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1) Xth century:  birth of the Blois castle 
  -  physics model: Aristotle’s model with the Sun, the Moon, the planets and  
 the sphere of fixed stars rotating around the Earth 
   - anomalies: Ptolemy’s epicycles to describe the motions of planets 

Tour du Foix 
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1) Xth century:  birth of the Blois castle 
  -  physics model: Aristotle’s model with the Sun, the Moon, the planets and  
 the sphere of fixed stars rotating around the Earth 
   - anomalies: Ptolemy’s epicycles to describe the motions of planets 

2) 17th century: end of the construction of the Blois castle 
 - solution: Galileo demonstrated that the observed motions of celestial objects 
 can be explained without putting the Earth at rest in the center of the universe. 
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Brief  history of  the Blois castle: 

Gaston d’Orleans’s wing 



1) Xth century:  birth of the Blois castle 
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 the sphere of fixed stars rotating around the Earth 
   - anomalies: Ptolemy’s epicycles to describe the motions of planets 

2) 17th century: end of the construction of the Blois castle 
 - solution: Galileo demonstrated that the observed motions of celestial objects 
 can be explained without putting the Earth at rest in the center of the universe. 

3) End of 19th century: renovation of the Blois castle 
  - physics model: Newton’s classical physics, Maxwell’s electromagnetic theory,  
Clausius’s  thermodynamics 
  - anomalies: black body spectrum 
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1) Xth century:  birth of the Blois castle 
  -  physics model: Aristotle’s model with the Sun, the Moon, the planets and  
 the sphere of fixed stars rotating around the Earth 
   - anomalies: Ptolemy’s epicycles to describe the motions of planets 

2) 17th century: end of the construction of the Blois castle 
 - solution: Galileo demonstrated that the observed motions of celestial objects 
 can be explained without putting the Earth at rest in the center of the universe. 

3) End of 19th century: renovation of the Blois castle 
  - physics model: Newton’s classical physics, Maxwell’s electromagnetic theory,  
Clausius’s  thermodynamics 
  - anomalies: black body spectrum 
  - solution: 1901: Planck describes the black body spectrum as  a system of  
oscillators each of them with energy  ε = h ν  the birth of quantum mechanics 
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Brief  history of  the Blois castle: 



4) XXIst century:  Les rencontres de Blois 2012 
  -  physics model: the Standard Model with the CKM mechanism controlling 
 the weak interactions between quarks 
    - anomalies: the content of this talk 
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Brief history of the Blois castle: 



Evolution of the CKM picture in the last 10 years 

The impressive success of CKM mechanism as the main source of flavor and CPV 
                                    (the legacy of Belle, Babar, CDF and D0) 

Update	  this	  plot	  with	  a	  
more	  	  
Recent	  one	  

Winter 2012 

2	  	  



A world wide effort 
(some of the main players in the heavy quark sector) 

550 /fb 
(2000-2008) 

RunII:  2001-2011 
12/fb each 

>1/ab 
(2000-2010)  

2010+2011: 
LHCb: 1 /fb 
ATLAS/CMS: 5 /fb 
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A world wide effort 
(some of the main players in the heavy quark sector) 

…That is keeping going….  
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A world wide effort 
(some of the main players in the heavy quark sector) 

But still a lot of open questions: 
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         It is clear that we are missing important pieces of the whole picture 

   The CP violation is too small to account for the matter anti-matter asymmetry 
   The reason of CPV &  hierarchy of the couplings of the quarks is unknown 



Strategies for indirect NP search 
  Improve measurement precision of CKM elements 

— Compare measurements of same quantity,  
which may or may not be sensitive to NP 

— Extract all CKM angles and sides in many different ways 
•  any inconsistency will be a sign of New Physics 

  Measure FCNC transitions, where New Physics is more likely to emerge, 
and compare to predictions 
— e.g. OPE expansion for b→s transitions: 

— New Physics may 
•  modify Ci

(’) short-distance Wilson coefficients  
•  add new long-distance operators Oi

(’) 

  

€ 

Heff = −
4GF

2
VtbVts

* [
i
∑ Ci(µ)Oi(µ)

left -handed part
     + ʹ′ C i(µ) ʹ′ O i(µ)

right -handed part
suppressed in SM

     ]

€ 

i =1,2 Tree
i = 3− 6,8 Gluon penguin
i = 7 Photon penguin
i = 9,10 Electroweak penguin
i = S Higgs (scalar) penguin
i = P Pseudoscalar penguin

Precision CKM metrology, 
including NP-free 

determinations of CKM 
angle γ 

Single B decay 
measurements with 

NP discovery 
potential 
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    Outline 

1) BR(Bτν) or sin(2β)? 
2) The “strange” brother: CPV in Bs 
3) New physics in Bs &/or Bd mixing?  
4) The angle γ 
5) CPV in charm 
6) EW penguins: latest results 
7) BR(Bsµµ): status of the art 



 1) BR(Bτν) or sin2β ? 

Chateau de Blois:  
Louis XII roi de France 

BR(Bτν) 

sin(2β) 



The CKM matrix: the first unitarity triangle 

Multiplying the 1st and 3rd column of the CKM matrix we have the first triangle 
 of unitarity with the well known angles (α,β,γ) (or ϕ1,ϕ2,ϕ3) 
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http://ckmfitter.in2p3.fr/  



The first anomaly in CKM:sin(2β) vs BR(Bτν)  

☐ The indirect determination of  sin2β deviates by 2.7 σ from the current 
WA for direct determination. 
☐ The BR(Bτν) and the resulting value of |Vub| (BR(Bτν)~fB

2|Vub|2) differ by 2.8 σ  
from the predictions of global fit (which is dominated by sin(2β) value) 

CKM fit w/o BR(Bτν)& sin(2β)  vs 
  direct measurements 
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Belle: Phys. Rev. D 82, 071101 (2010),  
Babar: Phys. Rev. D 82, 073012 (2010). 



The first anomaly in CKM:sin(2β) vs BR(Bτν)  

☐ The indirect determination of  sin2β deviates by 2.7 σ from the current 
WA for direct determination. 
☐ The BR(Bτν) and the resulting value of |Vub| (BR(Bτν)~fB

2|Vub|2) differ by 2.8 σ  
from the predictions of global fit (which is dominated by sin(2β) value) 

BR(Bτν) too high or sin(2β) too low 
The BR(Bτν)  enhancement cannot be explained by the decay constant 

 (known at 10% level in LQCD)	  

CKM fit w/o BR(Bτν)& sin(2β)  vs 
  direct measurements 
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Belle: Phys. Rev. D 82, 071101 (2010),  
Babar: Phys. Rev. D 82, 073012 (2010). 



The first anomaly in CKM:sin(2β) vs BR(Bτν)  
☐ The indirect determination of  sin2β deviates by 2.7 σ from the current 
WA for direct determination. 
☐ The BR(Bτν) and the resulting value of |Vub| (BR(Bτν)~fB

2|Vub|2) differ by 2.8 σ  
from the predictions of global fit (which is dominated by sin(2β) value) 

New sin(2β) result from Belle based on full dataset [arXiv 1201.0238] 
sin2β = 0.667± 0.023(stat)± 0.012(syst)   confirms with unprecedented 

accuracy previous measurements 6	  	  
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The first anomaly in CKM:sin(2β) vs BR(Bτν)  
☐ The indirect determination of  sin2β deviates by 2.7 σ from the current 
WA for direct determination. 
☐ The BR(Bτν) and the resulting value of |Vub| (BR(Bτν)~fB

2|Vub|2) differ by 2.8 σ  
from the predictions of global fit (which is dominated by sin(2β) value) 

1)  Charged Higgs contribution (sensitive to H-b-u) in BR(Bτν)? 
2)   New Physics is decays with a τ lepton in the final state? 
  also 3.4 σ excess seen in BD(*) τ ν  (H-b-c) over SM predictions 
3) New phases in Bd mixing? Let’s see the “strange” brother of sin(2β) 

[ Babar: 1205.5442]	  
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CKM fit w/o BR(Bτν)& sin(2β)  vs 
  direct measurements 



 chateau de Blois: gargouille 

2) The “strange” brother:  
the mixing-induced CPV phase in Bs system  



Mixing-induced CPV phase in Bs system 

ϕs = phase difference between the Bs → J/ψφ  
       decay amplitudes without or with oscillation  
ϕs is the equivalent of the phase 2β for B0 → J/ψKS   

