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Direct search (mainly ATLAS/CMS) Indirect search (mainly LHCb)

- Flavor physics allows to precisely test SM prediction and search for NP

- We look for virtual (NP) particles in loops which modify SM amplitudes, asymmetries, 
angular distributions etc.. (indirect search) 

- LHCb is rapidly taking over B-factories and Tevatron in Beauty and Charm physics:
- Beauty production and spectroscopy
- CPV in beauty and charm 
- Rare decays

- Flavor physics allows to precisely test SM prediction and search for NP

- We look for virtual (NP) particles in loops which modify SM amplitudes, asymmetries, 
angular distributions etc.. (indirect search) 

- LHCb is rapidly taking over B-factories and Tevatron in Beauty and Charm physics:
- Beauty production and spectroscopy
- CPV in beauty and charm 
- Rare decays Search for New PhysicsSearch for New Physics



Tracking system Particle IdentificationParticle Identification

VELO

RICH1

TT/IT/O
T

Magnet RICH2
ECAL/HCAL

Muon system

Detector thought for doing b-hadron measuements:
Very good momentum resolution and particle ID.
Detector thought for doing b-hadron measuements:
Very good momentum resolution and particle ID.
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Beauty ProductionBeauty Production
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first observation in p-p collisions

σ(pp → b b X)σ(pp → b b X)

σ (pp→ bbX) = (288± 4(stat)± 48(syst))nb

Y(1S) cross sectionY(1S) cross section

Double J/psi cross sectionDouble J/psi cross section

Bc
+ productionBc
+ production
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X(3872)→→→→ J/ψψψψ ππππ+ππππ-X(3872)→→→→ J/ψψψψ ππππ+ππππ-

Can be exotic state: conventional charmonium state ηc2(1D), 
molecular 1++ (D*D0 most popular) or tetraquark.

Can be exotic state: conventional charmonium state ηc2(1D), 
molecular 1++ (D*D0 most popular) or tetraquark.

X(3872) production cross-section 
(LHCb-CONF-2011-043)

Mass measurement X(3872)
(LHCb-CONF-2011-021)

MX(3872) = 3871.96 ± 0.46± 0.10 MeV

X(4140) structure in B+→J/ψ φ K+ X(4140) structure in B+→J/ψ φ K+ 

CDF arXiv:1101.6058

CDF reported a 5σ observation  in the B+→J/ψ φ K+ channel.CDF reported a 5σ observation  in the B+→J/ψ φ K+ channel.

Preliminary (LHCb-CONF-2011-045)

LHCb with 376 pb-1:
364 ± 20 of B+→J/ψ φ K+ sample after φ
–mass cut.
~3.2 times more than CDF with 6fb-1.

Fit (LHCb): 7 ± 5 events
Scaled from CDF data : 

39 ± 9 ± 6 events
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In hadronic decays, via relative abundance of B0
s→D ־sπ+

to B0→D ־K+ and B0→D ־π+

LHCb-PAPER-2011-006, submit. To PRL

In semileptonic decays
LHCb-CONF-2011-028

And combined result
LHCb-CONF-2011-034

We need to know the fraction of the different hadron species we produce (Bd, B
±, Bs, b-baryons). This is 

essential for instance to precisely measure Branching ratio (see later the Bs� µ+µ- part) .
We need to know the fraction of the different hadron species we produce (Bd, B

±, Bs, b-baryons). This is 
essential for instance to precisely measure Branching ratio (see later the Bs� µ+µ- part) .

World bestWorld best

Λb hadronization fraction 
LHCb-CONF-2011-028
Λb hadronization fraction 
LHCb-CONF-2011-028

fΛb

fu + fd

= (0.404± 0.017± 0.027± 0.105)×[1− (0.031± 0.004± 0.003)PT
GeV]
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Mass resolution is based on precise momentum measurement with LHCb magnet and 
tracker: ∆p/p ~ 0.3% up to 100 GeV/c

Mass resolution is based on precise momentum measurement with LHCb magnet and 
tracker: ∆p/p ~ 0.3% up to 100 GeV/c

LHCb-CONF-2011-027: masses [MeV/c2]
5279.17 ±

0.295279.50 ±
0.305279.50 ±
0.305366.30 ±
0.605620.2   ±
1.66277      ±
6

PDG 
[MeV/c2]

