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Search for NP in Bs decays 
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1) CPV from mixing in Bs → J/ψφ decays 
 Best way of probing CPV due to NP in Bs mixing 
 BUT.. difficult angular analysis to disentangle CP even and 

odd components. 
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 DØ: 6.1 fb-1 data 

 Sees 1.1σ deviation from SM 
 CDF: 5.2 fb-1 data 

 Sees 0.8σ deviation from SM 
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φs
J /ψφ = −2βs



A simpler way to access βs 

22 March, 2011 S. Behari, B Results from Tevatron 5 



Bs→J/ψ f0(980) BR result 

  Observed 571±37(stat)±25(sys) signal 
events with a 17.9σ significance and 
2302±49 Bs→J/ψ Φ events. 

  Measured: 

               (Theory: 0.1 – 0.5) 

  Derived: 
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Rf 0 /φ = BF(Bs → J /ψf0(980)) ⋅ BF( f0(980)→π +π−)
BF(Bs → J /ψφ) ⋅ BF(φ →K +K−)

        = 0.292 ± 0.020(stat) ± 0.017(sys)

€ 

BF(Bs → J /ψf0(980)) ⋅ BF( f0(980)→π +π−)
= [1.85± 0.13(stat)± 0.11(sys)± 0.57(pdg)] ⋅10-4

  NEW! 



2) Dimuon charge asymmetry recap           
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Asl
b =

Nb
++ − Nb

−−

Nb
++ + Nb

−−

  Where, Nb
++,-- are number of same sign dimuon 

events produced due to the b hadrons decaying 
semileptonically, one before and the other after 
mixing.  

  Is close to zero if mixing rates                           
(SM expectation is a few 10-4). 
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B → B = B → B
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Asl
b = (−0.957 ± 0.251(stat) ± 0.146(syst))%

€ 

Asl
b (SM) = (−0.023−0.006

+0.005)%



     CDF on the way to measuring Ab
sl 

 CDF is pursuing an alternate path for independent 
verification of the interesting DØ result. 

 Use muon impact parameter (IP) information to fit for 
sample composition, separating same-sign dimuons µ+µ+ 
and µ-µ- that originate from B decays (i.e. are long lived). 

  IP fitter is a standard robust technique demonstrated in the 
correlated BB cross-section measurement: PRD 77, 072004 
(2008). 

 As a first step: measure time-integrated mixing probability  
 Comparison to LEP     validates the IP fitter. 
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    Time integrated mixing prob. measurement 

22 March, 2011 S. Behari, B Results from Tevatron 9 

  

€ 

χ =
Γ(Bd ,s

0 → B d ,s
0 → +X)

Γ(Ball → 
±X)

= fd ⋅ χd + f s ⋅ χ s

Where, fd,s are production fractions 
And χd,s are mixing probabilities for 
B0 and Bs. 

 Earlier Tevatron    measurement is 0.147±0.011 Phys.Rev.D69:012002,2004  
   which differs from LEP measurement of 0.1259±0.0042 (a 1.8σ deviation). 

 Fit the observed impact parameter distribution for muon pairs 
   simultaneously to extract  
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IP fit projections 

 Much tighter selection than previous measurement. Require 
muon tracks to originate before R=1.5 cm. 

 Various components from b, c and prompt and other (BC + 
BP+ CP) sources add up to data well.  
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Time integrated mixing probability result 
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R = 0.467 ± 0.011
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χ = 0.126 ± 0.008
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BR and ACP in DCS B±→D0 h± decays 
  BR and ACP in B-→D0 K- allow for a theoretically-clean way of 

measuring the CKM angle γ (known to 10-20o level) 

  Atwood-Dunietz-Soni method: Interference between 
 B- → D0K-  (color allowed);      D0

DCS→K+π- 

 B- → D0K- (color suppressed); D0
CF→K+π- 

     can lead to large ACP. 

  Define DCS fractions and asymmetries: 
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RADS(K) = (BR(B-→[K+ π-]DK-) + BR(B+→[K- π+]DK+)) ⁄  
                (BR(B-→[K- π+]DK-) + BR(B+→[K+ π-]DK+)) 
             = rD

2 + rB
2 + rDrB cos γ cos(δB+δD) 

AADS(K) = (BR(B-→[K+ π-]DK-) - BR(B+→[K- π+]DK+)) ⁄  
                (BR(B-→[K+ π-]DK-) + BR(B+→[K- π+]DK+)) 
             = 2 rBrD sin γ sin(δB+δD) ⁄ RADS(K) 

rB = |A(b→u)/A(b→c)| 
and  
δB = arg[A(b→u)/A(b→c)] 

rD and δD: For D decays 

[ Similar for RADS(π) and AADS(π) ] 



BR and ACP in DCS B±→D0 h± decays 
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ADS Method: Results 
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RADS(π ) = (4.1± 0.8 (stat) ± 0.4 (syst)) ⋅10−3

RADS(K) = (22.5 ± 8.4 (stat) ± 7.9 (syst)) ⋅10−3

AADS(π ) = 0.22 ± 0.18 (stat) ± 0.06 (syst)
AADS(K) = −0.63 ± 0.40 (stat) ± 0.23 (syst)

  First time in a 

hadron 

machine! 
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D* Tagged Analysis 
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Fits 
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Results 
  ACP(D0 → π+π ‐)= 

   +0.22±0.24 ±0.11 % 
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  ACP(D0 → K+K‐)=  
            ‐0.24±0.22 ±0.10 % 

  World’s 
Best! 

[+0.43±0.52(stat.)±0.12(syst.)]%  Belle 2008  [-0.43±0.30(stat.)±0.11(syst.)]% 



Conclusions 
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Impact of Heavy Flavor Program @ Tevatron 

22 March, 2011 S. Behari, B Results from Tevatron 21 

 HF papers  Rest papers 

Total published 

Famous papers 
(250+ citations) 

Very well known papers 
(100+ citations) 

Well known papers 
(50+ citations) 

(Stats as of summer 2010) 



BACKUP SLIDES 
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Chi-bar: IP fit projections  
(with standard silicon requirements) 

 When muons are selected with standard silicon requirement, 
the tail region of data is not fitted well. 

  This is understood as the source of discrepancy between 
Run I and LEP results. 
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ACP in D0→ h+ h- : Extraction method 
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δ(X): Detector induced 
asymmetry due to the 
particle/state X 


