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Llemekmopsbl o noucky memMHou mamepuu

Particle Data Group et al. Review of particle physics //Progress of Theoretical and Experimental Physics. — 2020. — T. 2020. — Ne. 8. — C. 083C01.
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LHemekmop DEAP-3600

The DEAP Collaboration, Design and Construction of the DEAP-3600 Dark Matter Detector, Astropart. Phys. 108, 1 (2019).

Dark matter Experiment in Argon using Pulse-shape discrimination
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Vimerowuecs anz2opummabl

The DEAP Collaboration, Search for dark matter with a 231-day exposure of liquid argon using DEAP-3600 at SNOLAB, Physical Review D
100.2 (2019)

1.MeToa, OCHOBaHHbLIN HA 2.MeToA, OCHOBaHHbIN Ha
KONin4yecTBe BblOenvuBLUUXCS BpPeMeHHOM pacnpenerieHnum
(pOTOINEKTPOHOB perucrtpauum ooTo3aNIeKTPOHOB
(MBLikelihood - MBL) (TimeFit2 - TF)
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Llerib pabomei

Cos3gaHue anropMtma Ha OCHOBE anropuTMOB MaLUMHHOIO 00y4YeHus,
KOTOpbLIN DyOeT:

1) ucnonb3oBaTbCA BO BCEM 00beMe aetekTtopa R < 850 mm. 3710
NO3BOSIUT YNYULLUTb PEKOHCTPYKLMIO BO BCEM ETEKTOPE U
YBENMNYUTL YYBCTBUTENBHbIN OOBbEM OETEKTOPA;

2) paboTaTtb TOYHee, YEM CYLLUECTBYIOLLUN anroOpUTm
PEKOHCTPYKLU MU,

3) AOMNONHATb U NogAepPXuBaTb CYLLECTBYIOLLNKA anropuTMm.
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[loriHocesi3Hass HeUpOHHas cemab

Hopfield J. J. Neural networks and physical systems with emergent collective computational abilities //Proceedings of the national academy of
sciences. — 1982. — T. 79. — Ne. 8. — C. 2554-2558.
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HelpoHHas cemb ¢ KOPOMKUMU C8A3MU

Li Y. et al. A concatenating framework of shortcut convolutional neural networks //arXiv preprint arXiv:1710.00974. — 2017.
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4 .\\ ) 4
HepocTtaTku:

1) HeobxogmMmocCTb COOTBETCTBUS
OSIMH BEKTOPOB Havana u KoHua
shortcut-cBa3u
2) AnnTenbHOCTb TPEHNPOBKN
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1D CeepmoyHas HeupoHHas cemab

LeCun'Y. et al. Backpropagation applied to handwritten zip code recognition //Neural computation. — 1989. — T. 1. — Ne. 4. — C. 541-551.
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2D CeepmoyHasi HelipOHHas cemeb

Matsugu M. et al. Subject independent facial expression recognition with robust face detection using a convolutional neural network //Neural
Networks. — 2003. — T. 16. — Ne. 5-6. — C. 555-559.
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[lony4yeHHbIe pe3yrnbmamal
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[lonyyeHHbIe pe3yribmamai: pabomocrnocobHocmb
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[lony4eHHble pe3ynbmamabl. 3¢pgheKmuU8HOCMkb
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[lony4eHHble pe3ynbmamabl. 3¢pgheKmuU8HOCMkb
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[lony4eHHble pe3ynbmamabl. 3¢pgheKmuU8HOCMkb
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[lony4yeHHbIe pe3yribmamel. pagHble paduychbl
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[lony4yeHHbIe pe3yribmamal: pasHble 06bLeEMEI
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[lony4yeHHbIe pe3ynbmamel. pagHble sHepauu
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3akro4yeHue

1) Tlony4yeHbl gaHHble MoHTe-Kapno mogennpoBaHns eCTeCTBEHHOM
PaANOAaKTUBHOCTM aproHa-39;

2) bbino nporectnpoBaHo YeThbIpE MOAENN MALLUMHHOIO ODYy4YeHUS:
NONMHOCBA3HAs HEUPOHHAA CeTb, HEMPOHHAA CETb C KOPOTKUMMU
CBA3AMU, OOHOMEpPHAasA N ABYMEpPHaa cBepToYHasd HEMPOHHAs CETh.
Haunny4wum obpasom paboTaet cBepTovHasd HEMPOHHAs! CETh;

3) Bce anropnTtmbl BbINONHAKT PEKOHCTPYKLUMIO NOMOXEHNS BO BCEM
obbeme getektopa R < 850 mMwMm;

