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Environmental gamma spectrometry

* Goal
* Measure radioactivity in environmental samples
e Signal comparable to background radiation

* Most common radionuclides
* U/Th decay chains
. K-40
* (Cs-137
* Wide energy range (40 keV — 3 MeV)

* Closely spaced gamma lines



Environmental gamma spectrometry

* Detector of choice — HPGe
e Superior energy resolution
* Low intrinsic noise
* Wide energy range
* Available in different geometries
* High efficiency
* Low internal radioactivity

 Shielding

* Large Pb shields + Cu lining, ... https://www.mirion.com/




Typical environmental sample
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Typical environmental sample
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Traditional approach

* Additional detector
* Measure scattered photons
* Apply anticoincidence filter
* Typicaly Nal or BGO
* P/C ratio - up to x10 improvement

* Drawbacks
e Additional cost
* Electronics
* Increased background
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Pulse-shape analysis (HPGe)

1.0

* Rise time ~ 100 ns

* Shape depends on position
* Proximity to different electrodes
* Weighting potential gradient R
* Faster/slower signal
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weighting potential

Pulse-shape analysis (HPGe) T
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 Different detector geometries 0 | T

» Specific weighting potential ol I

* Coaxial é‘;z: ]

* Nearly constant profiles at all heights 20 | .

 Signal shape depends on radial distance ‘z I 1

* Broad energy (BeGe) ol i

* Mostly uniform potential away from the anode g -

 Distance traveled by charge depends on deposit location “‘z [ ]

 Main idea ee s wan g,
* Filter out SSE (single-site event) from MSE (multi-site event) Jfﬂ%m

 MSE more probable for FEP event ( > 300 keV)

J. Gruszko (2017), Thesis
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Coaxial geometry

* Schmid (1999)

* “In the pure coaxial region of the HPGe, the leading edge of the charge pulse

shape for a given Compron or photoelectric interaction is dependent only on
the radial position of that interaction”

Use highly collimated Cs-137 beam

Gate on the Compton edge -> select only single-site events

e Least-squares fit of these “reference” pulses to the measured ones
Below 220 keV, algorithm is turned off

Compare the largest contribution to the Compton edge energy
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BeGe (planar geometry + small anode)

* Much smaller inner electrode

2500

* Sharply varying inner electric field 2 200
* Discriminate SSE / MISE g sof

* Single site event

* Multi site event =
* Neutrinoless double beta decay (0nBB) § .|

* Keep only SSE (beta — short path in Ge)
* P/C ratio improvement of x2 (Gonzales, 2010)
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counts
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Results when accepting only MSE
(this is Compton suppression)

/

1100 1300

When accepting only SSE,

DEP (double escape peak) remains,

while FEP (full energy peak) at
high energies vanish

DEP FEP ' SEP

1592 1620 1588 2614 2103

keV keV keV keV keV
Counts before cut | 2490 1009 2242 12652 1937
Counts after cut 2299 190 380 1813 142
% accepted SSE | 92% 19% 17% 14% 7%
% discarded MSE | 8% 81% 83% 86% 93%

50% - 75% CC suppression, while keeping 80% of FEP counts
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Monte Carlo simulations

* Basic Geant4 simulations

/ /| /
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e Simple BeGe geometry
* no details (contacts, cooling, etc.)

e |dea
* Find the theoretical limit
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* Main focus
 Number of ionization steps (scatter + photoelectric)
* Max spatial distance between steps within one event
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Number of ionization steps distribution
(1 MeV point source)
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Number of ionization steps distribution

* Observe the distribution for different incident energies

e Separate distributions for FEP and nonFEP (Compton) events
 MSE dominate at higher energies

Steps per Event (incident photon) Distribution by Energy (FEP vs non FEP)
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More realistic approach

* Max distance between steps within a single event

* This should give an idea how well the steps are separated in time

» Because of the finite charge drift velocity (~ 1 mm / 10 ns)

 How well could the pulse-shape algorithm separate the events
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Measurements

* Point sources

* Am-241, Cs-137, Co-60, Na-24

 CAEN DT5781 digitizer

* 14-bit, 100 MS/s

 Different algorithms tried
* A/E shown below
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Amplitude - Energy Ratio

A/E vs. Energy distribution
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Faster sampling rate

 Tektronix MS02024

* 8-bit, 1 GS/s

e Similar results, slightly better separation

- 65% Compton continuum

- 20% FEP counts
- 80% DEP
- 20% SEP

e P/C ratio increase ~ x2
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DEP vs SEP

FEP @ 1369 keV DEP @ 1732 keV

* Na-24 @
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Conclusions

e Secondary veto detector still a superior method
e x10 P/C ratio improvement

* Pulse-shape analysis
 Literature results show around x2-3 improvement

* Simple simulations show similar suppression potential

 Measurements using CAEN digitizer

* Improvement factor < 2
» Different algorithms give similar results (rise time ratios, second derivation)

* Early phase of measurement analysis
e Potential for improvement
* Additional algorithms, detector geometries
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