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Update: Decay Tree Fitter

1 TreeFitter - Concept

2 DecayTreeFitter Code Status

3 Usage

4 Examples
ψ(2S)→ J/ψ π+π−

p̄p→ D+D− → K−π+π+K+π−π−

p̄p→ D∗+D∗− → D0π+D̄0π− → K−π+π+K+π−π−

p̄p→ ηcπ
0π0 → KsK

±π∓π0π0
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Update: Decay Tree Fitter

Decay Fits in Rho until now

Vertex Fit Corrects final state momenta to one common point along
trajectories (PndKinVtxFitter or PndKalmanVtxFitter)

Kinematic Fit Corrects daughter momenta to meet the mass or
4-momentum constraint

Executing fits subsequently and with locking some candidates, a
leaf-by-leaf structure is created.

Example

1 Vertex fits for KS and rest of tracks.

2 Mass constraint fit with vertex fitted KS daughters

3 Locking KS daughters

4 4C fit on rest & KS

K
S

pbar
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Update: Decay Tree Fitter

Decay Tree Fitter

Fits the whole decay tree at once. Vertices, known masses, measured
tracks & neutrals and beam/target measurement (”4C”) are included as
constraints. The common approach is the χ2 fit with Lagrange
multipliers.

→ Very large parameter space and large matrices have to be inverted!

Solution: Kalman Filter approach

• Calculation of χ2 is linearized

• Each constraint to the fit enters as one separate, scalar term

• Measurements are constraints and are treated similar to, e.g
four-momentum conservations
→ maximum matrix dimension to be inverted is usually 5 (helices).

• Do not confuse with our track fitting!
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Update: Decay Tree Fitter

Fit Parameters

(3) Primary vertex

(3) Secondary vertices

(3) Final state momenta

(4) Composite’s four-momenta

Constraints

(5) Tracks (helix parameters)

(3) Clusters

(4) Initial four-momentum

(4) Internal four-momentum
conservations

(1) Mass constraints

Example

ψ(2S)→ J/ψ π+π−

�

µ+µ−

23 Parameters:

12 4 Final State Particles

8 2 Composites

3 Primary vertex

32 Constraints:

20 4 Helices

8 2 P4-Conservations

4 Beam-Target

→ 9 Degrees of Freedom
Beam: 4 plus Vertex: 2n − 3 = 5
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Existing Decay Tree Fitter

• BaBar & LHCb have a Tree Fitter, written by W.Hulsbergen

• The author provided us the latest stable code.

• Our goal: Implementation into PandaRoot

Nuclear Instruments and Methods in Physics Research A 552 (2005) 566–575

Decay chain fitting with a Kalman filter

Wouter D. Hulsbergen!

University of Maryland, College Park, MD 20742, USA
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Abstract

We present a method to perform a least-squares fit of a decay chain involving multiple decay vertices. Our technique
allows for the simultaneous extraction of decay time, position and momentum parameters and their uncertainties and
correlations for all particles in a decay chain.
r 2005 Elsevier B.V. All rights reserved.

PACS: 29.85.+c

Keywords: Vertex reconstruction; Kalman filter; Decay chain fit

1. Introduction

In high energy physics experiments decay
reactions that proceed via intermediate metastable
states are usually reconstructed by following a
bottom–up approach. One starts by extracting the
parameters of those decay vertices from which the
reconstructed final state particles emerge and uses
the intermediate ‘composite’ particles for the
reconstruction of upstream decays. At each decay
vertex the parameters of the composite particle are
determined with a least-squares fit to its daughter
particles, subject to the constraint that those
originate from a common point. The disadvantage

of this approach, which is sometimes called ‘leaf-
by-leaf’ fitting, is that constraints that are up-
stream of a decay vertex do not contribute to the
knowledge of the parameters of the vertex. An
example of a decay for which this is impractical is
K0

S ! p0p0.
In this paper, we discuss the implementation of

a least-squares fit that extracts all parameters in a
decay chain simultaneously. We shall call this fit,
which we developed for data analysis in the Babar
experiment, a global decay chain fit. First, we
propose a parameterization of a decay chain in
terms of vertex positions, momenta and decay
times. Subsequently, we argue that the Kalman
filter is a suitable technique to extract these
parameters and the corresponding covariance
matrix from the external constraints, which in
the case of Babar are reconstructed charged
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particle trajectories and neutral particle calori-
meter clusters. Finally, we present two examples
and briefly summarize experience with the fit in
Babar.

The decay chain fits discussed here are hypoth-
esis driven. The task of finding the reconstructed
tracks and clusters and associating those with the
final state particles in the decay tree is outside the
scope of this paper. In Babar physics analyses
decay trees are built layer-by-layer, usually by
making all possible combinations of final state
particles and applying selections on the invariant
mass and vertex w2. Vertex pattern recognition
plays an insignificant role because the low
combinatorics does not warrant more complicated
algorithms and because the track parameter
resolution is barely sufficient to separate the decay
vertices of the particles that are of most interest to
the experiment, namely B and D mesons.

2. Parameterization of a decay tree

Fig. 1 shows a schematic picture of a decay tree.
The positions of the vertices in the decay tree, and
the momenta of all particles, constitute the degrees
of freedom of the decay tree. These degrees of
freedom, the internal constraints (such as momen-
tum conservation at each vertex) and the relation
to the external reconstruction objects, define the
decay tree model.