Golden channel for studying CPV in Bs system is BsJ/ψ ϕ,   
 the “strange” brother of B0 → J/ψK0 
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Mixing-induced CPV phase in Bs system 

ϕs = phase difference between the Bs → J/ψϕ  
       decay amplitudes without or with oscillation  
ϕs is the equivalent of the phase 2β for B0 → J/ψKS   

The SM contribution to the mixing-induced phase is: 

Which is  phase of the “squashed” triangle obtained by 
multiplying the 2nd and 3rd columns of CKM matrix 

Golden channel for studying CPV in Bs system is BsJ/ψ ϕ,   
 the “strange” brother of B0 → J/ψK0 

Lenz,Nierste,CKMFitter 
arXiv:1203.0238 
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Mixing-induced CPV phase in Bs system 

ϕs = phase difference between the Bs → J/ψϕ  
       decay amplitudes without or with oscillation  
ϕs is the equivalent of the phase 2β for B0 → J/ψKS   

The SM contribution to the mixing-induced phase is: 

Golden channel for studying CPV in Bs system is BsJ/ψ ϕ,   
 the “strange” brother of B0 → J/ψK0 

Lenz,Nierste,CKMFitter 
arXiv:1203.0238 
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NP? 

ϕs is very sensitive to New Physics contributions 
 in Bs mixing and provides an excellent lab to look  
for new sources of CPV: 
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A bit of history 

23	  
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FIG. 16: The observed and expected like-sign dimuon charge
asymmetries in bins of dimuon invariant mass. The expected
asymmetry is shown for (a) Ab

sl = 0.0 and (b) Ab
sl = −0.00957.
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FIG. 17: (Color online) Comparison of Ab
sl in data with the

standard model prediction for ad
sl and as

sl. Also shown are
the existing measurements of ad

sl [23] and as
sl [24]. The error

bands represent the ±1 standard deviation uncertainties on
each individual measurement.

FIG. 18: (Color online) The 68% and 95% C.L. regions of
probability for ∆Γs and φs values obtained from this mea-
surement, considering the experimental constraints on ad

sl [23].
The solid and dashed curves show respectively the 68% and
95% C.L. contours from the B0

s → J/ψφ measurement [25].
Also shown is the standard model (SM) prediction for φs and
∆Γs.
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FIG. 19: (Color online) Probability contours in the (φs,∆Γs)
plane for the combination of this measurement with the result
of Ref. [25], using the experimental constraints on ad

sl [23].
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D0	  assl	  from	  Ab
sl
	  

•  2007: first tagged analysis by CDF, followed by D0 
•  2009:  2.1σ deviations from SM in CDF+D0 combination  [DØ Note 5928-CONF] 
•  2010: D0 same-sign dimuon asymmetry Ab

sl in 6.1fb-1 showed 3.2σ from SM, 
implying large ϕs (assuming NP in Bs in M12 only ) [PRD82 (2010) 032001] 

•  2011: D0 update of Ab
sl with 9 fb-1  showed 3.9σ deviation from SM [PRD84 

(2011) 052007] 
•   a lot of excitement…… 

 8	  	  



 [rad]s!
-0.4 -0.2 0 0.2 0.4

]
-1

 [p
s

s
"

#

0
0.02
0.04
0.06
0.08

0.1
0.12
0.14
0.16
0.18

0.2
Conf. Levels

68% C.L.

90% C.L.

95% C.L.

Standard Model

LHCb
Preliminary

Conf. Levels

68% C.L.

90% C.L.

95% C.L.

Standard Model

Figure 10: Left: HFAG 2012 [88] combination of φcc̄s
s and ∆Γs results; right: recent LHCb

update [91] of φcc̄s
s and ∆Γs result from B0

s → J/ψ φ decays using 1 fb−1.

∆ΓSM
s = 0.087± 0.021 ps−1 [89]. LHCb recently updated the B0

s → J/ψ φ analysis using
the full data sample of 1 fb−1 collected before 2012. The new result is [91]

φcc̄s
s = −0.001± 0.101± 0.027 rad, ∆Γs = 0.116± 0.018± 0.006 ps−1

This result can be seen in Fig. 10 (right).714

LHCb also studied B0
s → J/ψ π+π−. This decay process is supposed to proceed

dominantly via b → ccs, therefore can be used to measure φcc̄s
s . The π+π− mass range 775–

1550 MeV shown in Fig. 11 (left) is used for the measurement. Different from B0
s → J/ψ φ,

no angular analysis is needed to disentangle the CP eigenstates, since in a preceding
analysis [102] the final state is determined to be dominantly CP -odd in this range. On
the other hand, ∆Γs cannot be determined in this decay channel alone. Using ∆Γs

obtained in B0
s → J/ψ φ, the measurement from the analysis of B0

s → J/ψ π+π− with 1
fb−1 is [103]

φcc̄s
s = −0.019+0.173+0.004

−0.174−0.003 rad

Fig. 11 (right) shows the log-likelihood scan for the φcc̄s
s parameter. A joint fit of B0

s →
J/ψ π+π− and B0

s → J/ψ φ events in 1 fb−1 provided an improved estimate [91]

φcc̄s
s = −0.002± 0.083± 0.027 rad

which agrees with the SM prediction.715

The LHCb B0
s → J/ψ π+π− and B0

s → J/ψ φ analyses discussed above only used716

opposite side flavour tagging. A future update of this measurement will also use the same717

side kaon tagging information. Currently, the systematic uncertainty is dominated by718

background and angular efficiencies in the B0
s → J/ψ φ analysis. There are efforts to719

better understand and control these effects. This will be very important since including720

2012 data, the statistical uncertainty of φcc̄s
s will be approaching the level of systematic721

uncertainty. In addition to B0
s → J/ψ φ and B0

s → J/ψ π+π− , other b → ccs decay722

modes of B0
s , such as J/ψη, J/ψη� and D+

s D
−
s , will also be investigated.723

30

A bit of history 
•  2007: first tagged analysis by CDF, followed by D0 
•  2009:  2.1σ deviations from SM in CDF+D0 combination  [DØ Note 5928-CONF] 
•  2010: D0 same-sign dimuon asymmetry Ab

sl in 6.1fb-1 showed 3.2σ from SM, 
implying large ϕs (assuming NP in Bs in M12 only ) [PRD82 (2010) 032001] 

•  2011: D0 update of Ab
sl with 9 fb-1  showed 3.9σ deviation from SM [PRD84 

(2011) 052007] 

    ….but then larger dataset allowed to pin down the error on ϕs…… 
Summer 2011:  
first LHCb tagged analysis result, 0.34 fb-1 

[PRL 108 (2012) 101803], 
CDF update with 5.2 fb-1 [PRD85 (2012) 07002] 
D0 update with 8 fb-1  [PRD85 (2012) 032006] 
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s and ∆Γs results; right: recent LHCb

update [91] of φcc̄s
s and ∆Γs result from B0

s → J/ψ φ decays using 1 fb−1.

∆ΓSM
s = 0.087± 0.021 ps−1 [89]. LHCb recently updated the B0

s → J/ψ φ analysis using
the full data sample of 1 fb−1 collected before 2012. The new result is [91]

φcc̄s
s = −0.001± 0.101± 0.027 rad, ∆Γs = 0.116± 0.018± 0.006 ps−1

This result can be seen in Fig. 10 (right).714

LHCb also studied B0
s → J/ψ π+π−. This decay process is supposed to proceed

dominantly via b → ccs, therefore can be used to measure φcc̄s
s . The π+π− mass range 775–

1550 MeV shown in Fig. 11 (left) is used for the measurement. Different from B0
s → J/ψ φ,

no angular analysis is needed to disentangle the CP eigenstates, since in a preceding
analysis [102] the final state is determined to be dominantly CP -odd in this range. On
the other hand, ∆Γs cannot be determined in this decay channel alone. Using ∆Γs

obtained in B0
s → J/ψ φ, the measurement from the analysis of B0

s → J/ψ π+π− with 1
fb−1 is [103]

φcc̄s
s = −0.019+0.173+0.004

−0.174−0.003 rad

Fig. 11 (right) shows the log-likelihood scan for the φcc̄s
s parameter. A joint fit of B0

s →
J/ψ π+π− and B0

s → J/ψ φ events in 1 fb−1 provided an improved estimate [91]

