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KF Particle: reconstruction of short-lived particles

Concept:
* Mother and daughter particles have the same state
vector and are treated in the same way
* Reconstruction of decay chains
» Kalman Filter (KF) based
* Geometry independent
* Vectorized
* Uncomplicated usage

Functionality:

» Construction of short-lived particles

» Addition and subtraction of particles

* Transport

» Calculation of an angle between particles
» Calculation of distances and deviations

r={Xx,Y,Z Px Py, P» E }

— — A 2o e e e e e + Constraints on mass, production point and decay length
O+t<— A K+ ( statevector (¢ o & G Gn G Co « KF Particle Finder
C Cy: 0'1 sz CZI’\ CZ]I: CZE

r,C _ Ty —|.°

—_— + »( ! ) C =<Ir > = |Cop. Cyp, Cop, ng Cppy Cpp. Cpi
| 2
p Jl A Copy Copy Copy Cpup, pr Cop. Cpy

& GG Guoo, Grl Reconstruction of decays with neutral daughter

. - Cxp.
[Covarlance matrix ] C:

Ge Gr Coz Cpe Cor Ok by the missing mass method:
KFParticle Lambda(P, Pi); /I construct anti Lambda
Lambda.SetMassConstraint(1.1157); /l improve momentum and mass
KFParticle Omega(K, Lambda); /I construct anti Omega
PV -= (P; Pi; K); /I clean the primary vertex
PV += Omega; /I add Omega to the primary vertex
Omega.SetProductionVertex(PV); /I Omega is fully fitted
(K; Lambda).SetProductionVertex(Omega); // K, Lambda are fully fitted
(P; Pi).SetProductionVertex(Lambda); Il p, pi are fully fitted

KF Particle package provides a simple and direct approach to physics analysis. Now is used in CBM, ALICE and STAR.
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Missing Mass Method: an illustrative sketch
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Implementation of the method for X- — nm- decay has three steps:

1. Find tracks of - and its charged daughter particle 7-in the tracking system.

2. Reconstruct parameters of the neutral daughter particle n using parameters of the mother
particle and the charged daughter.

3. Reconstruct X- mass spectrum from the charged and obtained neutral daughter particles.

The Missing Mass Method allows a significant expansion of the physics programs of HEP and HI experiments.
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A simplified block diagram of the Missing Mass Method
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The Missing Mass Method is implemented as a part of the KF Particle Finder package.
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Charged particles: e, pu*, m+, K+, p*, d+, 3Het, 4He*
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KF Particle Finder: a package for online physics analysis and selection

( mbias: 1.4 ms; central: 10.5 ms )/event/core

GRID’2021, 5-9 July 2021

5 /14



Improved mathematics and optimised decay vertex search

wrong vertex position
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The decay point of the charged particle, or its secondary vertex, is found in two steps at once at the initial stage and does not require
refinement and recalculation later, which is mathematically more accurate, whereas previously the coordinates of the charged
daughter particle participated in the calculation of the vertex position twice, which improperly overestimated their weight, that is
significant especially for low-momentum particles.

Improved mathematics:

+ A more accurate and faster mathematical apparatus is implemented.

+ All main calculations are done with 6x6 matrices instead of the former 7x7.

+ The energy is removed from the state vector and the covariance matrix.

+ Calculation of the energy and mass is done separately at the final stage.

+ The parameters of all decay particles are found in one iteration of the Kalman filter instead of the former two.

+ This allows to abandon the very resource-intensive mass-constrained method, which balanced the
parameters of the particles in some parts of the calculations.
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Performance of the Missing Mass Method in CBEM

5M central AuAu UrQMD events at 10 AGeV

Standard Version
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* Correct mathematics and decay vertex search.

* Double-step extrapolation.
* Reduction of background from interaction with material.