The choice of parameters in the decay tree
model is not unique, but we found the following
parameterization suitable for use in Babar. Each
reconstructed final state particle is represented by
a momentum vector ðpx; py; pzÞ. The mass of a final
state particle is not a parameter in the fit, but
assigned based on the particle hypothesis in the
decay tree. Each intermediate particle in the decay
tree is modeled by a four momentum vector
ðpx; py; pz;EÞ and a decay vertex position ðx; y; zÞ.
If the composite particle is not at the head of the
decay tree, we also assign a parameter for its decay
time. We choose this parameter to be y # l=j~pj,
where l is the decay length.
If a composite particle has an expected decay

length much smaller than the vertex detector
resolution, we call this particle a resonance. A
resonance does not have a decay time parameter
and it shares the decay vertex position with its
mother, unless it is at the head of the decay tree. In
the Babar reconstruction software particles with
an expected decay length cto1mm, such as p0,
J=c and D$, are treated as resonances.1

We distinguish two types of constraints in the
decay tree. Two internal constraints are applied to
remove redundant degrees of freedom: the vertex
constraint expresses the relation between the decay
vertex of a particle and the production vertex of its
daughters; the momentum conservation constraint
ensures four-momentum conservation at each
vertex. The reconstructed final state particles
constitute the external constraints. In this paper
we consider only 5-parameter track segments and
calorimeter clusters with a reconstructed position
and energy. Explicit expressions for the constraints
are given in Section 4. To put those in the proper
context we introduce the fit procedure first.

3. Fitting a decay tree

3.1. Measurement constraints and exact constraints

To extract the optimal set of decay tree
parameters from the reconstruction information

ARTICLE IN PRESS
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Fig. 1. Schematic picture of a decay tree with three charged
particles reconstructed as track segments (T), one photon
reconstructed as a calorimeter cluster (C), and two composite
particles (I for ‘internal’ and H for ‘head’).

1We use the term resonance for any particle with a short
lifetime, regardless of whether the decay is through the strong
or electroweak interaction.

W.D. Hulsbergen / Nuclear Instruments and Methods in Physics Research A 552 (2005) 566–575 567
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Status from last report:

X Obtain the code & look for showstoppers

X Matrices & Vectors: CLHEP → ROOT

X Framework interfaces: Gaudi → FairBase/ROOT
& LHCB → PandaRoot

X Candidate Interfaces via Rho (calculations to be transformed)

X Move all particle fitters to Rho

X Intense Debugging & understanding the code

• Running more Tests & Debugging

• Covariance issue to be investigated.

• Neutrals need possibly fixing (may be an fsim thing)

• Treat ”stabe” particles (Kshort) properly

• Test delayed Vertices (D’s, Lambdas)

• Compare performance with available fitters
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Update: Decay Tree Fitter

Status now:

X Port & understand the code

X Development: Beam constraint may have covariance

• Compare performance with available fitters

• Test delayed Vertices (D’s)

→ See our SVN trunk from rev. 28854

WIP:

→ Neutrals need possibly fixing (may be an fsim thing)

→ Treat ”stabe” particles (Kshort) properly

→ Test delayed Vertices (Lambdas)

→ Eliminate ”decay length” parameter from code
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Setup for Treefitting

1 PndAnalysis* theAnalysis = new PndAnalysis ();
2

3 TString work = getenv("VMCWORKDIR");
4 location = work + "/pgenerators/EvtGen/EvtGen/Private/evt.pdl";
5 // force -replaces all entries in TDatabasePDG
6 RhoPdtLoader :: ReadPDGTable(location ,true);
7 tmppdg=TDatabasePDG :: Instance ();
8

9 double m0_p = TDatabasePDG :: Instance()->GetParticle (2212)-> Mass ();
10 // *** the lorentz vector of the initial beam
11 TLorentzVector ini(0, 0, pbarmom ,
12 sqrt(m0_p*m0_p + pbarmom*pbarmom) + m0_p);
13 double beamres = 1e-4* pbarmom;
14 RhoError inicov (4);
15 inicov [0][0]=1e-6*1e-6;
16 inicov [1][1]=1e-6*1e-6;
17 inicov [2][2]= beamres*beamres;
18 inicov [3][3]= beamres*beamres /(m0_p*m0_p + pbarmom*pbarmom );
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In Eventloop

1 while (theAnalysis ->GetEvent () && i++<nevts)
2 {
3 theAnalysis ->FillList (...);
4 pbarp.Combine (...);
5 for (j=0;j<pbarp.GetLength ();++j)
6 {
7 // TREE FITTER
8 //last number is verbosity
9 PndDecayTreeFitter treefit(pbarp[j],inie ,0);

10 // 100um, for helix linearization limit
11 treefit.SetToleranceZ (0.01);
12 treefit.setMassConstraint(pbarp[j]->Daughter (1), m0_pi0 );
13 treefit.Fit();
14

15 RhoCandidate* pbarpfit=pbarp[j]->GetFit ();
16 qa.qaFitter("fitter_",&treefit , ntp);
17 // export whole decay tree , mc-difference & pulls
18 qa.qaComp("pbarpfit_", pbarpfit , ntp , true , true);
19

20 ntp ->DumpData ();
21 }
22 }
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Examples

Simulation: ”easy” FastSim

1 fastSim ->SetUseFlatCov(true);
2 fastSim ->AddDetector("SimpleTracker","thtMin =0. thtMax =145. ptmin

=0.1 pmin =0.0 pRes =0.02 thtRes =0.001 phiRes =0.001 efficiency =1."
);

3 fastSim ->AddDetector("SimpleVtx", "thtMin =0. thtMax =145. ptmin =0.1 
vtxRes =0.005 efficiency =1.");

4 fastSim ->AddDetector("EmcFS", "efficiency =1. thtMin =0.05 thtMax =10.0
 Emin =0.01 dist =8.0 aPar =0.02 bPar =0.0274");

5 fastSim ->AddDetector("EmcFwCap", "efficiency =1. thtMin =10.0 thtMax
=22.0 Emin =0.01 dist =2.5");

6 fastSim ->AddDetector("EmcBarrel", "efficiency =1. thtMin =22.0 thtMax
=142.0 Emin =0.01 barrelRadius =0.5");