Bu
+ →→→→ J/ψ K+ Bs

0 →→→→ J/ψ φ

2010 L=35 pb-1 2010 L=35 pb-1

11151±115 events

σσσσ=10.50±0.10 MeV/c2

816±30 events

σσσσ = 6.96±0.25 MeV/c2
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CP Violation CP Violation 



VCKM = CKM Matrix =
Vud Vus Vub

Vcd Vcs Vcb

Vtd Vts Vtb

















    where  
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Free parameters (imposing Unitarity):

angles = 
n(n−1)

2
             = 3

phases = 
(n−1)(n− 2)

2
    = 1

Imposing UnitarityImposing Unitarity

Unitarity Triangle Matrix ( Phys Lett B 680 209 328)Unitarity Triangle Matrix ( Phys Lett B 680 209 328)

Unitarity
Triangle
Unitarity
Triangle
βs Triangleβs Triangle

β

s

β

s

ββ αα

γγ
φD/2φD/2
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The interference between mixing 
and the decay give rise to the 
CPV phase: 

The interference between mixing 
and the decay give rise to the 
CPV phase: 

CP violating phase: φs = φM − 2φD

Very small in the SM : 

 φs
SM = −2βs = −2arg(− VtsVtb

*

VcsVcb
*
)

 φs
SM = 0.0363± 0.0017 rad

CKMfitter Eur.Phys. J.C41 1-131 (2005)

Can be greately enhanced by NP contribution

Best measurement before 
the latest LHCb
measurement . 

Is the “tension” wrt the 
SM  an hint for NP?

Best measurement before 
the latest LHCb
measurement . 

Is the “tension” wrt the 
SM  an hint for NP?
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Physics parameters:

Γs,∆Γs, |A0 |2, |A⊥ |2,δ||,δ⊥,∆ms,φs

There is a discrete ambiguity:

φs,∆Γs,δ||,δ⊥ ↔ π −φs,−∆Γs,2π −δ||,π −δ⊥
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Not a CP eigenstate, therefore an angular analysis is needed to 
disentangle CP-even and CP-odd components.
Not a CP eigenstate, therefore an angular analysis is needed to 
disentangle CP-even and CP-odd components.



The goodness of fit is evaluated with the 
method described in 
arXiv:1006.3019 [hep-ex]

Angular distribution well described by the 
fit model.

Acceptance correction done with MC, 
proper time resolution extracted with data.

The goodness of fit is evaluated with the 
method described in 
arXiv:1006.3019 [hep-ex]

Angular distribution well described by the 
fit model.

Acceptance correction done with MC, 
proper time resolution extracted with data.
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f0(980) is ss scalar decaying predominately in π +π −

The f0(980) region is purely CP-odd 
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LHCb-CONF-2011-035LHCb-CONF-2011-035

Rf0 = Ncorr (J /ψ f0)
Ncorr (J /ψφ)

= (21.7±1.1±1.0)%

Rf2 ' = Ncorr (J /ψ f2 ')

Ncorr (J /ψφ)
= (19.4±1.8±1.1)%

First observation of Bs����J/ψ f0 decays
LHCb Coll. Phys. Lett. B 698 (2011) 115
First observation of Bs����J/ψ f0 decays
LHCb Coll. Phys. Lett. B 698 (2011) 115



Measurements:

φs
J/ψ  φ = 0.13± 0.18(stat)± 0.07(syst)  rad

φs
J/ψ f0 = −0.44± 0.44(stat)± 0.02(syst)  rad

4σ  evidence of non-zero ∆Γs

Γs = 0.656± 0.009(stat)± 0.008(syst)  ps−1

∆Γs = 0.123± 0.029(stat)± 0.008(syst)  ps−1

Combination of the two φs  measurements:

φs = 0.03± 0.16(stat)± 0.07(syst)  rad

Measurements consistent with the 
SM! 
Measurements consistent with the 
SM! 