4) CpegHss owmbka no BCeEM TPEM KOOpAUHATaM COCTaBISAET He
bonee 6 mm, ¢ paspewweHnem FWHM okono 50 mm anga 76% Bcex
CcoObITUN

5) CpaBHeHne mogenen ¢ NCNosb3yeMbIMU ariropuTMamMmm nokasano,
4YTO BO BCcex obnacTtsx getektopa no R n no Q anroputm pabotaer
adodpekTmBHO 1 gaxe nydwe B obnactn 300 < R <600 mm.
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LlononHumernbHbIe KapPMUHKU
2paguKku
UuQpebI
mo ecmeb
Back-up crnauosbl



galactic DM 'mist'

pom = 0.3 GeV/cm3

vo,om = 230 km/s |

target -
medium nucleus
A

recojl nucleus
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PacnpeneneHune Panega
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TémHasa mamepus BecerneHHou

Zwicky F. On the Masses of Nebulae and of Clusters of Nebulae //The Astrophysical Journal. — 1937. — T. 86. — C. 217.
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coherent neutrino scattering
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YnpoLleHHbIN rpauK, NoKasbiBalOLWMiN NpeackasaHHoOe cevyeHme paccestHus BUMIMOB Ha
HYKITOHaX Kak oyHKUMIO MacCbl BUMMNOB. ACUMMETPUYHBIE MOAENN TEMHOM MaTepun
(ronybas obnacTtb) npeackasbiBatoT WIMP ¢ maccon B Heckornbko 9B / ¢2; obuwme
mogenu WIMP (TeMHo-cuHSAs obnacTb) npeackasbiBatoT 6onbLume maccbl B COTHU 3B /
c2 unu bonee. Yactn atux obnacrten napameTpoB ObIIN UCCreqoBaHbl N UCKMHOYEHDI
TEKYLLMMU 3KCnepumeHTamm (KpacHasi obnacTtb). bonblwas 4acTb oXXngaemoro
NPOCTPaHCTBa NapaMeTpoB MOXET BbITb NccnegoBaHa B bnvkanwem dyayuiem, noka He
CTaHET aKkTyanbHbIM (OOH KOrepPEHTHOIO HENTPUHO-AAEPHOrO paccesiHus (kenrtas
obnacTb), MeLLalLWLn BO3MOXHBLIM CUrHanam TeMHOW MaTepun. 26
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Joooooooooobooou
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BOXPLOT SHORTCUT
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BOXPLOT FCNN
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BOXPLOT CONVNN
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0.98 1

0.97 1
0.96 1 —
{7
0.95 1
R < 850
—— shortcut, accuracy
0.94 1

—— shortcut, val_accuracy
—— FCNN, accuracy

0.93 —— FCNN, val_accuracy
—— ConvNN, accuracy

0.92 1 —— ConvNN, val_accuracy R < 850

0 5 10 15 20 25 30

1041 R < 850

—— shortcut, loss
—— shortcut, val_loss
—— FCNN, loss

—— FCNN, val_loss
—— ConvNN, loss
—— ConvNN, val_loss
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ConvNN, accuracy
ConvNN, val_accuracy I Q < 430

0.95 1
0.90 1 e
0.85 1
R <430
0.80 —— shortcut, accuracy
—— shortcut, val_accuracy
0.751 —— FCNN, accuracy
—— FCNN, val_accuracy
0.70 1 —_—
0 5 10 15 20 25 30
104 ]
R <430
—— shortcut, loss
3

10°1 —— shortcut, val_loss

—— FCNN, loss
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—— ConvNN, loss

—— ConvNN, val_loss
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FCNN

Input_765: InputLayer

'

relu_1000nodes: Dense

'

relu_765nodes: Dense

'

relu_510nodes: Dense

'

relu_255nodes: Dense

'

Layer (type)

Input_765 (InputLayer)

Qutput Shape

[ (None, 765)]

linear_3nodes_output: Dense

1000nodes (Dense) (None, 1000)
765nodes (Dense) (None, 765)
510nodes (Dense) (None, 510)
255nodes (Dense) (None, 255)
3nodes_output (Dense) (None, 3)



Shortcut

Layer (type)

Output

Input_765 (InputLayer)

