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Reconstruction of B-Mesons

Introduction
Reconstruction of interaction vertices is an essential step in the reconstruction chain of a modern
collider experiment such as CMS; the primary (”collision”) vertex is reconstructed in every event
within the CMS reconstruction program, CMSSW. However, the task of finding and fitting
secondary (”decay”) vertices also plays an important role in several physics cases, such as the
reconstruction of long-lived particles like Kaons, or the identification of b-jets, i.e. the task of
b-tagging. A simple but powerful general-purpose vertex finding algorithm is presented [1] that is
based on the well-established adaptive vertex fitter [2] to find and fit primary and secondary vertices.

The AVR was used to reconstruct the flightpaths of B-Mesons in Monte Carlo b-jet events. The
Lorentz boost γ was taken from Monte Carlo. The true value of d̄ = cτ is about 463 µm in the
event sample considered; the B Meson flight path is reconstructed nicely in this example.

The Adaptive Fit
The adaptive vertex fitter [2] is the base for the adaptive vertex reconstructor (AVR). It is an
iterative re-weighted Kalman filter, which uses the following weight function:
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Application to b-tagging
The Adaptive Vertex Reconstructor
The AVR is iterative and can be described as follows:

CMS has a b tagger that exploits flight path information only: the “simple vertex-based tagger” [3].
The AVR algorithm has been compared to a baseline method (“TKVF”) in the tagger, for different
cutoff parameter σcut:

Fit the primary vertex adaptively with all us user-supplied tracks.
Optionally take into account the beamspot constraint’.
Consider the set of tracks which
have been assigned a weight smaller than 0.5 in the last fit.
Call this set “remaining tracks”.
Fit a vertex adaptively with the remaining tracks.
Repeat until no more vertices can be fitted.

Fitting with and witout a beamspot constraint
The beamspot information can be taken into account as a Bayesian prior information of the primary
vertex; it will be used in the first iteration of the fit, only.
b-tagging efficiency versus mistag rate of the simple vertex-based tagger, depending on the vertex finding
algorithm. This plot shows a scenario in which the asset of the AVR is particularly well pronounced.

Future developments
The adaptive vertex reconstruction method can easily be combined with the Gaussian Sum Filter
technique [4]. This could be a promising tool to identify and reconstruct secondary vertices with electron
tracks.
Another ongoing development is adding the information of the jet direction as a ghost track to the track
collection. This could enable the algorithm to reconstruct one-prong vertices.
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Vertex fit resolutions (top) and standardized residuals (bottom), with (right) and without (left) beamspot
constraint, for primary vertices.

Snapshot

Track refitting
Tracks can be refitted (“smoothed”). A natural “adaptive” version of Kalman smoothing technique
can be formulated. Of course, the beam spot information indirectly affects the track smoothing.

Contour plot of the tracks’ d0 and z0 residuals. Track smoothing significantly reduces these track
parameter resolutions. Fitting with a beamspot constraint adds to the gain.
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Snapshot of a CMS event with a reconstructed B vertex which is 1 mm from the primary reconstructed
vertex.
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