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Executivesummary

The ARPANSA CRL radionuclide laboratory operates two sensitive gamma detection systems for the
measurement of CTBTO station particulate samples. The detector systenesjaired to comply with
minimum detectable activity (MDA) specificatiatsfined by the CTBTO. The systems operate clogeto
limit of the MDAspecification, and@an benefit greatly from a reduction in background radiation above that
provided by passiviead shielding.

This report details the integration of the first of t@osmicGuardeto systems into the CRL radionuclide
laboratory Antler detection stem. The purpose of the cosmic radiation veto system is to reduce the
spectral contribution of backgund radiationfrom extraterrestrial sourcesand thus improve the
measurement sensitivity of the detection system.

This report covers the initial installation and testing of @esmicGuardurther optimisation olignal
processingsettings, and asses@&nt of potential negative impacts resulting from the implementation.

Testing of the CRAntler systemincluding veto hardwargith optimised coincidence settings indicates that
MDA improvespproximately 186,from 22 mBq/m3 (no veto)to ~18mBq/m3 (veto). This MDA

improvement is significant given the maximum detedVIDA specified by the CTBTO isrmaq/mS, and
the possibility ofdetector MDAdegradationthat may result fromvarious influences

Testing of the modified CRL Antler system also inditaegligible impact of coincidence effects that may
manifest at higher count rates. The positive results sugtes both CRL detection systems will benefit
substantially from the integration and optimisation of t@®smicGuarsgeto system.

The followingactions are recommended and based on detection system performance testing:

1 Implement theCosmicGuardeto system as a standard component of the Antler CRL detection
system, with Gate Delay, Gate Width and SCA LLD \agipéied as concluded (Secti@ri)

9 Integrate the second availab@osmicGuardystem into the Buffalo CRL detection system with SCA
window fully open (LLD=0), and test to determine optimised Gateylzid Gate Width values

I Update the calibration, background and blank acquisitions, includiigstence of a Detector
Information Form CTBTO, 201%ppendix VII) with veto system details before commencing
operations with a veteenabled CRL detection sgst

I Always save both gated and ungated spectra acquired with-@ettled CRL detection systems,
and regularly compare analyses of these spectra as a means to assess veto system performance
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1. Introduction

The Comprehensive Nucle@estBan TreatyOrganisation(CTBTO) is an internatiortady that will be
tasked to verify a ban on nuclear weapon testing upon entry into force of the correspameaty(CTBT)
As part ofplanningfor verification oftreaty compliance, th@reparatory Commission féne CTBTO is
implementing and operatingie International Monitoring System (IMSJhe IMS ibased on various
technologies including particulate and gaseous radionudatapling and detection systema/hen
completed, the IMS include 80 radionuclide particulate monitoring stations amddiénuclide
laboratories for analysisf samples from thosetations

ARPANSA ike designatedesponsibleorganisationfor carrying out Australia's radionuclide monitoring
and laboratory obligations to thedaty. The radionuclidéaboratory (CRL) at ARPANS Adrtified by the
CTBTO to undertalstationsample analysis within specified parameteneludinga requirement for
minimum detectable activity (MDA) of the detection system for the radionuclidéf®aof< 2 4 /miB q
(CTBTO, 20)}9

In order to achievehe requiredmeasurement sensitivity, the CRL operategetection technology
standard for the CTBT&ation and supporting laboratonyetwork: singlehigh-purity germanium (HPGe)
detectors, eaclencased ira passive lead shield to reduce terrestrial backmd contributions The CTBTO
specifies and certifies numeus technical requirements faystem performance, and supporting
infrastructure and processebnportantly,expectations of detector performance require the use of
commerciaHPGe systemsperating at their technical limits, andith high reliability representing
challenges for laboratory operations

Whilst the CRL detector system is certified as satisfying CTBTO requirements, several factors may
significantlydegrade detector sensitivity. Managkeleinfluences onMDAvaluesinclude:external radiation
levels environmental conditions, and inhere(dgometimes varyingcharacteristics of the spectroscopy
system leading to electronic noisas is typical for grountével spectroscopinstallations a significant
spectralbackgroundcontribution originates from cosmic radiatidhat resultsin muons(with
predominantlyvertical fluy and gamma radiationfCommerciabystens tomitigate (veto’) this cosmic
background contributionvere notavailableduring formulation of requirements for CTBTO detector
systemsCosmic veto systems arw commerciallyavailable and represent a means tignificantly
improve HPGe system MD@A ensure ongoing CRL compliance

Acommercially available cosmic veto syst€bosmicGuardvas purchasedbr implementation in each of
the two CRIHPGaletector systers (Buffaloand Antler). This document reports on the installatiand
optimisation of the first of twoveto systenson the Antler systenassessgthe achievedietection system
sensitivity improvements, and makes recommendations where possible for operational configuration of
this and further cosmic veto systems in the CRL.
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2. Spectroscopysystem hardwareand software

Cosmic veto systentrave existed for decadese&ent improvements in integrated electronics, detection
materials and associated software have seen the production of commercial veto systems available for
implementation without the previously significant burden of extensiaplementaion and optimisatio
tasks. One sucbff-the-shelfsystem, Canberra/Mirio@osmicGuar produced by the same manufacturer
as the CRANtlerHPGespectrometry systemAntler was thughosen for imfementationof the first of two
purchasedCosmicGuargeto systems, witlexpectations ofstraightforwardintegration

2.1 ExistingAntler spectrometry system

The CRL Antleletector system consists of the following hardware and software:

1 CanberraBEGHEetector, with ultra-low backgroundryostatand liquid nitrogen cooling

I Canberrar47shield L0cm kad, plus additional inner lining

9 Canberra Lynx digital multichannel analy@dCA) including user manuaC@nberra Industries,
20149

I Canberra Genie 2000 acquisition and analysis softwactuding user manual (Canberra Industries,
2013).

