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CBM ➝ STAR: Reconstruction and Analysis Software
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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 and BES-I.
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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
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CBM, simulated data, 5M central Au+Au, 10 AGeV, PHSD STAR, real data, 1.3M mbias Au+Au, 200 AGeV, Run 2016

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

✓ Since 2016 the Cellular Automaton (CA) Track Finder is the default STAR track finder for data production. Use of CA provides 25% 
more D0 and 20% more W by reprocessing 2013 pp 510 GeV data sample. 

✓ The KF Particle Finder provides a factor 2 more signal particles 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.

FAIR Phase-0
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CBM ➝ STAR: KF Particle
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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

KF Particle provides a simple and very efficient approach to physics analysis

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. 

• The package is geometry independent and is used in  
different experiments (CBM, ALICE, STAR, sPHENIX).
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1. KFParticle class describes particles by: 

2. Covariance matrix contains essential information 
about tracking and detector performance. 

3. The method for mathematically correct usage of 
covariance matrices is provided by the KF Particle 
package based on the Kalman filter (KF) developed by 
FIAS group1,2  primarily for CBM and ALICE. 

4. Heavy mathematics requires fast and vectorized 
algorithms. 

5. Mother and daughter particles are KFParticle and 
are treated in the same way. 

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

7. The package is geometry independent  and can be 
easily adapted to different experiments.

Concept of KF Particle in CBM
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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
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1. KF Particle — S. Gorbunov, “On-line reconstruction algorithms for the CBM and ALICE experiments,” Dissertation thesis, Goethe University of Frankfurt, 2012, 
http://publikationen.ub.uni-frankfurt.de/frontdoor/index/index/docId/29538 
2. KF Particle Finder — M. Zyzak, “Online selection of short-lived particles on many-core computer architectures in the CBM experiment at FAIR,” Dissertation 
thesis, Goethe University of Frankfurt, 2016, http://publikationen.ub.uni-frankfurt.de/frontdoor/index/index/docId/41428

State vector

Covariance matrix

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

C = <rrT > =

2
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Cxy s2
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Cxz Cyz s2
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Reconstruction of decays with a neutral daughter 
by the Missing Mass Method:



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

4

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

5

Collider

• The CA track finder has been extended to find loopers of low-momentum particles to increase pseudorapidity 
acceptance for tracks with pT < 0.4 GeV/c.



STAR BES

19

STAR STAR Experiment at RHIC 

Large Coverage: 0 < φ < 2π,  |η| < 1.0 
Uniform acceptance:  transverse momentum (pT) and rapidity (y) 
Excellent particle identification capabilities (TPC and TOF) 

Vipul Bairathi 3 

Year √sNN (GeV) 
Minimum 

Bias 
Events(106) 

2010 62.4 67 

2010 39 130 

2011 27 70 

2011 19.6 36 

2014 14.5 20 

2010 11.5 12 

2010 7.7 4 

BES-I Dataset 
TPC MTD  Magnet BEMC BBC EEMC TOF 

HFT @ Maria & Alex Schmah 

•  M. Anderson et al., Nucl. Instrum. Meth. A 499 (2003) 659 
•  W. J. Llope., Nucl. Instrum. Meth. A 661 (2012) S110–S113 

STAR Motivation: RHIC BES Program 

Goals of RHIC beam energy scan program 
!  Search for turn-off of QGP signatures 
!  Search for the first-order phase transition 
!  Search for critical point  

Freeze out in heavy-ion collisions 
Chemical freeze out (Tch, µB) 
!  Inelastic collisions among particles cease 
Kinetic freeze out (Tkin, <β>) 
!  Elastic collisions among particles cease 
 
Elliptic flow (v2) of identified hadrons 
 
New data: Au+Au √sNN = 14.5 GeV 
!  Corresponding µB= 260 MeV fills a gap in µB of 

about 100 MeV between √sNN= 11.5 GeV (µB= 
315 MeV) and 19.6 GeV (µB= 205 MeV). 

  

Vipul Bairathi 2 

• https://drupal.star.bnl.gov/STAR/starnotes/public/sn0598 

QCD Phase Diagram 

Cross Over 

PoS(CORFU2018)151

Beam Energy Scan I and II Grazyna Odyniec 

2 

1. Introduction 

The first decade of RHIC operations has established that the highly excited, strongly 
coupled nuclear matter with partonic degrees of freedom (Quark Gluon Plasma, QGP) was created 
in Au+Au collisions at 200 GeV energy in the nucleon-nucleon center of mass. 
 

