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Abstract |

The 15t Nuclear Explosion Signal Screening Open Inter-Comparison Exercise 2021 evaluated different screening methods to identify radioxenon detections
not consistent with the radioxenon background from nuclear facilities. It was based on a subset of a comprehensive radioxenon test data set produced for |
the whole year of 2014 with hypothetical nuclear underground and underwater explosion signals added to IMS observations. | Underground tests
The exercise considered three levels of participation requiring different levels of expertise: 1) Level 1 (basic, ATM expertise only), for which participants _ s
provided simulated radioxenon background time series at the 23 IMS stations defined in the test data set to be used as input for screening based on a set | 1) Results for OMITTING background (as done in many other studies before, no ,neutrals exist ) - sanity check for St and t’”f’”ﬁ" :

of predefined metrics covering detection, screening, and timing powers; 2) Level 2 (ATM and/or radionuclide expertise), for which, in addition to Level 1, « Two isotopes >=LC confined to ratios Xe-135/Xe-133 and Xe-133m/Xe-133.NO screening power -> problem with IDC screening given the delayedreleases! |
participants provided their own screening methods and results for detection, screening, and timing powers; and 3) Level 3 (higher-level ATM and statistical . Three isotopes >= LC confined to ratios Xe-133m/Xe-133--Xe-133m/Xe-131m and Xe-135/Xe- -133--Xe-133m/Xe-133. Maximum attainable screening power. |
expertise), for which, in addition to Level 2, results were provided for location and magnitude estimates for a few selected test cases. ||« Maximum attainable screening power with all four isotopes above the LC.
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Depending on the specific level the exercise had three to seven participating organizations from seven countries. | e Timing success rate: 0% for Xe-135/Xe-133,80% for Xe-133/Xe-131m, 100% for Xe-133m/Xe-131m and Xe-133m/Xe-133. Too strict criterion for Xe-135/Xe-1337 i
e S T : Underwater tests:
|| a | Q) Results for INCLUDING background (both with and without |
1 EXplOSIO n Scena I'IOS tFSt da | i L' | | | . %l:c?rfili?}fi-isntn e screening - also with ,,neutrals! 1) Results for OMITTING background E
_ S T e e S i —— _ e _ e L Yy ST S B __r’ Sl A ST ' : Briri Lt canphau'e -~ huge impact = I":leutra Is¢¢ i“tf“de region « TWo isotopes >= Lc Confined to ratios xe-135,xe-133 and Xe-133m[)(e-133 dsS WE“. I
s —— — s ,’fciuil e St { Maximum attainable screening power for Xe-135/Xe-133 and for Xe-133m/Xe-133!
; . Three isotopes >= LC confined to ratio Xe-135/Xe-133--Xe-133m/Xe-133. Maximum
Isotopic activity ratios at different times afterward an UNE (U-235) as well as IDC screenin flags - E
10S® -ti i | Days  Xe133m/Xe-13Im  Xe-133/Xe-131m (Ke-133m/Xe-133 xe-m 16 | attainable screening E“wer'
P A scen o o teatimes a.nd NLEMET : : ; i B O T VT « No cases with all fourisotopes >=LC. No Xe-131m>= LC.
* 136 1kt underground explosions: 24 hours containment, s 58 840 g'gfg; 000857 gy - Timing success rate 25% for Xe-135/Xe-133 and 100% for Xe-133m/Xe-133.
10% venting (IDC source term) 1% Y L _ £ v
» - 2 -t . — o | » 4 : [
* 2881kt underwater explosions: prompt 0.92% venting P P P _ : .| 2)Results for INCLUDING background fh V!)L(Iihfg:__tbﬂm-dlﬂ‘lw& i "? e
(Burnettet al., 2020, source term) Targeted towards Targeted towards fresh test 0 : 10 - Indication of some screening power for Ae-135miAe- ue o promp : _
ey 3 fresh and old test sienals. will not work for Time (d) despite lower release rates. Increased skill for residual thresholding for this ratio,
23 IMS stationswith data as of 2014 (SAU NA + SPALAX) £ ! From Kalinowski et. al (2010) H i t of trals®
- ¢ R 2 signals delayed releases * Huge impact or ,, neutrais
explosion signals added on top of civil background L=t B8 b e S B T =
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2 L1 eva lu atlo n - ’S a n IS _ OplC rp)eas ureir. ent an ano} ;;._; ©" MethodsL2:ATM, Thresholding, = A= MM gthhg‘ ds LL;. Ba_yeilan |r:{:re;cue n(tailr.:;t:u ;::?IE; r;ed with
..... B ¥E . = B e Machine Learning (Isolation Al ai :ne gl Algorithm 2 =
" e ; gorithm m
2. Evaluate distributions 1) of (pseudo- )ohaeruatmn s and 2) of residuals between (pseudo-) observations and participant’s predictions based on | | i et [ : ; :-
supplied source terms and participant’s ATM method subtracting onfy a valee > @ for observations >= MDC (“hybrid approach”) per IMS 1 a'} Others COT.T'I IN€d, bayeslan : g
station and scenario in the test data. 1) serves as reference for 2). | | Ridge Regression & Lognormal Bayesian Ridge Regression o
3. Claim a detection if a certain percentile value is exceeded for a sample (*Thresholding”). Y : | distribution fitting piedil e el e e P
4. Calculate true positive and false positive rates (TPRs & FPRs) per isotope based on A} positives & negatives (default) and B) additionally excluding | .
