
For the three parameters, we have PDG values here: 
Where Γ! = 0.66𝑝𝑠"#    is the B!$ decay width, 
ΔΓ! = 0.085 ± 0.004 𝑝𝑠"#   is the decay width difference between 
                                                 the heavy and light mass eigenstates, a small  quantity.
Δm! = 17.7683 ± 0.0051 𝑝𝑠"#.  is the frequency of B!$ oscillation.

Bs Oscillation in standard model
1. In standard model, B!" decay time distribution without detector effects should be:

2. LHCb already reported a precise measurement of the 𝐵#" −	 %𝐵#" oscillation frequency, we show the LHCb     
simulation for B!" → 𝐷#$𝜋%[no oscillation] and B!" → 𝐷#%𝜋$[oscillation]. It has the same shape as standard   
model basically.

Lifetime: 𝜏 = 1/Γ! = 1.515𝑝𝑠
Oscillation period:	 𝑇!= 2𝜋/Δm! = 0.353𝑝𝑠

https://inspirehep.net/literature/1857623


Bs Oscillation in Whizard
1. The B#" oscillation in Whizard generator report a different frequency as PDG and LHCb results. We show the 
B#" decay time distribution fit in Whizard here and compare the three parameters with PDG and LHCb 
simulation.

Question for Whizard: 
The oscillation frequency is smaller than standard value, 
around 1/3.  

In Whizard:
     Lifetime: 𝜏 = 1/Γ! = 1.639𝑝𝑠 (~ 1.515𝑝𝑠)
     Oscillation period:	 𝑇!= 2𝜋/Δm! = 1.014𝑝𝑠 (> 0.353𝑝𝑠)

Old result



Bs Oscillation in Pythia6
1. In existed Whizard sample, we use Whizard1.95, and Pythia6 for shower/hadrons.
2. In Pythia6, mixing parameter could be set by ‘PARJ(77)=26.9’(17.76/0.66)

$ps_PYTHIA_PYGIVE = "PARJ(77)=26.9; PMAS(25,1)=125.0; PMAS(25,2)=0.3605E-02;MSTJ(41)=2; MSTU(22)=20; 
MSTJ(28)=2; PARJ(21)=0.40000; PARJ(41)=0.11000; PARJ(42)=0.52000; PARJ(81)=0.25000;PARJ(82)=1.90000; 
MSTJ(11)=3; PARJ(54)=-0.03100; PARJ(55)=-0.00200;PARJ(1)=0.08500; PARJ(3)=0.45000; PARJ(4)=0.02500; 
PARJ(2)=0.31000;PARJ(11)=0.60000; PARJ(12)=0.40000; PARJ(13)=0.72000; 



Bs Oscillation in Whizard3+Pythia6

PARJ(77)=17.76/0.66=26.9 
     + original settings

Chain Model：
𝑚𝑖𝑥: 𝐵!" 	→ 𝐷#$	𝜋%
𝑢𝑛𝑚𝑖𝑥: 	𝐵#" 	→ 𝐷#$	𝜋%

～5%

y& = ΔΓ!/2Γ! = 0.185,
x& = Δm!/Γ! = 26.223, ～2.5%



Bs Oscillation in Herwig
1. The B#" oscillation in Herwig generator report different frequency, oscillation models, and time scale as PDG 
and LHCb results. We show the B#" decay time distribution fit in herwig here.

Question for Herwig: 
1. The time scale is different as standard. 2.2ns>>8ps
2. “t3-t1” should have a similar model as standard, but only “t3-t2” has.

Old result

exp(−at)

𝑓 𝑡 ∝ exp(−at)⊗P(t)

t3-t1

e.g.     𝑚𝑖𝑥: 𝐵!" 	→ 𝐵#" → 𝐷#$	𝜋% 𝑢𝑛𝑚𝑖𝑥: 	𝐵#" 	→ 𝐵#" → 𝐷#$	𝜋%
creation time:  t1        t2      t3



Bs Oscillation in EvtGen
1. In existed Herwig sample, we use Herwig7.2.2(latest is 7.3.0), and starting with 7.1, Evtgen used 

for a simulation of B-hadron decays.
2. In EvtGen, c=1, such that mass, energy and momentum are all measured in units of [GeV]. 

Similarly, time and space have units of [mm], so 2.2mm/c = 7.3ps

e.g.     𝑚𝑖𝑥: 𝐵!" 	→ 𝐵#" → 𝐷#$	𝜋% 𝑢𝑛𝑚𝑖𝑥: 	𝐵#" 	→ 𝐵#" → 𝐷#$	𝜋%
creation time:  t1        t2      t3

t3-t1 t2-t1 t3-t2

𝐵#" → 𝐷#$	𝜋%𝐵!" 	→ 𝐵#"𝐵!" 	→ 𝐵#" → 𝐷#$	𝜋%



Bs Oscillation in samples

t3-t2 have the same oscillation as LHCb 
simulation, because they both use EvtGen. 

1. Compare Bs oscillation in three sources, LHCb and Whizard give the same decay model, also ‘t3-t2’ in Herwig.

Herwig(t3-t2):
               𝑚𝑖𝑥:	(𝐵!$ →)𝐵%$ →
𝐷%"	𝜋&
           un𝑚𝑖𝑥:	(	𝐵%$→)𝐵%$→ 𝐷%"	𝜋&

Whizard:
        mix: 𝐵%$ 	→ 𝐷%&	𝜋"
    unmix: 𝐵%$ 	→ 𝐷%"	𝜋&

LHCb:
        mix: 𝐵%$ 	→ 𝐷%&	𝜋"
    unmix: 𝐵%$ 	→ 𝐷%"	𝜋&

𝐵!$/𝐵%$ → 𝐵%$

Discussion with Herwig:
1. If ‘t2-t1’ is no sense here.
2. Update the EvtGen interface.



Bs Oscillation in Herwig update
1. First input B mixing in Herwig2.5(2001), controlled by Herwig itself.

2. Evtgen took over to be used for a simulation of B-hadron decays from Herwig7.1

3. What we used to produce large samples is Herwig7.2.

4. B mixing update didn’t be metioned in the least Herwig7.3 release note.

5. But they promised to update in Herwig7.3 release note, which published in 2008…

https://arxiv.org/pdf/0803.0883



