Decay Chain Reconstruction in Belle li

The Belle Il Experiment Vertex Fitting Approaches to Decay Chain Reconstruction
The Belle |l experiment [1] aims to Vertex fitting techniques see
exploit the asymmetric e*e- collider widespread use in particle physics.

SuperKEKB at KEK, Japan, designed
to provide an instantaneous luminosity

Use cases include:

of 8x1035 cm-2s-1 at the Y(4S) mass * Precision measurements of decay
reSONance. vertex positions; Kg decay vertex]'
of 50 ab-1, two orders of magnitude C Improving particle mass and ! S
larger than in first generation B momentum resolution: ; Q)
Factories KEKB and PEP-II. . . B* decay vertex

| | * Indirect detection of resonant states.
Thg gsymmetrlc beam design bOOStS. The Belle Il analysis software Charged tracks in a magnetic field Complex decay chain, comprising
collision products along the beam axis, . . A .

framework (basf2) provides several fit to a common decay vertex. several individual vertices.

increasing their flight lengths in the lab
frame and facilitating the study of time-

dependent CP violating processes. * KFit, based on a least square
minimisation, developed for Belle [2].

vertex fitting tools, such as:
» Leaf-by-leaf approach to decay chain reconstruction:

This is the simplest approach. Vertices in the chain are reconstructed

Precise decay point reconstruction is a individually; In the example we first reconstruct Ks—1r*1m- and J/y—pty-, then

lynchpin of these studies, as well as an | * RAVE, a standalone package BO—J/yp Ks. The fit is blind to information two or more stages down in the chain.

essential tool for background rejection originating from the CMS libraries [3]. | , 5i5phal approach:

and gnhancmg the size of the useable  TreeFitter, a tool based on a global The full tree is parametrised and fitted simultaneously. Challenging, but allows

physics sample. approach, originally developed in treatment of hard to fit processes such as those involving neutral particles.
BaBar [4]. The full covariance matrix of all the observables is available to the user.

Global Fit Implementation | Fitting Neutral-Rich Topologies

The computational challenge of a
global approach lies in the inversion of

| A global approach is able to correct this bias by using
large matrices.

information from the rest of the decay chain.

A particle in the decay chain can have
up to seven free parameters

(E, px, py, Pz, X, ¥, z) rapidly making a
naive least square approach unfeasible
as the decay complexity increases.

In this example using simulated data, the B0O—J/yp Ks(10170)
decay chain is fitted by applying a mass constraint on the 110
and using information from the J/yp vertex.

The Ks mass bias present in the unfitted sample is corrected
and the resolution is improved. A mass selection could then

We implement a twofold solution: allow for the separation of combinatorial background.

 We use a Kalman Filter [5] approach
to the minimisation. In this method, fit
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Direct Extraction of Observables Custom Constraints
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TooF | or d ) ISR Ll N ... SV B | constrained to a previously measured distribution
reeFitter allows for decay chain quantities =250 0 250 500 750 1000 i "+ i
Vs 101 ly g D decaylength [ to improve the D™ vertex resolution.
to be parametrised in a simple manner and ; i . ).
saved as output for physics analysis. B = DD (K ')-Z'Tm?g'm N LA i S - R % il > ELB—
100k ; ;e wi th: 92.39 [um I _ T vgj*:hxiiz;jiig“ um-: : Vg*fhxiz;j;fjg um |
The global approach provides access to | L e 100) ; Wi 1250f i 5  men
. . . I : : ] [ . D*+ 5 meas-mc ] i . [ D** z meas-mc
the full decay covariance matrix, allowing 3000 I - = 1000} j 5
straightforward and consistent treatmentof = | SRNE || g 100y g P
— i . .
errors. S 200 S ol [ L S J L
: : [ E : Z 3 ; : 500
In this example from a simulated sample, ool _- 200 LL . | I_|J LL'_
the BO— D™+(DOo(K*r-)1r*)11- decay chain is | | 250 HHI L -_ 20T i |
fitted to extract the DO decay length. T T o= e Y 0 o e
D decaylength resolution [pm] D*T vertex resolution [pm] D** vertex resolution with BY constraint [pum]

References
[1] T. Abe et al. [Belle-ll Collaboration], arXiv:1011.0352 [physics.ins-det]. [2] J. Tanaka, Belle Note 194. [3] W. Waltenberger, IEEE Trans. Nucl. Sci. $8 (2011) 434.

[4] W. D. Hulsbergen, Nucl. Instrum. Meth. A 552 (2005) 566. [5] R. Fruhwirth, Nucl. Instrum. Meth. A 262 (1987) 444. [6] http://eigen.tuxtamily.org




