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Overview of plan

e 4™ of several lectures on kinematic fitting

e Focus in this lecture on building virtual
particles

e Plan of lectures
e Lecture 1: Basic theory
e Lecture 2: Introduction to the KWFIT fitting package
e Lecture 3: Vertex fitting
e Lecture 4: Building virtual particles

e References

o KWFIT
http://lwww.phys.ufl.edu/~avery/kwfit/ or
http://w4.Ins.cornell.edu/~avery/kwfit/

e Several write-ups on fitting theory and constraints
http://www.phys.ufl.edu/~avery/fitting.htmi
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What i1s a Virtual Particle?

Basic idea

We want to take a set of particles and build a new particle using a
vertex constraint. The 4-momentum of the new “virtual particle” is
the sum of the 4-momenta of the tracks (at the vertex location) and
the position is the fitted vertex. Thex77 covariance matrix is also
desired.

What's so great about that?

Once the virtual particle and its covariance matrix is built, it behaves
like any other track. You can throw away the tracks that made it up
and use it in later fits.

For example, you can apply a mass constraint to the new track to
further improve the track parameters.

Software for this exists in KWFIT

kvir_add_nofit No vertex fit. Just add 4-momenta
kvir_vertex_unknown Vertex location unknown
kvir_vertex_known Prior vertex and error already exists
kvir_vertex_fixed Vertex location fixed
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Example

Fit the decay sequence shown below (measured particles shown in
boldface) by combining particles starting at the bottom and building

up the chain:
B> D*p
D" - D%*
L —> n n’

D% K™t

There are 5 measured patrticles in this example. Build 4 virtual

particles in order:

1.DY 5K 7 (apply mass constraint)
2.0 > 7
3.0" > D%"  (apply mass constraint)
4.B° > D'z~ (optional)
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Theory

The 7 parameters are the 4-momentum and the 3-positior.deet
the fitted vertex. The virtual particle track parameters are

p\/z:Z
By =2

XV:X

Dix+ B Y- X)— ai( - ¥

Dy + ai(Z3— %) - 8 x— ¥)]

:piz+ ayi(xi_ X) = Q(I( Y= )§’)]

=

where, e.g.,a,; =-0.299792458, Q, Q is the charge on the particle
and B, is thex component of th8 field.
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This can be written in matrix form:
py =Ao +Bx =) Aja; +Bx

XV:X

where

0 —Zazi
0)

A=A, A, -~ A, B=| &%

0 0
and
1 0 0 0O O ai i
A 0O 1 0 0 —a, 0 a;
|0 010 a; -a O
O 001 O 0 0
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This part is easy since the track parameters are determined from the
vertex constraint. The harder part is getting the covariance matrix
right. It can be written generally as

[ Vp, coMpy ,xv))

V =
cov(Xy ,Py) Vy,

Oy

Vpy =AVA T +A covax B ' +B co aA "BV B T

cov(py Xy)=A cofa x)+BV,
V, =V,

Xy

From CBX 98-38, we find the covariance matrix for the virtual
particle

T T T
v (Zi (AVGAT =SyVpST)+TV,T T TV Xj
o T

Y -V, T V

X

where S;=AV;D'

S5 = AV D' VpiE
T=-B+) Ss.
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Further issues

Should we incorporate mass constraint directly
In the particle building?

NO!
1. The code to do so is much more complicated.

2. The 2 step procedure gives,gé values. This provides more
discrimination against background.
3. 2 step process is mathematically identical to 1 step process
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Flexibility issues

| have implemented a more useful version of the procedure above in
KWEFIT. Three kinds of tracks can be used:

1. Those that are used to determine the vertex
Normal tracks

2. Those that are not used to determine the vertex, but are
required to pass through it

Soft pions fromD™*

3. Those that only contribute 4-momentum (no vertex info)
Photons, piOs

This procedure is mathematically rigorous, as proven in CBX 98-38
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