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Beenerune

Lenb paboTbi: mogennposanue hopmbl UMnybca As
noJsiykoakcmanbHbix fetektopos B akcnepumente GERDA (phase I) ¢
MOMOLLbIO FEHEPATUBHO-COCTA3ATENIbHBIX HEAPOHHBLIX CETER 1
NCNOJIb30BaHNE CUHTE3NPOBAHHbLIX UMMY/ILCOB As 3a4a4m
pasfeneHnst CUrHabHbIX U (POHOBBIX CODBLITUN.
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AHanuns KaJ'II/I6pOBOL-IHI:>IX OaHHbIX
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PucyHok 5 — @opmMbl curHanbHbIX 1 hOHOBBIX NMMYIBCOB, MOJYHEHHbIE B
akcnepumernte GERDA. lMo ropusoHTanbHOl OCn - BpEMsi, HOPMUPOBaHHOE
Ha OANTENBbHOCTb MMNynbCa
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AHanuns KaJ'II/I6pOBOL-IHI:>IX OaHHbIX

Tabnuua 1 — PesynbTaTel, nony4deHublie ans getektopa ANG5 npu

obyyeHun 1 nposepke KNaccudrkaTopoB Ha KaJNBPOBOYHLIX JaHHBIX

accuracy roc_ auc f1
Decision Tree | 0.64 +£0.02 | 0.64 +0.02 | 0.52 +0.02
Random Forest | 0.68 +0.02 | 0.68 +0.02 | 0.68 4+ 0.02

10

Pucyrok 6 — ROC-kpuebie ans getektopa ANG5 npu obyueHnn n

npoBepke KnaccudrkaTopoB Ha KaimbpoBoyHbIX gaHHbiX. Background

rejection - TNR (1-FPR), signal efficiency - TPR

3apeuknii H.4. (HAAY «MUDU>»)

GERDA
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MogennmposaHune curHanbHbIX N (DOHOBLIX CODLITMIA

c nomoubto WGAN-ceTel
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PucyHok 7 — MNpumep popM crrHaibHbIX U (POHOBbLIX UMMY/ILCOB,
nonyyeHHbix B akcnepumeHte GERDA. Mo ropusoHTansHoii ocm - Bpems,

HOPMWUPOBAHHOE Ha ANNTENIbHOCTb UMNYyNbCa

3apeuknii H.4. (HAAY «MUDU>») GERDA
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MogenmpoBaHue curHanbHbIX U (OOHOBbLIX CODLITMIA

c nomoubto WGAN-ceTel
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ANG5 (Wasserstein GAN). Mo ropusoHTanbHoli ocu - Bpems,
HOPMUPOBaHHOE Ha AANTENBLHOCTb UMMY/IbCA

3apeuknii H.4. (HAAY «MUDU>») GERDA
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MogenvnpoBaHue CUrHasbHbIX U POHOBLIX CODLITUIA
c nomoubto WGAN-ceTel
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PucyHok 9 — PopMbl CUHTE3MPOBAHHBIX UMMYILCOB AJist CUrHana u goHa
ansi petektopa ANG5 (Wasserstein GAN, 60000 cobbituit). Mo
FOPU30HTANbHON OCYU - BPEMSI, HOPMUPOBAHHOE Ha AJINTENBHOCTL NMMYJ/IbCa

3apeuknii H.4. (HAAY «MUDU>») GERDA 22 pekabpsi 2021 r. 8/17



MogenmpoBaHue curHanbHbIX U (OOHOBbLIX CODLITMIA
c nomoubto WGAN-ceTel
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Pucyrok 10 — Mpumep dhopM curHanbHbix U GOHOBLIX NMMYNLCOB,
nony4deHHbix B akcnepumeHte GERDA. Mo ropusoHTansHoii ocu - Bpems,
HOPMUPOBAHHOE HA AJIUTENLHOCTL UMMYSbCA

0.02
TimeAtHeightX[i + 1] — TimeAtHeightX[i]

current[i] =
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MogenvnpoBaHue CUrHasbHbIX U POHOBLIX CODLITUIA
c nomoubto WGAN-ceTel
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Pucyrok 11 — Mpumep dhopM curHanbHbix U GOHOBLIX NMMYNLCOB,
nonyyeHHbix B akcnepumeHte GERDA. Mo ropusoHTansHoii ocu - Bpems,
HOPMUPOBAHHOE HA AJINTENLHOCTL UMMYNbCA, MO BEPTUKANLHOW OCU -
3HayeHus, nosydenHble no gopmyne (1)
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MogennmposaHune curHanbHbIX N (DOHOBLIX CODLITMIA
c nomoubto WGAN-ceTel
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PucyHok 12 — MNpumepbl CUHTE3MPOBAHHBIX UMMY/ILCOB AJ1si AETEKTOPA
ANG5 (Wasserstein GAN). Mo ropusoHTanbHoli ocu - Bpems,
HOPMUPOBaHHOE Ha ANNTENBHOCTb UMMYJIbCA
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MogenmpoBaHue curHanbHbIX U (OOHOBbLIX CODLITMIA

c nomoubto WGAN-ceTel
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PucyHok 13 — lNprMepbl CUHTE3UPOBaHHLIX UMMYILCOB At LETEKTOPA

