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BES-II: HLT+xHLT

2Ivan Kisel

Extend the functionalities of STAR HLT farm with CBM FLES algorithms for express production (xHLT).

Full chain of express production and analysis has been running since 2019

• The „Job status DB“ and „Production Controller“ were started to develop since Run18.

• The ceph distributed disk is completely new of 2020.

• Production with CA and Physics with KF Particle since 2018.

• Full chain with Calibration since 2019.

HLT
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up to 1400Hz 
~500MB/s

sink 
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• Extend the functionalities of HLT farm:  infrastructure for expression production

• Sink daq files on HLT disk: 
work with Jeff Landgraf 

• Job status DB schema 
originally adopted from 
Levente Hajdu
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BES-II: Express Production Data Stream

3Ivan Kisel
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The express chain implemented on HLT is a shortest way from data acquisition to physics 
with online calibration, processing and physics analysis.

The standard calibration, production and analysis remain unchanged.

Start the calibration procedure as soon as data become available.

Make possible physics analysis of the data as soon as the calibration is reasonable.

Provide PWGs with instant and uncomplicated access to the data, like picoDST etc.
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BES-II: xPID with dE/dx and bTOF

4Ivan Kisel

Used for the real time express processing during the BES-II runs (2018-2021)

• The first express calibration has included analysis of cosmics data for iTPC alignment and 19 GeV dE/dx calibration which was frozen and put in database. 

• The results of this xCalibration have been presented during the final DoE iTPC project review. 

• Express production provides high quality of the dE/dx measurement for particles up to 7Be with bTOF and allows us to get clean spectra with high significance. 

• The spectra for FXT mode at 3 GeV are shown.

3

Combined Particle identification with dE/dx and bTOF
(BES-II)

Excellent work of:   TPC and  bTOF

The spectra for 3.85 GeV fixed target 
mode are presented.
Lines represent expected positions of 
particles and heavy fragments 6He, 
6Li, 7Li and 7Be according to their 
charge and mass.
Particles and heavy fragments up to 
7Be are clearly seen.
High chances to observe heavier 
Hyper nuclei

2

Particle identification with dE/dx and bTOF (BES-II)

Excellent work of:   TPC and  bTOF

• PID is shown at an example of 3He.
• Tracks with dE/dx within predefined region are selected.
• If track has a bTOF measurement it is checked to be within 

predefined range.
• For tracks with p/q < 1 GeV/c bTOF measurement is required.
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STAR provides high quality of the dE/dx measurement.
The spectra for 3.85 GeV fixed target mode are presented.
Particles and heavy fragments up to 7Be are clearly seen.
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CBM ➝ STAR: Reconstruction and Analysis Software

5Ivan Kisel

Within the FAIR Phase-0 program the CBM KF Particle Finder has been adapted to STAR and applied to Au+Au collisions recorded during 2014, 2016, BES-I and BES-II.

Used for the real time express physics analysis during the BES-II runs (2018-2021)

CBM (FAIR)
π+

Κ+

p

Ω+ Λ

Prof. Dr. Ivan Kisel, Uni-Frankfurt, FIAS FIAS, 24.04.2017      /20 
 

KFParticle: Reconstruction of Vertices and Decayed Particles

Concept: 
• Mother and daughter particles have the same state 

vector and are treated in the same way 
• Reconstruction of decay chains 
• Kalman filter based 
• Geometry independent 
• Vectorized 
• Uncomplicated usage

11

3

KFParticle Lambda(P, Pi);                               // construct anti Lambda 
Lambda.SetMassConstraint(1.1157);              // improve momentum and mass 
KFParticle Omega(K, Lambda);                      // construct anti Omega 
PV -= (P; Pi; K);                                               // clean the primary vertex 
PV += Omega;                                                // add Omega to the primary vertex 
Omega.SetProductionVertex(PV);                  // Omega is fully fitted 
(K; Lambda).SetProductionVertex(Omega);   // K, Lambda are fully fitted 
(P; Pi).SetProductionVertex(Lambda);            // p, pi are fully fitted

KFParticle provides uncomplicated approach to physics analysis (used in CBM, ALICE and STAR)

r = { x, y, z, px, py, pz, E } 

Position, direction, momentum 
and energyState vector

Functionality: 
• Construction of short-lived particles 
• Addition and subtraction of particles 
• Transport 
• Calculation of an angle between particles 
• Calculation of distances and deviations 
• Constraints on mass, production point and decay length 
• KF Particle Finder

