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The BELLE experiment
● Location: Tsukuba, about 60 

km NE of Tokyo
● asymmetric e+ e-  collider at   
Υ(4s) resonance; so called “B-
factory”

● 5,000 bunches in a ring of 
3km; bunch spacing of 0.6m





The B0B0 decay

● βγcτB0 = 462 µm  (LAB) ● ∆m = 0.489 1012 ћs-1 = 0.754 τB0
-1
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The beam interaction profile (BIP)
z-resolutions:
● σz(FR): 50 µm

● σz(PR): 120 µm

● possible improvement with 
better vertex reconstruction

● intersecting the FR side B 
vector with the BIP to get z0

● limits to the possible polar 
angles of B-meson plane

● BIP extensions:
80 µm
5 µm

3000 µm

σx

σy

σz



expected time resolutions
● various effects will deteriorate the resolution

– dominating effect z-coordinate resolution: σz
lab → σt

CMS

– measurement errors on momentum vector direction
– angular dependence of σz0 

● time resolutions for z1, z2 in CMS

full 50 0,43 0,39 0,2
partial 120 1,02 0,94 0,5

σz
lab [µm] σt

lab [ps] σt
CMS [ps] σt

CMS [τB]



QM and flavour asymmetry
● QM ratio of events to be 

expected for meson 
pairs

● normalize to the number 
of events, defining 
asymmetry

● inclusion of one 
possible  coherence 
model term

● probabilities of non-/
equal flavour pair

● lifetime corrected 
pseudo pdfs



Probability distribution behaviour

equal flavour distribution

non-equal flavour distribution



Probability distribution behaviour, time corr.

equal flavour distribution

non-equal flavour distribution



Simulation
● generating exponential decay-times 

(“MC-truth”)
● generating gaussian measurement 

errors
● simulated measurement
● flavour simulation

– one picked at random
– second picked according to P(=)



Resulting distributions

● deviations from the previous 
flavour distributions due to 
the missing error treatment in 
generated pdfs ...

equal flavour distribution

● degrading resolution visible 
in more spread and more 
characteristic non-equal 
distribution

non-equal flavour distribution



Log likelihood fit
● using convolution on the normalized pdfs for treating the time 

measurement errors
– most simple case: use single gaussian convolution kernel on 

each time axis
● pdfs corrected for the decay-times of the mesons:

● for all measured/generated decay time tuples calculate 
(according to their flavour)



convoluted pdf equal flavour



convoluted pdf non-equal flavour



Behaviour of the pdf, EQ flavour



Behaviour of the pdf, NEQ flavour



Behaviour of the fit minimum



“moving closer to BELLE data”
the BELLE GEANT MC-data

● MC data produced in 
amount of 3 times the 
measurement data

● sufficient statistics for 
background estimation

● used MC is as close as 
possible to real 
experiment data

● reconstruction was run 
filtering for one fully 
reconstructable B 
meson

"B  decay modes code"
2 : B0B --> D+ pi-
1 : B0B --> D*+ pi-
6 : B0B --> D+ rho-
5 : B0B --> D*+ rho-
10 : B0B --> D+ a1-
9 : B0B --> D*+ a1-

● 450*106 B0 or B0

● reconstructed B-s: 
150000

● efficiency: 0.03 %



reconstruction sequence

● Example decay tree
● cross check with “MC-

truth” to estimate & 
classify different sources 
of background 
contamination in data

– bottom up
– top down

B0 D*+

π+

π-

D0

K-

π+

B0 π+D*-

D0 π-

K+ π-



checking the reconstructed B



Angular B momentum dependence



The FR vertex
● the reconstructed FR-

vertex positional 
resolution checked 
against MC-truth



Summary & outlook
● a toy MC has been created to show the feasibility of 

fitting the model parameter λ
● primary particle and z1 reconstruction efforts successful
● TODO:

– verification of momentum resolution of reconstructed 
B-mesons

– z0, z2 reconstruction
– consistency check with MC-data ( λ = 0 )
– modification of MC for generation of  ( λ ≠ 0 ), and 

fitting those data
– move on to experiment data



Thanks for the attention



QM coherence model investigations

● cτB0 = 462 µm  (LAB)

● ∆m = 0.489 1012 ћs-1 = 0.754 τB0

full
reconstruction

side (FR)

partial
reconstruction

side (PR)

full 50 0,2
partial 120 0,5

σz
lab [µm] σt

CMS [τB]

expected 
resolutions

QM predicted asymmetry + CoMo