1501/09/2011Nicola Serra                            CHIPP Meeting

LHCb-CONF-2011-056LHCb-CONF-2011-056LHCb-CONF-2011-049LHCb-CONF-2011-049



RADS = Γ(B− → [K +π − ]D K − )+ Γ(B+ → [K −π + ]D K + )

Γ(B− → [K −π + ]D K − )+ Γ(B+ → [K +π − ]D K + )
= (1.66± 0.39± 0.24)⋅10−2

AADS = Γ(B− → [K +π − ]D K − )− Γ(B+ → [K −π + ]D K + )

Γ(B− → [K +π − ]D K − )+ Γ(B+ → [K −π + ]D K + )
= −0.39± 0.17± 0.02
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LHCb-CONF-2011-057LHCb-CONF-2011-057

The γ angle can be determined using the time evolution of Bs�DsK. 
The first step is to observe the signal and measure the branching ratio.
The γ angle can be determined using the time evolution of Bs�DsK. 
The first step is to observe the signal and measure the branching ratio.

Data sample splitted fpr the two magnet polarities.Data sample splitted fpr the two magnet polarities.
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Not yet a measurement of γ, but we are moving the first steps toword it.Not yet a measurement of γ, but we are moving the first steps toword it.



LHCb with L=320pb-1 of 2011 data already has done:
B0
→Kπ - the most precise single measurement and first 5σ observation at hadron machine!

B0
s→Kπ - the first evidence of CP-violation in Bs decay!

LHCb with L=320pb-1 of 2011 data already has done:
B0
→Kπ - the most precise single measurement and first 5σ observation at hadron machine!

B0
s→Kπ - the first evidence of CP-violation in Bs decay!

HFAG:

Acp(B
0→K+π) =  0.098+0.012- =(־

-0.011

CDF:

Acp(B
0
s→K ־ π+)= 0.39±0.15(stat) ±0.08(syst)

Raw asymmetry (has to be corrected for 

detector and production asymmetry)

Raw asymmetry (has to be corrected for 

detector and production asymmetry)

ACP = Γ(B → f )− Γ(B → f )

Γ(B→ f )+ Γ(B → f )
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Scalar triple products of momentum or spin are T-odd, a real asymmetry implies CP 
asymmetry in (under CPT). 
Scalar triple products of momentum or spin are T-odd, a real asymmetry implies CP 
asymmetry in (under CPT). 

Invariant mass distribution for Bs�ϕϕInvariant mass distribution for Bs�ϕϕ

Measurement of triple product asymmetry do 
not require neither time dependence nor flavor 
tagging. 

Measurement of triple product asymmetry do 
not require neither time dependence nor flavor 
tagging. 

In the  decay there are two observable triple products: 

U = sin 2φ    : f4 ∝sin2ϑ1 sin2 ϑ2 sin2φ   

V = sinφ   : f6 ∝sin2ϑ1 sin2ϑ2 sinφ  

A measurement of U or V different than zero would be a smoking gun for NP.  A measurement of U or V different than zero would be a smoking gun for NP.  
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Phys.Lett.B701:357-362,2011Phys.Lett.B701:357-362,2011



LHCb measurement 

Au = −0.064± 0.057(stat)± 0.014(syst)

Av = −0.070± 0.057(stat)± 0.014(syst)

This quantities can be measured 
by a simple counting experiment. 
This quantities can be measured 
by a simple counting experiment. 

CDF measurement (arXiv:1107.4999)

Au = −0.007± 0.064(stat)± 0.018(syst)

Av = −0.120± 0.064(stat)± 0.016(syst)

Very lean measurement! Very lean measurement! 
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LHCb-CONF-2011-052LHCb-CONF-2011-052



CPV in 
charm
CPV in 
charm
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Seek New Physics via time-integrated CP asym. in 2-body charm 
decays
Seek New Physics via time-integrated CP asym. in 2-body charm 
decays

O(10-3) in the SM ! NP could push up to 10-2O(10-3) in the SM ! NP could push up to 10-2

ACP( f ) = Γ(D0 → f )− Γ(D0 → f )

Γ(D0 → f )+ Γ(D0 → f )
,    with f being K+K −  or  π +π −  

When measuring the difference of two CP asymmetries 
most of the systematics cancels out!
When measuring the difference of two CP asymmetries 
most of the systematics cancels out!