— background
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ANG5 (Wasserstein GAN). Mo ropnsoHTanbHoOi ocu - Bpemsi,

HOPMWUPOBAHHOE Ha ANNTENIbHOCTb MMNYJibCa

3apeuknii H.4. (HAAY «MUDU>») GERDA
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MogenvnpoBaHue CUrHasbHbIX U POHOBLIX CODLITUIA
c nomoubto WGAN-ceTel

Tabnuua 2 — PesynbTtaTsl, nonydeHHble ans aetektopa ANG5 npu
obyueHnn knaccnrkaTopoB Ha cMHTETHYECKUX AaHHbIx (Wasserstein
GAN) n ux npoBepke Ha KasMBPOBOYHBIX AaHHbIX

accuracy roc_auc f1
Decision Tree | 0.65+0.02 | 0.65 +0.02 | 0.64 4 0.02
Random Forest | 0.65 +0.02 | 0.65 +0.02 | 0.63 4+ 0.02
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MogenmpoBaHue curHanbHbIX U (OOHOBbLIX CODLITMIA
c nomoubto WGAN-ceTel

Decision Tree Random Forest

-
15}

—— linear model 10 —— linear model

o o
o @
5]
@

o
s
Background rejection

Background rejection

o
o
=3
N

o
=4
o
=3

00 02 04 06 08 10 00 02 04 06 08 10
Signal acceptance Signal acceptance

Pucyrok 14 — ROC-kpuesie ans getektopa ANG5 npu obydeHun
KNaccudrKaTopos Ha cuHTeTyecknx AavHbix (Wasserstein GAN) u nx
NpoBepKe Ha KaaubpoBoYHbIX AaHHbIX. Background rejection - TNR
(1-FPR), signal efficiency - TPR
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MogenvnpoBaHue CUrHasbHbIX U POHOBLIX CODLITUIA
c nomoubto WGAN-ceTel

Tabnuya 3 — PesynbTaTel, nony4deHusie ans getektopa ANG5 npu
paspenequn cuntetudeckux (Wasserstein GAN) v peanbHbix faHHbIX

accuracy roc_ auc f1
Decision Tree 0.64 +=0.02 | 0.64 +0.02 | 0.60 & 0.02
Random Forest | 0.69 £=0.02 | 0.69 +0.02 | 0.69 £ 0.02
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MogenmpoBaHue curHanbHbIX U (OOHOBbLIX CODLITMIA
c nomoubto WGAN-ceTel

Decision Tree Random Forest
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Pucyrok 15 — ROC-kpueblie ans getektopa ANG5 npu pasgeneHun
cnntetnyeckux (Wasserstein GAN) n peansbHbix ganHbix. Background
rejection - TNR (1-FPR), signal efficiency - TPR
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3aknro4eHne

B xome paboTbl bbinn caenaHbl ciefytolme BbiBOAbI:

@ pesy/bTaThl 0by4YeHnst KNaccmuKaTopoB Ha CUHTE3NPOBAHHBIX C
nomoubto GAN ceTeli AaHHbIX COOTBETCTBYIOT 3TaJIOHHBIM
JaHHbIM.

@ MNpun pasgeneHni CUHTE3NPOBAHHBIX 1 PeasibHbIX AAHHbIX
knaccuprkaTopamu pesynbTaT Bbile (TO CTb XyXe)
OXMJAEMOTO.

Takum 0bpa3om, Ha JaHHOM 3Tane HEBO3MOXHO OAHO3HAYHO
yTBEpPXKAaATh, 4TO co3aaHHble GAN-ceTn B npouecce obyyeHus
BblAAOT UMNYNAbCbl, COOTBETCBYHOLNE peaJibHbIM AaHHbLIM.