φcc̄s
s = −0.002± 0.083± 0.027 rad

which agrees with the SM prediction.715

The LHCb B0
s → J/ψ π+π− and B0

s → J/ψ φ analyses discussed above only used716

opposite side flavour tagging. A future update of this measurement will also use the same717

side kaon tagging information. Currently, the systematic uncertainty is dominated by718

background and angular efficiencies in the B0
s → J/ψ φ analysis. There are efforts to719

better understand and control these effects. This will be very important since including720

2012 data, the statistical uncertainty of φcc̄s
s will be approaching the level of systematic721

uncertainty. In addition to B0
s → J/ψ φ and B0

s → J/ψ π+π− , other b → ccs decay722

modes of B0
s , such as J/ψη, J/ψη� and D+

s D
−
s , will also be investigated.723

30

A bit of history 
•  2007: first tagged analysis by CDF, followed by D0 
•  2009:  2.1σ deviations from SM in CDF+D0 combination  [DØ Note 5928-CONF] 
•  2010: D0 same-sign dimuon asymmetry Ab

sl in 6.1fb-1 showed 3.2σ from SM, 
implying large ϕs (assuming NP in Bs in M12 only ) [PRD82 (2010) 032001] 

•  2011: D0 update of Ab
sl with 9 fb-1  showed 3.9σ deviation from SM [PRD84 

(2011) 052007] 

    ….but then larger dataset allowed to pin down the error on ϕs…… 
Summer 2011:  
first LHCb tagged analysis result, 0.34 fb-1 

[PRL 108 (2012) 101803], 
CDF update with 5.2 fb-1 [PRD85 (2012) 07002] 
D0 update with 8 fb-1  [PRD85 (2012) 032006] 

… more and more: 
Moriond 2012:  
CDF update with full Run II data (9/fb)  [CDF Note 10778] 
LHCb update with 1/fb   [LHCb-CONF-2012-002] 
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Bs → J/ψφ: LHCb latest result [1fb-1] 

CP+  : Bs → J/ψφ signal with  
   CP-even final state 

S  : Bs → J/ψKK signal with  
   JKK= 0 (S-wave, CP-odd) 

1	  =–1	  

S	  B	   S	  B	  

S	  B	  

LHCb-CONF-2012-002, 1/fb 
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Full fit of tagged and untagged rates as a function of Bs mass, proper time and 
transversity angles: 
Bs → J/ψ KK final state is a mixture  
of CP-even and CP-odd eigenstates 
so angular analysis needed 
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Figure 1: Reconstructed invariant mass distribution of selected B0
s → J/ψφ candidates. A

J/ψ mass constraint is applied in the vertex fit. The B0
s mass resolution is 6.0MeV/c2.

As in the previous analysis, in order to remove the majority of the prompt background
contribution, only events with decay time t > 0.3 ps are used. A total of about 21, 200
B0

s → J/ψφ decays are left after the full selection. The remaining background in the
sample is of the order of a few percent. The invariant mass distribution of the selected
candidates is shown in Fig. 1. The CP violating phase φs is extracted from the data
with an unbinned maximum likelihood fit to the candidate invariant mass m, the decay
time t, the initial B0

s flavour d and the 4-body decay angles in the transversity frame
Ω = {cos θ,ϕ, cosψ}, defined in [17]. We determine several other physics parameters at the
same time, namely the decay width, Γs, the decay width difference between the heavy and
light B0

s mass eigenstate ∆Γs, and the polarization amplitudes A0, A⊥, A� of the K+K−

P-wave contribution and AS for the S-wave contribution. In the fit we parameterise the
four different amplitudes, Ai, by |Ai(0)|, the absolute value of the amplitude at time t = 0
and its phase δi and adopt the convention δ0 = 0. We choose the following normalization:
|A�(0)|2+ |A⊥(0)|2+ |A0(0)|2 = 1, and define the fraction of S-wave contribution FS to be:
FS = |AS(0)|2/(|A0(0)|2+|A�(0)|2+|A⊥(0)|2+|AS(0)|2). The choice of the normalization is
different from the previous analysis. It has been chosen, such that the P-wave amplitudes
have the same value independently of the range of the K+K− invariant mass chosen.

The signal and background Probability Density Function (PDF) of the likelihood are
given in [15]. With the larger data set, we now fix the width and relative fraction of the
wider Gaussian for the double Gaussian signal mass shape based on data. Additionally
we use an event-by-event decay time resolution.

2

CP–  : Bs → J/ψφ signal with  
   CP-odd final state 

B  : combinatorial  
            background 

1 fb-1 
~21200 
events 

9	  	  
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Full fit of tagged and untagged rates as a function of Bs mass, proper time and 
transversity angles: 

Parameter Value Stat. Syst.

Γs [ps−1] 0.6580 0.0054 0.0066
∆Γs [ps−1] 0.116 0.018 0.006
|A⊥(0)|2 0.246 0.010 0.013
|A0(0)|2 0.523 0.007 0.024

FS 0.022 0.012 0.007
δ⊥ [rad] 2.90 0.36 0.07
δ� [rad] [2.81, 3.47] 0.13
δs [rad] 2.90 0.36 0.08
φs [rad] -0.001 0.101 0.027

Table 2: Results for the physics parameters and their statistical and systematic uncer-
tainties. We quote a 68% C.L. interval for δ�, as described in the text.

Γs ∆Γs |A⊥|2 |A0|2 φs

Γs 1.00 −0.38 0.39 0.20 −0.01
∆Γs 1.00 −0.67 0.63 −0.01

|A⊥(0)|2 1.00 −0.53 −0.01
|A0(0)|2 1.00 −0.02

φs 1.00

Table 3: Correlation matrix for the statistical uncertainties on Γs, ∆Γs, |A⊥(0)|2, |A0(0)|2
and φs.

An exception holds for the strong phase δ� as its central value is close to (and
just above) π which means that it is almost degenerate with the ambiguous solu-
tion at δ� → −δ� (+2π) which, therefore, appears symmetrically just below π. The
68% C.L encompasses both minima, and we quote the symmetric 68% C.L. interval
δ� ∈ [2.81, 3.47] rad (statistical only).

The results for φs and ∆Γs are in good agreement with the Standard Model predic-
tions [7]. Note that the strong phases are all consistent with zero or π radians.

The systematic uncertainties quoted in Table 2 account for uncertainties that are
not directly treated in the maximum likelihood fit. Table 3 shows the correlation matrix
between the decay widths, angular amplitudes and φs. A breakdown of the systematic un-
certainty is given in Table 4. The uncertainty on φs is dominated by imperfect knowledge
of the angular acceptances and neglecting potential contributions of direct CP -violation
(CPV). The latter was evaluated based on simulation studies which assume the CPV
parameter |λ|2 = 0.95 and |λ|2 = 1.05 in the simulation and no CPV (|λ|2 = 1) in the fit.
The size of |λ|2 used in this study has been motivated by a fit where |λ| is left as a free
parameter. The uncertainties treated directly in the likelihood fit are the uncertainties

7

- ϕs measurement in agreement with SM predictions 
- First( >5σ)  observation of non-zero ΔΓs 

Preliminary	  results:	  

LHCb-CONF-2012-002, 1/fb 

Bs → J/ψφ: LHCb latest result [1fb-1] 
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Bs → J/ψφ: CDF latest result [10 fb-1]  

~11000 signal events 
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Figure 1. Mass distribution of our final dataset. Blue lines show the signal region, and red lines the sidebands.

I. INTRODUCTION

The understanding of CP violation in the B0
s sector is far from being established and still offers room for possible

non-SM contributions, as possibly indicated by the anomaly in the dimuon charge asymmetry reported by the D0

Collaboration [2]. We present an update on the full Run II dataset of the measurement of the CP–violating phase

βJ/ψφ
s in B0

s → J/ψ(→ µ+µ−)φ(→ K+K−) decays. The previous CDF measurement, based on 5.2 fb−1 of data, is in

agreement with the prediction from the CKM hierarchy [1]. The present measurement follows closely the techniques

and strategy of the previous tagged analysis [1] and is based on the full dataset collected by the CDF di-muon trigger

between February 2002 and September 2011. The reconstructed signal candidates are selected via an artificial neural

network (ANN). A fit to their time-evolution that uses information on production flavor, mass, decay time, and decay

angles determines the observables of interest. The only major difference with respect to the previous iteration of

the analysis is the use of an updated calibration for the Opposite-Side-Tagging algorithm. The information from the

Same-Side-Kaon-Tagging is instead restricted to only half of the sample.