7 fastSim ->AddDetector("EmcBwCap", "efficiency =1. thtMin =142.0 thtMax
=160.0 Emin =0.01 dist =0.7");

10000 events each with EvtGen
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ψ(2S)→ J/ψ π+π−

Channel

beam

J/ψ

π-

π+

μ-

μ+

beam

D+

π-

π+

K-

K+

π+

π-

D-

beam

D0

π-

π+

K-

K+

π+

π-

D0D*-

D*+

beam π0

π+

K+-

π-

π0

η_c
Ks

π-+

�
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�
�
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ψ(2S)→ J/ψ π+π−

KinFit (4C) Quality

2Χ4C 
0 5 10 15 20 250

50
100
150
200
250
300
350

4C NDF
3 3.5 4 4.5 50

1000
2000
3000
4000
5000
6000

,NDF)2Χ4C Prob(
0 0.2 0.4 0.6 0.8 10

20

40

60

80

100

Line Fit:
const = 68.2
slope = 1.9

2(2S) fit Mass / GeV/cΨ
3.68595 3.686 3.686053.68613.686153.68620

200

400
600

800

1000

1200
Gaussian Fit:

 = 3.7µ

 = 1.5e-05σ

2 fit Mass / GeV/cΨJ/
3.07 3.08 3.09 3.1 3.11 3.120

50
100
150
200
250
300
350
400
450

Gaussian Fit:
 = 3.1µ

 = 0.00382σ

2 Mass / GeV/cΨJ/
2.95 3 3.05 3.1 3.15 3.2 3.250

20
40
60
80

100
120
140
160
180
200
220
240

Gaussian Fit:
 = 3.1µ

 = 0.0423σ

 fit x+π
0.03− 0.02− 0.01− 0 0.01 0.02 0.030

50

100

150

200

250 Gaussian Fit:
 = -3.35e-05µ

 = 0.00708σ

 fit y+π
0.03− 0.02− 0.01− 0 0.01 0.02 0.030

50

100
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200

250
Gaussian Fit:

 = 0.000136µ

 = 0.007σ

 fit z+π
0.03− 0.02− 0.01− 0 0.01 0.02 0.030

50
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Gaussian Fit:

 = 6.83e-05µ

 = 0.00695σ

 fit pull x+π
4− 2− 0 2 40
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Gaussian Fit:
 = -0.0122µ

 = 0.985σ

 fit pull y+π
4− 2− 0 2 40

50
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250 Gaussian Fit:
 = 0.0105µ

 = 0.988σ

 fit pull z+π
4− 2− 0 2 40

50
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300

Gaussian Fit:
 = 0.00381µ

 = 0.993σ

psi2sm
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Gaussian Fit:

 = 3.69µ

 = 0.0431σ
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240

Gaussian Fit:
 = 3.1µ

 = 0.0423σ

TMath::Prob(fitterchisq,fitterndf-1)
0 0.2 0.4 0.6 0.8 10

20
40
60
80

100
120
140
160
180

Line Fit:
const = 112
slope = -87
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ψ(2S)→ J/ψ π+π−

Treefit Quality

2ΧTreefit 
0 5 10 15 20 25 300

20
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Line Fit:
const = 76.8
slope = -29

2(2S) fit Mass / GeV/cΨ
2.5 3 3.5 4 4.50
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6000 Gaussian Fit:

 = 4.79µ

 = 4.21e-08σ

2 fit Mass / GeV/cΨJ/
3.07 3.08 3.09 3.1 3.11 3.120

50
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400

Gaussian Fit:
 = 3.1µ

 = 0.00392σ

2 Mass / GeV/cΨJ/
2.95 3 3.05 3.1 3.15 3.2 3.250

20
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 = 3.1µ

 = 0.0424σ

 fit x+π
0.03− 0.02− 0.01− 0 0.01 0.02 0.030

50

100

150

200

250 Gaussian Fit:
 = -3.56e-05µ

 = 0.0058σ

 fit y+π
0.03− 0.02− 0.01− 0 0.01 0.02 0.030

50

100

150

200

250 Gaussian Fit:
 = -3.73e-06µ

 = 0.00572σ

 fit z+π
0.03− 0.02− 0.01− 0 0.01 0.02 0.030

20
40
60
80

100
120
140
160
180
200
220 Gaussian Fit:

 = 2.88e-05µ

 = 0.00701σ

 fit pull x+π
4− 2− 0 2 40

50

100

150

200

250
Gaussian Fit:

 = -0.00759µ

 = 1.06σ

 fit pull y+π
4− 2− 0 2 40

50

100

150

200

250 Gaussian Fit:
 = -0.0387µ

 = 1.1σ

 fit pull z+π
4− 2− 0 2 40

20
40
60
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140
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Gaussian Fit:
 = -0.00222µ

 = 1.59σ

psi2sm
3.5 3.55 3.6 3.65 3.7 3.75 3.8 3.850
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220 Gaussian Fit:

 = 3.69µ

 = 0.0429σ

psi2sd0m
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220

Gaussian Fit:
 = 3.1µ

 = 0.0424σ

TMath::Prob(fitterchisq,fitterndf-1)
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200

250

Line Fit:
const = 95.3
slope = -69
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ψ(2S)→ J/ψ π+π−

KinVtx Vertex

2Χ4C 
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slope = 1.9

2(2S) fit Mass / GeV/cΨ
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 = 1.5e-05σ
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 = 0.00495σ
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300 Gaussian Fit:

 = 2.82e-05µ

 = 0.00494σ

 fit residual z+π
0.03− 0.02− 0.01− 0 0.01 0.02 0.030
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Gaussian Fit:
 = 3.22e-05µ