Thecurrentmeasured minimum detectable activities (MDA) of the two CRL detection systems according to
the CTBTG@pecificationsare:

1 Antler- 22.0 mBg/n?
1 Buffalo- 23.5 mBg/n?
1 CTBTQ@equirement- < 240 mBg/nt

The Lynx MCA may be accessed via IP connection to an inbuilt web sdriehincludes a digital
oscilloscope for visualisation of signal procegsand interface for inspection of spectra and settings

Hardware detailsandbasicsettings of the existing\ntler spectrometry systenare provided in Appendix 1.
2.2 Cosmicveto system

The newly installed CRL Antler cosmic veto system consists of the following hardware and software:

1 CanberraCosmicGuardosmic veto systepwith plasticscintillator detector, photmultiplier tube,
andOsprey DigitaMCA Tube Baséncluding user manuaMjrion Technologies2017a)
I CanberraCosmicGuarcortrol Panel(GGCR for configuration settings.

The Osprey MCA may be accessed via IP connection to an inbuilt web aéiehincludes an interface
for inspection of spectra and settings

Hardware details and basic settings of thesmicGuardystem are provided in Appendix 1.
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3. CosmicGuardonfigurationandinstallation

3.1 CosmicGuarahetwork configuration

Prior to installation, te CosmicGuard veto system acmmputernetwork software were configured to
allow network connection and subsequent operationalgpt

The CosmicGuard softwar€ GCPand drivers were installed on a Windows computer, and the computer
connected to a networkub with a provided RJ45 CATS5 network crossover cable. The CosmicGuard was
connected to the network hub via an identical cable, which provides the necessary power to the veto
system via poweover-ethernet (PoE).

TheCosmicGuargvas alsdnitially conneced directly to the computer with a provided USB cable. The
CosmicGuardhaintains an unalterable IP address via this USB connection method to ensure a network
connection can always be established. The computer IP4 network address ared swsk were then

configured to include the fixed USB connection IP address in the local network. After launching Internet
Explorerand entering thefixed USB IP address in the browser URL field, the veto system MCA (Osprey) web
serveruser interfacevas displayed.

The vetosydem RJ45 IP network address veamfigured vighe OspreyMCAweb server to be compatible
with asimple local area network includinige default IP address of a Lynx M@CAeUSB connection to the
veto system was then removed, and the computer IP address reconfigured to provide communigttion
the Osprewia the RJ45 connectioihe Lynx MCA was connected to the network hub, and network
connection to both MCA web servers wasified.

Note that the default Osprey MCA RJ45 IP4 network address providediisah@anual(Mirion
Technologies, 2017awvas in this case incorrect. Initial connection to thesmicGuardia USB would not
be necessary if the configurable IP addrasa RJ45 cabl@®f the Ospreyis known.

3.2 CosmicGuardnitial hardware test

Following configuration of th€osmicGuar@Osprey MCA) network adeks ancconnectionto a network
hub, the veto systemwastested forbasic functionalitypefore installation

CGChmvas initiated and thédspreynetwork address field configured to reflect thacal networkRJ45 IP

address discussed above. Once connected, the veto system was enabled and acquisition initiated to verify
that spectral data was displayed. High voltagges goplied to the veto system according to the

recommended value, and the spectral display examined to verify reduction of spectral Fioisky the

Osprey gain and singlghannel analyser were adjusted to verify functionatifyhose settings

Asuggestedstep-by-step summary ofthe CosmicGuartksting and configuration process is provided in
Appendix 2.

3.3 CosmicGuardnstallation andintegration

The existingCRL spectromegrsystemchosenfor the addition ofcosmicveto hardwareincludes a lead
shield with singlepiece swinging top cover. The CosmicGuaath hardwarerequired the fitting of four
supplied brackets in suitablecations to fit the spectrometry system leatlield These bracketallow the
CosmicGuard tbe simply placed on the top dhe shield top coverand swing with the lid upon shield
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opening(Mirion Technologies, 2017bMore complex hardware is required to fit the CosmicGuard to a
split-shield configuration.

Followinginstallation of the brackets anplacement of the veto systemn the lead shield, the
CosmicGuard.ynx MCA, network hub and computer were connected via RJ45 eatuldestedas
detailed above (SectioB.1). Two signal connections requirdeétween the spectromeyr MCA (Lynx) and
the veto hardware were installed via provided59 50 ohm BNs&ables as follows:

1 CosmicGuard output: GATE > Lynxinput: GATE
I CosmicGuard output: START/STOP > Lynx inputPHA ACQ SS

The Antler HPGe detector wasnnected to the Lynx MCA, and the Lgoxfigured to standard settings
previously established for operational CRL spectrometry, including: high val@geaise-time, flat-top,
pole zeroLLD/ULD etc. Basic settings of theélédmspectrometry system are provided in Appendix 1.

Further configuration of the Lynx MCA was performed to implementaoiticidence counting using signals
from the CosmicGuardCoincidence settings may be enabled via Genie 2000 (menu MCA > /AResjuip®

or the Lynx MCA web server (menu Acquisitto@oincidence). In both cases, the following settings should
be configured:

9 Acquisition Mode: PHA

Input Size: 16384 / 32768&¢al number of spectrum channelsee comment below)

Gate Mode: Combined Advead AntiCoincidence

Gate Polarity: Positive

Gate Delayis): 0 (delay to the Lynx Store pulse)

Input Gate Delays): TO BE OPTIMISEIRlay applied to the external antbincidencepulse)

Input Pulse Widthis): TO BE OPTIMISBdth of the gate pulseinitiated by the external pulge

The number of channel$nput SizeJjequired for a spectrum should account for one further configuration

of the LynxIn order tostore both the gated and ungated spectrum, the Lynx may be configured to use two
memory groups. To achieve this feature, the Lynx will split the number of available channels between both
spectra. As such, Input Size was set to 32768 to provide 16384alkdaneach spectrum.

