
Oscillation in different samples
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e.g.     𝑚𝑖𝑥: 𝐵!" → 𝐵#" → 𝐷#$ 𝜋%
𝑢𝑛𝑚𝑖𝑥: 𝐵#" → 𝐵#" → 𝐷#$ 𝜋%

creation time:  t1        t2      t3

Herwig: can record both states initial and oscillated, 
               and corresponding decay products. 

Whizard: can only record initial state, if there is oscillated 
                can be proved by decay products.

Mixed decays is which the initially produced meson 
mixed into its antiparticle before decaying

e.g. 𝑚𝑖𝑥: 𝐵!" → 𝐷#$ 𝜋%
𝑢𝑛𝑚𝑖𝑥: 𝐵#" → 𝐷#$ 𝜋%

creation time:     t1        t3

e.g. 𝑚𝑖𝑥: 𝐵!" → 𝐵#" → 𝐷#$ 𝜋%
𝑢𝑛𝑚𝑖𝑥: 𝐵#" → 𝐵#" → 𝐷#$ 𝜋%

Sherpa: Not find yet…

Decay time：t3 - t1 



T2-t1 and t3-t2
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exp(−at)



Decay time PDF

1. The theoretical distribution of the oscillation decay time t, ignoring any detector resolution:

https://arxiv.org/pdf/1304.4741
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The decay time of a particle is measured as

L is the distance between the production vertex and the decay vertex of the particle,
m its reconstructed invariant mass, 
p its reconstructed momentum.

Γ! =
"
#
= 0.66×10"$𝑠%"is the B!& decay width, 

ΔΓ! = 0.085 ± 0.004 ×10"$𝑠%",

Δm! = 17.7683 ± 0.0051 𝑝𝑠%",



Double-check Decay-time distribution
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Different decay channels cannot change 
Decay time distribution.

𝐵!" → 𝑎𝑛𝑦𝑡ℎ𝑖𝑛𝑔 could find oscillation.

The time scale is still a question, 
read hepmc to check if it is truth level sample next.

𝑀𝑎𝑦𝑏𝑒 𝑖𝑡 𝑖𝑠 𝑎 𝑞𝑢𝑒𝑠𝑡𝑖𝑜𝑛 𝑎𝑏𝑜𝑢𝑡 𝑑𝑒𝑐𝑎𝑦 𝑐ℎ𝑎𝑛𝑛𝑒𝑙?



Read Herwig output-hepmc
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zpole_bb-S1000.hepmc HEPMC2_manual

https://citeseerx.ist.psu.edu/document?repid=rep1&type=pdf&doi=7036a64c26e16a82cda290cbbe4fef70d9447afc


Read Herwig output-hepmc
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The vertex information is not stored when reading a hepmc file

Hepmc/Bshepmc_reader.cpp



Read Herwig output-hepmc
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Compare Herwig output: hepmc vs slcio
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Transfer hepmc to slcio

Compare hepmc vs slcio



Compare Herwig output: hepmc vs slcio
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Transfer hepmc to slcio



Finding in whizard samples
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if the oscillation can only be proved by Bs decay products



Finding in whizard samples
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Note study
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Simulated samples used



Note study
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Simulated samples used



LHCb result study
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Simulated samples used

- head_TRUETAU : true propertime

https://lhcb-comp.web.cern.ch/Support/Conventions/units.pdf



LHCb result study
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No Gencut sample

- head_TRUETAU : true propertime

https://lhcb-comp.web.cern.ch/Support/Conventions/units.pdf



Summary and next
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1. Compare with the result of LHCb and PDG, Herwig samples have different time scale and 
Whizard samples have different frequency.

2. It seems that the question is from Generators configurations, and maybe there is still something 
wrong in our code and calculation.  

3. Clear oscillation shapes from generators now, so maybe we could start tagging from here.


