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Particle track reconstruction is crucial for high-energy physics, particularly
in high-luminosity environments where traditional methods encounter limitations
in scalability and efficiency. To overcome these challenges, we introduce the
Track Reconstruction Transformer (TRT), a novel deep learning model inspired by
transformer models for the object detection that offers significant advancements in
particle trajectory prediction. TRT leverages a Transformer architecture to process
detector hits and directly predict particle track parameters, generating a set of
potential tracks, each with an associated probability indicating the probability that
it represents an actual track to account for the variable number of tracks per event.
This approach adopts the parallel processing efficiency of DETR, offering significant
speed and scalability advantages compared to conventional methods. The TRT model
has been evaluated using a toy dataset with helical track approximations and
uniform noise hits. We present details on the model’s implementation, training, and
performance, including strategies to address the O(N?) complexity of transformers.
While current tests focus on processed hits, we also discuss the potential for
adapting TRT to raw detector data (avoiding the hit reconstruction phase) in
future work, leveraging the flexibility of transformer architectures for even broader
applicability.

PeKOHCTPYKLMS TPEKOB YaCTHL HMeeT pellaiolliee 3HaueHHe MJIs (DU3UKH BbI-
COKHMX 3Hepruif, 0Co0eHHO B Cpefax C BLICOKOH CBETHMOCTbIO, Te TPaIULHOHHBIE
METOZbl CTAJKHUBAIOTCS C OTPaHHYEHHSMH B MacIITaGUPYeMOCTH U 3(P(HEeKTHBHOCTH.
Yrobbl npeomosieTb 3TH NpoOJseMbl, aBTopaMu mnpenctaBieH Track Reconstruction
Transformer (TRT) — HoBasi Mozesib r1y60OKOT0 06YUeHHUs1, BIOXHOBJEHHAs! TpaHchop-
MEpPHBIMH MOZENSIMU [J151 IeTeKLHH 00bEeKTOB, IPUMEHsIeMBIMU B KOMIIBIOTEPHOM 3pe-
Huu. Monesnb TRT oLeHHBanach ¢ UCHOMb30BAHHEM CMOIEJIHPOBAHHOTO YIIPOLEHHOTO
Habopa NaHHBEIX CO CIHUPAJbHBIMU AMMPOKCHMALUSIMU TPEKOB U PABHOMEPHBIM LIYMOM.
TRT wucnonbayer apxutektypy Transformer pnsi o6paGoTKH CHTHAJIOB HeTeKTOpa
U NPSIMOrO MPOTHO3WPOBAHHUs MapaMeTPOB TPEKOB YacCTHL 0e3 MOCTPOEHHUs TPEKOB.
3a cyueT JONMOJIHUTENbHOH OLEHKH BEpPOSITHOCTH TOTO, COOTBETCTBYET JH MpencKa-
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3aHHbI Habop MapaMeTpoB peasibHOMY TpeKy, obecreurBaeTcss 006paboTKa COOBITHH
C Pa3JIMYHBIM YHCJIOM TPEKOB. DTOT MOAXOJ NpeAJaraeT 3HaUuTeNbHbIE IPEUMYILIEeCTBa
B CKOPOCTH M MacliTabMpyeMOCTH 0 CPAaBHEHHIO C TPAAULHOHHBIMH METOLAMH, MU
3TOM He TpeOys MHOTO3TaNHbIX MpoUenyp oOy4YeHHsS W HCIIOJIb30BAHHS HECKOJbKHX
COCTaBJISAOLIMX.
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