= =4 =8 —a -8 -9

To configure the Lynx to use two memory groups requires the Lynx configuration file (detector definition)
to be modified via theGenie 2000 MID Setup Wiza@pecifically, the Memory Group chewodx in the

Input Settings menu shoulge enabled. This change in detector definition was performed to enable
evaluation of theCosmicGuardystem, and is recommended for all CRL spectra adqussit-urther, the

“ I np uwas setitaz1l6384 channels in the Genie 2000 Acquire Setup.panel

This Lynx configuration using two memory groups allows Genie 2000 to display both the gated and ungated
spectra vigdhe menu item:Datasource> Datagroup

3.4 CosmicGuardCAconfiguration

Basic onfiguration of theCosmicGuardettings is required to ensure theto system outputs broadly
suitable for gating the detector signdhe following values for the veto syste@sprey MCAvere
configuredusing the CGCP software

1 CosmicGuar@®utput: Enabled
1 High Voltage Set Value (V): 691 (as per system label)
I High Voltge Status: ON

CRL Cosmic Veto Systenplementation andAssessment Report 4
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Coarse Gain: 1 (default)

Fine Gain: 2 (defauylsee comment beloyv

SCA Window Lower Limit (Ch)s@e comment below)
SCA Window Upper Limit (Ch): 2048

Acquisition: Start

= =4 -8 —a

TheCosmicGuardpectrum should include sigrsdfom incidentmuons, which have a typical full energy of
approximately 10 MeV. The gain of the veto system should be set to produce that 10 MeV peak at-the half
way point of theCosmicGuardpectrum in order to also capturauon coincidence (~ 20 MeV).

A spectrum was aplired from the veto system for approximately one hour. The broad peak centred at
approximately channel 100@as observed and attributed tull energy muons. As such, the default Osprey
MCA gain settingsere judgedappropriate and were retained fdurther use of the system.

The veto system user manual recommends the SCA Window Lower Limit be set attiamdeside edge

of the muon peak; at approximately channel 700. Some reports on implementation QfasmicGuard
system in similar detection sigsns indicate acceptable veto system performance at $amplecount

rates with the SCA Window completely open (Lower Limit at channel 0). The LowdpLinoiver Level
Discriminator, LLDyas initially set to zero for testing purposes, with the valuthsf setting to be assessed
during the testing and optimisation of the system.
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Figurel: Imageof CosmicGuardeto system installed on CRL Antler detector system

CANBERRA
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4. Initial anti-coincidence timing settingand evaluation

Implementation of the veto system requirdsning adjustment of anticoincidence signals sent from the
CosmicGuar@sprey MCA to the spectrometsystem Lynx MCAnNInput Gate Delajs introduced to
allow HPGaeletector charge collection and Lynx digital processing before arrival of the gatefsignahe
Osprey MCAThedetector risetime settingmaybe used as a starting point for setting the gate delay

Thelnput Pulse Widtlis the duration of the gate sigihthat will be used by theyhx to correlate coincidat
events to begated (e x c |l udspettrumiThe©osmidGhaathanual(Mirion Technologies, 201Fa
suggests @ initialwidth setting of 1us.

4.1 Determination ofinitial gate timing settings

A digital oscillosope application available viae Lynx MCA servevas used to determine the Input Gate
Delay settingUse of the oscilloscope to identify and/or align the following digital processing signals
described irthe veto system user manu@lirion Technologies, 201%a

1 Peak Detect This signal displays the status of the spectroscopy filter peak detector. The signal
goes high when the systehas detected the peak amplitude

9 Store- This sigal goes high when agvent is detected by the MCA processbhe event will be
stored in the spectrum if alstoragerequiremensare met (LD, ULDxpincidence gatingetc.). In
this case thescope displays the width of th&toresignalas ~ 0.2us

1 External Gate In-This signal godsigh to indicate armanticoinégdence gateThe veto system
initiates the generation of this signahe delay and durationf which are set via the Input Gate
Delay and Input Pulse Width settings in the Genie 2000 Acquire Sahgb.

Theoscilloscope application was usedvisualisehe alignment othe Store andExternal Gate Isignals.
When seen in coincidence withe veto gate signal, majority of theStore signals appeared to be
generated at ~ Qs after the gate signallhe Genie 200 Input Gate Delay valweas varied to alig the
centreof the gate signal withthe predominatingStore signal The followinggate timing values were
determined as appropriate for anitial assessment dhe CosmicGuardeto systenperformance

1 Input Gate Delay9d us
1 Input Pulse Width1 us, as recommendedMirion Technologies, 2017a

4.2 Method for assessmenbf veto system performance

In order to assesthe impact of theCosmicGuardn the detection system MDA, the reductioncount
rates at pecificspectralbackgroundoeaks andepresentativ continua were assesseRegions of interest
(ROI) were established fepectral regions as detailed Trablel, including:

1 ROI #14at the peak for Bal40 at 537 keV. This Rplesents the eargy window width
(1.25*FWHM)ver which the detectoMDA is assessed according to CTBTO reapeints

1 4 background spectrurpeaksusingb r o ad er R Olcénsreddt 8nergiekeV))
73 hieldPb Xrays), 140 (Ge activation), 511 (annihilation), 1762 (8] U-238 decay serigs

9 Fiverepresentativebackgroundcontinua across the energy spectrum. These ROIs have been
chosen asuitable forassessmenpurposs, centred aenergies (keV): 5370, 5551050, 1900.
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Fectral counts in thdackground continua ROIs were evaluated usiiragintegral counts of ROIs defined
via Left and Righthannel markerin the spectrum display déenie 2000Background peak MDA
improvements were evaluated usirgsenie 200(peak analysis to determine both the net peak counts,
andunderlyingcontinuum.Theratiol vet o ‘ gat-eét ov é& uébgth theendtipeak and
continuum counts was calculated, and the latter used to calcula&dative MDA improgment value The
method for calculating the two performance values follows:

9 Ratio of gated to ungated ROI counts (a value <1 indicates a reduction of background counts)
RATIO = R@hten] ROJuNGATED]
1 MDA expected improvement, which varies as the squaot of the countrate ratio

MDA RELATIVE IMPROVEMENT = SQRT(1/RATIO)

Tablel: Regions of interes(ROI)for assessment of veto systemepformance

ROl # | ROI Type ROI Leftkev) | ROI Rightkev) | ROICentre(kev)
1 BG Continuum 25.0 49.9 37.5
2 BG Continuunfrepresentative 49.9 55.0 52.5
3 BG Continuum 49.9 100.0 75.0
4 BG Peak [Pbray kalpha 1&2] 70.5 77.1 73.8
5 BG Continuum 100.0 150.0 125.0
6 BG Peak [Ge(n,gamma) (3*FWHM)] 136.9 142.2 139.6
7 BG Continuumrépresentative 144.9 195.0 170.0
8 BG Continuum 205.0 250.0 227.5
9 BG Continuum 250.0 300.0 275.0
10 BG Continuum 300.0 349.9 325.0
11 BG Continuum 349.9 400.0 375.0
12 BG Continuum 400.0 450.0 425.0
13 BG Continuum 450.0 499.9 475.0
14 BGContinuum 499.9 550.0 525.0
15 BG Peak [511 keV annihilation] 506.7 514.9 510.8
16 BG Continuumrépresentativg 520.0 589.9 555.0
17 BG Peak [Bal140, 537.3 keV (1.25*FWHM)] 535.2 538.5 536.9
18 BG Continuum 550.0 600.0 575.0
19 BG Continuum 600.0 700.0 650.0
20 BG Continuum 700.0 799.9 750.0
21 BG Continuum 799.9 900.0 850.0
22 BG Continuum 900.0 1000.0 950.0
23 BG Continuumrépresentativg 1000.0 1099.9 1050.0
24 BG Continuum 1099.9 1200.0 1150.0
25 BG Continuum 1200.0 1299.9 1250.0
26 BGContinuum 1299.9 1400.0 1350.0
27 BG Continuum 1500.0 1700.0 1600.0
28 BG Peak [Bi214, 1764.5 keV (3*FWHM)] 1760.1 1768.7 1764.4
29 BG Continuumrépresentative 1800.0 2000.0 1900.0
30 BG Continuum 2000.0 2199.9 2100.0
31 BG Continuum 2199.9 2400.0 2300.0
32 BG Continuum 2400.0 2699.9 2550.0
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4.3 Assessment ofeto system performancginitial gate timing settings

Agated and ungatethackground spectra was acquiredth the veto gate timing set to initial values based
on oscilloscope visualisation (delay g9 width = 1us). Acquisition duration waapproximately 2days

with a deadtime of 0.03%A chart of the gated to ungated ROI count rate ratio is presenté&dginre2.

The chart displaysackground continua count rate ragonet peak area ratidor the 511 ke\(triangle) and
continuum ratio for the 537 keV peak ROI

A nominal minimumROlof 500 counts was set ad@wer limit for meaningful calculation of ROI ratios. In

all cases except the 511 keV annihilation peak, insignificant background peak count rates and narrow ROI
resulted in unacceptably high uncertainties fott peak areand subsequent ratievaluation. In these

cases, a simple ratio of groR®lcounts was used as an indicative comparison metric, as per the evaluation
method for background continua. ThegeosspeakROlratios remainsubject to higler uncertanty due to
relativelylow count rates, especially at lower detector efficiencies (higher energresiding the 537 keV

peak

Figure2: Chart ofROlratios using initial gate timing settings.
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The assessment indicatevariation in background reduction across the spectrum energy. MDA

improvement values range from less than 3% at the lowest assessment energy ROIs, to greater than 20% at
the highest energy ROI. This energy dependence of the veto system performance nitafyaesseveral
influences, such as excitatimission delays and detector charge collection time. Irrespective of the

reason for this energy dependence, the results indicate that theoiticidence timing of the veto system
implementation requires futter investigation and optimisation.

Table2 presents results for (i) ROI ratios aiifl Relative MDA Improvemengpresenting key performance
indicators for the veto system, configured with initial gate delay and width values

The assssment also indicates that the net area of the 511 keV annihilation peak is reduced by a factor
significantly greater than the reduction in adjacent continua ROI. This result is expected and is due to
cosmic radiation being the predominant source of tpecral annihilation peak.
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Table2: Veto system prformanceassessmentinitial gate sttings.

Initial Gate SettingsDelay = 9.0 ps, Width = 1.0 us

ROI Type ROI Centre ROI Ratio Relative MDA
(keV) (Veto/Non-veto) | Improvement (%)
BG Continuum 52 0.957 2.2
BG Peak [Pb-ray Kalpha 1&2] 74 0.959 2.1
BG Peak [Ge(n,gamma) (3*FWHM)] 140 0.928 3.8
BG Continuum 170 0.896 5.6
BG Peak [annin(3*FWHM) net peal 511 0.648 -
BG Peakdnnih. (3*FWHM) continuum] 511 0.713 18.4
BGPeak [Bal140(1.25*FWHM)] 537 0.714 18.3
BG Continuum 555 0.754 15.2
BG Continuum 1050 0.761 14.7
BG Peak [(Bi2143*FWHM)] 1764 [high unc.] [high unc.]
BG Continuum 1900 0.675 21.7

4.4  Confidence innitial gate timing settings

The above method for setting the arttdincidence gate width igrone to uncertaintyresulting from

1 arelatively low countrate of coincident events with which to visualise gate timing
1 minimalprovidedinformation regards optimisation of the gate signalay and width settings.