II. DATA SELECTION AND RECONSTRUCTION

The reconstruction begins with searching for J/ψ candidates by kinematically fitting to a common vertex the two

oppositely-charged muon candidates that fired the online di-muon trigger [3]. All pairs of oppositely-curved tracks

in the event (except the di-muons) are then fitted to a common vertex with kaon mass hypothesis for each. If their

kinematics is consistent with a φ meson decay, the four tracks are combined in a kinematic fit to a common three-

dimensional decay point, constraining also the di-muon mass to the known J/ψ mass [4]. The surviving events are

then subjected to a loose initial selection to suppress background followed by an ANN selection, both of which are

described in [1]. The selection criteria have been optimized so as to minimize the expected average uncertainty on

the βJ/ψφ
s measurement, as estimated by large ensembles of statistical trials.

Fig. 1. shows the resulting J/ψK+K− mass distribution. A prominent B0
s→J/ψφ signal containing approximately

11 000 decays, centered at the nominal B0
s mass and about 9MeV/c2 wide, emerges from a smooth, approximately

uniformly distributed, background. The background is nearly saturated by the combinatorial component, which is
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Figure 7. Profile-likelihood ratio distribution with two degrees of freedom (βJ/ψφ
s , ∆Γs) observed in pseudoexperiments mim-

icking our data (a) and corresponding confidence regions (b) in the (βJ/ψφ
s ,∆Γs) plane. The 2D Likelihood contours have

been updated since the Winter 2012 conferences, using a finer binning and excluding failed fits from the computation of the
profile-likelihood ratios.

Gaussian. Hence, we provide measurements for the following quantities:

τ(B0
s ) = 1.528± 0.019 (stat)± 0.009 (syst) ps,

∆Γs = 0.068± 0.026 (stat)± 0.007 (syst) ps
−1,

|A0(0)|2 = 0.512± 0.012 (stat)± 0.014 (syst),

|A�(0)|2 = 0.229± 0.010 (stat)± 0.017 (syst),

δ⊥ = 2.79± 0.53 (stat)± 0.15 (syst) rad.

(1)

We do not quote a result for δ� since the estimate of this parameter is approximately at the boundary (≈ π) resulting
in a irregular likelihood shape around the minimum. The correlation matrix for the main physical parameters of the

fit is presented in Table I.

∆Γs α⊥ α� δ⊥

τ(B0
s ) 0.52 -0.16 0.07 0.03

∆Γs -0.17 0.06 -0.01

α⊥ -0.53 -0.01

α� 0.05

Table I. Correlation coefficients between physical parameters as estimated by the fit with βJ/ψφ
s fixed to its SM value.

Systematic uncertainties are assigned for several effects that are not accounted for in the likelihood fit. Such effects
include potential mis-parameterization in the fit model, impact of particular assumptions in the fit model, and physical

effects which are not well known or fully incorporated into the model. In most cases, systematic uncertainties are

evaluated by comparing fit results from ensembles of pseudoexperiments generated with the default model and with

a model varied according to the systematic effect being investigated. Cross checks obtained by repeating the fit on

real data with the modified likelihood give consistent results. The systematic uncertainty deriving from imperfect

knowledge of the vertex detector alignment is assumed to be 2 µm for the lifetime, as established in previous CDF
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Figure 7. Profile-likelihood ratio distribution with two degrees of freedom (βJ/ψφ
s , ∆Γs) observed in pseudoexperiments mim-

icking our data (a) and corresponding confidence regions (b) in the (βJ/ψφ
s ,∆Γs) plane. The 2D Likelihood contours have

been updated since the Winter 2012 conferences, using a finer binning and excluding failed fits from the computation of the
profile-likelihood ratios.

Gaussian. Hence, we provide measurements for the following quantities:

τ(B0
s ) = 1.528± 0.019 (stat)± 0.009 (syst) ps,

∆Γs = 0.068± 0.026 (stat)± 0.007 (syst) ps
−1,

|A0(0)|2 = 0.512± 0.012 (stat)± 0.014 (syst),

|A�(0)|2 = 0.229± 0.010 (stat)± 0.017 (syst),

δ⊥ = 2.79± 0.53 (stat)± 0.15 (syst) rad.

(1)

We do not quote a result for δ� since the estimate of this parameter is approximately at the boundary (≈ π) resulting
in a irregular likelihood shape around the minimum. The correlation matrix for the main physical parameters of the

fit is presented in Table I.

∆Γs α⊥ α� δ⊥

τ(B0
s ) 0.52 -0.16 0.07 0.03

∆Γs -0.17 0.06 -0.01

α⊥ -0.53 -0.01

α� 0.05

Table I. Correlation coefficients between physical parameters as estimated by the fit with βJ/ψφ
s fixed to its SM value.

Systematic uncertainties are assigned for several effects that are not accounted for in the likelihood fit. Such effects
include potential mis-parameterization in the fit model, impact of particular assumptions in the fit model, and physical

effects which are not well known or fully incorporated into the model. In most cases, systematic uncertainties are

evaluated by comparing fit results from ensembles of pseudoexperiments generated with the default model and with

a model varied according to the systematic effect being investigated. Cross checks obtained by repeating the fit on

real data with the modified likelihood give consistent results. The systematic uncertainty deriving from imperfect

knowledge of the vertex detector alignment is assumed to be 2 µm for the lifetime, as established in previous CDF

Opposite side tagging and  
same side tagging (first half of Run II data) 

Results:	  

10	  	  See I. Bertram’s talk 



CPV in Bs → J/ψφ: latest results 
•  Representation of latest results (pictorial view for illustration only): 

!s
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arXiv:1112.3183 

CDF note 10778 

PRD 85 (2012) 032006 

LHCb-CONF-2012-002 

Ambiguity removed  
by LHCb 

Good agreement with SM predictions 11	  	  



Sign of ΔΓs 
  Decay rates have an intrinsic 2-fold ambiguity 

  Repeat the analysis in larger m(KK) range,  
not just around mass of ϕ(1020) 
— expect 

•  P-wave phases to increase 
rapidly with m(KK) 

•  S-wave phase to vary slowly 
•  hence                        to decrease 

— observe: 
•  solution with ΔΓs > 0 behaves as 

expected 

 (MeV)KKm
1000 1010 1020 1030 1040 1050

   
(r

ad
)

S!

-6

-5

-4

-3

-2

-1

0

1

2

3

solution I

solution II

LHCb

€ 

φs,ΔΓs,δ//,δ⊥,δS( ) ⇔ π −φs,−ΔΓs, − δ//,π − δ⊥,−δS( )

€ 

δS⊥ = δS − δ⊥

€ 

δS⊥⇔ −π −δS⊥

Solution ΔΓs = ΓL–ΓH > 0 selected with a  
significance of 4.7σ 
Heavy state lives longer than light state ! 

with	  ΔΓs	  >	  0	  

with	  ΔΓs<	  0	  

LHCb, arXiv:1202.4717 
Accepted by PRL 

0.37	  =–1	  

contribution measured within ±12 MeV of the nominal
φ(1020) mass is 0.042 ± 0.015 ± 0.018 [3]. (We adopt
units such that c = 1 and � = 1.) The S-wave fraction
depends on the mass range taken around the φ(1020).
The result of Ref. [3] is consistent with the CDF limit on
the S-wave fraction of less than 6% at 95% CL (in the
range 1009–1028 MeV) [2], smaller than the DØ result of
(12 ± 3)% (in 1010–1030 MeV) [8], and consistent with
phenomenological expectations [9]. In order to apply the
ambiguity resolution method described above, the range
of mKK is extended to 988–1050 MeV. Figure 1 shows
the µ+µ−K+K− mass distribution where the mass of the
µ+µ− pair is constrained to the nominal J/ψ mass. We
perform an unbinned maximum likelihood fit to the in-
variant mass distribution of the selected B0

s candidates.
The probability density function (PDF) for the signal
B0

s invariant mass mJ/ψKK is modelled by two Gaus-
sian functions with a common mean. The fraction of
the wide Gaussian and its width relative to that of the
narrow Gaussian are fixed to values obtained from sim-
ulated events. A linear function describes the mJ/ψKK

distribution of the background, which is dominated by
combinatorial background.

