icnonb3oBaHMe MalMHHOro oby4yeHnA B
don3nkKe BbICOKUX 3HEPTUN

Ceccuna-koHpepeHuma CAD OPH PAH
HoBocubupck, 10-12 mapta 2020

®d. PaTtHukoB
HWY BLLUD
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e MO - npnbnmxeHmne yHnBepcasibHOU (MHOronapamMmeTpuy4ecKown)
MOOENN K MHOropasMepHbIM OaHHbIM

* rpaguneHT MEeTPUKM KavyecTBa OO/MKEH aHANUTNYECKN
nepecynTbIBaTbCA B rpaAneHTbl NapamMeTpoB MOLENN
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TunWyHble 3a4a4M MalLMHHOIO 0byyeHus

e C yyntenem
e KJlaccudpmkaumA
®* perpeccus
* reHepauuAa
e besyyntenn
* KNnacTtepusauuAa

e aBTOMATMYECKOeE BblABIeHNEe B3aNMOCBA3Eeu
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3ajada Knaccudbukaumm

e ABTOMATUYECKUW MOUCK HAUNYyYLLEN pa3aenAaroLlen
NOBEPXHOCTU B MHOronapamMmeTpmnyeckom

noanpocTpaHcTBe 00WMX PYHKLUMN B MHOTOMEPHOM
NPOCTPAHCTBE XapaKTEPUCTUK OOBLEKTOB
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[lepBble npuMmeHeHnsa B PBI

. 4

COMPUTER PHYSICS
COM'MUII._CA!'IONS

Computer Physics Communications
Volume 49, Issue 3, June 1988, Pages 429-448

Neural networks and cellular automata in

experimental high energy physics

B. Denby :
Show more b
]

https://doi.org/10.1016/0010-4655(88)90004-5 Get rights and content

Abstract

Within the past few years, two novel computing techniques, cellular

automata and neural networks, have shown considerable promise in the
solution of problems of'a very high degree of complexity, such as
turbulent fluid flow, image processing, and pattern recognition. Many of

Ener 4494 1351

the problems faced in experimental high energy physics are also of this ferolion 1 1.057

e BoamoxxHocTb ncnonbloBaHna MO B 3agadax nomcka
TPEKOB N KnacTtepos B AeTekTopax PBO.

oL-0,
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[lpakTHyeckme npumeHenmna MO

— D+ Google DeepMind
'QQ?“EQ ; Challenge Match

ALPHAGO
00:12:09j§ =
e ! o

> ¢ {F

¢
N

© Google

RNY sS4

[(Lr_

QB Fedor.Ratnikov@cern.ch MalumHHoe obyyeHure B GBI 6


mailto:Fedor.Ratnikov@cern.ch?subject=

TununyHble 3agaum B ©BD

dunsnyecknn aHanns, onTuMn3auma oToeneHmna cnrHana
oT dooHa (MVA)

bbICTPbIN OTH6OP COObLITUN B TpUITEPE
PeKOHCTPYKUMA B AeTeKTopax
NoeHTudoukaumAa YyacTu, B OeTEKTOpEe

[Tonck aHomMmanum

® TeXHNn4eCKne aHoMasinnm. Ka4eCTt1BO OadHHbIX

e JU3NYeckmne aHomMmasnmn: NOUCK HOBON PU3NKU
YckopeHune MC reHepaTopoB

YCcKOpeHne cumynAaunm OeTEKTOPOB
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Single Top Discovery 2008
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arXiv:0809.2581

[lpoAaBNneHne adpdhekTa B
pacnpeneneHnm Bbixona
Knaccugukartopa, a He
donsmnyeckoro napameTpa
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OntumMmsauma aHanmsa gaHHbix. LHC

e AKTUBHOE MCMNOJSIb30BaHUE
MVA B akcnepumeHTax LHC

CMS Hyy 2011-2012 ——
e ~ 50% MpUPOCT 3HAYNMOCTU

onAa namepeHmnm 603oHa
Xurrca

ATLAS Hrr 2011-2012 >

ATLAS VHbb 2011-2012 ——

e B 2020 TpyaoHO HaAUTK
donsndeckmnm aHanms 6e3
mcnonbsosaHna MVA ons
pasgeneHnAa curHana u
doOHa