This uncertainty, coupled with the observation of energy dependence in the MDA improvement values,

indicates that further investigation of antoincidence timing of the veto system is warranted. As such, a
procesgo compare andptimise gate timing values wamdertaken
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5. Optimisation ofanti-coincidencetiming settings

In order to optimise the timing of antioincidence signals from th@osmicGuargteto system, a method
was developed t@ssess the impact of variation in gate delay and gate width values. Basied on
assessment, gate timing values may be assigned to more effedtivedypture coincident signals, whilst
limiting random coincidences the two detectordo acceptable levels

5.1 Gatewidth variation

Commencing with the initial gate timing values based on oscilloscope visualisation (delaywi@h = 1
us),the gate width was widened to determine the range of delay values across which the veto system
produces significant reduion in background count rates. Mutiiey background spectra were acquired
with the anticoincidence gate width set toi& and 5us (delay unchangedynd the ROI ratios evaluated.

Figure3 shows a chart of ROI ratios for the initial gate timing values, and subsequent acquisitions where
gate width was increased. The results and corresponding chart clearly indicate that a gate wigdth of 3
produces a °‘ frtiabatkerouhd coumgpacross tepactrum compared to initial gate timing
settings. Widening of the gate tops produces results that indicate further but less significant
improvements in background and annihilation peak count rates may be achievable.réhekbssuggest

that a majority of thecoincident events occur within 2|5 either side of the fis gate déay. This range of

gate width values provides suitable starting poi

and better determine the timing range of coincident events.

Figure3: Chart ofROlratios using variougyate width settings.
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5.2 Gatedelay variation

As detailed above (Secti@nl) results ofanti-coincidencegate width variation suggest that a majority of
coincident events occur within 2|5 either side of the fis gate delay. In order to more precisely
determinegatedelay and width settingsnulti-daybackground spectra were acquired wahwidth setting

of 1 us, and delay setting between& and 12us at increments of jus. Continua and peak ROIs were

evaluated as described above (Secto®). ROI ratios are presented kigure4.

Figure4:

Chart ofRQOlratios usirg various gate delay settings.
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ROl ratio results indicate that two of the spectral acquisition®tal contained a significant majoriof the
gatedcoincident events

1 Delay = Qs (from 8.5us to 9.5us). This is the same spectrum as that acquireddsting of initial
gate settingsAs noted earlier, background reduction shows an energy dependence, where the

The remainder of spectrgétedelay = 7, 8, 11 and 1) appear to reflect insignificant impravent in

proportion of gated eventdecreasedelow ~ 2B keV

Delay = 1Qus (from 9.5us to 10.5us). These results also show an energy dependence for

background reduction, buwith the proportion of gated eventgcreasing below 1000 keV. Above

this energy, background reduction appears minimal.

background and peak ROI, except for annihilation peak reduction of ~ 4% for a gate dejsy ®b8nore
concisely illustrate veto system performance for the incremental gate delay settings, the mean ROI ratio
was calculatedor three energy ranges< 250 kV, 250 to 1000 keV, and > 1068/, agpresented inTable

3. The table also includeatios for the 511 keV net peak, and the 537 keV gross ROI aFAEM, the

latter subject to high uncertainty due to low count rates and narrow ROI.

CRL Cosmic Veto Systenplementation andAssessment Report
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Table3: Mean veto system performancencrementalgate delay ®ttings.

Gate Delay
ROI Ratio 7 s 8 us 9us 10us 11lus 12us
Mean (< 250 keV) 1.017 1.004 0.930 0.758 1.030 1.020
Mean (250 to 1000 keV) 1.011 0.999 0.751 0.878 1.018 1.010
Mean (> 1000 keV) 1.023 0.999 0.713 0.983 1.041 1.020
BG Peak511 keV, net) 1.027 0.957 0.648 0.864 0.974 0.994
BG Peak537keV, gros$ 0.944 0.998 0.714 0.894 0.986 1.019

Determination of appropriate veto system gate width and delay settings must strike a balance between
registering all cosmic coincident events and minimising exclusioaufts due taandom coincidence. The
results of gate delay variation suggelsat a significant majority of coincidertPGe detectoevents occur

within a 2uswidth window between 8.5us and 10.5us after the veto systeravent. Whilst further

iterations of the above optimisation process may be performed to refine the coincideneevigth and

delay settingsthe benefits of suctime-consumingefforts will be minimal for low count rate

circumstances. As a first iteration of coincidence gate timing optimisation, the following settings suggested
by the above data are considered reasble balance for implementation of tH@osmicGuargeto system:

1 Input Gate Delay9.5us
1 Input Pulse Width2 us.

5.3 Assessment ofeto system performanceoptimised gate timing settings

The Antler detector system was configured with the optimised coincidgatewidth and delay settings
determined abovel{(LD= Ogelay = 9.51s, width = 2us), and a background spectrum acquired for
approximately 3 days'he acquired spectrum was analyded ROI ratios via the previously established
method.

A further spectrum was acquired with the veto syst&@A.LD =600. This setting places the lower energy
of the veto discriminator window more tightly around tfiel energymuon peak The effect of this
configurationis to excluddess energetiand higher countate external background radiatiotihat may
originate from other sourcesDoing so majower the probability okignals from the veto systemandomly
coinciding with sample emissions. Thus améase in veto system SCA LLD will redass of detector
efficiency, but at the expense of increased MDA

Resultsof the analysis of two background spectra acquired with either LLD sé@tiagd 600jand
optimised gate settingare plotted inFigureb, along withresults for theinitial gateconfiguration (delay = 9
us, width = 1us). Key ROI ratiandicatorsare provided inTable4.

Results of optimised gate settings with LLD=0 shows the better MDA improvement, with variation in ROI
ratios relatively flat up to ~ 1300 keV, between 0.70 and 0.75. The equivalent MDA improvements range
from 17.1% to 20.09&lightly greater MDA improvements are evident at higher spectrum energies. The
mean of key indicator MDA improvement values for optimised gate settings and LLD=0 is 18.6%.