Shape

[(None, 765)]

block_1 (BatchNormalization) (None, 765)
block_1_1000nodes (Dense) (None, 1000)
block_1_255nodes (Dense) (None, 255)
block_1_3nodes (Dense) (None, 3)
block_1_765nodes (Dense) (None, 765)
add_from_Input (Add) (None, 765)
block_2 (BatchNormalization) (None, 765)
block_2_1000nodes (Dense) (None, 1000)
block_2_255nodes (Dense) (None, 255)
block_2_ 3nodes (Dense) (None, 3)
block_2_765nodes (Dense) (None, 765)
add_from_blockl (Add) (None, 765)
block_3 (BatchNormalization) (None, 765)
block_3_1000nodes (Dense) (None, 1000)
block_3_255nodes (Dense) (None, 255)
block_3_3nodes (Dense) (None, 3)
block_3_765nodes (Dense) (None, 765)
add_from_block2 (Add) (None, 765)
output_block (BatchNormalizatio (None, 765)
255nodes (Dense) (None, 255)
3nodes_output (Dense) (None, 3)

Input_765: InputLayer

block_1: BatchNormalization

]

relu_block_1_1000nodes: Dense

)

relu_block_1_255nodes: Dense

)

relu_block_1_3nodes: Dense

)

relu_block_1_765nodes: Dense

add_from_Input: Add

block_2: BatchNormalization

)

relu_block_2_1000nodes: Dense

)

relu_block_2_255nodes: Dense |

}

relu_block_2_3nodes: Dense

)

relu_block_2_765nodes: Dense

add_from_blockl: Add

block_3: BatchNormalization

)

relu_block_3_1000nodes: Dense

!

relu_block_3_255nodes: Dense

)

relu_block_3_3nodes: Dense

)

relu_block_3_765nodes: Dense

add_from_block2: Add

output_block: BatchNormalization

linear_255nodes: Dense

l linear_3nodes_output: Dense |
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Input_765: InputLayer

&

block_1: BatchNormalization

!

relu_block_1_1000nodes: Dense

relu_block_1_255nodes: Dense

relu_block_1_3nodes: Dense

relu_block_1_765nodes: Dense

T~

add_from_

Input: Add

block_2: BatchNormalization

vy _

/

add_from_blockl: Add

block_3: BatchNormalization

relu_block_3_1000nodes: Dense

relu_block_3_255nodes: Dense

relu_block_3_3nodes: Dense

relu_block_3_765nodes: Dense

relu_block_2_10

OOnodes: Dense

relu_block_2_255nodes: Dense

relu_block_2_3nodes: Dense

relu_block_2_765nodes: Dense

?

N

add_from_block2: Add

output_block: BatchNormalization

linear_255nodes: Dense

linear_3nodes_output: Dense
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ConvNN

Input_765: InputLayer

-

relu_16f_k4_s2: ConvlD

] |

relu_32f _k4_s2: ConvlD

- |

relu_64f_k4_s2: ConvlD

- |

relu_128f k2_sl1: ConvlD

-

relu_256f_k2_sl1: ConvlD

-

flatten: Flatten

-

relu_255nodes: Dense

-

Layer (type)

input_11 (InputlLayer)

Output Shape

[ (None, 765, 1)]

linear_3nodes_output: Dense

convld (ConviD) (None, 383, 16) )
convlid 1 (ConviD) (None, 192, 32)
convld 2 (ConvilD) (None, 96, 64) )
convld 3 (Convi1D) (None, 96, 128)
convid 4 (ConviD) (None, 96, 256)
flatten (Flatten) (None, 24576)
dense_55 (Dense) (None, 255) )
dense 56 (Dense) (None, 3)



2D ConvNN

128x128x3:

InputLayer

16f_5x5k_relu_

same: Conv2D

2x2p_2x2s_1:

MaxPooling2D

64f_2x2k_relu_

same: Conv2D

Layer (type) Output Shape

167 5xsk_relu_same (Conv2D) (Nome, 128, 128, 16)
2x2p 2x2s_1 (MaxPooling2D) (None, 64, 64, 16)

64f 2x2k_relu_same (Conv2D) (None, 64, 64, 64)
2x2p_2x2s_2 (MaxPooling2D) (None, 32, 32, 64)

2x2p_2x2s_2:

MaxPooling2D

128f 2x2k_relu_same (Conv2D)

32, 32, 128)

128f_2x2k_relu_

same: Conv2D

2x2p_2x2s 3 (MaxPooling2D) (None, 16, 16, 128)
flatten_ 3 (Flatten) (None, 32768)
relu_4096nodes (Dense) (None, 4096)

relu 512nodes (Dense) (None, 512)
relu_128nodes (Dense) (None, 128)
relu_32nodes (Dense) (None, 32)

output (Dense) (None, 1)

2x2p_2x2s_3:

MaxPooling2D

flatten_3: Flatten

relu_4096nodes: Dense

relu_512no

des: Dense

relu_128no

des: Dense

relu_32nodes: Dense

output:

Dense
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