∆ACP = ACP(K −K + )− ACP(π −π + ) ≈ ∆ARAW

∆ACP = (−0.275± 0.701± 0.25)%

Less precise than B-factories and CDF … but this about 1/10 of the total LHCb data sample! Less precise than B-factories and CDF … but this about 1/10 of the total LHCb data sample! 

LHCb-CONF-2011-023LHCb-CONF-2011-023
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Need to know the flavor of the D0, we use D*+ �D0πs
+Need to know the flavor of the D0, we use D*+ �D0πs
+



AΓ = τ (D0 → K +K − )−τ (D0 → K +K − )

τ (D0 → K +K −)+τ (D0 → K +K − )
~ (

Am

2
)ycosφD − xsinφD

yCP = Γ(D0 → K +K −)

Γ(D0 → K +π −)
−1 ~ ycosφD − xsinφD (

Am

2
)     x=

∆m
Γ

, y = ∆Γ
2Γ

- Need to know the flavor of the D0, we use D*+ �D0πs
+.

- Need to separate the contribution of charm coming form B
- Need to know the flavor of the D0, we use D*+ �D0πs

+.
- Need to separate the contribution of charm coming form B

One of most important ways to search for anomalous CP violation in charm mixing:One of most important ways to search for anomalous CP violation in charm mixing:

AΓ measurement (LHCb-CONF-2011-046)AΓ measurement (LHCb-CONF-2011-046)

LHCb : AΓ = (−0.59± 0.59± 0.21)%           

W.A. : (1.12± 0.25)%

LHCb : yCP = (0.55± 0.63± 0.41)%            

W.A. : (1.11± 0.22)%

Results obtained with a fraction of 2010 data, but LHCb has a large sample of charm 
,  expect to have interesting measurements in the near future !
Results obtained with a fraction of 2010 data, but LHCb has a large sample of charm 
,  expect to have interesting measurements in the near future !
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Rare DecaysRare Decays
Bs�µµ Bd�K* µµ
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Very rare decay, since it a FCNC and also helicity suppressed. Very rare decay, since it a FCNC and also helicity suppressed. 

SM prediction:

BR(Bs → µ+µ− )=(3.2± 0.2)⋅10−9

BR(Bd → µ+µ− )=(1.1± 0.1)⋅10−10

A.J. Buras arxiv:1012.1447

E.Gamiz et al. Phys. Rev. D 80 (2009) 104503

Very sensitive probe for NP, since extended Higgs sector can enhance it (e.g. in MSSM BR 
is proportional to tan6β). 
Very sensitive probe for NP, since extended Higgs sector can enhance it (e.g. in MSSM BR 
is proportional to tan6β). 

Recently CDF reported the observation of Bs → µµ, quoting a BR ~5 times the SM

BR(Bs → µµ)= 1.8+1.1
−0.9 ⋅10−8         

arxiv:1107.2304

Now… LHCb accumulated a large sample of Bs mesons, do they confirm this? Now… LHCb accumulated a large sample of Bs mesons, do they confirm this? 
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LHCb already published a limit with 2010 data (P), analysis strategy similar:

- Blind analysis 
-BDT (9 variables) trained on MC for signal and background
- Background calibrated with sidebands, Signal with control channels (B�hh, J/ψ�µµ…)
-Normalization with B+� J/ψ K+ (using LHCb measured fs/fd)

LHCb already published a limit with 2010 data (P), analysis strategy similar:

- Blind analysis 
-BDT (9 variables) trained on MC for signal and background
- Background calibrated with sidebands, Signal with control channels (B�hh, J/ψ�µµ…)
-Normalization with B+� J/ψ K+ (using LHCb measured fs/fd)

Less sensitive binLess sensitive bin

Most sensitive binsMost sensitive bins

Calibrated BDTCalibrated BDT
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BR(Bs → µµ) <1.5⋅10−8@95%CL

BR(Bd → µµ) < 5.2⋅10−9@95%CL

LHCb Results:LHCb Results:

BR(Bs → µµ) <1.1(0.9)⋅10−8@95%(90%)CL

(using LHCb measured fs/fd)(using LHCb measured fs/fd)

LHCb, CMS (U.L. 1.9*10-8 @95%CL ) 
Combination:
LHCb, CMS (U.L. 1.9*10-8 @95%CL ) 
Combination:

LHC does not confirm the excess seen by CDF ! 
LHC limit worse than expected for the only background hypothesis , but close 
to the expectation for Bkg+SM signal! 