Results of optimised gate settings with LLD=600 also show MDA improvement, altessigfian that

achieved for LLD=0. Variation in ROI ratios is again relatively flat up to ~ 1300 keV, between 0.75 and 0.80.
The equivalent MDA improvements range from 12.6% to 15.6%. Again, slightly greater MDA improvements
are evident at higher spectruenergies. The mean of key indicator MDA improvement values for LLD=600

is 14.2%.
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Results of optimised gate settings with LLD=0 shows the better MDA improvement, with variation in ROI
ratios relatively flat up to ~ 1300 keV, between 0.70 and 0.75. TheaguiMDA improvements range

from 17.1% to 20.0%. Slightly greater MDA improvements are evident at higher spectrum enérgies.
mean of key indicator MDA improvement values for optimised gate settings and LLD=0 is 18.6%.

Results of optimised gate settingsth LLD=600 also show MDA improvement, although less than that
achieved for LLD=0. Variation in ROI ratios is again relatively flat up to ~ 1300 keV, between 0.75 and 0.80.
The equivalent MDA improvements range from 12.6% to 15.6%. Again, slightlyrdviE®eimprovements

are evident at higher spectrum energi@he mean of key indicator MDA improvement values for LLD=600

is 14.2%.

Figureb5: Chart ofROlratios usingoptimised gate settings.

VETO/NON-VETO Background ROI Ratios, Initial and Optimised Gate Settings, LLD Variation
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Table4: ROI ratiosand MDA Improvement (%a)sing optimised gate settings
RO! Type ROI Centre LLD=0 LLD=600
0 0
(keV)| rol Ratid POMPA| poi Ratig (MDA
Improv. Improv.
BG Continuum 52 0.712 18.5 0.788 12.6
BG ContinuunjPb K-alpha 1&2] 74 0.695 20.0 0.777 135
BG Peak [Ge(n,gamma) (3*FWHM)] 140 0.711 18.6 0.773 13.7
BG Continuum 170 0.707 19.0 0.764 14.4
BG Peak [annin(3*FWHM), net peak] 511 0.612 - 0.710 -
BG Peakdnnih. (3*FWHM) contin.] 511 0.750 15.5 0.753 15.2
BG Peak [Bal4@1.25*FWHM)] 537 0.710 18.6 0.748 15.6
BG Continuum 555 0.724 17.5 0.777 13.5
BG Continuum 1050 0.724 17.5 0.786 12.8
BG Peak [(Bi2143*FWHM)] 1764 | [high unc.]| [high unc.]| [high unc.] [high unc.]
BG Continuum 1900 0.657 23.4 0.732 16.9
SimpleMean 0.711 18.6 0.767 14.2
STD 0.024 2.1 0.018 1.4
(Excludes annihilation net peak)
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5.4 Expected MDA improvement for CRL detector systems

The CTBTO defines MDA requirements for detector systems via thé0B&87 keV line with a ROI leds
on 1.25 times the FWHM of thakeak. As noted earlier, the MDAsf the two CRL detection systems
according to CTBTO specifications are:

1 Antler 22.0 mBq/n’?
1 Buffalo 23.5 mBg/nt
i CTBTO requirement< 24.0 mBq/n?.

The expectedCTBT@mproved MDA has been calculatéal both CRL detectasystems, accounting for
both LLD setting, and assuming an identical benefit for both systems:

1 LLD=0CosmicGuar&CA fully open)
CTBTMIDA improvement18.6%
Expected improvedCRL systemID A:" s

0 Antler. 17.9 mBq/m3
o Buffalo: 19.1 mBq/m3
1 LLD=600CosnicGuardSCA set to the muon peak
CTBTO MD#nprovement:15.6%.
Expected i mproved MDA’ s
o Antler: 18.6 mBq/m3
o Buffalo: 19.8 mBq/m3

In bothLLDcases theMIDAimprovement is in line with expectations for ti@gsmicGuardysem provided
by themanufacturer. The magnitude of the MDA improvement is sigmtigiven the degree of
improvements achievable vaternative background reduction methods, and the potential for MDA
degradationthat may result from various influences.
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6. Assessmenbf sanmple emission coincidence

Whilst testing of the implementation of th€osmicGuargeto system indicates satisfactory MDA
improvements, the detection systebrehaviourmay have beemegativelyimpactedas measured bgther
spectrometrymetrics Of particular conceris the detection efficiency of sample radionuclides that
produce coincident higlenergy photons. In this case, the spectrometry system may exclude sample
emission events that areoincident in both the primary and veto system detast This unwanted
exclusion is mor@robableat highergammaray energies given the lead shielding between the two
detectorsAn assessment odf ftddts’ iemimglEndiitasdonsvasdindestaken

6.1 Method for assessmenbf sampleemission coincidence

Assessment of the impact of the veto system on the detection of coincident sample emissions may be
evaluated by measuring thelativechange in detector efficiency for such emissions. The CRL use multi
nuclide sources in a standarttér geometry to calibrate the detection system and regularly acquire quality
check spectra. The CRuality control(QQ source contains A241, Eul52 and Cé0, the last nuclide

being most appropriate foa sampleemissioncoincidene assessment due to its coincidegeneration of
high-energy photons (1173 and 1332 keV). Comparison of gated to ungpéatrafor these emission lines
provides a measure of the impact of integrating the cosmic veto system.

The CRL QC source contains a total activity of ~ 5okBducinga significantly higher count ra{.9%
dead time)than the typical CRlbackground olCTBTQir sample TheQC source activity and presence of
Co60 provides ameansfor assessingn upper limit forthe potential impacif exclusion of coincident
sample enissions.