 = 0.00497σ

 fit pull x+π
4− 2− 0 2 40
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Gaussian Fit:
 = -0.0122µ

 = 0.985σ

 fit pull y+π
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250 Gaussian Fit:
 = 0.0105µ

 = 0.988σ

 fit pull z+π
4− 2− 0 2 40
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Gaussian Fit:
 = 0.00381µ

 = 0.993σ

psi2sm
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50

100

150

200

250
Gaussian Fit:
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 = 0.0431σ
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 = 0.0423σ

TMath::Prob(fitterchisq,fitterndf-1)
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Line Fit:
const = 112
slope = -87
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ψ(2S)→ J/ψ π+π−

Treefit Vertex
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const = 76.8
slope = -29

2(2S) fit Mass / GeV/cΨ
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 = 4.79µ

 = 4.21e-08σ

2 fit Mass / GeV/cΨJ/
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 = 0.00392σ
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 fit x+π
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 fit y+π
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 fit z+π
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300 Gaussian Fit:

 = 2.93e-05µ

 = 0.00499σ

 fit pull x+π
4− 2− 0 2 40
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250
Gaussian Fit:

 = -0.00759µ

 = 1.06σ

 fit pull y+π
4− 2− 0 2 40
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250 Gaussian Fit:
 = -0.0387µ

 = 1.1σ

 fit pull z+π
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 = -0.00222µ
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TMath::Prob(fitterchisq,fitterndf-1)
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slope = -69
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p̄p→ D+D− → K−π+π+K+π−π−
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p̄p→ D+D− → K−π+π+K+π−π−

Leaf Fit QA
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Update: Decay Tree Fitter

p̄p→ D+D− → K−π+π+K+π−π−

Leaf Fit Masses
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Update: Decay Tree Fitter

p̄p→ D+D− → K−π+π+K+π−π−

Treefit Masses
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Update: Decay Tree Fitter

p̄p→ D+D− → K−π+π+K+π−π−

Leaf Fit p̄p Vertex

2χ
0 10 20 30 40 50 600

100
200
300
400
500
600
700
800
900

NDF
3 3.5 4 4.5 50

1000
2000
3000
4000
5000
6000
7000

Prob
0 0.2 0.4 0.6 0.8 10

20
40
60
80

100
120

Line Fit:
const = 79.2
slope = 0.35

2p Mass / GeV/cp
3.8 3.85 3.9 3.950

50

100

150

200

250

2 Mass / GeV/c+D
1.8 1.82 1.84 1.86 1.88 1.9 1.92 1.940

50

100

150

200

250

300
Gaussian Fit:

 = 1.87µ

 = 0.0174σ

2 Mass / GeV/c-D
1.8 1.82 1.84 1.86 1.88 1.9 1.92 1.940

50
100
150
200
250
300

Gaussian Fit:
 = 1.87µ

 = 0.0176σ

2p fitted Mass / GeV/cp
3.87478953.874789553.87478963.874789653.87478970

1000
2000
3000
4000
5000
6000
7000
8000

Gaussian Fit:
 = 3.89µ

 = 1.19e-07σ

2 fitted Mass / GeV/c+D
1.8 1.82 1.84 1.86 1.88 1.9 1.92 1.940

100

200

300

400

500

600
Gaussian Fit:

 = 1.87µ

 = 0.0094σ

2 fitted Mass / GeV/c-D
1.8 1.82 1.84 1.86 1.88 1.9 1.92 1.940

100

200

300

400

500 Gaussian Fit:
 = 1.87µ

 = 0.00938σ

p residual xp
0.02− 0.015− 0.01− 0.005− 0 0.005 0.01 0.015 0.020

100

200

300

400

500 Gaussian Fit:
 = -7.86e-06µ

 = 0.00226σ

p residual yp
0.02− 0.015− 0.01− 0.005− 0 0.005 0.01 0.015 0.020

100

200

300

400

500

600
Gaussian Fit:

 = -2.65e-06µ

 = 0.00227σ

p residual zp
0.06− 0.04− 0.02− 0 0.02 0.04 0.060

20
40
60
80

100
120
140
160
180
200
220

Gaussian Fit:
 = -0.000281µ

 = 0.0193σ

p pull xp
4− 2− 0 2 40

200

400

600

800

1000 Gaussian Fit:
 = -0.000322µ

 = 0.291σ

p pull yp
4− 2− 0 2 40

200

400

600

800

1000 Gaussian Fit:
 = -0.000928µ

 = 0.291σ

p pull zp
4− 2− 0 2 40

50

100

150

200

250 Gaussian Fit:
 = -0.0145µ

 = 1.29σ

03/2016 R.Kliemt 21



Update: Decay Tree Fitter

p̄p→ D+D− → K−π+π+K+π−π−

Treefit p̄p Vertex
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Update: Decay Tree Fitter

p̄p→ D+D− → K−π+π+K+π−π−

Leaf Fit D+ Vertex
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Update: Decay Tree Fitter

p̄p→ D+D− → K−π+π+K+π−π−

Treefit D+ Vertex

 residual x+D
0.02− 0.015− 0.01− 0.005− 0 0.005 0.01 0.015 0.020

50
100
150
200
250
300
350
400
450

Gaussian Fit:
 = 1.42e-05µ

 = 0.00277σ

 residual y+D
0.02− 0.015− 0.01− 0.005− 0 0.005 0.01 0.015 0.020

50
100
150
200
250
300
350
400
450

Gaussian Fit:
 = -3.29e-05µ

 = 0.00277σ

 residual z+D
0.06− 0.04− 0.02− 0 0.02 0.04 0.060

100

200

300

400

500 Gaussian Fit:
 = 5.51e-06µ

 = 0.00626σ

 pull x+D
4− 2− 0 2 40

50
100
150
200
250
300

Gaussian Fit:
 = 0.00708µ

 = 1.05σ

 pull y+D
4− 2− 0 2 40

50

100

150

200

250

300
Gaussian Fit:

 = -0.00622µ

 = 1.05σ

 pull z+D
4− 2− 0 2 40

20
40
60
80

100
120
140
160
180
200
220 Gaussian Fit:

 = -0.0018µ

 = 1.41σ

pbarpfit_d1diffx
0.02− 0.015− 0.01− 0.005− 0 0.005 0.01 0.015 0.020

100

200

300

400

500
Gaussian Fit:

 = 6.23e-07µ

 = 0.00227σ

pbarpfit_d1diffy
0.02− 0.015− 0.01− 0.005− 0 0.005 0.01 0.015 0.020

100

200

300

400

500 Gaussian Fit:
 = -6.9e-07µ

 = 0.00228σ

pbarpfit_d1diffz
0.06− 0.04− 0.02− 0 0.02 0.04 0.060

20
40
60
80

100
120
140
160
180
200

Gaussian Fit:
 = -8.07e-05µ

 = 0.0194σ

pbarpfit_d1pullx
4− 2− 0 2 40

50

100

150

200

250 Gaussian Fit:
 = 0.000764µ

 = 1.05σ

pbarpfit_d1pully
4− 2− 0 2 40

50

100

150

200

250 Gaussian Fit:
 = 0.00177µ

 = 1.05σ

pbarpfit_d1pullz
4− 2− 0 2 40

50

100

150

200

250

300
Gaussian Fit:

 = -0.00295µ

 = 1.05σ

pbarpfit_d0d0diffx
0.02− 0.015− 0.01− 0.005− 0 0.005 0.01 0.015 0.020

50
100
150
200
250
300
350
400
450

Gaussian Fit:
 = 1.42e-05µ

 = 0.00277σ

pbarpfit_d0d0diffy
0.02− 0.015− 0.01− 0.005− 0 0.005 0.01 0.015 0.020

50
100
150
200
250
300
350
400
450

Gaussian Fit:
 = -3.29e-05µ

 = 0.00277σ

pbarpfit_d0d0diffz
0.06− 0.04− 0.02− 0 0.02 0.04 0.060

100

200

300

400

500 Gaussian Fit:
 = 5.51e-06µ

 = 0.00626σ

03/2016 R.Kliemt 24



Update: Decay Tree Fitter

p̄p→ D∗+D∗− → D0π+D̄0π− → K−π+π+K+π−π−
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Update: Decay Tree Fitter

p̄p→ D∗+D∗− → D0π+D̄0π− → K−π+π+K+π−π−

Treefit QA
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Update: Decay Tree Fitter

p̄p→ D∗+D∗− → D0π+D̄0π− → K−π+π+K+π−π−

Treefit Masses2χ
0 10 20 30 40 500

20
40
60
80

100
120
140
160

NDF
12 12.5 13 13.5 140

500
1000
1500
2000
2500
3000
3500

Prob
0 0.2 0.4 0.6 0.8 10

20

40

60

80

100

Line Fit:
const = 41.4
slope = -9.6

2p Mass / GeV/cp
5.3 5.35 5.4 5.45 5.5 5.55 5.6 5.65 5.70

20
40
60
80

100
120
140 Gaussian Fit:

 = 5.47µ

 = 0.0498σ

2 Mass / GeV/c*+D
1.95 2 2.05 2.10

20
40
60
80

100
120
140

Gaussian Fit:
 = 2.01µ

 = 0.0222σ

2 Mass / GeV/c0D
1.8 1.85 1.9 1.950

20
40
60
80

100
120
140

Gaussian Fit:
 = 1.86µ

 = 0.0222σ

2p fit Mass / GeV/cp
4.5 5 5.5 6 6.50

500
1000
1500
2000
2500
3000
3500

2 fit Mass / GeV/c*+D
2.008 2.009 2.01 2.011 2.012 2.013 2.0140

50
100
150
200
250
300 Gaussian Fit:

 = 2.01µ

 = 0.000442σ

2 fit Mass / GeV/c0D
1.864831.8648321.8648341.8648361.8648381.864840

500
1000
1500
2000
2500
3000 Gaussian Fit:

 = 1.9µ

 = 2.4e-07σ

p residual xp
0.03− 0.02− 0.01− 0 0.01 0.02 0.030

50

100

150

200

250

300
Gaussian Fit:

 = 4.35e-05µ

 = 0.00219σ

p residual yp
0.03− 0.02− 0.01− 0 0.01 0.02 0.030

50

100

150

200

250 Gaussian Fit:
 = -3.11e-05µ

 = 0.00218σ

p residual zp
0.06− 0.04− 0.02− 0 0.02 0.04 0.060

20
40
60
80

100
120
140 Gaussian Fit:

 = 0.000152µ

 = 0.00853σ

p pull xp
4− 2− 0 2 40

20

40

60

80

100

120
Gaussian Fit:

 = 0.0245µ

 = 1.01σ

p pull yp
4− 2− 0 2 40

20

40

60

80

100 Gaussian Fit:
 = -0.039µ

 = 1.01σ

p pull zp
4− 2− 0 2 40

20

40

60

80

100 Gaussian Fit:
 = 0.00566µ

 = 1.02σ
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Update: Decay Tree Fitter

p̄p→ D∗+D∗− → D0π+D̄0π− → K−π+π+K+π−π−

Treefit p̄p Vertex

2χ
0 10 20 30 40 500

20
40
60
80

100
120
140
160

NDF
12 12.5 13 13.5 140

500
1000
1500
2000
2500
3000
3500

Prob
0 0.2 0.4 0.6 0.8 10

20

40

60

80

100

Line Fit:
const = 41.4
slope = -9.6

2p Mass / GeV/cp
5.3 5.35 5.4 5.45 5.5 5.55 5.6 5.65 5.70

20
40
60
80

100
120
140 Gaussian Fit:

 = 5.47µ

 = 0.0498σ

2 Mass / GeV/c*+D
1.95 2 2.05 2.10

20
40
60
80

100
120
140

Gaussian Fit:
 = 2.01µ

 = 0.0222σ

2 Mass / GeV/c0D
1.8 1.85 1.9 1.950

20
40
60
80

100
120
140

Gaussian Fit:
 = 1.86µ

 = 0.0222σ

2p fit Mass / GeV/cp
4.5 5 5.5 6 6.50

500
1000
1500
2000
2500
3000
3500

2 fit Mass / GeV/c*+D
2.008 2.009 2.01 2.011 2.012 2.013 2.0140

50
100
150
200
250
300 Gaussian Fit:

 = 2.01µ

 = 0.000442σ

2 fit Mass / GeV/c0D
1.864831.8648321.8648341.8648361.8648381.864840

500
1000
1500
2000
2500
3000 Gaussian Fit:

 = 1.9µ

 = 2.4e-07σ

p residual xp
0.03− 0.02− 0.01− 0 0.01 0.02 0.030

50

100

150

200

250

300
Gaussian Fit:

 = 4.35e-05µ

 = 0.00219σ

p residual yp
0.03− 0.02− 0.01− 0 0.01 0.02 0.030

50

100

150

200

250 Gaussian Fit:
 = -3.11e-05µ

 = 0.00218σ

p residual zp
0.06− 0.04− 0.02− 0 0.02 0.04 0.060

20
40
60
80

100
120
140 Gaussian Fit:

 = 0.000152µ

 = 0.00853σ

p pull xp
4− 2− 0 2 40

20

40

60

80

100

120
Gaussian Fit:

 = 0.0245µ

 = 1.01σ

p pull yp
4− 2− 0 2 40

20

40

60

80

100 Gaussian Fit:
 = -0.039µ

 = 1.01σ

p pull zp
4− 2− 0 2 40

20

40

60

80

100 Gaussian Fit:
 = 0.00566µ

 = 1.02σ
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Update: Decay Tree Fitter

p̄p→ D∗+D∗− → D0π+D̄0π− → K−π+π+K+π−π−

Treefit D0 Vertex

residual x*+D
0.03− 0.02− 0.01− 0 0.01 0.02 0.030

50
100
150
200
250
300
350 Gaussian Fit:

 = 4.29e-05µ

 = 0.0022σ

 residual y*+D
0.03− 0.02− 0.01− 0 0.01 0.02 0.030

50
100
150
200
250
300
350

Gaussian Fit:
 = -9.32e-06µ

 = 0.00219σ

 residual z*+D
0.06− 0.04− 0.02− 0 0.02 0.04 0.060

20
40
60
80

100
120
140
160
180

Gaussian Fit:
 = 2.86e-05µ

 = 0.00854σ

 pull x*+D
4− 2− 0 2 40

20
40
60
80

100
120
140

Gaussian Fit:
 = 0.0229µ

 = 1σ

 pull y*+D
4− 2− 0 2 40

20
40
60
80

100
120
140

Gaussian Fit:
 = -0.0202µ

 = 1σ

 pull z*+D
4− 2− 0 2 40

20
40
60
80

100
120 Gaussian Fit:

 = -0.00555µ

 = 1.01σ

 residual x0D
0.03− 0.02− 0.01− 0 0.01 0.02 0.030

50

100

150

200

250

300
Gaussian Fit:

 = -5.08e-05µ

 = 0.00305σ

 residual y0D
0.03− 0.02− 0.01− 0 0.01 0.02 0.030

50
100
150
200
250
300 Gaussian Fit:

 = -4.24e-05µ

 = 0.00322σ

 residual z0D
0.06− 0.04− 0.02− 0 0.02 0.04 0.060

20
40
60
80

100
120
140
160
180

Gaussian Fit:
 = 6.44e-05µ

 = 0.012σ

 pull x0D
4− 2− 0 2 40

20
40
60
80

100
120
140
160 Gaussian Fit:

 = -0.0242µ

 = 0.971σ

 pull y0D
4− 2− 0 2 40

20
40
60
80

100
120
140
160

Gaussian Fit:
 = -0.00947µ

 = 1.01σ

 pull z0D
4− 2− 0 2 40

20
40
60
80

100
120
140 Gaussian Fit:

 = 0.00625µ

 = 1.12σ

pbarpfit_d0d0d0x
0.03− 0.02− 0.01− 0 0.01 0.02 0.030

20

40

60

80

100

120
Gaussian Fit:

 = -0.00026µ

 = 0.00926σ

pbarpfit_d0d0d0y
0.03− 0.02− 0.01− 0 0.01 0.02 0.030

20

40

60

80

100

120
Gaussian Fit:

 = -5.79e-05µ

 = 0.00951σ

pbarpfit_d0d0d0z
0 0.1 0.2 0.3 0.40

50

100

150

200

250 Gaussian Fit:
 = 0.0319µ

 = 0.0261σ
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Update: Decay Tree Fitter

p̄p→ ηcπ
0π0 → KsK

±π∓π0π0

Channel
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Update: Decay Tree Fitter

p̄p→ ηcπ
0π0 → KsK

±π∓π0π0

Treefit QA

2χ
0 10 20 30 40 500

20

40

60

80

100

NDF
7 7.5 8 8.5 90

500

1000

1500

2000

2500

3000

Prob
0 0.2 0.4 0.6 0.8 10

200

400

600

800

1000

Line Fit:
const = 32.3
slope = -28

2p Mass / GeV/cp
4.2 4.25 4.3 4.35 4.4 4.45 4.50

20
40
60
80

100
120 Gaussian Fit:

 = 4.33µ

 = 0.0332σ

2 Mass / GeV/ccη
2.8 2.85 2.9 2.95 3 3.05 3.1 3.15 3.20

20
40
60
80

100
120
140

Gaussian Fit:
 = 2.98µ

 = 0.0386σ

2 Mass / GeV/csK
0.47 0.48 0.49 0.5 0.51 0.520
20
40
60
80

100
120
140

Gaussian Fit:
 = 0.498µ

 = 0.0045σ

2p fit Mass / GeV/cp
3.5 4 4.5 5 5.50

500

1000

1500

2000

2500

3000

2 fit Mass / GeV/ccη
2.8 2.85 2.9 2.95 3 3.05 3.1 3.15 3.20

20
40
60
80

100
120
140
160
180 Gaussian Fit:

 = 2.98µ

 = 0.0305σ

2 fit Mass / GeV/csK
0.47 0.48 0.49 0.5 0.51 0.520
20
40
60
80

100
120
140
160
180
200 Gaussian Fit:

 = 0.498µ

 = 0.00399σ

2 Mass / GeV/csK
0.47 0.48 0.49 0.5 0.51 0.520
20
40
60
80

100
120
140

Gaussian Fit:
 = 0.498µ

 = 0.0045σ

2 Mass / GeV/c0π
0.1 0.11 0.12 0.13 0.14 0.15 0.160

50

100

150

200

250
Gaussian Fit:

 = 0.135µ

 = 0.0036σ

2 Mass / GeV/c0π
0.1 0.11 0.12 0.13 0.14 0.15 0.160

20
40
60
80

100
120
140
160
180
200
220

Gaussian Fit:
 = 0.135µ

 = 0.00361σ

2 fit Mass / GeV/csK
0.47 0.48 0.49 0.5 0.51 0.520
20
40
60
80

100
120
140
160
180
200 Gaussian Fit:

 = 0.498µ

 = 0.00399σ

2 con. Mass / GeV/c0π
0.1 0.11 0.12 0.13 0.14 0.15 0.160

200
400
600
800

1000
1200
1400
1600
1800
2000

2 con. Mass / GeV/c0π
0.1 0.11 0.12 0.13 0.14 0.15 0.160

200
400
600
800

1000
1200
1400
1600
1800
2000
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Update: Decay Tree Fitter

p̄p→ ηcπ
0π0 → KsK

±π∓π0π0

Treefit Masses
2χ

0 10 20 30 40 500

20

40

60

80

100

NDF
7 7.5 8 8.5 90

500

1000

1500

2000

2500

3000

Prob
0 0.2 0.4 0.6 0.8 10

200

400

600

800

1000

Line Fit:
const = 32.3
slope = -28

2p Mass / GeV/cp
4.2 4.25 4.3 4.35 4.4 4.45 4.50

20
40
60
80

100
120 Gaussian Fit:

 = 4.33µ

 = 0.0332σ

2 Mass / GeV/ccη
2.8 2.85 2.9 2.95 3 3.05 3.1 3.15 3.20

20
40
60
80

100
120
140

Gaussian Fit:
 = 2.98µ

 = 0.0386σ

2 Mass / GeV/csK
0.47 0.48 0.49 0.5 0.51 0.520
20
40
60
80

100
120
140

Gaussian Fit:
 = 0.498µ

 = 0.0045σ

2p fit Mass / GeV/cp
3.5 4 4.5 5 5.50

500

1000

1500

2000

2500

3000

2 fit Mass / GeV/ccη
2.8 2.85 2.9 2.95 3 3.05 3.1 3.15 3.20

20
40
60
80

100
120
140
160
180 Gaussian Fit:

 = 2.98µ

 = 0.0305σ

2 fit Mass / GeV/csK
0.47 0.48 0.49 0.5 0.51 0.520
20
40
60
80

100
120
140
160
180
200 Gaussian Fit:

 = 0.498µ

 = 0.00399σ

2 Mass / GeV/csK
0.47 0.48 0.49 0.5 0.51 0.520
20
40
60
80

100
120
140

Gaussian Fit:
 = 0.498µ

 = 0.0045σ

2 Mass / GeV/c0π
0.1 0.11 0.12 0.13 0.14 0.15 0.160

50

100

150

200

250
Gaussian Fit:

 = 0.135µ

 = 0.0036σ

2 Mass / GeV/c0π
0.1 0.11 0.12 0.13 0.14 0.15 0.160

20
40
60
80

100
120
140
160
180
200
220

Gaussian Fit:
 = 0.135µ

 = 0.00361σ

2 fit Mass / GeV/csK
0.47 0.48 0.49 0.5 0.51 0.520
20
40
60
80

100
120
140
160
180
200 Gaussian Fit:

 = 0.498µ

 = 0.00399σ

2 con. Mass / GeV/c0π
0.1 0.11 0.12 0.13 0.14 0.15 0.160

200
400
600
800

1000
1200
1400
1600
1800
2000

2 con. Mass / GeV/c0π
0.1 0.11 0.12 0.13 0.14 0.15 0.160

200
400
600
800

1000
1200
1400
1600
1800
2000
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Update: Decay Tree Fitter

p̄p→ ηcπ
0π0 → KsK

±π∓π0π0

Treefit p̄p Vertex

p residual xp
0.03− 0.02− 0.01− 0 0.01 0.02 0.030

20
40
60
80

100
120
140
160
180
200
220 Gaussian Fit:

 = 4.35e-05µ

 = 0.00361σ

p residual yp
0.03− 0.02− 0.01− 0 0.01 0.02 0.030

20
40
60
80

100
120
140
160
180
200
220

Gaussian Fit:
 = 5.69e-06µ

 = 0.00367σ

p residual zp
0.03− 0.02− 0.01− 0 0.01 0.02 0.030

20
40
60
80

100
120 Gaussian Fit:

