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Introduction
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What is Vertex Fitting and Kinematic Fitting

• The mathematic process of improving the measurements according 

to the physics laws in the interaction and decay of the particles.

• For example:  In the decays,  the final particles should come from 

the common decay point (vertex fitting),  the momentum of the 

final states equals to initial state (kinematic fitting).

• Physical requirements are provided through constraints in the form 

of an equation: each track for 2 constraints (vertex fitting), four-

momentum conversation for 4 constraints (kinematic fitting).
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Algorithm
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Least-squares fit

• The constraints are expressed as c2 contribution, a function of 
the parameters, denoted by the vector x

• The solution to the fit is the value of x that minimizes the total c2

ü Lagrange multiplier method  

ü Kalman filter method
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Method of least squares
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Matrix notation
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Linear least squares estimator
Linear least squares estim

ator 
(LSE)
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Linear least squares estimator
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Non-linear models: Newton-Raphson
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c2 and degree of freedom
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Kalman filter method (progressive fit)
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Kalman filter
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Kalman filter
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Covariance matrix in the Kalman filter

16



Current Status and Limits
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Current: Leaf by Leaf

ü In high-energy physics experiments decay reactions that proceed 

via intermediate metastable states are usually reconstructed by 

following a bottom–up approach.

ü 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. 

ü Disadvantage: constraints that are upstream of a decay vertex do 

not contribute to the knowledge of the parameters of the vertex. 
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Other examples

The update of Lambda could not impact the 

proton and pion.

Improve the precision of hyperon parameter 

measurements.

Not only Kinematics fitting and vertex fitting are 

separated, but also the process with continuous decay 

vertices are separated.
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Global fit
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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 c2 fit with 

Lagrange multipliers.

->Very large parameter space and large matrices have to be inverted!

Solution: Kalman Filter approach

ü Calculation of c2 is linearized

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

ü Measurements are constraints and are treated similar to, e.g. four-momentum conservations
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Constraints

Tracks Photons

In principle, q can be added to the photon parameter list 
and extracted from the fit. Since this parameter is not very 
interesting, it is preferable to eliminate it. 
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Eigen 
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Eigen is a C++ template library for linear algebra: matrices, vectors, numerical 
solvers, and related algorithms.

Eigen doesn't have any dependencies other than the C++ standard library.



Existing Decay Tree Fitter

• BaBar have a Tree Fitter, written by W. Hulsbergen.
• LHCb, PANDA and Belle II have similar Tree Fitter.
• Belle II code is shared (Github)
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Summary

• Kalman filter method has been implemented in vertex fitting 
and kinematic fitting.

• Leaf by Leaf fit method could deal with most of the vertex and 
kinematic problems.

• Global fit is useful in cascade decay, especially long-life 
particles. 

• Eigen and Kalman filter could save the Global fit costs.
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