This analysis uses the sWeight technique [10] for back-
ground subtraction. The signal weight, denoted by
Ws(mJ/ψKK), is obtained using mJ/ψKK as the discrim-
inating variable. The correlations between mJ/ψKK and
other variables used in the analysis, including mKK , de-
cay time t and the angular variables Ω defined in Ref. [3],
are found to be negligible for both the signal and back-
ground components in the data. Figure 2 shows themKK

distribution where the background is subtracted statisti-
cally using the sWeight technique. The range of mKK

is divided into four intervals: 988–1008 MeV, 1008–1020
MeV, 1020–1032 MeV and 1032–1050 MeV. Table I gives
the number of B0

s signal and background candidates in
each interval.

TABLE I. Numbers of signal and background events and
statistical power per signal event in four intervals of mKK .

k mKK interval (MeV) Nsig;k Nbkg;k Wp;k

1 988–1008 251± 21 1675± 43 0.700
2 1008–1020 4569± 70 2002± 49 0.952
3 1020–1032 3952± 66 2244± 51 0.938
4 1032–1050 726± 34 3442± 62 0.764

In this analysis we perform an unbinned maximum
likelihood fit to the data using the sFit method [11], an
extension of the sWeight technique, that simplifies fit-
ting in the presence of background. In this method it is
only necessary to model the signal PDF, as background
is cancelled statistically using the signal weights.

The parameters of the B0
s → J/ψK+K− decay time

distribution are estimated from a simultaneous fit to the
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FIG. 1. Invariant mass distribution for B0
s → µ+µ−K+K−

candidates with the mass of the µ+µ− pair constrained to the
nominal J/ψ mass. The result of the fit is shown with signal
(dashed curve) and combinatorial background (dotted curve)
components and their sum (solid curve).
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FIG. 2. Background subtracted K+K− invariant mass distri-
bution for B0

s → J/ψK+K− candidates. The vertical dotted
lines separate the four intervals.

four intervals of mKK by maximizing the log-likelihood
function

lnL(ΘP,ΘS) =
4�

k=1

Wp;k

Nk�

i=1

Ws(mJ/ψKK;i)×

lnPsig(ti,Ωi, qi,ωi;ΘP,ΘS)

where Nk = Nsig;k + Nbkg;k. ΘP represents the physics
parameters independent of mKK , including φs, ∆Γs and
the magnitudes and phases of the P-wave amplitudes.
Note that the P-wave amplitudes for different polariza-
tions share the same dependence on mKK . ΘS denotes
the values of the mKK-dependent parameters averaged
over each interval, namely the average fraction of S-wave
contribution for the k-th interval, FS;k, and the aver-
age phase difference between the S-wave amplitude and

2

€ 

where δS⊥ = δS − δ⊥
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CPV in Bs → J/ψπ+π– + combined 

•  LHCb has measured ϕs also in Bs → J/ψπ+π– 
–  consider 775 < m(ππ) <1550 MeV/c2 
–  angular analysis shows CP– fraction is > 97.7% at 95% CL 
–  measure ϕs = –0.02 ± 0.17 ± 0.02 

LHCb-PAPER-2012-006 
arXiv 1204.5675 
submitted to PLB 

Combined preliminary LHCb J/ψϕ +J/ψππ result (1 fb–1): 
ϕs = –0.002 ± 0.083 ± 0.027 
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See T. Latham’s talk 
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SM predictions 
[Lenz & Nierste,
1106.6308] 

Status before 2011 status after 2011 

ΔMs [ps-1] 17.3±2.6 17.70±0.08 
 [CDF] 

17.73±0.05 
[CDF+ LHCb] 

ΔΓs [ps-1] 0.087±0.021 0.154+0.054
-0.070 (0.9σ) 

[CDF & D0] 
0.116±0.019  (1σ) 
[LHCb, 1fb-1] 

ϕJ/ψ ϕ [°] -2.1 ± 0.1 -44 +17 
-21  (2.3σ) 

[CDF & D0]  
-0.06±6  
[LHCb] 

Everything in good agreement with SM preditions.. 

 Bs system: status-of-the-art  
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SM predictions 
[Lenz & Nierste,
1106.6308] 

Status before 2011 Status after 2011 

ΔMs [ps-1] 17.3±2.6 17.70±0.08 
 [CDF] 

17.73±0.05 
[CDF+ LHCb] 

ΔΓs [ps-1] 0.087±0.021 0.154+0.054
-0.070 (0.9σ) 

[CDF & D0] 
0.116±0.019  (1σ) 
[LHCb, 1fb-1] 

ϕJ/ψ  [°] -2.1 ± 0.1 -44 +17 
-21  (2.3σ) 

[CDF & D0]  
-0.06±6  
[LHCb] 

Asl [10-4] -2.8 ± 0.5 -85±28 (3.0 σ) 
  [D0] 

-79 ± 20 (3.9 σ) 
[D0,PRD84 (2011) 052007] 

afs
(s)  [10-5]  -1.9 ± 0.3 -1200 ± 700 (1.7 σ) -1300 ± 800 (1.5σ) 

….. But Asl that (still) shows 3.9 σ deviations from SM predictions: 

 Bs system: status-of-the-art  

afs
(s) calculated from measured Asl & afs

(d) = (-4.7 ± 4.6) x 10-3 from Babar&Belle  
                                                                                                                          [HFAG,arXiv:1010.1589] 
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The semi-leptonic asymmetry 

The D0 semileptonic asymmetry: 

 -  Cd~0.6 and Cs~ 0.4 depend on the production rate of Bd,,s 
-   asl is the CP_asymmetry in flavor-specific modes: 

with	  	  

This phase contains is still related to the box diagram as βs 
but it is a different quantity (10 times smaller in fact). 
However, if NP modifies M12, it modifies also βs. 

Lenz, Nierste ‘11 

 [HFAG, 1010.1589 and updates at  
  http://www.slac.stanford.edu/xorg/hfag	  
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The semi-leptonic asymmetry 
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7 D0, 9 fb-1, finds 3.9 σ discrepancy with SM: 

Asl	  links	  together	  Bd	  and	  Bs	  sectors:	  € 

ASL
b = (−0.787 ± 0.172(stat) ± 0.093(syst))%

ASL
b (SM)= (−0.028−0.006

+0.005)%

20	  	  See I. Bertram’s talk 16	  	  

The D0 semileptonic asymmetry: 

 - 



3) New physics in Bd &/or Bs  mixing? 

Blois castle, Louis XII fireplace 

Bd Bs 



New Physics in M12
s ? 2010 vs 2012 

Tension in the Bs system (~2.7 σ in 2010)  is gone thanks to the latest ϕs results 
but the discrepancy with Asl is larger  

Φs, LHCb 

ΔMs,  
CDF & LHCb 

Use parameterization of NP in: M12
s = M12

(SM,s) x Δs  with Δs = |Δs| e iφ(NP )  

[Lenz, Nierste and CKMFitter, arXiv 1203.0238] 

Asl from D0 

2010	  	   today	  	  
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New Physics in M12
d ? 2010 vs 2012 

Use parameterization of NP in: M12
d = M12

(SM,d) x Δd   with Δd = |Δd| e iφ(NP )  

[Lenz, Nierste and CKMFitter, arXiv 1203.0238] 

Asl from D0 

today	  	  
	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  3.0 σ 

                      2.4 σ 

Tension in the Bd system augmented (2.7σ  3.6 σ) but overall tension with SM decreased 
 Allowing for a new phase in Bd mixing could solve also the sin2β vs BR(Bτν) tension 

[Lenz, Nierste et CKMFitter, arXiv 1203.0238] 

sin(2β) 
B-factories 

2010	  	   today	  	  
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4) The angle γ 

Blois castle, detail 



Despite the heroic efforts at the B-factories  
and CDF , γ error is still dominated 
by experimental uncertainties: 

 The CKM matrix: γ angle  

19 

                   (direct) = (66 ± 12)° 
                 (indirect) =( 67.2 +4.4 

-4.6 )° 

The tension in the ρ-η plane can profit by an accurate measurement of the angle γ 

CKMFitter 2012, preliminary 



Measuring γ via tree-level dominated processes 

The interference between color-suppressed and color-favored diagrams 
allows to extract the CP-violating phase gamma. 

