrument and collector configuration

We present He isotope data from a 1 Faraday + 3 multiplier Noblesse. 
This is our most popular configuration and, in addition to 3He/4He 
measurement by peak jumping, allows multicollection for all the other 
noble gases. It has a volume of ~1550 cc (excluding source and collector 
getters; the operating volume including both getters is ~700 cc higher). 
The Chronos, our single collector instrument, has a volume about 300 
cc lower and is also very suitable for He isotope measurement. The He 
sensitivity of the source used was measured as 0.14 A/bar.

Due to the excellent peak jumping capability of the Nu Instruments’ 
magnet, multicollection is not necessary to measure He isotopes.

Analyses

• 	 One series of analyses was made lasting 4 days. This consisted 
of measurement of 1 to 10 shots of commercial He (‘balloon gas’), 
and then repeated. A single shot yielded 3.4 V of 4He. Commercial 
helium is expected to have 3He/4He significantly lower than that in 
air – as was found to be the case.

• 	 In total 92 measurements were made.
• 	 3He/4He was measured by peak switching, with 4He on the Faraday 

(with a 1011 ohm resistor) and 3He on the axial multiplier (IC1).
• 	 The detector baseline was measured at a position 0.007 amu lower 

than 3He.
• 	 Within each analysis, the total measurement time for 3He and 4He 

was 1400 and 160 seconds, respectively.
• 	 3He was fully resolved from HD, as shown in the mass scan below:

Results — 3He/4He ratios for different sample sizes

We observe that the 3He/4He ratio varies with pressure. This has 
been observed before on other types of instrument, although different 
studies have found different forms of variation with pressure, and even 
variations in different directions. It can be easily demonstrated that 
the 3He/4He variation observed in our results cannot be produced by 
a baseline error, or any plausible interference under the 4He peak. We 
shall not comment further on the pressure related variations, since a 
more extensive study would be required to start to understand them.

Error bars in this and subsequent graphs are 1 s. No allowance is made for 
multiplier efficiency (which was later measured as ~ 98%).

Results — Abundance Sensitivity

The Abundance Sensitivity (4He tail measured at mass 3) is given by 
the slope of the graph plotting the baseline at mass 3 against the 4He 
signal. This is found to be 1 ppb. The baseline in the absence of 4He, 
i.e. multiplier dark noise, is ~0.1 cps.
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Results — Precision

A key issue to be considered is the reproducibility, or precision, of the 
3He/4He ratio measurements. The fundamental limit on precision is set 
by shot noise in the ion beams (also called counting statistics). This is 
completely dominated by shot noise in the 3He beam, since the total 
number of 4He ions detected exceeds that for 3He by five orders of 
magnitude (even allowing for the shorter integration time for 4He). The 
dispersion of the raw data (1 second measurements), within a typical 
analysis, is shown below.

The average 3He signal is ~310 cps. The expected dispersion is 
therefore ~√310 = 18 cps, in excellent agreement with the observed 
value of 17 cps.

This dispersion is used to calculate the error in the intercept (amount 
at time zero).

We now consider the dispersion of the isotope ratios. We consider only 
data from 14 to 30 V of 4He, which shows little variation of ratio with 4He 
signal, and fit a straight line to it: 

The observed and expected dispersions are summarised in the table:

n
average 3He 

signal
rms from line, expected 
for average 3He signal

rms from line, 
observed

cps permil permil

45  240 3.6 3.9

There is good agreement between the observed dispersion, the 
calculated error bars, and the dispersion expected from counting 
statistics.

Conclusions

Noblesse He isotope data demonstrate precision and stability which:
• 	 are in good agreement with counting statistics (i.e. theoretical limit, 

cannot be improved)
• 	 achieve precision to ± 0.4% (1 s) using Helium with 3He/4He about 

0.2 RA over several days

These data were obtained on a sample depleted in 3He relative to air. 
We therefore expect measurement of samples with 3He/4He
>RA to be easier (or faster, to obtain the same precision). Helium 
isotope ratio measurement is also possible on the Nu Instruments 
Chronos with at least this level of performance, owing to the smaller 
instrument volume.