The study of the QGP properties still continues. In parallel, in 2011, the search for signals 
of the anticipated transition from hadronic to partonic degrees of freedom, and back to the state 
of hadron gas, was initiated. Finding conditions at which thermodynamically distinct phases of 
nuclear matter occurred and/or coexist at equilibrium, i.e. locating the place of the phase transition 
and the position of the Critical Point of the QCD phase diagram, was undertaken by the BES 
program at RHIC. 
 

While on the theoretical side there is still ongoing debate as to whether a CP exists at all, 
Lattice Gauge Theory calculations, which with time are becoming increasingly accurate, show 
that the cross-over region (µB ~ 0) occurs at Tc of about 154 ± 9 MeV [1]. Away from µB ~ 0 
theoretical calculation are still unreliable and are struggling with difficulties.  
 

The heavy ion experiments offer the unique and only way to study the nature of the QCD 
phase diagram as a function of chemical potential µB and temperature T. The initial conditions in 
the experiment can be varied by alternating the beam energy. 
 

Figure 1 shows a generally accepted scheme of the QCD phase diagram: Temperature T 
vs chemical potential µB.  At the top RHIC energies (T~150-170 MeV, µB ~ 0) QCD calculations 
predict [2,3] smooth cross-over (top left of Fig.1), while at lower T and higher µB the first order 
phase transition is expected [4,5] (right side of Fig.1). The end point of a first order phase 
transition line marks the QCD critical point – red circle in Fig.1.  
 

 
 

Figure 1. The schematic of the QCD Phase Diagram with shown coverage of the RHIC BES 
program. The red solid line represents phase boundary and the red circle a position of CP. Yellow 
lines represent possible reaction trajectories. 
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BES-II: 2018-2021

6

Collider

iTPC	Upgrade:	
• 	Rebuilds	inner	sectors	of	the	TPC	
• 	Continuous	Coverage	
• 	Extends	η	coverage	from	1.0	to	1.5		
• 	Improves	dE/dx	
• 	Lowers	pT	cut-in	from	125	to	60				
			MeV/c	

EndCap	TOF	Upgrade:	
• 	PID	at	η	=	0.9	to	1.5	
• 	Allows	higher	energy					
		range	of	Fixed-Target		
		program	
• 	Provided	by	CBM-FAIR	

EPD	Upgrade:	
• 	Allows	a	better	and	
independent	reaction	plane	
measurement		critical	to	
BES	physics	
• 	Improves	trigger	
• 	Reduces	background						

Detector upgrades for BES II�

��Qinghua	Xu	(Shandong	University)�
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BES-II: HLT+xHLT

7

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

HLT

Distributed 
Storage

Read: 2GB/s 
Write: 1GB/s 
(extendable)

Capacity: 30TB 
(extendable)

Production Controller: 
• submit jobs 
• track job status

DB: Job and file Status
PicoDst

hlt-good events 
up to 1400Hz 
~500MB/s

sink 
daq files

• 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

HLT

HLT

Distributed 
Storage

Read: 2GB/s 
Write: 1GB/s 
(extendable)

Capacity: 30TB 
(extendable)

Production Controller: 
• submit jobs 
• track job status

DB: Job and file Status
PicoDst

hlt-good events 
up to 1400Hz 
~500MB/s

sink 
daq files

• 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

xHLT

xCal, xProd, xPhys
HLT Good Events 

Full chain of express production and analysis has been running since 2019
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BES-II: Express Production Data Stream

8

Collider Disk Tape

HLT

Disk xCalibration

? „good“

xPhysics xStorage

Disk

Physics

Disk

Tape

xPhysics

DAQ

KF Particle Finder

PWG Standard,  
KF Particle, KF Particle Finder

CA Track Finder

KF Particle Finder

CA Track Finder

DB

Disk

Calibration
Disk

Production Tape

oRCF

xProduction
30%

DB

xProduction
70%

The express chain implemented on HLT is a shortest way from data acquisition to physics 
with online calibration, processing and physics analysis.
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xBES-II: Mesons

9

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

• Online (x)calibration and (x)reconstruction provide us with high quality data, thus allowing to observe even π0 with 48 σ 
significance. 

• Strange mesons are seen with a high significance and S/B ratio. 
• STAR with its TPC allows background-free identification of charged kaons by full topological reconstruction with all 4 tracks.
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Signal utilizing 32.5M AuAu events at 7.7 GeV,  
2021 BES-II (x)production

Mesons are used as testbeds for the full reconstruction chain
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xBES-II: Missing Mass Method

10

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. 
• Second peak is due to the (µ/π) particle misidentification. 
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The missing mass method provides additional opportunities in the study of decay channels
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xBES-II: Hyperons

11

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
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Fixed Target xBES-II: Pileup

12

• To increase statistics the beam 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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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.
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The cleaning procedure significantly reduces background, especially in 3-body decay channels