Tree level dominated processes allow clean extraction of gamma: 
 access interference effects involving the phase between Vub and Vcb 
Time-integrated analysis uses  B±D(*) K± with: 
  - D CP eigenstates (GLW) 
  - D(*)  flavour specific states (ADS) 
  - D  multi-body states (GGSZ):  

Gronau, Wyler Phys.Lett.B265:172-176,1991, (GLW),  
Gronau, London Phys.Lett.B253:483-488,1991 (GLW)  
Atwood, Dunietz and Soni Phys.Rev.Lett. 78 (1997) 3257-3260 (ADS) 
Giri,Grossman, Solfer,Zupan, Phys.Rev.D 68,0504018 (2003) (GGSZ/"

20	  	  



Measuring γ via tree-level dominated processes 
Tree level dominated processes allow clean extraction of gamma: 
 access interference effects involving the phase between Vub and Vcb 
Time-integrated analysis uses  B±D(*) K± with: 
  - D CP eigenstates (GLW) 
  - D(*)  flavour specific states (ADS) 
  - D  multi-body states (GGSZ): 

20	  	  

    > Combined “ADS+GLW” strategy: 
— Measure 16 rates: B– → DK–(π-) and B+ → DK+(π+) with D→ K–π+, K+π–, π+π–, K+K– 

and build up 6 CPV asymmetries and 3 ratios of partial widths and 4 charged separated 
partial widths of ADS suppressed-to-favoured mode 

> Counting experiment. All parameters   ( rB ,δB=ratio and phase between suppressed  
& allowed amplitudes,  rD, δD= ratio and phase between doubly Cabibbo  suppressed and 
Cabibbo-favoured amplitudes)  
can be extracted simultaneously analyzing several decay channels (although 
CLEO-c input for δD helps). 
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First	  observaPon	  of	  suppressed	  ADS	  mode	  B±	  →	  DK±	  	  

23	  ±	  7	  
B–	  →	  [π–K+]D	  K–	  	  	  	  

73	  ±	  11	  
B+	  →	  [π+K–]D	  K+	  

22	  	  

LHCb, 1 fb-1, Phys. Lett. B 712 (2012), 203 
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Evidence of a large negative asymmetry in DK: 
AADS(K) = (-52 ± 15 ± 2)% [4 σ] 

Hint of positive asymmetry in Dπ: 
AADS(π) = (14.3 ± 6.2 ± 1.1)% [2.4 σ] 

LHCb, 1 fb-1, Phys. Lett. B 712 (2012), 203 
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positive asymmetries in CP+ modes: 
ACP(D(KK)K) = (0.148 ± 0.037 ± 0.010) 
ACP(D(ππ)K) = (0.135 ± 0.066 ± 0.010) 
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LHCb, 1 fb-1, Phys. Lett. B 712 (2012), 203 



 AADS and RADS: HFAG averages 

Where available, LHCb results are the most precise measurements. 
B-factories dominate the other modes 23	  	  
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 ACP and RCP: HFAG averages 

Where available, LHCb results are the most precise measurements. 
B-factories dominate the other modes 

24	  	  

ACP+ Averages
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 γ via tree-level dominated processes: combination 

Most precise determination of ADS/GLW  
observables does not translate 
directly into most precise γ measurement. 
 need input from many methods to pin 
 down γ. 

25	  	  

See A. Gomez’s talk for a review 
of other methods to extract γ 
(time-dependent methods with Bs Ds K 
and with B hh’  decays)  



LHCb expects to pin down the error on gamma to 5° by 2018: it will be interesting… 

 γ via tree-level dominated processes: combination 

Most precise determination of ADS/GLW  
observables does not translate 
directly into most precise γ measurement. 
 need input from many methods to pin 
 down γ. 
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For example the GGSZ method  (Dalitz plot analysis of B D K with DK0
s h+ h- 

decay) provides the best constraint to γ with B-factories data: 
Brand new result from Belle based on a model-independent analysis   
[Belle,arXiv:1204.6561] 

γ = (77.3 +15.1
-14.9  ± 4.1 ± 4.3δD from Cleo)° 	  

See A. Gomez’s talk for a review 
of other methods to extract γ 
(time-dependent methods with Bs Ds K 
and with B hh’  decays)  



5) The charm sector 

Chateau de Blois: Colombina by Francesco Melzi 



CPV in charm	


To first order: 
1) No mixing  if GIM is fully at work (md==ms) 
2) No CPV phase if CKM is fully at work ( no phase with two generations) 
So “in principle” large mixing and large CPV should be sign of New Physics……  

Large D0 − D0 mixing discovered in 2007 by Babar and Belle and the new 
LHCb and CDF results on direct CP violation in charm system are giving 
new impetus to this field.  
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CPV in charm	


To first order: 
1) No mixing  if GIM is fully at work (md==ms) 
2) No CPV phase if CKM is fully at work ( no phase with two generations) 
So “in principle” large mixing and large CPV should be sign of New Physics……  

Large D0 − D0 mixing discovered in 2007 by Babar and Belle and the new 
LHCb and CDF results on direct CP violation in charm system are giving 
new impetus to this field.  

Three types of CP violation: 
 In decay: amplitudes for a process and its conjugate differ (direct) 
 In mixing: rates of D0 D0 and D0 D0 differ 
  in interference between mixing and decay diagrams 

26	  	  



Charm: indirect CPV	

In SM indirect CPV expected very small and universal between CP eigenstates 
(10-3 for CPV parameters, 10-5 for observables like AΓ) 
    but it can be enhanced by NP to o(%). 

no CPV	


“No-mixing” excluded at 10.2 σ:  CPV in mixing compatible with zero 

Present constraints on  
CPV weak because  
CPV ~ xD sin(2ϕD) 
and xD~1% 
 required sub-0.1%  
precision for CPV  
sensitivity! 

Intermediate	  b	  :	  	  
	  	  	  	  CKM	  suppressed	  
Intermediate	  d,s:	  	  
	  	  	  GIM	  suppressed	  

Non	  perturbaPve:	  
	  hard	  to	  predict	  in	  SM	  
Currently:	  	  
|x|<0.01,	  |y|<0.01	  	  
(PRD69,114021)	  

See M. Coombes &  
D. Epifanov’s talks 

[ Bibliography too long, see spare slides] 
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 Charm: indirect CPV	

Example mixing analysis is measurement of “yCP”,  which is D0 width splitting 	

parameter modified by CP-violating effects.  Comparison to pure “y” measurements	

probes for CP-violation, as does measurement of pure CP-violating observable A Γ	


AΓ: compare D0 and D0 lifetimes in KK	

final state [tagged samples]	


LHCb results  based on 2010 data (~29 pb-1) [LHCb,arXiv:1112.4698, subm. To JHEP] 
not yet competitive with the world average 

yCP: compare lifetime of D0→CP-eigenstate, 	

eg. KK or ππ, to D0→non-eigenstate eg. Kπ	

[untagged samples]	


See M. Coombes’s talk  
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 Charm: indirect CPV	

Brand new results from B-factories presented two weeks ago at CHARM 2012.	


Belle (Staric): measurements of D0-D0 mixing in  
D0 K+ K-, π+ π- decays updated with full 
dataset (976 fb-1): 

yCP = (+1.11 ± 0.22 ± 0.11) % (4.5 σ) 
 Most sensitive and most significant  
measurement of any mixing parameter up to now. 

ΔΓ = (-0.03 ± 0.20 ± 0.08) % 
 Consistent with no indirect CPV 

Babar (Neri):  final value for yCP and 
ΔY == (1+yCP)AΓ using 468  fb-1 of data: 

yCP = [0.720 ±0.180 (stat) ± 0.124 (syst)]% 
ΔY = [0.088±0.255(stat) ± 0.058 (syst)] % 

No mixing excluded at 3.3 σ level 
No CPV observed 
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CPV in mixing (indirect) can be related to direct CPV via the relation: 

	  Considering ππ  or KK final states we 
can build the difference: 

Direct CPV in D0 → π+π–, K+K-: 

ACP(K+K-) – ACP(π+π-) =   ΔaCP (direct) + Δ<t>/τ  aCP ind 

HCP 2011:  LHCb, 620 pb-1 : first evidence (3.5 σ) of CPV in charm:	  

Moriond 2012: CDF,  9.6 fb-1, confirms this result 

(- 0.62 ± 0.21  ± 0.10) % 

Combination of LHCb and CDF results in a 3.8 σ deviations from zero.	  	  	   30 

LHCb, PRL 108 (2012) 11602 

CDF, PRD 85 (2012) 012009 

See M. Coombes’s talk  See M. Coombes’s  & I. Bertram’s talks  



Direct CPV in D0 → π+π–, K+K-: 

EPS 2011 – July 2011 Moriond 2012 (6 months later) 
CPV established at 3.8 σ level 

What can we conclude from this result? 
Is it SM or New Physics? 