B ,u,aane|7|LueM NNAHNPYETCA paCnNpoOCTPaHUTb I'IpI/IBe,quHbIVI aHaan3
Ha Apyrve TUMbl 4ETEKTOPOB.
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3apeukuii H.A. (HUAY «MUDPU>»)



Pacnap 228

228Th decay chain

Energies of main u lines in keV
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PacnpepeneHvie sHeprum
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MotTe-Kapno paHHble
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CDOprI NMMNYyNbCOB AN NOJTIYKOAKCUMAJTbHbIX
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Minimax GAN, BxofHble faHHbIE - UMMYAbLChI
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MpuMepbl CHTE3MPOBaHHBLIX MNYbCoB ans aetektopa ANGS5 (Minimax
GAN). Mo ropn3oHTanbHOl OCK - BPEMSI, HOPMUPOBAHHOE Ha

ONNTENBHOCTb MMNynbCa
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Minimax GAN, BxofHble faHHbIE - NMMYAbLChHI
3apsija
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DOopMbI CUHTE3NPOBAHHBIX UMMYALCOB ANA curHana u doHa Ans
petektopa ANG5 (Minimax GAN, 30000 cobbituii). Mo ropusoHTanbHOI
OCU - BPEMSI, HOPMUPOBAHHOE Ha AANTENBHOCTL UMAYNIbCA
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Minimax GAN, BxofHble faHHbIE - UMMYAbLChI
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MprMepbl cHTE3UpoBaHHbIX MMMyAbCoB Aanst aetektopa ANG5 (Minimax
GAN). Mo ropusoHTanbHOl OCK - BPEMSI, HOPMUPOBAHHOE Ha

ONNTENBHOCTb MMNVYbCa
3apeuknii H.4. (HAAY «MUDU>») GERDA
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Minimax GAN, BxofHble faHHbIE - NMMYAbLChHI
3apsija
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MpuMepbl cUHTE3UpOBaHHbIX MMNYAbCoB anst aetektopa ANG5 (Minimax
GAN). Mo ropn3oHTanbHO OCK - BPeMSi, HOPMUPOBAHHOE Ha
OJNTENBHOCTE MMMY/bCa
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CpaBHeHue pacnpegeneruii HekoTopbix napametpos TimeAtHeightX s
cnnTesnposanHbix (Wasserstein GAN) 1 kasMbpoBOYHBIX CUTHAMBHBIX
cobbiTnii gns petektopa ANGH
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cobbiTnii gnsa petektopa ANGH
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CpaBHeHue pacnpegeneruii HekoTopbix napametpos TimeAtHeightX s
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cobbiTnii gnsa petektopa ANGH
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CpaBHeHue pacnpegeneHuii HekoTopbix napametpos TimeAtHeightX s
cnnTesnposantbix (Minimax GAN) v kanubpoBoUHbIX hOHOBBIX CObbLITMI
ans petektopa ANG5H
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Minimax GAN, BxofHble faHHbIE - NMMYAbLChHI
3apsija

Pesynbtatbl, nonyyennblie gns gerektopa ANG5 npn oby4yennn
KnaccnrnkaToposB Ha cuHTeTnydeckux AanHbix (Minimax GAN) u unx
NPOBEPKE Ha Ka/IMOPOBOYHbBIX JAHHbIX

accuracy roc_auc f1
Decision Tree | 0.64 £0.02 | 0.64 +0.02 | 0.64 +0.02
Random Forest | 0.64 +0.02 | 0.64 +0.02 | 0.64 £+ 0.02
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Minimax GAN, BxofHble faHHbIE - NMMYAbLChHI
3apsija

Decision Tree Random Forest
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ROC-kpusbie gns getektopa ANG5 npu obyyennn knaccudmkatopos Ha
cuHTeTnyecknx gavbix (Minimax GAN) v ux nposepke Ha KanMbPOBOYHBIX
AaHHbix. Background rejection - TNR (1-FPR), signal efficiency - TPR
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Minimax GAN, BxofHble faHHbIE - NMMYAbLChHI
3apsija

Tabnuua 4 — PesynbTaTel, nony4denublie ans getektopa ANG5 npu
paspenequn cuntetudeckux (Minimax GAN) u peanbHbix AaHHbIX

accuracy roc_ auc f1
Decision Tree 0.66 £0.02 | 0.66 =0.02 | 0.65 £+ 0.02
Random Forest | 0.76 &= 0.02 | 0.76 ==0.02 | 0.76 £ 0.02

3apeuknii H.4. (HAAY «MUDU>») GERDA 22 pekabpsi 2021 r. 36/17



Minimax GAN, BxofHble faHHbIE - UMMYAbLChI
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Pucyrok 17 — ROC-kpusbie gnsa getektopa ANGS npu pasgeneHun
cnHTetnyeckux (Wasserstein GAN) n peanbHbix ganHbix. Background
rejection - TNR (1-FPR), signal efficiency - TPR
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