LHC does not confirm the excess seen by CDF ! 
LHC limit worse than expected for the only background hypothesis , but close 
to the expectation for Bkg+SM signal! 
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LHCb-CONF-2011-037LHCb-CONF-2011-037

LHCb-CONF-2011-047, CMS-PAS-BPH-11-019LHCb-CONF-2011-047, CMS-PAS-BPH-11-019



The Bd�K* µµ is described by three angles and the dimuon invariant massThe Bd�K* µµ is described by three angles and the dimuon invariant mass

SM diagram for Bd�K* µµSM diagram for Bd�K* µµ

Several observable sensitive to NP, the most known is the AFB

AFB = N(cosϑ > 0)− N(cosϑ < 0)

N(cosϑ > 0)+ N(cosϑ < 0)

NP contribution can alter this observable

Present situation (before LHCb measurement ) for 
Bd�K* µµ (BaBar,Belle, CDF)
Present situation (before LHCb measurement ) for 
Bd�K* µµ (BaBar,Belle, CDF)
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- Selection made using a BDT
- Correct for the effects of reconstruction and selection (in model independent way)
- Check simulation with control channels
- Validate using Bd�J/ψ K*
- Fit the Angular Observables

- Selection made using a BDT
- Correct for the effects of reconstruction and selection (in model independent way)
- Check simulation with control channels
- Validate using Bd�J/ψ K*
- Fit the Angular Observables

Bd����K* µµ invariant mass in bin of q2Bd����K* µµ invariant mass in bin of q2

Event by event weightEvent by event weight
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Theory predictions from C.Bobeth et 
al., arXiv:1105.0376v2
Theory predictions from C.Bobeth et 
al., arXiv:1105.0376v2

- All three measurements consistent with the SM

- New observable accessible with more statistics:
- Zero crossing point
- AT2, …

- All three measurements consistent with the SM

- New observable accessible with more statistics:
- Zero crossing point
- AT2, …
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LHCb-CONF-2011-038LHCb-CONF-2011-038



ConclusionsConclusions
• LHCb is rapidly taking over B-factories and Tevatronin flavor 

physics

• Several measurements of B-production and spectroscopy

• Many interesting results not included in this talk

• Beauty(ful) results already constrain NP with some of the LHCb
key measurement
• BR(Bs�µµ), Φs measurement, AFB in Bd �K* µµ, …
No NP found… yet!

• Charm(ing) results are very promising
already a much larger charm dataset: stay tuned! 

• LHCb is rapidly taking over B-factories and Tevatronin flavor 
physics

• Several measurements of B-production and spectroscopy

• Many interesting results not included in this talk

• Beauty(ful) results already constrain NP with some of the LHCb
key measurement
• BR(Bs�µµ), Φs measurement, AFB in Bd �K* µµ, …
No NP found… yet!

• Charm(ing) results are very promising
already a much larger charm dataset: stay tuned! 
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Backup slides
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Measurement of ϒ
T topology

C topology

Interference of these two diagrams gives 
access to the ϒ angle. 

ADS Method :PRL78,3357(1997)

GLW Method :
PLB253,483(1991),  PLB265,172 (1991)

The direct and mixing CP asymmetries in 
Bd �π

+π- and Bs�K+K- are related to the 
angle γ (need to use U-symmetry).

R.Fleischer PLB 459 (1999) 306
R. Fleischer and R. Knwgjens EPJ c71 (2011)1532 
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ϒwith ADS

Evidence of suppressed ADS modes (4 sigmas)! 