See M. Coombes’s talk  See M. Coombes’s  & I. Bertram’s talks  
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6) EW penguins 
7) Bsµµ: status of the art 

(single decay measurements with NP discovery potential) 

Chateau de Blois: royal emblems 



Strategies for indirect NP search 
  Improve measurement precision of CKM elements 

— Compare measurements of same quantity,  
which may or may not be sensitive to NP 

— Extract all CKM angles and sides in many different ways 
•  any inconsistency will be a sign of New Physics 

  Measure FCNC transitions, where New Physics is more likely to emerge, 
and compare to predictions 
— e.g. OPE expansion for b→s transitions: 

— New Physics may 
•  modify Ci

(’) short-distance Wilson coefficients  
•  add new long-distance operators Oi

(’) 

  

€ 

Heff = −
4GF

2
VtbVts

* [
i
∑ Ci(µ)Oi(µ)

left -handed part
     + ʹ′ C i(µ) ʹ′ O i(µ)

right -handed part
suppressed in SM

     ]

€ 

i =1,2 Tree
i = 3− 6,8 Gluon penguin
i = 7 Photon penguin
i = 9,10 Electroweak penguin
i = S Higgs (scalar) penguin
i = P Pseudoscalar penguin

Precision CKM metrology, 
including NP-free 

determinations of CKM 
angle γ 

Single B decay 
measurements with 

NP discovery 
potential 
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Search for NP in BK(*)l+l- 

BK(*)l+ l- are FCNC decays, forbidden at tree level. 
Three effective Wilson coefficients can contribute: 
   - C7

(‘) from γ penguin (also in bsγ process) 
   - C9 (‘)(C10

(‘)) from vector (axial vector) part of W/Z box 
New Physics can modify the helicity structure (angular distributions): 
    Interference of axial & vector currents give direct access to  relative phases of diagrams 
involved [for example, W. Altmannshofer et al. JHEP 0901:019, 2009] 
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NP?	   NP?	   NP?	  

but also alter branching fractions, modify the CP- and isospin- asymmetries, 
produce lepton number violating decays  (ex: B+  h- l+ l+) 
[see R. Vazquez and S. Emery’s talks] 
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Partial BF and angular observables  have been measured by Babar, Belle, CDF and LHCb: 
all show good agreement with SM predictions (within the uncertainties) 
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Babar: S. Akar, Lake Louise 2012 
Belle: Phys. Rev. Lett. 103, 171801 (2009) 
CDF: Phys. Rev. Lett. 108, 081807 (2012) 
LHCb: LHCb-CONF-2012-008 
Theory predictions:  
C. Bobeth, G. Hiller, D. van Dyk, JHEP 07 067 (2011)  

Differential BR K* longitudinal polarization 

Search for NP in BK(*)l+l- 
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Tensions” seen by others 
in region 1 < q2 < 6 GeV2/c4 
not confirmed by LHCb 

Forward-backward asymmetry 

see R. Vazquez 
& S. Emery’s talks 

	  q2=	  invariant	  
	  di-‐leptons	  mass	  
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Measurement of the zero crossing of AFB gives access to ratio of Wilson coefficients C7
eff/C9

eff 

The zero crossing point is largely free from form-factor uncertainties 
Extracted through a 2D fit to the forward and backward-going m(B0) and q2 distributions  
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1 Theory Counting Experiment Unbinned

Preliminary
LHCb

LHCb has performed the world’s first measurement of the zero-crossing point: 
                                                 q0

2 = 4.9 +1.1 
-1.3 GeV2 

consistent with SM prediction: 4-4.3 GeV2 [Eur. Phys. J C 41 (2005) 173-188] 

Search for NP in BK(*)l+l- 

LHCb: LHCb-CONF-2012-008 

see R. Vazquez’s talk 

forward	  

backward	  

signal 
background 
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 Search for NP in Bs,dµµ decays 
B(d,s) µµ is the best way for LHCb to constrain the parameters of  

the extended Higgs sector in MSSM, fully complementary to direct searches 

Double suppressed decay:  FCNC process and helicity suppressed:  
   very small in the Standard Model but well predicted: 

Bs→µ+µ-= (3.2±0.2)×10-9  Bd→µ+µ-= (1.0±0.1)×10-10  
Buras et al., arXiv:1007.5291 and references therein 

Main SM diagrams 

~ |Vts |2, CA 
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see R. Vazquez’s , I. Bertram and L.Oakes talks 



 Search for NP in Bs,dµµ decays 
B(d,s) µµ is the best way for LHCb to constrain the parameters of  

the extended Higgs sector in MSSM, fully complementary to direct searches 

Double suppressed decay:  FCNC process and helicity suppressed:  
   very small in the Standard Model but well predicted: 

 Sensitive to NP contributions in the scalar/pseudo scalar sector: 

Bs→µ+µ-= (3.2±0.2)×10-9  Bd→µ+µ-= (1.0±0.1)×10-10  
Buras et al., arXiv:1007.5291 and references therein 

Main SM diagrams 

~ |Vts |2, CA 

+	  

~ CP, CS 

(	   )2	   (	   )2	   MSSM, large tanβ approximation 36	  	  



 Search for NP in Bs,dµµ decays 

37 

Nice race all around the world to improve the limit….. 
Limit @95%CL L  

[fb-1] 

D0: < 51x10-9 6.1 

CDF: [0.8,34]x10-9 10 

ATLAS:< 22 x 10-9 2.4 

CMS: < 7.7 x 10-9 4.9 

LHCb: <4.5 x 10-9 1 

……and now we are really close to the SM value !	  

see R. Vazquez’s , I. Bertram and L.Oakes talks 



 Search for NP in Bs,dµµ decays 
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The Bsµµ signal is slowly emerging from data… 

….. But which is the BR? 3 σ observation possible if BR=BR(SM) at the LHC with 2011+2012 data 
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see R. Vazquez’s , I. Bertram and L.Oakes talks 



Impact of Bs → µ+µ– on global SUSY fits 
•  Global fit include many results: 

–  Higgs and SUSY searches at LHC, dark matter searches at XENON100,  
EW and B physics measurements (such as b → sγ, B+ → τν, Bs → µµ), g–2 

•  A constrained version of MSSM, the CMSSM: 
      only five parameters free: 	  m0,m1/2 , A0,  tanβ , sgn(µ) 

39	  	  

m0= universal scalar mass parameter 
m1/2 = universal gaugino mass 

Red line: CMS  
exclusion limit  
with 4.4 fb-1 data 

LHCb	  /CMS	  Bsμμ	  	  
result	  at	  EPS	  2011	  

N. Mahmoudi 
Moriond QCD 2012 



Impact of Bs → µ+µ– on global SUSY fits 
•  Global fit include many results: 

–  Higgs and SUSY searches at LHC, dark matter searches at XENON100,  
EW and B physics measurements (such as b → sγ, B+ → τν, Bs → µµ), g–2 

•  A constrained version of MSSM, the CMSSM: 
      only five parameters free: 	  m0,m1/2 , A0,  tanβ , sgn(µ) 

Recent Bsµµ results disfavor models with NP at the TeV scale and large tanβ 
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m0= universal scalar mass parameter 
m1/2 = universal gaugino mass 

Red line: CMS  
exclusion limit  
with 4.4 fb-1 data 

LHCb	  	  Bsμμ	  	  
result	  at	  Moriond	  2012	  

N. Mahmoudi 
Moriond QCD 2012 



    Summary & Open Questions 

1) sin(2β) vs BR(Bτν):        BR too high or sin(2β) too low? 
2) The “strange” brother: CPV in Bs 
                              ϕs in agreement with SM predictions  
3) New physics in Bs &/or Bd mixing?  Asl needs independent checks 
4) The γ angle      more precision needed 
5) CPV in charm       NP or SM? 
6) EW penguins in agreement with SM predictions  MFV or NP at 10 TeV scale? 
7) BR(Bsµµ):  
   rapidly approaching SM value  (maybe lower than SM?) 
     NP at the TeV scale in models with large tanβ highly disfavored 



4) XXIst century:  Les Rencontres de Blois 2012 
  -  physics model: the Standard Model with the CKM mechanism controlling 
 the interactions between quarks 
    - anomalies: many 

Brief history of  the Blois castle: 

(….which is the end of the story?) 