ATLAS VHbb 2015-2016 s—

CMS VHbb 2011-2012 s

0.0 0.5 1.0 15 20 25 3.0 35 4.0 ®* TUMMNYHA COBMeCTHAaA
el Y onTuMmsauma ~10 KpuTepues
donsnyeckoro otbopa
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Camas ceexad ctatbs LHCb

FEUROPEAN ORGANIZATION FOR NUCLEAR RESEARCH (CERN)
i iiivﬁ CERN-EP-2020-020

LHCHh-PAPER-2019-043
9 March 2020

020

[hep-ex] 9 Mar 2

352v1

arxXiv:2003 .04

Search for the lepton flavour
violating decay BT — Ktpu~— 7+
using B;‘g decays

LHCD collaborationf]

5 Multivariate signal selection

We further improve the signal selection using a Boosted Decision Tree (BDT) classification
with the Adaboost algorithm [30]. The BDT inputs are primarily chosen to distinguish
additional tracks coming from signal 7 lepton decays from various sources of background.
Some examples are semileptonic b-hadron decays to charm where the charm hadron
produces a kaon with charge opposite that of the muon, or b-hadron decays where the
muon is produced in the semileptonic decay of a child charm hadron. The background
training sample is taken from the SSK sample in the m? . region around m?. This focuses
the training on the sources of background which fall near the signal peak. We describe
the signal with simulation samples that include only B2 decays; the effect of the BDT on

Abstract . . . . . . . .
A search is presented for the kpton fiavour vioating decay B+ - K-+u~7+ wing non-B* signal simulation is then estimated separately. The training makes use of different
le of llisi f. i f 1 13TeV Sz v
sample of proton-proton collisions at centre-of-mass energies of 7, 8, and 13TeV, . " - i " g . .
ST, T s Kok i il oty ety ik ot St A topological reconstructions of the K ~t* triple: in addition to the signal selection, we
i g i~ g kol s s also first combine either the kaon and the track or the muon and the track into a pair
limit is set on the branching fraction . X : ; 5 z 5 & g
B(B* - K* ") <39 x 107" at 90% confidence levl before adding the third particle. The pair masses and the flight distance of the pair in
el Bt B comprabie o theworkhes fi each topology help to distinguish the signal from background, for instance when the pair
comes from a charm hadron decay. We also include the flight distance of the 7, which we
i o o v reconstruct as the distance along the 7 trajectory found in the missing-mass calculation
© 2020 CERN for the benefit of the LHCh colaboration. CC BY 40 licence from the K+ u~ vertex to the point of closest approach of the third track.
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Knaccudurkauma pacnagos

Nature, 560, 41-48 (2018)

. v, neutral current

O v, charged current

O v, charged current

. v, charged current

e HeunTtpuHHbIN akcnepmmeHT NOVA
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Knaccudukauusa B Tpurrepax

~

—® arXiv:1510.00572

HLT-1 track: 100 kHZ HLT-1 2-body SV: 50 kHZ
mode 2.5 kHz 4. kHz
BY - K¥Ktn~|putp~ 1.64 1.72
Bt - ntK KT 1.99 1.65
OR B - D [KtK n |uty, 1.14 1.47
BY - (1S |[pTu | KTK ntn~ 1.62 1.71
BY - D [KTK n]rt 1.46 1.52
HLT-2 Topo: 2-4 kHZ ® B » DY [K—nTnt|D-[KTn—7n~| 1.40 1.86
@ SV/ n
é/v/v@ ' 8
/e

e 70% paHHbiXx LHCb oTbupaeTcAa ocHOBaAHHbIMU Ha
npumeHeHnmn MO Tpurrepamm
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nepeB3Be|_L||4|3aH ne arXiv:1608.05806

D uz_IPCI 12_OWNPY an Cplus_CNDVERTEX_C1 2 A Zplus_PT an Dp/us_IPCIII2 OWNPV 0 Dplus CNDVERTEX 112 A nnore Eplus T

i B8 F B B oE BB
i 383§ 8§88

€ £ 2 2 g 2

S ¥ 2 3 & 3B

E £ &8 & E E

g = 2 2 g 2

e ¥ 8 5 & 8 e e 2 £ g 3
s " 2 E g = B H -

. §FEEEERGOG

e 3apaya: nepeB3BECUTb COObITUA CUMYNALUN TakK, YTOObI BOCMNPOM3BOAUINCH
onpenenéHHble pacnpeneneHmnsa B AaHHbIX

e 0e3 npobnem gnAa 1D

* HenpocTo A/ 60NbINX PA3MEPHOCTEN N OrPaHNYEHHON CTATUCTUKM

e EcTtecTtBeHHana 3apayva ona MO: nepeB3BecUTb Tak, YTOObI pacnpeneneHns
cTanu HepasnuyMmbiMM OnAa Knaccudukaropa