» Tracks without PID are considered as pions.
Efficiency increased by factor 2, significance by 25-30%
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CBM — STAR: reconstruction and analysis software

Within the FAIR Phase-0 program the CBM KF Particle Finder has been adapted to STAR and applied to real data of 2014, 2016 and BES-I
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The KF particle finder provides better signal significance than the standard approach in STAR.
The integration of the KF particle finder into the official STAR repository for use in physics analysis is currently in progress

Use for real-time express physics analysis during the BES-II runs (2019-2021)
GRID'2021, 5-9 July 2021
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Fixed target is located at the west side of TPC where it is hit by a single beam

The idea of the Beam Energy Scan (BES) program is to experiment with a
set of beam energies (single and colliding) from low to very low.
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STAR BES-II: 2018-2021

21039009(:i ll 22; OFL.Trg. 5 008, 780002 780003 780004, 16 78000 :\=0.5015; “BvtTime:

der:.9;2'GeV:Collisions. "........
Trig.ID: 78001 g.ID:udd I = minbias-hl

minbias-hlt150; Trig.ID: 780004 = minbias- allvtx; Trig.ID = minbias-sendvtxXt:»Tri
mb_epdcomponent ;

(:; 21029018; Event: 3 ; OFL.Trg.IDs: 770000,770002,770003,770004,770007,770005,770006,34+ B:\-0.5015; EvtTi

Wed Jan 29 2020 06:48:54 GMT-0500 (Eastern Standard Time)

Trig.ID: 770000 = epde-or-bbce-or-vpde-tofl; Trig.ID: 770002 = epde-tofl; Trig.ID: 770003% bbce-tofl; T£ig.ID:
770004 = vpde-tofl; Trig.ID: 770007 epde-or-bbce-or-vpde-tofl-etof; Trig.ID: 770005«= hit flxpdTargetGood,

Trig.ID: 770006 1t fixedTargetMonitor; Trig.ID: 34 = mbtakenctxp
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STAR FXT, run 20, HLT online express production (standard version)

2M AuAu events at 5.75+7.34+9.8+26.5 AGeV
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The standard version of the missing mass method provides online reconstruction
of short-lived particles of the 2020 year data with high signal to background ratio and significance.
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STAR FXT, run 20, HLT online express production (improved version)

2M AuAu events at 5.75+7.34+9.8+26.5 AGeV
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In the improved version in m* — p*v channels the signal increased by a factor of 40, and the significance - by a factor of 7
In K+ — p*v and K* — m*n¥ channels, the signal increased by a factor of 2, and the significance - by a factor of 1.5.
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STAR FXT, run 21, HLT online express production (May 1-2, 2021)
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9M AuAu events at 3.85 AGeV
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Results of the missing mass method application to real data collected in May 2021
and processed on HLT within the online express production chain.

*Second peak in K+ decays resulted by misidentification of = as p with online calibration.
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Summary

v KF Particle package provides a simple and direct approach to physics analysis and is now used in CBM (FAIR/GSI),
ALICE (CERN) and STAR (BNL) experiments.

v KF Particle Finder package is developed for fast online reconstruction and selection of short-lived particles.

v The Missing Mass Method is implemented as a part of the KF Particle Finder package for reconstruction of short-
lived particles with neutral daughter.

v The Missing Mass Method allows a significant expansion of the physics programs of HEP and HI experiments.

v Within the FAIR Phase-0 program the KF Particle Finder package, initially developed for the CBM experiment, has
been adapted to the STAR experiment and applied to real data of BES-II.

v The Missing Mass Method provides online reconstruction of real data with high signal to background ratio and
significance.

v In the improved version the signal in m* — p*v channels increased by a factor of 40, and the significance - by a
factor of 7. In K+ — p*v and K+ — w10 channels, the signal increased by a factor of 2, and the significance - by a
factor of 1.5.

v Work is currently underway by the STAR collaboration to incorporate the KF Particle Finder into the StRoot
framework for analysis also in the standard offline mode.
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