LHCb results  :  

RADS
DK = (1.66± 0.39± 0.24)⋅10−2

AADS
DK = −0.39± 0.17± 0.02

World Average:

RADS
DK =  (1.6± 0.3)⋅10−2

AADS
DK = −0.58± 0.21

LHCb-CONF-2011-044

RADS = Γ(B− → [K +π − ]D K − )+ Γ(B+ → [K −π + ]D K + )

Γ(B− → [K −π + ]D K − )+ Γ(B+ → [K +π − ]D K + )
= rB

2 + rD
2 + 2rBrD cosγ cos(δB +δD ),    

AADS = Γ(B− → [K +π − ]D K − )− Γ(B+ → [K −π + ]D K + )

Γ(B− → [K +π − ]D K − )+ Γ(B+ → [K −π + ]D K + )
= 2rBrD sinγ sin(δB +δD )

RADS
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Direct CP Asymmetry I:
ACP(B0 → Kπ ) = Γ(B0 → K −π + )− Γ(B0 → K +π − )

Γ(B0 → K −π + )+ Γ(B0 → K +π − )
Raw Asymmetry

… but we need to correct for the detector and production asymmetry

ACP(B0 → Kπ ) = ARaw − A∆ = −0.088± 0.011(stat)± 0.008(syst)

World Average:   -0.098−0.011
+0.012

LHCb: 2011 data, L=320pb-1

LHCb-CONF-2011-042 

Most precise single measurement!
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Direct CP Asymmetry II :
ACP(Bs → Kπ ) = Γ(Bs → K +π − )− Γ(Bs → K −π + )

Γ(Bs → K +π − )+ Γ(Bs → K −π + )

Raw Asymmetry

… but we need to correct for the detector and production asymmetry
ACP(Bs → Kπ ) = ARaw − A∆ = 0.27± 0.08(stat)± 0.02(syst)

CDF Result :  0.39± 0.17

LHCb: 2011 data, L=320pb-1

LHCb-CONF-2011-042 

First evidence of CPV  in Bs����Kπ
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Exoctic Hadrons I

With more data it will be possible to measure the JCP quantum numbers.

LHCb-CONF-2011-043
LHCb-CONF-2011-021

LHCb :

MX(3872) = 3871.96± 0.46(stat)± 0.10(syst)MeV
c4

σ X(3872)⋅ BR(X(3872)→ J /ψππ ) = 4.74±1.10(stat)±1.01(syst)nb
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Exoctic Hadrons II
CDF reported the observation of X(4140), narrow resonance…
LHCb has a large data sample, there is a 2.4 sigma tension between LHCb and CDF.

3901/09/2011Nicola Serra                            CHIPP Meeting



SM diagrams for Bd�K* γ and Bs�ϕγSM diagrams for Bd�K* γ and Bs�ϕγ

-Broad invariant mass distribution (challenging 
for Bkg)

-Simultanoeus fit of Bd�K* γ and Bs�ϕγ , 
with difference in the invariant mass fixed from 
PDG;

-Expected ratio of Branching ratio: 1.0 ± 0.2

-Broad invariant mass distribution (challenging 
for Bkg)

-Simultanoeus fit of Bd�K* γ and Bs�ϕγ , 
with difference in the invariant mass fixed from 
PDG;

-Expected ratio of Branching ratio: 1.0 ± 0.2

Invariant mass distribution for Bd�K* γInvariant mass distribution for Bd�K* γ

Invariant mass distribution for Bs�ϕγInvariant mass distribution for Bs�ϕγ

BR(B0 → K *0γ )

BR(Bs
0 → φγ )

=1.52± 0.15(stat)± 0.10(syst)± 0.12(fs fd)

Bd�K* γ and Bs�ϕγ

LHCb-CONF-2011-055LHCb-CONF-2011-055
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Unitarity Triangle

Measurement of the angles:

α ⇒

B → ππ
B→ ρρ
B → ρπ

β ⇒

B→ J /ψKs

B → φKs

B → D(*) D(*)

γ ⇒ B → D(*)π
B→ DK
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Wolfstein parameterization

VCKM = CKM Matrix =
Vud Vus Vub

Vcd Vcs Vcb

Vtd Vts Vtb

















    ⇒Standard rapresentation:  si = sinϑ i    ci = cosϑ i

Expanding as a function of the sin of Cabibbo angle:

s12 = λ,    s13sinδ13 = Aλ3η,     s23 = Aλ 2,     s13cosδ13 = Aλ3ρ
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Gamma with Trees

A(B− → D0K − ) = Ace
iδc,    A(B− → D

0
K − ) = Aue

i (δu−γ )

A(D0 → f ) = Af e
iδ f    and A(D

0
→ f ) = A

f
e

iδ f    f  being a generic final state of D-meson.