Spectra were acquired of the CRL QC source using standard sample geensetring the 1332 keV net
peak areaexceedsl0,000 countsNet peak areas were determined via a standard Genie analysis routine.
The ratio of net QC peak areas of the ghtand ungated spectra wetben calculated which reflects the
change imMQC sourcefficiency due to implementatio of the cosmic veto systerkurther, a statistical test
was applied to determine whether the difference between tised and ungated peakreasis significant

Details of the QC spectra ROIls are providethinle5. The method for calculating the two performance
values follows:

9 Ratio of gated to ungated R@ounts (a value <1 if@htes a reduction of peatounts)
RATIO = R@hrepf ROJuNGATED]

T Statigteiscal (pdDssible significance: Z >1.64;
Z=(ROjcaTeDt ROjuncaTED]) SQRT(R{@hTEDF RQUNGATED)
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Table5: Regions of interest for assessment dmple emission coincidence

ROl # | ROI Type ROI Leftkev)| ROI Rightkev) | ROICentre(keV)
1 QC Peak [Am241, 59.5 keV] 58.1 61.1 59.6
2 QC Peak [Eu152, 121.8 keV] 120.1 123.4 121.8
3 QCPeak [Eu152, 244.7 keV] 242.4 246.7 244.6
4 QC Peak [Eu152, 344.3 keV] 341.8 346.5 344.2
5 QC Peak [Cs137, 661.6 keV] 658.7 664.6 661.7
6 QC Peak [Eu152, 778.9 keV] 775.7 782.0 778.9
7 QC Peak [Eul52, 964.0 keV] 960.5 967.4 964.0
8 QC Peak [C060, 11K8V] 1169.5 1176.8 1173.2
9 QC Peak [C060, 1332 keV] 1328.4 1336.3 1332.4
10 QC Peak [Eulb2, 1408.0 keV] 1403.7 1411.7 1407.7
11 QC Peak [C0o60 sum peak] 2500.3 2510.5 2505.4

6.2 Assessment of Sample Emission Coincidence

Two QC source spectra weaequired with optimised gate settings, with veto system SCA set to LLD=0 and
LLD=600Ratios ofgated to ungategeakareasis presented irFigure6 and Table6 for both LLD settings.

Figure6: Chartof QC ROiatios using optimised gate settingsvith LLD variation

VETO/NON-VETO QC Peak ROI Ratios; Optimised Gate Settings, LLD Variation.
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Table6: QC ROI ratios using optimised gate settings with LLD variation

ROI Type . LLD =0 . LLD =600
ROI Ratio Z Scorg Comment | ROI Ratio Z Scorg Comment
QC Peak [Am241, 59.5 keV] 0.9985 0.51 Not Sig. 0.9999 0.02 Not Sig.
QC Peak [Eul52, 121.8 keV] 0.9985 0.66 Not Sig. 0.9999 0.03 Not Sig.
QC Peak [Eul52, 244.7 keV] 0.9987 0.21 Not Sig. 0.9998 0.02 Not Sig.
QC Peak [Eul52, 344.3 keV] 0.9985 0.51 Not Sig. 1.0000 0.01 Not Sig.
QC PeakCs137, 661.6 keV] 0.9985 0.40 Not Sig. 0.9999 0.02 Not Sig.
QC Peak [Eul52, 778.9 keV] 0.9982 0.28 Not Sig. 0.9998 0.02 Not Sig.
QC Peak [Eul52, 964.0 keV] 0.9984 0.20 Not Sig. 1.0001 0.01 Not Sig.
QC Peak [C060, 1173 keV] 0.9992 0.07 Not Sig. 0.9998 0.01 Not Sig.
QC Peak [C060, 1332 keV] 0.9989 0.09 Not Sig. 0.9998 0.01 Not Sig.
QC Peak [Eul52, 1468V] 0.9982 0.24 Not Sig. 0.9999 0.01 Not Sig.
QC Peak [C060 sum peak] 0.9979 0.03| Not Sig. 0.9947 0.07| Not Sig.
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Results indicat@ possible decrease of detection efficiendyen fully opening the veto system SCA window
(LLD=0)ln deriving some representative trends for this data, theBDsum peak has been excludgde to
poor counting statistics.

For LLD=0, the proportion deaeaseof QC peak coustis en to be consistent across the spectral energy
range 60 keV to 1400 keVhe averag€C peaks ROI ratio = 0.9984d Dev = 0003. Genie reports an
uncertainty for these pdaareas that ranges from ~0.2% at lower energies;1.0%at mid-spectrum(e.g.
Cao60). This variation in uncertainty ssmply due to decreasing detector efficierayhigher energies
resulting inpoorer countingstatistics The consistency of the average ROI ratio across the energy range
suggests thathe detector system may benpacted by a systematic factor, such as count rejectiontdue
random coincidenceThe statistical test for equality of the gated and ungated spectrum peak areas
suggestghat, in all casegjated and ungate@Cpeak areas are ndignificantly different.

For LLD=600, again the proportion of QC peak count decrease is consistent up to 1400 keV, with an average

ROI ratio of 0.9999 (Std Dev = 0.0001). Uncertainties associated with counting st@i2ficgso 1.0%)
appear to outweighhe possible impact of the veto systamjecting aQC pealphoton due random
coincidenceThestatistical test of the results indicates no significant differermmtweenthe gated and
ungated QC peak areas.

For both LLD settings, there does not appeardalsignificantly different ROI ratio for either of the-&b
coincident high energy peakempared toROI ratioof (essentially) singtenergy nuclides such as A2d1
and Csl37. This result suggests that loss@#60 peak countsesulting from true coincidence irboth
detectorsis notsignificant The extent(efficiencyvariation) of this potential impact will bauclide énergy)
and geometry dependanhoweverthis resut in generaindicates a negligiblpotential for unwanted
gating oftruly coinédent emissions from anZ TBT@ample radionuclide
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7. Conclusion andecommendation

7.1 Conclusion

Assessment results fantegration ofthe CosmicGuardeto systeminto the CRL Antler detection system
indicatethat significant MDA impnaements may beachieved with a manageabéptimisation process

ACTBT&pecified MDA improvement was measured toldesween~15.6%6 and ~1%%, depending on the
veto system SCA window settifdDA improvement appears to be relatively flat across the required
spectral enegy range.