Ivan Kisel ICNFP-2022, Kolymbari, Crete, 08.09.2022      /18 
 

xBES-II: Hypernuclei

13

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

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

• Therefore a trigger on He has been introduced to enhance hypernuclei. 
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The collected statistics is enough to measure yields, lifetimes and spectra of these hypernuclei
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BES-II: Hypernuclei

14

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. 
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The collected statistics is enough to study Dalitz plots of 3-body channels
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BES-II: Dalitz Plots: 4𝚲He → 3He+p+𝜋-
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• The background was estimated with the side band method and subtracted under the peak. 
• The background is smooth and no structures are observed. 
• A complex structure in the signal can be explained as a possible spin effect.  
• Hint of 2-body 4Li π- decay (4Li (JP = 2-): M = 3.75 GeV/c2, σ = 8.7 MeV/c2). 
• We observe similar structures for 3ΛH and 5ΛHe.

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

STAR Preliminary 
Express Stream Production

STAR Preliminary 
Express Stream Production

STAR Preliminary 
Express Stream Production



1.08 1.1 1.12
]2 [GeV/cπpm

0

50

100

En
tr

ie
s

)σ, -3σLeft side (-6

1.08 1.1 1.12
]2 [GeV/cπpm

0

50

100

En
tr

ie
s

)σ, 3σUnder the peak (-3

1.08 1.1 1.12
]2 [GeV/cπpm

0

50

100

En
tr

ie
s

)σ, 6σRight side (3

2.94 2.96 2.98 3
]2 [GeV/cπHe3m

0

50

100

En
tr

ie
s

)σ, -3σLeft side (-6

2.94 2.96 2.98 3
]2 [GeV/cπHe3m

0

50

100

En
tr

ie
s

)σ, 3σUnder the peak (-3

2.94 2.96 2.98 3
]2 [GeV/cπHe3m

0

50

100

En
tr

ie
s

)σ, 6σRight side (3

3.74 3.76 3.78 3.8
]2 [GeV/cHep3m

0

50

100

En
tr

ie
s

)σ, -3σLeft side (-6

3.74 3.76 3.78 3.8
]2 [GeV/cHep3m

0

50

100

En
tr

ie
s

)σ, 3σUnder the peak (-3

3.74 3.76 3.78 3.8
]2 [GeV/cHep3m

0

50

100

En
tr

ie
s

)σ, 6σRight side (3

Ivan Kisel ICNFP-2022, Kolymbari, Crete, 08.09.2022      /18 
 

BES-II: Dalitz Plots: 4𝚲He → 3He+p+𝜋-
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• These are projections of 2-body combinations. 
• In the pπ projection the structure can be explained as a possible spin effect.  
• In the nucleus-p combination the signal and background demonstrate different behavior. 
• Hint of 2-body 4Li π- decay (4Li (JP = 2-): M = 3.75 GeV/c2, σ = 8.7 MeV/c2). 
• We observe similar structures for 3ΛH and 5ΛHe.
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xBES-II: Hypernuclei Binding Energy
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Binding energy of hypernuclei together with hints on their 2-body resonance decays can be an indication that 
𝚲 behaves similarly to other nucleons (n and p) in hypernuclei

• We observe that binding energy is increasing up to 5𝚲He. 
• When comparing binding energies per nucleon, hypernuclei behave similarly as light nuclei: 

• 5𝚲He - 6.30 MeV/c2,      4He - 7.07 MeV/c2,   5He - 5.48 MeV/c2,    5Li - 5.27 MeV/c2; 

• 4𝚲He - 2.55 MeV/c2,      3He - 2.57 MeV/c2,   4He - 7.07 MeV/c2,   4Li - 1.15 MeV/c2; 

• 4𝚲H  - 2.65 MeV/c2,       3H  - 2.83 MeV/c2,    4H  - 1.40 MeV/c2; 

• 3𝚲H  - 0.8-0.9 MeV/c2,   2H  - 1.11 MeV/c2,    3H  - 2.83 MeV/c2. 
• Statistical errors are 40 - 200 keV/c2, and smaller than the marker size.
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Summary
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• In the express production data stream we see all signals starting from mesons and up to hypernuclei 
using KF Particle Finder on HLT. 

• We observe 5𝚲He with significance of 11.6 σ. 

• Dalitz plots of 3-body hypernuclei decay channels show complex structures: possibly, spin effect.  
• Hints that a significant part of 3-body hypernuclei decay channels happen via nuclear resonances. 

• Hypernuclei binding energy per nucleon is increasing with A up to 5𝚲He. 

• There are indications that Λ behaves similarly to other nucleons (n and p) in hypernuclei. 
• Decay models are needed for efficiency estimation of 3-body channels and branching ratios.