The δs are strong phases and γ  is the week phase, while A are real and positive

 A(B− → ( f )D K − ) = ACAf e
i (δc+δ f ) + AuAf

e
i (δu+δ f −γ )

Γ(B− → ( f )D K − ) = AC
2A

f
2(

Af
2

A
f
2 + rB

2 + 2rB

Af

A
f

Re(ei (δB+δD−γ ) ))

where   rB = Au
AC

,    δB = δu −δC,   δD = δ
f

−δ f  
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GLW method

In the GLW method the D meson is reconstructed when it decays into a CP eigenstate 

(e.g. K K), therefore the 
Af

A
f

 =1, δD = 0,π   and  CP=+1,-1 ⇒

⇒   Γ(B− → [ fCP± ]D K − ) = AC
2AfCP±

2 (1+ rB
2 ± 2rB cos(δB −γ ))

We have:

ACP± = Γ(B− → DCP±
0 K −)− Γ(B+ → DCP±

0 K + )

Γ(B− → DCP±
0 K − )+ Γ(B+ → DCP±

0 K + )
= ±2rB sinδB sinγ

1+ rB
2 ± 2rB cosδB cosγ

RCP± = Γ(B− → DCP±
0 K −)+ Γ(B+ → DCP±

0 K + )

2Γ(B− → D0K − )
=1+ rB

2 ± 2rB cosδB cosγ
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ADS method
In the ADS method it used the interference of  

B− → D0K −  followed by doubly Cabibbo-suppressed D0 → K +π −

and the suppressed B− → D
0
K −  followed by the Cabibbo-allowed D

0
→ K +π −.

rD = A
A =

A(D0 → K +π − )

A(D0 → K −π + )

Since rD ~ 5% and r~10% the interference can be quite large!

RADS = Γ(B− → [K +π − ]D K − )+ Γ(B+ → [K −π + ]D K + )

Γ(B− → [K −π + ]D K − )+ Γ(B+ → [K +π − ]D K + )
= rB

2 + rD
2 + 2rBrD cosγ cos(δB +δD )

AADS = Γ(B− → [K +π − ]D K − )− Γ(B+ → [K −π + ]D K + )

Γ(B− → [K +π − ]D K − )+ Γ(B+ → [K −π + ]D K + )
= 2rBrD sinγ sin(δB +δD )

RADS
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Other ways of extracting ϒ
GGSZ:
In this method the D0 is reconstructed when it decays in 3bodies (e.g. Ks

0ππ). 

Bs����DsK (Time dependent CP asymmetry):
The interference between the direct decay and the decay after mixing allows to 
access ϒ. The non-zero ∆Γs allows to include non tagged events in the analysis.  
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Towards ϒmeasurement I

Ratio of Branching fraction BR(B± → DK ± )
BR(B± → Dπ ± )

RCF

k
π = (6.30± 0.38± 0.40)%

R
Ks

0ππ

k
π = (12.0−5.0

+6.0 ±1.0)%

LHCb: 2010 Data, L= 35.6pb-1
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Towards ϒmeasurement II

Ratio of Branching fraction BR(B± → DK ± )
BR(B± → Dπ ± )

RCP+

k
π = (9.31±1.89± 0.53)%

LHCb: 2010 Data, L= 35.6pb-1
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We have:

ACP± = Γ(B− → DCP±
0 K − )− Γ(B+ → DCP±

0 K + )

Γ(B− → DCP±
0 K − )+ Γ(B+ → DCP±

0 K + )
= ±2rB sinδB sinγ

1+ rB
2 ± 2rB cosδB cosγ

            rB =
B− → D

0
K −

B− → D0K −
,    δB =  diff in strong phase

RCP± = Γ(B− → DCP±
0 K − )+ Γ(B+ → DCP±

0 K + )

Γ(B− → D0K − )+ Γ(B+ → D0K + )
=1+ rB

2 ± 2rB cosδB cosγ

ϒ from GLW

LHCb-CONF-2011-031:

RCP+ =1.48± 0.31(stat)± 0.12(syst)

ACP+ = 0.07± 0.18(stat)± 0.07(syst)

LHCb: 2010 Data, L= 35.6pb-1

HFAG average including LHCb
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ϒ from ADS