L
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JlomeHHasa apgantauus

Source Domain

e CpenaTtb anropuTM 3aBUCALLMM OT CYLLECTBEHHbIX
CBONCTB OOBbEKTOB, HO HEYYBCTBUTESIbHBIM K AeTaNiAM
obyyatowero Habopa OaHHbIX
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lomeHHasa apantauua s GBI

e curHan: v — 3u MC

arXiv:1912.08001

e poH: "7” — 3u peasnbHble faHHbIe BHE MacChl T

e KOHTpPONbHble AaHHble: D, — ¢ — 3u
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[lonck aHoManmm B oaHHbIX
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[ToncK TexHu4Yeckux aHomMaimu

expert
automatic / decision

decision
SLEYRZONE white zone
6 ® ® ? arXiv:1709.08607

e Bxopn: KnHemaTunyeckume
pacnpeneneHma (NpoueHTunun) gnq
pPa3NNYHbIX PU3NYECKNX OOBEKTOB B fracﬁfgﬁcﬂc’lzr:?:gsit
Pa3/INYHbIX Prsnyeckmnx aaHHbix CMS - T

I0.6796

e ~2500-D mnaHHble Ha Bxoae % 0.008 ) <oso
2
¢ BleOﬂ,: S 0.006 0.5123
O
e “naHHble OK” £ 0001 04287
m —
* “naHHble BAD” 0 0.3451
O 0.002
— 0.2614
e “oTOaTb 3KCNepTy 4N1A NPUHATUA
peLIJeHI/IH” 0.08%00 0002 0004 0006 0008 0010 O-1778

Pollution Rate constraint
e <20 % paboThbl

oooooo
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Pob6owundrep (LHCb, DUNE)

A Robo-shifter BT % “« < 17627C

Robo-shifter

The prediction for this run is 0.43

Please judge by distribution of predictions:

e (OcHoBaHHbI HA MO NOMOLLHUK 4 =

onepartopa |

 AHanusupyet OaHHble TeKyLliue il m l ’ h
BbICOKOYPOBHEBbIE AaHHbIE, | <M. P |
ﬂlenaeT ﬂpeﬂlCKa3aH|/|e O Suspicious histograms:

¢ /OfflineDataQuality/CALO: page 1: Photon and Electrons

~

Reconstruction: histogram Hypo Energy Rec/Calo
KayecTBe TeKYyLMX OaHHbIX
o /OfflineDataQuality/RICH: page 6: PID Monitoring with
Lambdas: histogram pion RichDLL(pion-kaon)
o /OfflineDataQuality/RICH: page 8: PID Monitoring with
® I_I O.D.C Ka3 bl B aeT B 03 M O).I.( H bl e J-Psi: histogram muon RichDLL (electron-muon)
o /OfflineDataQuality/MUON: page 3: lambda nopid:
histogram proton Pt distribution
M CTOLI H I/I KM I-I p06n e M  /OfflineDataQuality/MUON: page 1: Jpsi tag and probe:
histogram probe #mu P distribution
o /OfflineDataQuality/ALIGNMENT: page 05: VELO overlap
residuals: histogram phi residual C side
o /OfflineDataQuality/MUON: page 3: lambda nopid:
histogram proton P distribution
o /OfflineDataQuality/MUON: page 3: lambda nopid:

J.PhyS.Conf.Ser. 898 (201 7) n0.9, 092027 histogram proton charge distribution
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MO B TeopeTnyeckmnx nccnenoBaHUNAX

Machine Learning in the String Landscape

e (arifio, J., J. Halverson, D. Krioukov, and B. D. Nelson (2017), JHEP 09,
157, arXiv:1707.00655 [hep-th].

An equation-of-state-meter of QCD transition from deep learning

e Pang, L.-G., K. Zhou, N. Su, H. Petersen, H. Stocker, and X.-N. Wang
(2018), Nature Commun. 9 (1), 210, arXiv:1612.04262 [hep-ph].