Ω̅+        Λ̅ K+

p̅ π+

Simulated AuAu collision at 25 AGeV

π+

Κ+

p

Ω+ Λ

➤

➤ CA Track Finder

KF Track Fit

Event Builder

KF Particle Finder

Physics Analysis

Event Selection

CBM FLES

OutputMonte-Carlo

Efficiency

Histograms

InputGeometry Data

➤

STAR (BNL)

OutputMonte-Carlo

picoDST

Histograms

InputDatabase Data

Alignment

Calibration

CA Track Finder

KF Track Fit

KF Particle Finder

Physics Analysis

STAR xHLT

✔︎

➤

✔︎

➤

➤
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FAIR Phase-0
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Loopers found by CA

6Ivan Kisel

Used for the real-time express production during the BES-II runs (2018-2021)

AuAu at 200 GeV
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30 loopers / 346 tracks

• The CA track finder has been extended to find loopers of low-momentum particles in iTPC.

• The resolution of the loper problem allows us to increase pseudo rapidity acceptance for track with pT < 0.4 GeV/c.



Heavy Flavour

Open-charm 
resonances 

D*0  → D+ π- 

D̅*0  → D- π+ 

D*+  → D0 π+  

D*-  → D̅0 π-

Open-charm 
particles 

D0 → K- π+ 

D0 → K- π+ π+ π- 

D0 → K+K- 

D0 → π+ π- 

D0 → K0s π+ π- 

D0 → K+K-K0s 

D+ → K- π+ π+ 

D+ → π+ π+ π- 

D+ → K0s π+ π+ π- 

D+ → K0s π+ 

Ds
+ → K+ K- π+ 

Ds
+ → K+ π+ π- 

Ds
+ → K0s K+ π+ π- 

Ds
+ → K0s K0s π+ 

Ds
+ → K0s K+ 

Λc
+ → p K- π+ 

Λc
+ → p π+ π- 

Λc
+ → p K0s 

Λc
+ → p K0s π+ π- 

Λc
+ → Λ π+ 

Λc
+ → Λ π+ π+ π- 

Ξc
0 → Ξ- π+ π+ π- 

+ antiparticles

Charmonium 
J/ψ  → pp̅ 

J/ψ  → ΛΛ̅ 

J/ψ  → Ξ-Ξ̅+  

ψ′ → Ω-Ω̅+

B mesons 
B+  → D̅0 π+ 

B-  → D0 π- 

B+  → D̅0 K+ 

B-  → D0 K- 

B0  → D- π+ 

B̅0  → D+ π- 

B0  → D- K+ 

B̅0  → D+ K-

Charged particles: e±, µ±, π±, K±, p±, d±, 3He±, 4He±

Strange particles

K*+ → K+ π0 
K*- → K- π0 
K*0 → K0 π0 
Σ*0 → Λ π0 
Σ̅*0 → Λ̅ π0 

Ξ*- → Ξ- π0 

Ξ̅*+ → Ξ̅+ π0

Ξ*0 → Ξ- π+ 

Ξ̅*0 → Ξ̅+ π- 

Ω*- → Ξ- K- π+ 

Ω̅*+ → Ξ̅+ K+ π-

K*+ → K0
s π+ 

K*-  → K0
s π- 

Σ*+  → Λ π+ 

Σ̅*-  → Λ̅ π- 

Σ*-  → Λ π- 

Σ̅*+  → Λ̅ π+ 

Ξ*-  → Λ K- 

Ξ̅*+  → Λ̅ K+

K*0  → K+ π- 

K̅*0  → K- π+ 

ϕ  → K+ K- 

Λ*  → p K- 

Λ̅*  → p̅ K+

K0
s → π+ π- 

K+
 → µ+ νµ 

K-
 → µ- ν̅µ 

K+
 → π+ π0 

K-
 → π- π0 

Λ  → p π- 

Λ̅ → p̅ π+ 

Σ+
 → p π0 

Σ̅-
 → p̅ π0 

Σ+
 → n π+ 

Σ̅-
 → n̅ π- 

Σ-
 → n π- 

Σ̅+
 → n̅ π+

Ξ-  → Λ π- 

Ξ̅+ → Λ̅ π+ 

Ξ-  → Λ π- 

Ξ̅+ → Λ̅ π+ 

Ω-  → Λ K- 

Ω̅+ → Λ̅ K+ 

Ω-  → Λ K- 

Ω̅+ → Λ̅ K+ 

Ω-  → Ξ0 π- 

Ω̅+ → Ξ̅0 π+

Σ+ → p π0 
Σ̅- → p̅ π0 
Σ0 → Λ γ 
Σ̅0 → Λ̅ γ 
Ξ0 → Λ π0 

Ξ̅0 → Λ̅ π0

Strange resonances

Neutral particles: νµ, ν̅µ, π0, n, n̅, Λ, Λ̅, Ξ0, Ξ̅0

Dileptons

Charmonium 
J/ψ → e+ e- 

J/ψ  → µ+ µ- 
Low mass 

vector mesons 
ρ  → e+ e- 

ρ  → µ+ µ- 

ω  → e+ e- 

ω  → µ+ µ- 

ϕ → e+ e- 

ϕ → µ+ µ-

Gamma 
γ  → e+ e- 

Gamma-decays 
π0  → γ γ 
η → γ γ

π+ → µ+ νµ 

π- → µ- ν̅µ 

ρ → π+ π- 

Δ0  → p π- 

Δ̅0  → p̅ π+ 

Δ++  → p π+ 

Δ̅--  → p̅ π-

Light mesons 
and baryons

Hypermatter

Heavy multi-
strange objects 

{ΛΛ} → Λ p π- 

{Ξ0Λ} → Λ Λ

Hypernuclei 
{Λn} → d+ π- 

{Λ̅n̅} → d- π+ 

{Λnn} → t+ π- 

{Λ̅n̅n̅} → t- π+ 

3ΛH → 3He π- 