Quiality check source acquisitions demonstrate itggnificant impact of random and (unwanted) true
coincidenceon detection system performance even at high count rates (dead time ~2%). Given the
comparativelylow activity of CTBTO air sampl@sd intercomparison sources), itrisasonable to
configure the veto system SCA window to be fully open.

Based on the above conclusioitds appropriatethat the CosmicGuarsgieto systenbe permanently
implementedwith critical system parameters configad as follows:

1 Input Gate Delay: 9.fs
1 Input Pulse Width: s
1 SCALLD:O

Based on testing of the vetenabled Antler detection system, tiseiggestedjate and LLD settings are
expected toresult in:

1 Arelativeimprovement according t&€ TBT@IDAspecificaions of 18.6%
I ThemeasuredVIDA of the Antler systempgroximating: 17.9mBq/m3

The improved MDA value represents 75% of the CTBTO detector MDA requirera@a nrqu/n‘?’, and
provides substantially mormlerance for variation of the detector systeliDAthat might otherwise
threaten compliance witlthat requirement

7.2 Recommendations

The following actions are recommended and based@mclusions reached above:

1 Implement he CosmicGuardeto systemas astandard component of thé&ntler CRL detection
sysem, with Gate Delay, Gate Width and SCA LLD valppked axoncluded(Section7.1)

9 Integrate the second availabfeosmicGuardysteminto the Buffalo CRiletection systenwith SCA
window fully open (LLD=0), and test to determine optimised Gate Delay and Gate Width values

I Update thecalibration, bakground and blank acquisitioriacludingre-isstance ofa Detector
Information Form(CTBTO, 201®ppendix V)lwith veto system detailbefore commencing
operations with a veteenabled CRL detection system

1 Always save both gated and ungated spectra acquired with-eeédled CRL detection systems,
and regularly compare analyses of these spectra as a means ssasgesystem performance
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Appendix 1:/ w[ W andGdsrid&Iardechnical details

Note that Canberra Industries was acquiredMiyion Technologies mid-2016.The hardware details and
basic settings of the existing spectrometry system (retained for sgstem implementation) are as
follows:

DETECTGé#hd SHIELD

Detector manufacturer mode: Canberra Industries BES0BBEGEmModel)

Serial number: 13087

Rated resolution:<2.0 keVWWHM at 1332 keV

Measured resolution: 1.6 keV FWHM at 1332 keV

Recommendedhigh voltage: +3500 V

Cryostat model: 7500RDEA-UL B (sl i ml i ne, 4" r edowlbaekgroued) ect or ¢ h
Preamplifier model2002CSi10

Cooling: Liquid nitrogen

Shieldmanufacturer /model:7 47 (4”7 / 100 mm t hi ck | owedsingepidcgliddound |

MCA

Manufacturer /model: Canberra Industries Lynx
Serial number: 13007296

Recommended and appli¢dgh voltage: +3500 V
Course / Fine gain: 4.76 / 1.105

LLD / ULD: 0.1% / 100%

Rise time: 10.8 psec

Flat top: 1.2 psec

BLR mode: Auto

Preamp type: RC

Pole zero: 2447

The Lynx MCA may be accessed via IP connection to an inbuilt web server, and includes a digital
oscilloscope for visualisation of signal processing and coincidence configuration settings.

COSMIC VETO SYSTEM

Manufacturer and modl: Mirion Technologies CosmicGuard
Integrated MCA: Canberra Industries Osprey

Serial Number: 13000023

Recommended and applied high voltage: 691 V

The cosmic veto system is provided with Canberra CosmicGuard software for configuration and operation
of theintegrated Osprey MCA including network address, high voltage and single channel analyser (SCA)
settings. The Osprey MCA may also be accessed via IP connection to an inbuilt web server that provides
limited functionality.
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Appendix 2:CosmicGuaraonfiguration process

The following process was employetien testing and configuring th@osmicGuardystem via the
CosmicGuar@€onfiguration Utility CGCP

1 Connect to the veto system:
o Initiate the CGCRpplication from the networked computer
0 Enter the Osprey MCA IP4 netik address in th€ GCP Connecti on’ fi el d
o Select the ‘“Connect’ button, an ensure the
1 Enable the veto system:
0 SelecttheCGCP utton ‘“ Enabl e’
0 Ensure the indicator bar atthe top of tli&GCP adj acent t o the | abel ‘
changes from red ('Disabled’”) to green ('En
1 Test the veto system acquisition:
o Enter 0’ (zero) in the ‘“Lower Limit (Ch):"’
box in the i’eSAA Winndd oswe’'l efct t he * Set’ button
o Select 1’ in the *‘Coarse:’' dropdown box an
‘' Gain’ field
0 Select the ' SGERACgbustbhonn theld
0 Ensure counts are observed in tB6&CRpectrum display,md * St at us: Acqui ri
in the " Connection’ field
0 Repeatedly select the ‘' SteE@ECP,Ac'qliesart’i oannd f'i
ensuring the spectrum display and status message behave as expected.
1 Apply voltage to the veto detector
o Determine the recommended operating high voltage value from the label on the rear side
face of the veto hardware
o Enter the operating high voltag&GGPaHiugh i n t
Vol tage’ field
o0 Select the 'Seéehe bEnbdbhedntbuthem in the * Hi
o Observetherampup of applied high voltage via the
achieved final value approximates the set value.
1 Test the veto system gain:
0 Select the ‘' SOGERAcqubhstitoomni nfieéd and all ow
acquire for at least 15 minutes
o Examine the resulting spectrum. A broad pea
approximately the halfvay point (channel ~ 1000) of the spectrum full energy. This hump
represeris full energy absorpon of typical muons (~ 10 MeV)
o0 If necessary, adjust the system Gain to ensure the-&rilgrgy muon peak is observed at
spectrum channel ~ 1000.
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