Deep Learning and AdS/CFT

* Hashimoto, K., S. Sugishita, A. Tanaka, (2018), Phys. Rev. D98 (4),
046019, arXiv:1902.05131 [hep-th].

Machine learning action parameters in lattice quantum
chromodynamics

e Shanahan, P. E., D. Trewartha, and W. Detmold (2018), Phys. Rev. D97
(9), 094506, arXiv:1801.05784 [hep-lat].
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MO pns nssnedyeHunsa apdeKkTUBHbIX NApaMeTpoOB MOAENN

arXiv:1805.00013
parameter @ > Q .
l NN
observable 70 : ”a 9'7
latent 2
/ _\\\ - I —

= )

W& — r(x, z|0) ' b

arg min L{g| — 7(x|0) —>

' t(;l'.f < 0) > g approximate
augmented data likelihood
ratio 07.
Simulation Machine Learning Inference

e [1nA KoHBepTauun HabngaembiX B
napamMmeTpbl Moaenu TpebyeTcA akKypaTHoe

BblYMCNEHNE 3HAYEHNNN (PYHKUNN o
npasponofobunA AaHHbIX ANA pasnuyHbIX . |
MOﬂ,eﬂeVl " \ /;;;/ \\\\
3 1.16x large‘n\'/\ reach = //’/ ./;7;7""\ \
* CroXKHaA 3agava S oty — . i 4 ‘/. )
< \ T 0.0+ 8 /
g 1.9x more luminosity E \\\ \" \',/ / /.’
* 3asucAlne oT MOAenn NapToHHbIE G " VA S S
pacnpeneneHnA MoXHO oT(pakTopu3oBaTtb OT . T R
adhpekTOoB neTekTOopa 0 T

® ... N OUEHNTb 3HAYEHNE OTHOLWEHMNA DYHKLUUIA
npasgononobua metogamm MO
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[eHepaTMBHbIE MOJENM

e [eHepaumAa o6bEKTOB B COOTBETCTBMU C 3a0aHHOWN
(M3y4YeHHOI) BepoATHOCTbIO pacnpenenerdna p(X | ¢)

e X - 0OBEKT, C - yCNnoBuA
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Coarse styles

(4% - 8%)

Middie styles

(16* - 327)
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(647 - 10247)
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StyleGAN (NVIDIA)

Coarse styles
(a2 82)
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(162 - 32?)

Fine styles
(642 - 10242)
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Middle styles
(162—32%)

Fine styles
(642 - 1024?)

arXiv:1912.04958

Buoeo: https://youtu.be/c-NJtV9JdvpO
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[eHepaTuBHbIE MOogenu (FastSim)

CHF/HS06 Price/performance evolution of installed CPU servers

e bonee 80% BblMUCIUNTENbHbIX ono
POB3 TpaTnTcAa Ha cumynAauumio N
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e GEANT - nepexogHaa pyHKUMA Mexay (HEMHOMMMN)
napamMmeTpamMmm YyacTtuubl N (MAKPOCKOMNNYECKNM) OTK/TMKOM

neTeKTopa

* BbluMCAEMaAA HA MUKPOCKOMMNYECKOM YPOBHE AeTanmsaumm

e llpeA: HaTpeHUpoBaTb (bonee nNPocTyio 1 BbICTPYIO)
cypporaTHyto Moaenb A4JiAa BOCNpou3BeneHNA 3TOU NepexogHou

JOYHKLUUMU
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[eHepaTUBHbIE MOAENN ANA Kanopume
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[eHepaTUBHble MOaENU

0.8 - 0.35 - - - e Sparsity
he] B T T
0.7} 1 Geant|]  530] T Geant | ©
' 0.25
0.6l TEOGAN |f L 1 GAN o
] . B : " —
‘é‘ 0.5l ; 0.20
- 0.20} 3 0.15
E .l 0.15 % .
= A5 )
"é 0.3l T 0.10
< 55 0.10} G 0.05
c
0.1 0.05} § 0.00
©
0.0 0.00 ‘ ' T . , . A
0 2 4 6 5 10 ~10 -5 0 5 10 w- —0.055 2 =3 = = 0
Cluster trasverse width [cm] AX [em] log10(Threshold/GeV)