 = -0.000196µ

 = 0.00774σ

p pull xp
4− 2− 0 2 40

20
40
60
80

100
120 Gaussian Fit:

 = 0.0108µ

 = 1.07σ

p pull yp
4− 2− 0 2 40

20
40
60
80

100
120 Gaussian Fit:

 = 0.000588µ

 = 1.06σ

p pull zp
4− 2− 0 2 40

20

40

60

80

100

120
Gaussian Fit:

 = 0.00153µ

 = 1.21σ

 residual xsK
0.03− 0.02− 0.01− 0 0.01 0.02 0.030

20
40
60
80

100
120
140 Gaussian Fit:

 = 7.11e-05µ

 = 0.00565σ

 residual ysK
0.03− 0.02− 0.01− 0 0.01 0.02 0.030

20
40
60
80

100
120
140

Gaussian Fit:
 = 4.52e-05µ

 = 0.00559σ

 residual zsK
0.03− 0.02− 0.01− 0 0.01 0.02 0.030

10

20

30

40

50 Gaussian Fit:
 = 7.69e-06µ

 = 0.0142σ

 pull xsK
4− 2− 0 2 40

20
40

60
80

100

120
Gaussian Fit:

 = 0.029µ

 = 1.09σ

 pull ysK
4− 2− 0 2 40

20
40

60
80

100

120
Gaussian Fit:

 = -0.00122µ

 = 1.08σ

 pull zsK
4− 2− 0 2 40

20

40

60

80

100 Gaussian Fit:
 = -0.0218µ

 = 1.2σ

p residual xp
0.03− 0.02− 0.01− 0 0.01 0.02 0.030

0.1
0.2
0.3
0.4
0.5
0.6
0.7
0.8
0.9

1
Gaussian Fit:

 = 0µ

 = 0σ

p residual yp
0.03− 0.02− 0.01− 0 0.01 0.02 0.030

0.1
0.2
0.3
0.4
0.5
0.6
0.7
0.8
0.9

1
Gaussian Fit:

 = 0µ

 = 0σ

p residual zp
0.03− 0.02− 0.01− 0 0.01 0.02 0.030

0.1
0.2
0.3
0.4
0.5
0.6
0.7
0.8
0.9

1
Gaussian Fit:

 = 0µ

 = 0σ
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Update: Decay Tree Fitter

p̄p→ ηcπ
0π0 → KsK

±π∓π0π0

Treefit Ks Vertex

p residual xp
0.03− 0.02− 0.01− 0 0.01 0.02 0.030

20
40
60
80

100
120
140
160
180
200
220 Gaussian Fit:

 = 4.35e-05µ

 = 0.00361σ

p residual yp
0.03− 0.02− 0.01− 0 0.01 0.02 0.030

20
40
60
80

100
120
140
160
180
200
220

Gaussian Fit:
 = 5.69e-06µ

 = 0.00367σ

p residual zp
0.03− 0.02− 0.01− 0 0.01 0.02 0.030

20
40
60
80

100
120 Gaussian Fit:

 = -0.000196µ

 = 0.00774σ

p pull xp
4− 2− 0 2 40

20
40
60
80

100
120 Gaussian Fit:

 = 0.0108µ

 = 1.07σ

p pull yp
4− 2− 0 2 40

20
40
60
80

100
120 Gaussian Fit:

 = 0.000588µ

 = 1.06σ

p pull zp
4− 2− 0 2 40

20

40

60

80

100

120
Gaussian Fit:

 = 0.00153µ

 = 1.21σ

 residual xsK
0.03− 0.02− 0.01− 0 0.01 0.02 0.030

20
40
60
80

100
120
140 Gaussian Fit:

 = 7.11e-05µ

 = 0.00565σ

 residual ysK
0.03− 0.02− 0.01− 0 0.01 0.02 0.030

20
40
60
80

100
120
140

Gaussian Fit:
 = 4.52e-05µ

 = 0.00559σ

 residual zsK
0.03− 0.02− 0.01− 0 0.01 0.02 0.030

10

20

30

40

50 Gaussian Fit:
 = 7.69e-06µ

 = 0.0142σ

 pull xsK
4− 2− 0 2 40

20
40

60
80

100

120
Gaussian Fit:

 = 0.029µ

 = 1.09σ

 pull ysK
4− 2− 0 2 40

20
40

60
80

100

120
Gaussian Fit:

 = -0.00122µ

 = 1.08σ

 pull zsK
4− 2− 0 2 40

20

40

60

80

100 Gaussian Fit:
 = -0.0218µ

 = 1.2σ

p residual xp
0.03− 0.02− 0.01− 0 0.01 0.02 0.030

0.1
0.2
0.3
0.4
0.5
0.6
0.7
0.8
0.9

1
Gaussian Fit:

 = 0µ

 = 0σ

p residual yp
0.03− 0.02− 0.01− 0 0.01 0.02 0.030

0.1
0.2
0.3
0.4
0.5
0.6
0.7
0.8
0.9

1
Gaussian Fit:

 = 0µ

 = 0σ

p residual zp
0.03− 0.02− 0.01− 0 0.01 0.02 0.030

0.1
0.2
0.3
0.4
0.5
0.6
0.7
0.8
0.9

1
Gaussian Fit:

 = 0µ

 = 0σ
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Update: Decay Tree Fitter

Summary

X Porting done

X Looks fine so far

→ Open for users (rev. > 28854)

To Do:

• Remove decay length parameter & constraint

• Test more delayed Vertices (Lambdas)

• Test completely neutral channel

• Test complicated channel with all features

• Compare performance with available fitters

• Look at full simulations

• QA task & tutorial
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Update: Decay Tree Fitter

A funny picture. Thanks for the attention.
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