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Example: selection of B0  K0
S J/ψ events

Selection of events 
of the type

B0  K0
S J/ψ 

K0
S  π- π+ 

J/ψ µ- µ+
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Measurement of CP violation - continued
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Search for unstable particles that 
decayed close to the production point

How do we reconstruct final states that decayed to two stable
particles? 

From the measured tracks calculate the invariant mass of the 
system (i= 1,2):

The candidates for the X12 decay show up as a peak in the 
distribution on (mostly combinatorial) background.

The name of the game: have as little background under the peak
as possible without loosing the events in the peak (=reduce
background and have a small peak width). 
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How do we know it was 
precisely this reaction?

B0  K0
S J/ψ 
K0

S π− π+

J/ψ µ− µ+

For π− π+ in µ− µ+ pairs we calculate
the invariant mass: 

M2c4=(E1+ E2)2- (p1+ p2)2

Mc2 must be for K0
S close to

0.5 GeV, for J/ψ close to 3.1 GeV.

Rest in the histrogram: random
coincidences (‘combinatorial
background’)

µ− µ+

e− e+

π− π+

2.5 GeV           3.0                3.5

detect
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Also important: other charmonium states 
(in addition to J/ψ), e.g. B0  K0

S ψ(2S)
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Also important: K0
S decays to 

neutral pions
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Reconstruction B meson decays

22 )()2/( ∑−= iCMbc pEM 

Reconstructing B meson decay at Y(4s):
Improve the resolution by taking into account that only
two B mesons are produced in an Y(4s) decay.
In the expression for the invariant mass use the energy
of the beam in cms (1/2 total energy in cms) instead of
the reconstructed energy (which involves information
on particle identification) 

 beam constrained mass Mbc
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Example 2: CP asymmetry measurement B -> π+π−

Extraction of α(φ2) η

ρ

φ2

Br(B→π+π−)= 0.48 10-5

-> Rare decay, have to fight against many background sources.

Reconstructing rare B meson decays at Y(4s): use two variables, 
beam constrained mass Mbc and energy diference ∆E

Use event topology parameters to suppress the continuum 
backgrounds.

Use particle identification to reduce the background from 4x more
copious B → K+π− decays.

Exploit the very good momentum resolution to kinematically separate
the remaining B → K+π− contribution.
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Reconstruction of rare B meson decays

Reconstructing rare B meson 
decays at Y(4s): use two 
variables, 
beam constrained mass Mbc
and
energy diference ∆E

22 )()2/( ∑−= iCMbc pEM 
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ΒΒ−

continuum
Y (4S)

e+e- → qq “continuum” (~3x BB)

e+ e-

e+ e-

qq

Signal 
B

Other 
B

Continuum
Jet-like

BB

spherical
To suppress: use event 
shape variables

Continuum suppression



Peter Križan, Ljubljana

e+e- → qq “continuum” (~3x BB)

To suppress it use:
•event shape variables
•event axis direction 
Combine to a likelihood ratio:

Continuum suppression
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B  π+ π− decays
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Advanced event selection methods

Problem
Neural nets
Decision trees / Boosted decision trees (BDT)
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Problem
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Efficiency and purity in event selection

Efficiency and purity are tightly coupled!
Two examples: 
process type 0 (signal)   type 1 (background)            eff. vs fake probability 

(for Gaussian distributions)

some discriminating variable x

x/σx
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Neural nets
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One of the early examples 
in particle physics
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Decision trees
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Decision Tree (DT) 
example
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Decision Tree (DT) example
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Decision Tree (DT) example: 
specialized trees
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Boosted Decision Tree (BDT)
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