0.9 : 1.2
08| | Geant Lo
0.7f| 1 GAN '
0.6} 0.8}
0.5}
0.6}
0.4}
0.3} 0.4}
0.2}
: 0.2}
0.1}

0.0 0.0
-1.0 -0.5 0.0 0.5 1.0 -1.0 -0.5 0.0 0.5 1.0

Longitudual cluster asymmetry Transverse cluster asymmetry

¢ CFeHepI/IpOBaTb BbiriAOALWNE TNOXO0>Ke OTKITNKN - HECJTOXKHO

e CnoXXHO BOCMPOU3BECTU MapruHasbHble pacrnpeneneHmns

e 0COHBEHHO, eCfi1 UX CMUCOK HE N3BECTEH a Ppriori
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[eHepaTmBHbIe Mmoagenu (bumper to bumper)

e Cumynauma RICH BkntovaerT:

® CUMYJIALMIO NMPOXOXOEHNA YacTULbl Yepes Magneti
pa.ull/l aTop Shield Photon

Detectors

¢ TreHepaunio HepeHKOBCKUNX POTOHOB
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®* pu 3TOM BOCMNPOM3BOANMOCTb
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[eHepaTmBHbIe Mmoagenu (bumper to bumper)

e Cumynauma RICH BkntovaerT:

* CUMYNALUMIO NPOXOXOEHUA YacTULbl Yepes

Magnetic

paguaTtop Shield Photon

¢ TreHepaunio HepeHKOBCKUNX POTOHOB

Detectors

rad

e 290

lic:
® llcnonb3lyem MO:
ip
® HaTpeHUMpyeM reHepaTUBHYIO MOAe/b MePEeBOAUTb B
KMHEMaTUKY TpeKa HenocpeacTBeHHO B MapaMeTpbl 8
MoeHTUdDUKaLUK

® MOXHO TPEHMPOBATbLCA NPAMO Ha KaIMOPOBOYHbIX 0Opa3Lax

NAaHHbIX

nojsiydaemMbiX napamMeTpoB NOAEHTUPUNKaLNAN
HaCTuML OKa3blBAeTCA HE HACTOJ1bKO

XopoLueu,
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191 <=ETA <=2.84

LHCDb preliminary

[eHepaTmBHble mogenu RICH

2.84 <=ETA <=3.39

LHCDb preliminary
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[eHepaTnBHbIE MOJENN Ha peasibHbIX AaHHbIX

o N 9B cpaBHEHME reHepaTUBHON
MOLENN C He3aBUCUMbIMU

OaHHbIMIA

¢ MaJible paCxXxo>XXaeHnA yxXooAaT B

cucTeMaTuky
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Ncnonb3oBaHne MO pna R&D petektopos
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Ncnonb3oBaHne MO pna R&D petektopos
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Ncnonb3oBaHne MO pna R&D petektopos
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3akKto4yeHue

 [lpmeHeHne MmaWwmnHHOro oby4yeHnA, UCKYCCTBEHHbIN
MHTENNEKT, aHanm3 60MblWMX OaHHbIX OKa3biBalOT
CYLLECTBEHHOE BNMAHME Ha pa3BUTUE COBPEMEHHOW
LMBUIN3aLNNA

e [lony4yeHHble HapPaboTKKN WNPOKO aaanTUPYOTCA Y
MCNonb3yTCA B coBpeMeHHON DPB3

e HaBbIk BnageHua annapatom MO cTan cywecTBeHHbIM
acrekTom ycrnexa pmnamnyeckmnx nporpamm CoBpeMEHHbIX
akcnepumeHTos OB3

e ... aTakxe, ucnonodosaHne MO gna 3apga4y GBO nosbIWaeT MOTUBALNIO HAYYHOU
MOJIOOEXKMN, MOCKOJIbKY 3TN HaBbIKM BbICOKO LIEHATCA N MMEIOT LWMPOYanLLyo
obnacTtb NPUMEHEHUA

Fedor.Ratnikov@cern.ch MawuHHoe obyyeHne B ®BD 35



mailto:Fedor.Ratnikov@cern.ch?subject=

NHTenneKT u HaBbIK

Francois Chollet (Google)

Situation
¢
Generation Skill
P>
Intelll ent progtatt > Score
Systegm Response TaSk —>
¢
Feedback
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