3ΛH̅ → 3He π+ 

4ΛH → 4He π- 

4ΛH̅ → 4He π+ 

4ΛHe → 3He p π- 

4ΛHe → 3He p̅ π+ 

5ΛHe → 4He p π- 

5ΛHe → 4He p̅ π+

Double-Λ 
hypernuclei 

4ΛΛH → 4ΛHe π- 

4ΛΛH → 3ΛH p π- 

5ΛΛH → 5ΛHe π- 

6ΛΛHe → 5ΛHe p π+
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CBM ➝ STAR: KF Particle Finder

7Ivan Kisel

The search for up to 200 decay channels is implemented in the KF Particle Finder

Features:

• KF Particle class describes particles by the state vector 

and the covariance matrix.


• The method for mathematically correct usage of 
covariance matrices is provided by the KF Particle 
package based on the Kalman Filter (KF).


• Heavy mathematics of KF requires fast and vectorised 
algorithms.


• Mother and daughter particles are treated in the same 
way.


• The natural and simple interface allows to reconstruct 
easily complicated decay chains.


• Reconstruction of decays with a neutral daughter by the 
Missing Mass Method.


• The package is geometry independent and is used in  
different experiments (CBM, ALICE, STAR).
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xBES-II: Hyperons

8Ivan Kisel

Signal utilizing 140M AuAu events at 7.7 GeV, 2021 BES-II (x)production

• Recently STAR has upgraded the inner part of TPC that together with an improved CA track finder have increased efficiency.

• New data give a possibility to study lower pt region.

With express calibration and production we observe all hyperons with high significance and S/B ratio



CHEP-2023, Norfolk, 05/08/2023        /14 

xBES-II: Missing Mass Method

9Ivan Kisel

Signal utilizing 32.5M AuAu events at 7.7 GeV, 2021 BES-II (x)production

• Kaons can also be found using the Missing Mass Method.
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The missing mass method provides additional opportunities in the study of decay channels

Second peak is due to (µ/π) particle misidentification. 
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Fixed Target xBES-II: Pileup

10Ivan Kisel

• To increase statistics the beam interaction intensity was increased.

• This resulted in more than a half of events with at least two reconstructed primary vertices.

• A structure at R = 2 cm is formed by pileup.

• Interactions with the beam pipe material and support structures are also visible.
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Distribution of the distance from 4𝚲He → 3He+p+π- 
candidates to the main primary vertex without and with 
the cleaning procedure.

• The cleaning procedure: reconstruct primary vertices from pileup and interaction with the beam pipe, then discard 
these primary tracks.

P
rim

ar
y 

Ve
rte

x

The cleaning procedure significantly reduces background, especially in 3-body channels
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xBES-II: Hypernuclei

11Ivan Kisel

Signal utilizing 437M AuAu HLT triggered events at √sNN = 3.0 GeV Fixed Target, 2021 BES-II (x)production

• With increased beam collision intensity in the Fixed Target mode HLT farm had not enough capacities 
to process all collected data online.