	  	  CP violation in b→s penguin and T,CPT violation at BaBar and Belle – S. Emery  
  CP violation in the beauty system at LHCb – A. Gomez  
  CP violation in charm and tau at BaBar and Belle – D. Epifanov 
  CP violation in the charm system at LHCb – M. Coombes  
  CKM related measurements (including CPV) at BaBar and Belle – J. Dalseno  
  Rare beauty and charm decays at LHCb - Ricardo Vazquez Gomez  
  Recent Heavy Flavor Results from the Tevatron - Iain Bertram  
  Hadronic B decays at LHCb - Thomas Latham 
  b-physics with ATLAS and CMS - Louise Oakes  

Parallel sessions on Heavy Flavour    
(Tuesday & Wednesday afternoon) 



STOP 



  Exclusive B0
s channel with Φ(1020) resonance :	  

b̄
s}B0

s

µ+

D−
s

νµ

π−

φ0
K+

K−
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  The main formula again (untagged): 

   ε(t) is the detector acceptance function. 

  The fraction of integrals, IF, has been evaluated as ~0.02 

   ap is at most a few percent. Thus: ap *0.02 ≈ 10-4. 

IF	  



Method to resolve the ambiguity    

K+K- P-wave: 
Phase of Breit-Wigner amplitude 
increases rapidly across φ(1020) 
mass region        

Phase difference between S- and P-wave amplitudes 
Decreases rapidly across φ(1020) mass region        

Resolution method: choose the solution with decreasing trend of 
δs- δP vs mKK in the φ(1020) mass region  

[Y. Xie et al., JHEP 09 (2009) 074]  

Two-‐fold	  ambiguity	  	  

K+K- S-wave:   
Phase of Flatté amplitude for f0(980)   
relatively flat (similar for non-resonance) 

75	  
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 Bs mixing frequency ΔMs  

CDF (2006)  

LHCb,	  37/pb	  	   (PLB	  709	  (2012)	  177,	  arXiv	  1112.4311)	  

(PRL97,242003 (2006)) 

BsDs	  (3)π	  

Compare older results: 

WA fully dominated by LHCb result 
and in agreement with SM predictions: 
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	  Δms	  (SM)	  =	  (17.3	  ±	  2.6	  )	  ps-‐1	  	  

Lenz,Nierste	  arXiv:1102.4274	  

Experimental	  precision	  ahead	  of	  theory	  
	  Improved	  lapce	  results	  needed	  

LHCb	  result	  obtained	  with	  0.34/=	  :	  



Direct CPV in B(s) → Kπ	


  With 0.35 fb–1: 
— most	  precise	  

results	  
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B0	  →	  K+π–	  

B0	  →	  	  K–π+	  
_

Bs	  →	  π+K–	  

ACP(B0 → Kπ) = 
–0.088 ±0.011 ±0.008 

ACP(Bs → πK) = 
+0.27 ±0.08 ±0.02 

opposite	  sign,	  	  
as	  expected	  in	  SM	  

3.3σ	  

>	  6σ	  

LHCb: PRL 108,201601 (2012) 
CDF: PRL 106,181802 

First evidence of direct CPV in Bs decays ! 

First observation of direct CPV in B decays at a hadron collider 

Result compatible with CDF: 
ACP(Bsπ K) = (0.39 ± 0.15 ± 0.08) CDF 



Direct CPV in B(s) → Kπ	
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ACP(B0 → Kπ) = 
–0.088 ±0.011 ±0.008 

Another point in the ΔA(Kπ) puzzle….. 
    1) too large colour-suppressed tree 
       amplitudes? 
    2) new phase in ew penguins? 
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Towards γ with Bs → DsK± 

•  Two decay amplitudes (b→c and b→u),  
interfering via Bs mixing 
–  magnitudes of similar order (~λ3) → large interference 
–  tagged time-dependent analysis can determine  

weak phase φs + γ, hence angle γ, in a very clean way 

•  First analysis (0.35 fb–1) 

–  404 ±26  signal evts 
–  determine branching ratio 

(twice better than world 
average) 
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LHCb: arXiv 1204.1237  
submitted to JHEP 

For a discussion about γ extraction  
from B(s) hh’ decays see A. Gomez’s talk 
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Direct CPV violation in charm: bibliography  

•   Bianco, Fabbri, Berson & Bigi, Riv. Nuovo Cimento 26N7 (2003) 
•   Grossman, Kagan & Nir PRD 75, 036008 (2007) 
•   Bigi, arXiv:0907.2950 
•   Bobrowski, Lenz, Riedl & Rothwild, JHEP 03 009 (2010) 
•   Bigi, Blanke, Buras & Recksiegel, JHEP 0907 097 (2009) 
•   Feldmann, Nandi & Soni, arXiv:1202.3795 



Charm: direct CPV	


Direct CP violation can be larger in SM, very dependent on the final state 
(therefore we must search whenever we can): 
Negligible in Cabibbo-favoured modes (SM trees dominate) 
In generic singly Cabibbo-suppressed modes: 
     - up to o(10-3) plausible 
     - few 10-3 possible: 

            Also direct CPV can be enhanced by NP, in principle to o(%) 

[ Bibliography too long, see spare slides] 

35	  	  



CPV in mixing (indirect) can be related to direct CPV via the relation: 

	  Considering ππ  or KK final states we 
can build the difference: 

Direct CPV in D0 → π+π–, K+K: 

ACP(K+K-) – ACP(π+π-) =   ΔaCP (direct) + Δ<t>/τ  aCP ind 

HCP 2011:  LHCb, 620 pb-1 : first evidence (3.5 σ) of CPV in charm:	  

Moriond 2012: CDF,  9.6 fb-1, also measures the individual asymmetries: 

ACP(KK) = (-0.24 ± 0.22 ±0.09) %       ACP(ππ) = (+0.22±0.24±0.11)% 

That seem to indicate equal and opposite effects as predicted by some theorists   36 

LHCb, PRL 108 (2012) 11602 

CDF, PRD 85 (2012) 012009 

See M. Coombes’s  & I. Bertram’s talks  



CPV in mixing (indirect) can be related to direct CPV via the relation: 

Independent	  of	  the	  final	  state	  

<t>/τ	  =	  1	  at	  B	  factories,	  
~2.5	  at	  CDF	  (displaced	  trigger)	  

	  Considering ππ  or KK final states we 
can build the difference: 

Where:  

Direct CPV in D0 → π+π–, K+K-: 

ACP(K+K-) – ACP(π+π-) =   ΔaCP (direct) + Δ<t>/τ  aCP ind 

See M. Coombes’s  and I. Bertram’s talks  
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Partial BF and angular observables  have been measured by Babar, Belle, CDF and LHCb: 
all show good agreement with SM predictions (within the uncertainties) 
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Babar: S. Akar, Lake Louise 2012 
Belle: Phys. Rev. Lett. 103, 171801 (2009) 
CDF: Phys. Rev. Lett. 108, 081807 (2012) 
LHCb: LHCb-CONF-2012-008 
Theory predictions:  
C. Bobeth, G. Hiller, D. van Dyk, JHEP 07 067 (2011)  

Differential BR 
S3 ≈ AT

2  (1-FL)   
asymmetry in K* transverse polarization     

Search for NP in BK(*)l+l- 

Aim   : a T-odd CP asymmetry 

see R. Vazquez 
& S. Emery’s talks 

	  q2=	  invariant	  
	  di-‐leptons	  mass	  
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Impact of Bs → µ+µ– on global SUSY fits 
•  Global fit include many results: 

–  Higgs and SUSY searches at LHC, dark matter searches at XENON100,  
EW and B physics measurements (such as b → sγ, B+ → τν, Bs → µµ), g–2 

•  Two variants of the MSSM: 
–  Δχ2 profiles for Bs → µµ (state as of December 2011) 

O. Buchmueller et al. 
arXiv:1112.3564 
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Recent Bsµµ results disfavor models with NP at the TeV scale and large tanβ 
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