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DEEP LEARNING METHODS AS A TOOL FOR
OVERCOMING THE CRISIS OF PARTICLE
TRACKING IN HIGH LUMINOSITY HEP
EXPERIMENTS

G. A. Ososkov ! *

! Joint Institute for Nuclear Research, Dubna, Russia

A key stage in offline processing of the experimental HEP data is the re-
construction of trajectories (tracks) of the interacting particles from measurement
data. For modern high-luminosity collider experiments, such as HL-LHC and
NICA, a particular challenge for tracking is the very high, megahertz frequency of
interactions, leading to an order-of-magnitude increase in the intensity of the data
stream to be processed and, in addition, to a significant overlap of event track data
when they are registered in track detectors. All these circumstances, recognized by
physicists as the “tracking crisis”, have shown that the tracking algorithms already
in use are not efficient, accurate, and scalable enough to handle data obtained in
high-luminosity collider experiments.

To overcome this crisis, in 2018, a group of physicists from CERN and other
physics centers in the HEPTrkX project staged a TrackML competition to develop
new solutions to tracking problems using deep neural networks. A data set for
their training and testing was prepared and published on the Kaggle platform.
The TrackML competition stimulated a lot of important research leading to the
development of effective tracking algorithms based on graph neural networks,
transformers, as well as the reanimation of tracking based on Hoplield neural
networks, enhanced with computational means of adiabatic quantum computers.

The experience in the development of tracking algorithms based on machine
learning methods, accumulated during the last decade by the specialists from MLIT
JINR, allowed them to actively engage in research on overcoming the problems
of the “tracking crisis” not only by using the information from already published
results, but also through original innovations, taking into account the specificity of
domestic detectors in the high-luminosity experiments of the NICA megaproject at
JINR. We make a brief review of the ongoing work and discuss its prospects.

KioueBblM 3TanoM odaiH-06paboTKH 3KcIepUMeHTalbHbIX AaHHbIX HEP aBns-
eTcsl PEeKOHCTDPYKIHS TPAeKTOPHH (TPEKOB) B3aUMONEHCTBYIOMIMX YaCTHL, [0 AaHHBIM
usMepeHui. Jljsi coBpeMeHHBIX 3KCIIePUMEHTOB Ha KoJllaiiepax BLICOKOH CBETHUMO-
cty, takux kak HL-LHC u NICA, oco6oii npo6semMoil 1ji1 OTC/I€XKHUBAHUS SIBJSETCS
OueHb BLICOKAs, MerareploBasi, 4acToTa B3aHMOAEHCTBUH, UTO NPUBOAUT K yBeJH4e-
HHUI0 MHTEHCHUBHOCTH MOTOKa oOpabaThiBaeMblX JaHHBIX Ha MOPSALOK H, KPOMe TOro,
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K 3HAyUTeJbHOMY IEPEKPBITHIO NAaHHBIX O TpeKaX COOBITHH MPU HX PerucTpaLuu
B TPEKOBbIX JeTeKTopaX. Bce 3T 06CTOATENBCTBA, NPU3HAHHBIE (DU3UKAMHU «KPHU3UCOM
OTCJIE’KHBAHUS», MOKA3aJH, YTO HCIHOJb3yeMble aJTrOPUTMbI OTCJEKHBAHUS HeNOCTa-
TOYHO 3()(heKTUBHBI, TOYHBI U MacliTabupyeMbl 1715 06pabOoTKH AAHHBIX, OJYyUYeHHBIX
B 3KCIIEPHMEHTax Ha KoJjljlaiiepax BbICOKOH CBETHMOCTH.

Hnst npeononenus atoro kpusuca B 2018 r. rpynna ¢usukos u3 LHEPH u npyrux
¢usuueckux uentpo B npoekte HEPTrkX oprannsosana konkypce TrackML nas pas-
pabOTKH HOBBIX PelleHHH 3a/ay OTC/AEeKUBAHUS C UCIIO/b30BaHHEM IyOOKHX HeHpOH-
Hbix cerell. [Tonrorossen u ony6uankosaH Ha nuathopme Kaggle HaGop maHHBIX 114
ux o6ydenus u tectupoBaHus. Koukype TrackML cTumMynnpoBas MHOXKeCTBO BaXKHBIX
UCC/eIOBaHUH, NMpPUBEIINX K pa3paboTKe 3(P(EKTHBHBIX aJrOPUTMOB TPEKHHIa Ha
oCHOBe Tpa)OBBIX HEHDOHHBIX ceTed, TPaHC(OPMATOPOB, a TaKkKe K peaHHMMalHH
TPEKHHra Ha OCHOBe HeHPOHHBIX ceTell Xondui/na, ynydlleHHbIX BHIYHCAUTEbHBIMHU
CpeCTBaMM afMabaTHYeCKHX KBAaHTOBBIX KOMIBIOTEPOB.

Haxkonsiennsii 3a mocnenHee necsituierve creuuanucramu JIMT OUSAU onsit
pa3paboTKH alrOPUTMOB TPEKHHra Ha OCHOBE METOJOB MAIIMHHOTO OOyueHHs MO03-
BOJIWJ aKTHBHO BKJIIOUHTbCS B HCCJIENOBAHUS 10 MPEONOJIEHHIO MPOOJEM TPEKHUHIO-
BOTO KPHM3MCA 33 CYET HE TOJBKO HCIOJb30BaHUS HH(POPMALMU U3 YyxKe OmyOJHKO-
BaHHBIX PE3Y/IbTaTOB, HO M OPHUI'MHAJbBHBIX HHHOBALMH, YUHTHIBAIOIIUX CHELU(UKY
OTEeUYeCTBEHHBIX JETEKTOPOB B KCIEPHUMEHTAX Ha KoJllaiiepax BbICOKOH CBETHMOCTH
meranpoekta NICA B OUSU. IlpencraBneH kpaTkuil 0630p Tekylue#l paboThl, U 06-
CYX/IAI0TCSl €€ MepCreKTHBHI.
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