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Bs mixings g



Bs mixing 

and are quantum superposition of two mass eigenstates BH and BL:and       are quantum superposition of two mass eigenstates BH and BL:

and 

Hadronic uncertainties cancel in ratio:   

(Okamoto, Lattice 05)

Bd oscillation very well measured (HFAG 2007):Bd oscillation very well measured (HFAG 2007):

From fits of unitarity triangle, assuming Standard Model and using all available  

information (CKMFitter group):                                     (Eur. Phys. J. C41) o a o (C e g oup) ( u ys C )

⇒



Analysis ingredients
Bs Reconstruction side

“opposite” side

• Analysis ingredients: 
• Reconstruct Bs decays and determine Bs flavor at decay from decay products, 
• Mesure proper time of Bs decays,
• Determine Bs flavor at production (opposite-side and/or same-side tagging),
• Mesure Δms from an unbinned maximum likelihood fit of mixed and  unmixed events:

Fit for     at different  Δms. For true Δms,            , otherwise           .   

St ti ti l Si ifi f Δ t• Statistical Significance of Δms measurement:



Bs signal reconstruction (1 fb-1)
Semileptonic decays:                                              Hadronic decays (CDF)
DØ: ~ 42K reconst. events (3 decay modes)
CDF 61 5K t t (6 d d )CDF: ~ 61.5K reconst. events (6 decay modes)

CDF Run II       L= 1 fb-1

~ 5600 fully reconst events (6 modes)~ 5600 fully reconst. events (6 modes)
~ 3100 partially reconst. events (2 modes)



Proper decay time
Fully reconstructed hadronic channels:

Semileptonic channels:

from Monte Carlo

Oscillation period for Δms = 18 ps-1



b-flavor tagging @ production
Two methods: opposite-side flavor tagging and same-side flavor tagging:

1. Opposite-side flavor tagging (DØ+CDF): Performances of combined OST taggers1. Opposite side flavor tagging (DØ+CDF):
● Soft Lepton tagging 
● Jet Charge tagging
• Secondary vertex charge (DØ)

Performances of combined OST taggers

• Secondary vertex charge (DØ)
• Charge of identified kaon (CDF).

The performance of OST taggers measured 
in kinematically similar B+ and B samplesin kinematically similar  B+ and Bd samples.

2. Same-side Kaon Tagging (CDF):

● Use the closest fragmentation track 
correlated to Bs production flavor. 

SSKT f b● SSKT performance cannot be 
determined on data (rely on MC).



Δms measurements (spring 2006)

Phys. Rev Lett. 97 (2006) 021802 Phys. Rev Lett. 97 (2006) 062003

37000 3600     

Sensitivity: 14.1 ps-1
Sensitivity: 25.8 ps-1

3σ signal significanceMost probable value of Δms = 19 ps-1
3σ signal significance

Probability of random fluctuation = 0.2%Probability of false result = 5%



Improved CDF analysis
• Increase of Bs signal yield:

- add partially reconstructed decays: 

- use particle ID in the selection (Kaon identification)
- use Neural Net selection for hadronic modes
- use loose kinematic selectionuse loose kinematic selection

For                           gain=66% (37000 → 61500 signal events) 

Including hadronic decays ⇒ Effective statistical size increased by a factor of 2.5 !

• b-flavor tagging: 
- add opposite side Kaon tag.
- use NN to combine all opposite side taggers (gain=20%)- use NN to combine all opposite side taggers (gain=20%)
- use NN for same side tagger (gain=10%)



Improved CDF analysis
Phys. Rev Lett. 97 (2006) 242003

The likelihood ratio minimum at:

= 17 26

Sensitivity: 31.3 ps-1

= -17.26

The probability that a randomly tagged 
data produces a value Λ ≤ -17.26
at any Δms value is 8x10-8.

⇒ signal significance >5σ
⇒



b-hadrons lifetimes



b-Hadrons lifetimes 
• Important test of “non-spectator” effects in heavy hadrons decays:

⇒ “non-spectator” effects give rise to lifetime hierarchy among b-hadrons:⇒ non-spectator  effects give rise to lifetime hierarchy among b-hadrons:

• Contribution of light quark(s) in b-hadron decay width computed in the frameworkContribution of light quark(s) in b hadron decay width computed in the framework  
of the Heavy Quark Expansion (expansion in 1/mb):

Non-perturbative corrections arrise only at 

Difference between meson and baryon lifetimes appears atDifference between meson and baryon lifetimes appears at 

