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LHCb - TH  workshop

J. Virto --- Nov. 10th 2011

# (NP) mixing angles from hadronic penguin decays:

- In the presence of NP 
- Hadronic corrections & Theoretically Clean
- As simple as possible

+ Status
+ LHCb expect

# SM prediction for Bq → K∗K∗

+ Recent LHCb  measurement



Measuring NP 

OBJECTIVE:

MEASURE φNP
d,s
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SIMPLE
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OBJECTIVE:

MEASURE φNP
d,s

Measuring NP 



!1.0 !0.5 0.0 0.5 1.0 1.5

φNP

d

(cc̄)

Bd → φK

Bd → φK∗

Fit Without Mixing Inputs

S. Descotes-Genon, J. Matias, J.Virto

Anticipated Results:
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A(B̄Q →M1M2) = −λ(q)
u T − λ(q)

c P

# Amplitude for hadronic B decay: BQ →M1M2 (b→ q)
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BQ →M1M2 (b→ q)

# CKM structure: λ(q)
u = VubV ∗
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cq
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# Amplitude for hadronic B decay:
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# HME from QCD Factorization:

T , P
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# CKM structure:

# Amplitude for hadronic B decay:



A(B̄Q →M1M2) = −λ(q)
u T − λ(q)

c P

BQ →M1M2 (b→ q)

λ(q)
u = VubV ∗

uq , λ(q)
c = VcbV ∗

cq

# IR (end-point) divergencies:
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# HME from QCD Factorization:

T , P

# CKM structure:

# Amplitude for hadronic B decay:



A(B̄Q →M1M2) = −λ(q)
u T − λ(q)

c P

BQ →M1M2 (b→ q)

λ(q)
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cq

ff⇒ ff⇒T, P  IR-div      Modeling      Uncertainties     

23/46

# HME from QCD Factorization:

# CKM structure:

# Amplitude for hadronic B decay:



A(B̄Q →M1M2) = −λ(q)
u T − λ(q)

c P

BQ →M1M2 (b→ q)

λ(q)
u = VubV ∗

uq , λ(q)
c = VcbV ∗

cq

# KEY IDEA: Descotes-Genon, Matias, Virto, Phys.Rev.Lett. 97 (2006) 061801

is  FREE  from IR divergencies∆ ≡ T − P *
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ff⇒ ff⇒T, P  IR-div      Modeling      Uncertainties     # HME from QCD Factorization:

# CKM structure:

# Amplitude for hadronic B decay:

* For a list of selected penguin decays (see later)



A(B̄Q →M1M2) = −λ(q)
u T − λ(q)

c P

BQ →M1M2 (b→ q)

λ(q)
u = VubV ∗

uq , λ(q)
c = VcbV ∗

cq

Descotes-Genon, Matias, Virto, Phys.Rev.Lett. 97 (2006) 061801

If we can use ∆ as the ONLY theoretical input
we obtain more RELIABLE and PRECISE 

predictions
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# KEY IDEA:

is  FREE  from IR divergencies∆ ≡ T − P *

* For a list of selected penguin decays (see later)

# HME from QCD Factorization:

# CKM structure:

# Amplitude for hadronic B decay:

ff⇒ ff⇒T, P  IR-div      Modeling      Uncertainties     
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List of selected penguin decays
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EQUATION: BQ →M1M2 (b→ q)

( =          if Q=q )φNP
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BQ →M1M2 (b→ q)

( =          if Q=q )φNP

EQUATION:
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Theory
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ExperimentTheory



BQ →M1M2 (b→ q)

( =          if Q=q )φNP

EQUATION:
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ExperimentTheory SM Fit *



BQ →M1M2 (b→ q)

( =          if Q=q )φNP

EQUATION:
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ExperimentTheory SM Fit * OUTPUT



FORMULA:

Where:

Âxxx = Axxx/
√

1−A2
dir



EXP

34/46

EXAMPLE 1: B → V P



0.19

EXP

(No error in ß)
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EXAMPLE 1: B → V P



0.19

Main Source of Error

EXP

(No error in ß)
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EXAMPLE 1: B → V P
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EXAMPLE 1: B → V P

# LHCb expectations:

2/fb:
10/fb:

σS ∼ 0.23
σS ∼ 0.10

(@14 TeV) Xie, LHCb-2007-130

# Extrapolation:

Nsig = Lint × σbb̄ × 2× fd ×BRvis × εtotsig

σbb̄(14 TeV) = 500µb , σbb̄(7 TeV) = 75.3µb CERN-PH-EP-2010-029

10/fb:
100/fb:

σS ∼ 0.16
σS ∼ 0.05

∆BR ∼ 0.19

∆BR ∼ 0.06

(Assuming the error is dominated by statistics)

Bd → φKS( )



EXP
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EXAMPLE 1: B → V P LHCb 10/fb

0.20
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EXAMPLE 1: B → V P LHCb 100/fb
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EXAMPLE 2: B → V V

# Longitudinal Observables:

How do we get these from experiment?
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EXAMPLE 2: B → V V

# Longitudinal Observables:

How do we get these from experiment?

# Quantities extracted in the angular analysis:
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EXAMPLE 2: B → V V

# Longitudinal Observables:

How do we get these from experiment?

# Quantities extracted in the angular analysis:

# Dictionary:
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EXAMPLE 2: B → V V

# Example:

# Dictionary:

Bd → φK∗

(Babar&Belle)
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EXAMPLE 2: B → V V

# Example:

# Dictionary:

Bd → φK∗

(Babar&Belle)



37/46

EXAMPLE 2: B → V V
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EXAMPLE 2: B → V V

What can LHCb do at 10/fb?



φNP

d

(cc̄)

Bd → φK

Bd → φK∗

Fit Without Mixing Inputs

Bd → K0∗K̄0∗
Bd → K0K̄0
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The same for φNP

s+ +

!1.0 !0.5 0.0 0.5 1.0 1.5
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EXAMPLE 3: B → PP



EXTRA: Rsd

# With our method we can also give a SM prediction for Rsd:

RDMV

sd = 16.4 ± 5.2
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RDMV

sd = 16.4 ± 5.2
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RQCDF

sd = 13.8 ± 19.2

EXTRA: Rsd

# With our method we can also give a SM prediction for Rsd:



RDMV

sd = 16.4 ± 5.2
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RQCDF

sd = 13.8 ± 19.2

LHCb Direct Meas.

LHCb with D π

EXTRA: Rsd

# With our method we can also give a SM prediction for Rsd:



RDMV

sd = 16.4 ± 5.2

44/46

RQCDF

sd = 13.8 ± 19.2

LHCb Direct Meas.

LHCb with D π

EXTRA: Rsd

# With our method we can also give a SM prediction for Rsd:

-Extrapolating Stat. Error at LHCb with 10/fb (Only Bs!!): σ(Rsd) ∼ 3.2



SUMMARY
# Theoretically CLEAN hadronic quantity: ∆ ≡ T − P
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SUMMARY
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SUMMARY
# Theoretically CLEAN hadronic quantity: ∆ ≡ T − P
# For any NP affecting only the MIXING:

EXACT FORMULA

# Objectives: Complete the list of Decays
The same for φNP

s

# Results for Bd → K0∗K̄0∗s
RDMV

sd = 16.4 ± 5.2

RQCDF

sd = 13.8 ± 19.2

LHCb ---> very soon

# Results:

!1.0 !0.5 0.0 0.5 1.0 1.5

φNP

d

(cc̄)

Bd → φK

Bd → φK∗

Fit Without Mixing Inputs