LHCb results  :  

RADS
DK = (1.66± 0.39± 0.24)⋅10−2

AADS
DK = −0.39± 0.17± 0.02

World Average:

RADS
DK =  (1.6± 0.3)⋅10−2

AADS
DK = −0.58± 0.21
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ϒwith penguin
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BR measurements :
B0 → K +K − Bs → π +π −

BR(B0 → K +K − ) = (0.13−0.05
+0.06(stat)± 0.07(syst)) ⋅10−6

BR(Bs → π +π − ) = (0.98−0.19
+0.23(stat)± 0.11(syst)) ⋅10−6

LHCb: 2011 data, L=320pb-1

Using new LHCb reasult (LHCb-CONF-2011-34)

fs
fd = 0.267−0.20

+0.21
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U-spin assumption
Usng U‐‐‐‐spin symmetry and neglecting 
penguin annihilation and exchange topologies we expect:

CCP = −Aππ
dir

ACP(B0 → Kπ ) = ARaw − A∆ = −0.088± 0.011(stat)± 0.008(syst)

World Average:   -0.098−0.011
+0.012
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B�hh
- Detector asymmetry extracted with D*�D(�Kπ) and D*�D(�KK)
- Production asymmetry  extracted with B0�J/ψ K*
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The b-s Unitarity Triangle 
There is another interesting triangle, the b-s triangle 

Physical Parameters
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Status of ϕs
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When a process and its conjugate differ we have CPV in decay (it is process dependent) 
and NP can alter SM predictions. 
SM predicts small asymmetry but NP can enhance it.
One place to look for NP contribution is D+ �K+ K- π+

Use of  Miranda method (Phys. Rev. D80 (2009) 096006) for ‘spotting’ CP asymmetries in 
the Dalitz plot. 

When a process and its conjugate differ we have CPV in decay (it is process dependent) 
and NP can alter SM predictions. 
SM predicts small asymmetry but NP can enhance it.
One place to look for NP contribution is D+ �K+ K- π+

Use of  Miranda method (Phys. Rev. D80 (2009) 096006) for ‘spotting’ CP asymmetries in 
the Dalitz plot. 

No evidence of CPV in any binnings!
Paper in preparation!
No evidence of CPV in any binnings!
Paper in preparation!

Several cross checks done:

1)Look for CPV in sidebands
2)Look for CPV in Ds

+ � K+K- π+

3)Tried numerous binning schemes
4)Run toy MC with K+/K- asymmetry

Measurement very robust against bias:
1)Blind analysis 
2)Run with two magnet polarities
3)Validation with ‘toy’ studies 

Several cross checks done:

1)Look for CPV in sidebands
2)Look for CPV in Ds

+ � K+K- π+

3)Tried numerous binning schemes
4)Run toy MC with K+/K- asymmetry

Measurement very robust against bias:
1)Blind analysis 
2)Run with two magnet polarities
3)Validation with ‘toy’ studies 

LHCb: 2010 dataset of 38 pb-1LHCb: 2010 dataset of 38 pb-1

LHCb-CONF-2011-0LHCb-CONF-2011-0
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Charm CPV I

No evidence of CPV!
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D0 Mixing
AΓ = (−0.59± 0.59± 0.21)⋅10−2

world average: 0.12± 0.25%

LHCb has already now on tape a sample more than 10 times as large!
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Bs�mumu normaization

Combined result

fs
fd = 0.267−0.20

+0.21
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Bs�mumu CDF

6101/09/2011Nicola Serra                            CHIPP Meeting



Bs�K*µµ Likelihoods
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Bs�K*µµ Pdf

The FL/AFB plane is not all allowed but it the total Pdf becomes negative in some point 

Statistical errors 
– Use Bayesian approach to construct
errors with flat prior over physical region

• The central value quoted is that with the 
largest likelihood

• Errors estimated by performing a profile-
likelihood scan over the plane and integrating 
a 68% CL region of the likelihood 
distribution"sian
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BR(B+ → K −µ+µ+ ) < 4.3⋅10−8@90%CL

BR(B+ → π −µ+µ+ ) < 4.5⋅10−8@90%CL
World Best! (30/40 times improvement wrt CLEO results)
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