Splitting of the meson lifetimes occurs at 

Recent theoretical predictions and experimental averages for the lifetime ratios:p p g



b-Hadrons lifetimes @ Tevatron RunII
Both CDF and D∅ have performed a number of b-Hadrons lifetimes measurements 
for all b-Hadron species. For                                             and           the results are:



Bs lifetime measurementss



Bs lifetime measurements
In the SM the light and heavy mass eigenstates of the mixed Bs system are expected
to have a sizeable decay width difference:        

If CP violation is neglected BL and BH are expected to be CP eigenstates: 

Various B decay channels have different proportions of B and B eigenstates:Various Bs decay channels have different proportions of BL and BH eigenstates:

• Flavor specific decays:                       and                   have equal fraction of 
BL and BH at t=0. 

Fit to the proper decay lengths distributions with a single signal exponential:
⇒ Flavor specific lifetime:

• : contributions from CP even and CP odd states dominated by CP even• : contributions from CP even and CP odd states, dominated by CP even.
In this decay mode one can measure         and                     . 



Bs lifetime in flavor specific modes
Both CDF and D∅ have measured 
Bs lifetime in

Results based on respectively 
360 and 400 pb-1 are:

CDF h l d B lif tiCDF has also measured Bs lifetime 
in the fully hadronic modes: 

Analysis based on 360 pb-1.

Bs lifetime extracted from a 
simultaneous fit to the masssimultaneous fit to the mass 
and decay length distributions:

Will be updated for 1 fb-1.



Bs lifetime in
D∅ made a new Bs lifetime measurement in                  based on 1.1 fb-1:

D∅ preliminary, 1.1 fb-1
The study of the time dependent angular distribution ofThe study of the time dependent angular distribution of 
the decay products of J/ψ and φ allow to separate the 
two CP components of the decay. Schematically:

N(J/ψφ)=1039±45
φs ≡ CP violating mixing phase.

D∅ preliminary, 1.1 fb-1

ΔΓ is extracted from a simultaneous 
unbinned maximum likelihood fit to 
the proper decay length the 3 decaythe proper decay length, the 3 decay 
angles and the mass.
Assuming no CP violation (φs=0):

(R. Bernhard and S. Donati talks)



Bs lifetime in



Λb lifetime measurements



Λb lifetime measurements in
• Both CDF and D∅ have measurements based on respectively 1 fb-1 and 1.2 fb-1.

• Similar analysis procedure:
Λb lifetime extracted from an unbinned simultaneous likelihood fit to 
the mass and proper decay lengths distributions.

Λb lifetime cross checked using

⇒ similar signature and kinematics.g
FERMILAB-PUB-07/094-E

N(J/ψ Λ)=532±38

N(J/ψ Λ)=174±21

CDF tracking and                efficiencies > D∅ ⇒ higher yield



Λb lifetime measurements in
FERMILAB-PUB-07/094-E

Cross checks:
World average (PDG2006):

Cross checks:

D∅ result is consistent with the            world average 
but CDF result is more than 3σ above. 

Need more experimental inputs to conclude:
Full hadronic modes ?, CDF has about 3000                     
reconstructed                            more than 
⇒ Lifetime measurement in progress.



Λb lifetime measurements in

New measurement by D∅ based on 1.3 fb-1.

Partial reconstruction ⇒Partial reconstruction   ⇒

estimated from Monte Carlo

( ) f f f f fτ(Λb) lifetime extracted from the fit of the number of
Kspμ- events versus the visible proper decay length.

in semileptonic       decays

N(Λc
+μ-)=4437±329

m(Ksp) distribution for Λb candidates
(3.4 GeV < m(Kspμ-) < 5.4 GeV)

Result compatible with
and world average. 



Summary
• Bs mixing: 

- CDF (improved analysis + additional partially reconstructed Bs hadronic decays): 

with >5σ signal significance.

• b-hadrons lifetimes:

For Bs lifetimes measurements in the flavor specific modes:

DØ has new Bs lifetimes measurements in                  :

- DØ:                                                            

CDF and DØ have updated (1 fb-1) their Λb lifetimes measurements in                      :

- DØ: 

compatible with world average:

- CDF:                                                                         3σ above world average.

DØ has also a new            measurement in                               :  

compatible with world average.



Backup slidesp



Neural Network selection performance



Separate decay modes amplitude scans

Golden mode Other hadronic modes

Partially reco. hadronic modes Semileptonic modes



Bs oscillation signal



Impact on the CKM unitarity triangle

CDF



Bs lifetime in
CDF made also a new average Bs lifetime measurement in                 from a data sample of 1 fb-1:



Λb lifetime measurements