• Therefore a trigger on He has been introduced to enhance hypernuclei. 

The collected statistics is enough to measure yields, lifetimes and spectra of these hypernuclei
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BES-II: Hypernuclei

12Ivan Kisel

2018, 2019, 2020, 2021x FXT and 2021x collider at 7.7 GeV

• With the same procedure all FXT data from 2018, 2019 and 2020 were analyzed.

• In all (standard and express) production data 5𝚲He is visible with significance 11.6 σ. 

The collected statistics is enough to study Dalitz plots of 3-body channels

3 3.1
]2 [GeV/c}-πHe3 {invm

0

50

100

310×

En
tr

ie
s

2 M = 2991.2 MeV/c
  S = 37675.92 = 1.8 MeV/cσ

 = 42.0S+BS/B = 0.05  S/

-πHe3→HΛ
3 

3 3.1
]2 [GeV/c}-π {dpinvm

0

100

En
tr

ie
s

2 M = 2991.2 MeV/c
  S = 240.12 = 1.4 MeV/cσ

 = 10.7S+BS/B = 0.93  S/

-πdp→HΛ
3 

3.9 4 4.1
]2 [GeV/c}-πHe4 {invm

0

20

310×

En
tr

ie
s

2 M = 3922.5 MeV/c
  S = 37860.82 = 1.8 MeV/cσ

 = 89.4S+BS/B = 0.27  S/

-πHe4→HΛ
4 

3.9 4 4.1
]2 [GeV/c}-π {tpinvm

0

20

40

En
tr

ie
s

2 M = 3922.0 MeV/c
  S = 57.02 = 1.2 MeV/cσ

 = 6.30S+BS/B = 2.28  S/

-πtp→HΛ
4 

3.9 4 4.1
]2 [GeV/c}-πHep3 {invm

0

200

400En
tr

ie
s

2 M = 3921.8 MeV/c
  S = 977.82 = 1.5 MeV/cσ

 = 25.9S+BS/B = 2.19  S/

-πHep3→HeΛ
4 

4.9 5
]2 [GeV/c}-πHep4 {invm

0

50

100

En
tr

ie
s

2 M = 4840.0 MeV/c
  S = 190.32 = 1.5 MeV/cσ

 = 11.6S+BS/B = 2.44  S/

-πHep4→HeΛ
5 

STAR Preliminary 
Express Stream Production

STAR Preliminary 
Express Stream Production

STAR Preliminary 
Express Stream Production

STAR Preliminary 
Express Stream Production

STAR Preliminary 
Express Stream Production

STAR Preliminary 
Express Stream Production

EPJ Web of Conferences 271, 08001 (2022)



CHEP-2023, Norfolk, 05/08/2023        /14 

ANN4FLES: ANN Package for First Level Event Selection

13Ivan Kisel

An ANN4FLES package of Artificial Neural Networks for online event reconstruction is under development

Currently implemented Networks:


• MLP - Multi-Layer Perceptron

• CNN - Convolutional

• RNN - Recurrent 

• GNN - Graph

• ENN - Elastic

• BNN - Bayesian

ANN4FLES is a C++ package of Artificial Neural Networks developed for online event reconstruction and selection in the CBM experiment at FAIR
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Summary

14Ivan Kisel

• The fast algorithms for data reconstruction and analysis of the FLES package of the CBM experiment were successfully adapted to work on 
the High-Level Trigger of the STAR experiment in real time. 


• On the STAR HLT, a so-called express data stream was created, which provided full processing and analysis of the experimental data in real 
time. 


• Practically all collider data and 30% of fixed target data collected in 2019-2021 by the Beam Energy Scan (BES-II) program down to low 
energies of 3 GeV were processed on the free resources of the HLT computer farm. 


• Hyperons and hypernuclei up to 5𝚲He with a significance of 11.6·𝛔 have been searched and analyzed in real time, both in collider mode and in 
fixed-target mode, as part of the express data processing, including online calibration, track reconstruction and search for short-lived particles. 


• The collected statistics of the hypernuclei are sufficient to measure their yield, lifetime, and spectra, as well as to study Dalitz plots in the three-
body channels.


• The high quality of the express data enabled preliminary analysis results in several physics measurements.


• We are currently working on the development of the ANN4FLES package of algorithms based on Artificial Neural Networks in order to further 
improve the efficiency and reliability of data processing and analysis in real time.