positives (“neutrals”) if the mere isotopic test signal is> 0 but < LC. | » Pretended scenarios (background only, 103) were not discarded by all but one participant 10°s
. iduals: Not much data is left for Xe- ] 3 il sl O e ~ (who, however, d[§carded many actual explosion scenarios). =
I:;e;ho;:;ng o+ :IexSld131 e ey e Jouden index = Sensitivity (= TPR) & Spec:ﬁc:gv (=1-FPR) -1;[-1,1] » Xe-133 thresholding global results comparable to L1 percentile approach. R
s A€~ m_an e- mironty P . F 5 SE'bEFS_qu'" score f%"_ g‘e"” o 5 + ForXe-133m, Xe-131m and Xe-135 adding isotopic ratio information yields the best - Bayesianapproaches work quite wellif input'samplescanibe
A e IE—— Sl dentified
Ae- 133 scatiee pI U = __Xe'133m scatter plot IE!: —  Difference L2 to L1 detection power analysis: FPR mostly below 5%! However, a lower . Probable :.;ource regions are quite large for different reasons (e.g.,
S il b R e 180° 150°W JORWIO0LWESUxIVARO Mo 0 ER GOSN U EBh- Dt LR | ;PR comes at the cost of alower Uz . (G i network sparsity or lack of multiple isotope detections) and frequently
S iy t e - | — D _ |+ Disadvantage of L1 versus L2 detection power analysis: A priori definition of a dd IR d et an
§ ! Confirmed -" : - i b s O | ' percentile threshold is needed, which may depend on the nuclear source term a0 L O ey s
j | confime w 4 2 | 60oNCRLA ST B A = 60°N | ’ : * Alotdepends on which samples are selected.
" ~347 samples | : _ 2L i ~ ' | — —
| samples per . \_/ ° _ s
E::'ticipant u participant 30°N P 30 B | - ( o &L
. P T r E——rry e ' . . =] & | o ' ” i " i { "'"'-t"| Ej
T 3 Xe-131m 5?a!teip£;}[ R e —— x Xe-135 scatter plot 0° 0° . .. :U - | _ ‘} [ ) )‘j
P d, . : 4 P g - > = . i ; |
Sl Underestimation? ] Uﬂggrestimatiun 30°S 30°S * Adding nulcear explosion signals on top of the civil background creates a special kind of positives (,,neutrals*) with huge impact on detectiun and scregning
- | & ) power. These kind of samples do not exist if no background is considered (as done in most previous studies). | o
i = s e 60°S C 60°S - * Using ATM based residuals alters detection power compared to direct (pseudo-)observation distribution analysis depending on the average hackgruund and ﬁ
i sam(ﬁiea per D bare - W ~ background prediction performance in relation to the nuclear explosion source term magnitude. Noteworthy (pusitive] lnﬂuance Is only on Ie-133 (up tai S
participant 180° 150°W 90°W 60°W 30°W 0° 30°E 60°E 90°FE 120°E150°E [ £1500)f | 'S | S
R e - AR, e Sty e A% || * Shortcomings for Xe-133m, Xe-131m and Xe-135 cannot be blamed to ATM. Emission deficiencies and issues with detections and quantlflﬂtinn ofiheiow Mm':
B3 _ IMS measurements seem to be problems on their own. e i Wfi
. : — ~ * Thereis a conflict between the necessity of using all above LC samples for nuclear explosion screening and the um:ertain measurements md redlcﬁons
IMPORTANT: Deficiencies for Xe-133m, Xe- 1 R Tl ST | between the LC and the MDC. e "
131m and Xe-135 cannotbe blamed on : e 3 S . * Thereis a high fraction of nuclear tests causing no signal >= LC given the specific source terms invesﬁgated and the IMS netwnrk asof 2014 : 4 “& ﬁfﬁ
ATM. ATM for Xe-133 works quitefineand ° Global median (over 12 submissions):J = 0.48 excll..ldlng pneutrals“;J= || . Screening and timing based on true positive screened samples for the ratio Xe-133m/Xe-133 can likely be improved by using rasldu'alsin l:a nderwater
the difference to other Xe-isotopesin ATM 0.13 including them (as displayed above; factor 4 difference) | explosions. This is related to the subtle signals of underwater explosions compared to the substantial Xe-133 background: R ﬂ.ﬁ &ﬁ%?ﬁ
is just half-life. - Best detectability for NH extratropics undergrou nd tests. Low E L Mi:thtods for L2 detetctmn polwer estimation are at [east methodically superior to L1 methods. L3 source tarm estimation strongly dgpegd& “fi ﬁnj__"j gand
| I . : . selecting appropriate samples L { gt e
. U (e-135 locz NG systems as of 2014!) and in the e e
e;?;r;it;mamd piseeEnKnown {for Xe- L eee detedal.:"llty!ms” (Ju:;ﬂight M y « 790 (0% flh rov | * Moreknowledge would be needed regarding emission inventories of Xe-133m, Xe131m and Xe-135. Additianally, Machine Learnlns (ML] gaseii‘ oroaches for
: ; NH tropics. E* '!gﬂ"' ng) ::"E“trals 72% (50%) of the | anomaly detection and/or nudging ATM simulations towards (IMS) observations as well as source term Inuersion ma}nhe used as rechj,y to overcome effects of
':Ejr;ggmjijif 2 L‘"—’ft Tf ”E‘lue.iare Z:t;;'gzg ;hfi *;[f “ tests (mainly Undérwater) produce no signal >=LC ( >0) ->J set to -1! | sourceterm and transport errors. | T
: uch faise positives , NIGN . o - : b R "" i e TR D R
CAX17 (both CNL dominance), NOX49 and AUX09 (ANSTO dominance). | Contact
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