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High-Precision Half-Life Measurements
Motivation

• Our goal is to provide a half-life
measurement of 26Na as a first
experimental test of GRIFFIN
for high-precision work
(eg. superallowed decay studies).

• The GRIFFIN result can be
compared to a previously
published high-precision
measurement (Grinyer, 2005).

• ∼ 99% of all β decays yield the
1809 keV γ-ray (Grinyer, 2008). Figure 1: A simplifed 26Na β− decay

scheme to the stable daughter 26Mg.
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γγγ Counting — The GRIFFIN Spectrometer
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Data were Collected in Cycles

Figure 2: 1-D plot showing the cycle number versus the time in cycles without incomplete cycle.
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High-Precision Half-Life Measurements

Figure 3: γ-ray singles spectrum for 26Na with all the trigger events for a single run (40 mins).
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High-Precision Half-Life Measurements

Figure 4: Typical zoomed in region (1760 - 1860 keV) from the γ-ray singles spectrum of 26Na. The
region due to pile up is clearly shown.
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Data Selection Criteria
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Dead-time and Detector Pulse Pile-up Corrections
Dead time is the total period of time during which hit detections cannot be processed
even if they are present.

Figure 5: The dead time of the GRIFFIN DAQ shown by plotting the time interval of two
consecutive γ-rays for each crystal. 8



Introduction
Motivation

Experiment
Data Selection
Criteria
Analysis

Results and
Discussion
Half-Life
Analysis: 26Na
Gated 1809keV
Activity

Summary
and Future
Work
Future Plans

Dead-time and Detector Pulse Pile-up Corrections
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Looking at the Pile Up and Single Events Spectra

Figure 6: 26Na Energy spectra to distinguish between single and pile-up events.
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Dead-time and Detector Pulse Pile-up Corrections

Figure 7: Left: the bin-by-bin dead fraction vs. time in cycles(s) for all events and right: the bin-by-bin
pile-up probability vs. time in cycles(s) for all events.
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Half-Life Analysis: 26Na Gated 1809keV Activity
26Na Gated 1809keV Activity with total decay time of 30s.

Uncorrected Data 1st order pile-up + dt correction

Figure 8: Non-corrected decay curve (left) and 1st order pile-up and dead-time (dt) correction decay
curve(right) obtained from a single run following a gate on the 1809-keV transition in 26Mg.
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Half-Life Analysis: 26Na Gated 1809keV Activity

Figure 9: 26Na: Deduced Half life versus run number (right). A weighted average of T 1
2
= 1.07472 ±

0.00023 s is deduced from these data where the uncertainty is statistical.
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Half-Life Analysis: 26Na Gated 1809keV Activity
Leading-Channel Removal Plots
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Run# 10485: Deduced half-life of 26 Na versus the number of leading channels removed.

Method 1: No Correction

Method 2: Deadfraction Correction

Method 4: Full Pile up Correction

Expected Half-life: 1.07128(25)s

Figure 10: Deduced half-life of 26Na vs. number of leading channels removed.
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Higher Order Pile-up Corrections
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Half-Life Analysis: 26Na Gated 1809keV Activity

Comparing 1st order pile-up correction to Higher order pile-up correction

1st order pile-up correction Higher order pile-up correction

Figure 11: 1st order pile-up correction (left) and Higher order pile-up correction decay curve(right)
obtained from a single run following a gate on the 1809-keV transition in 26Mg.
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Half-Life Analysis: 26Na Gated 1809keV Activity
26Na Deduced Half life vs Run numbers

1st order pile-up correction Higher order pile-up correction

Figure 12: 26Na: 1st order pile-up correction (left) and Higher order pile-up correction (right) of the
deduced Half life versus run number.
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Half-Life Analysis: 26Na Gated 1809keV Activity
Leading-Channel Removal Plots
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Method 1: No Correction

Method 2: Deadfraction Correction

1st order Pile up Correction

Higher Order Pile up corrections

Expected Half-life: 1.07128(25)s

Figure 13: Deduced half-life of 26Na vs. number of leading channels removed.
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Summary and Future Work

1 The Half life for the 1809keV activity from 26Na has been determined and was
found to be T 1

2
(avg) = 1.07294 ± 0.00023s.

2 The results from the higher order pile-up corrections looks promising.

3 Grinyer et al. (2005) measured the high-precision half-life of 26Na via β-counting.
The half-life of 26Na was determined to be T 1

2
= 1.07128 ± 0.00025 s.

4 There is still work to do (∼6σ) on refining the pile-up correction and systematic
uncertainties. Also need to explore summing effects in GRIFFIN.

5 Analysis of 14O superallowed beta decay
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Rejecting those Cycles with few or zero Counts

Figure 14: 2-D plot showing the cycle number versus the time in cycles, incomplete cycles were
removed for all runs. 27
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Higher Order Pile-up Corrections
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Higher Order Pile-up Corrections

Figure 15: The fit of the probability of pile up with a non zero time resolution, trigger energy
threshold and detection efficiency. 30
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1st Order Pile-up Corrections
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TRIUMF-ISAC Facility
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γγγ Counting — The 8πππ Spectrometer
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Half-Life Analysis: 26Na Gated 1809keV Activity
26Na Deduced Half life vs Run numbers

Figure 16: 26Na: Reduced χ2 vs run numbers(left) and deduced Half life versus run number (right). A
weighted average of T 1

2
= 1.07472 ± 0.00023 s is deduced from these data where the uncertainty is

statistical.
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Half-Life Analysis: 26Na Gated 1809keV Activity

Figure 17: Run 10485: Deduced half-life of 26Na vs. electronic settings38
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Exploring pile-up options

Figure 18: Pile option used: 1-D plot showing the counts versus the integration length.
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