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Penguin decays of B mesons 

4 

  In the SM, flavor-changing neutral currents 
(FCNC) are forbidden 

  Effective FCNC are introduced by penguin 
diagrams. 

  Combinations of CKM matrix elements 
  Sensitive to new physics (NP) 
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The LHCb experiment 
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Tracking 
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Precise tracking 
Good mass and IP resolution 
Good vertex resolution 
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Particle identification 
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Excellent particle identification 
π/K separation over 2-100 GeV 
Powerful muon identification 

Calorimeter system 
Trigger 
Photon reconstruction 
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Experimental challenges in LHCb 
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Trigger 
Photon reconstruction 

Backgrounds 



Trigger in LHCb 
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 High Level (Software) Trigger bandwidth is 
dominated by 

  Muon trigger (1/3) 

  Topological trigger (1/3) 

 Topological trigger only uses tracks, KS and Λ0, 
so it doesn’t take into account photons 



Trigger for radiative B decays 
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  In 2010 

  Exclusive lines for Bs→φγ and B→K*γ 

  In 2011 

 Exclusive lines for Bs→φγ and B0→K*γ


 Radiative topological trigger, which makes use of the 
photon information 

  In 2012 

 Radiative topological trigger 



B0→K*γ in 2011 
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σ ~ 100 MeV/c2 



Bs→φγ in 2011 

13 

)2) (MeV/c!
-K+M(K

4400460048005000520054005600580060006200

 )2
Ev

en
ts

 / 
( 5

0 
M

eV
/c

0

20

40

60

80

100

120

140

160
LHCb Unofficial 

31-May-2012 International Meeting on Fundamental Physics 

σ ~ 100 MeV/c2 



Background sources 
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 Combinatorial background 

 Merged π0 

  Partially reconstructed B decays 

 Baryonic radiative decays 

  Signal cross-feed 
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B → K*γ in LHCb (1 fb-1) 
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B → K*γ in LHCb (1 fb-1) 
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Bs → φγ in LHCb (1 fb-1) 
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Bs → φγ in LHCb (1 fb-1) 
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Measurements in LHCb 
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Ratio of branching fractions 
Direct CP asymmetry 



Branching fractions 
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  Low predicting power due to hadronization 
uncertainties 
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First LHCb measurement 
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 Ratio of radiative branching fractions 

in a way that most systematic effects cancel 

  Extract the Bs→φγ from the HFAG value of 
the B→K*γ  branching fraction 
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Systematics cancellation 
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 Achieved through the same candidate 
reconstruction and selection process: 
1.  Build V meson from two oppositely charged tracks 
2.  Select high ET photons 
3.  Combine the meson a with photon to build B 

p 

p 

B (Bs) 
 

K+ 

π-(K-) 

γ
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Extraction of the ratio of BRs 
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  From fit to the data 

  From PDG 
  From LHCb measurement (arXiv:hep-ex/

1111.2357v1) 
  From simulation and data 
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Result with 370 pb-1 
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  Published 370pb-1, 1fb-1 update in preparation 

 Compatible with previous result from Belle but 
with lower uncertainty 

World best measurement! 
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Direct CP asymmetries 
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  Uncertainties due to form factors largely cancel 

  In B → K*γ CP asymmetry is suppressed by ms,d/mb 

  Theoretically, values of O(1%) with uncertainties ~0.5% 

  Experimental status from BaBar and Belle 

  In B → ργ , one finds O(10%) predictions in the SM 

  More challenging experimentally 

31-May-2012 International Meeting on Fundamental Physics 



ACP in B → K*γ   
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 Araw is extracted from fit 
  Simultaneous fit of the two flavors B0 and B0 

  Observables: sum of yields and CP asymmetry 

 AP and AD extracted from B→hh 

  κ calculated from data 

dilution factor due to oscillation 
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Raw asymmetry 
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ACP in B → K*γ in 1fb-1  
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  Putting all the results together we obtain 

 

 This result improves by 18% the most precise 
measurement up-to-date 

 Compatible with the SM prediction 
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Prospects in LHCb 

31-May-2012 International Meeting on Fundamental Physics 

Direct CP asymmetries 
b → dγ transitions 

Photon polarization 



Ongoing analyses 
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 Direct CP asymmetries 

  B+→K*0π+γ 

  B+→φK+γ


  Studies of B → ργ 

  Branching fractions 

  Access to Vtd CKM matrix element 



Photon polarization 

31 

  (Time dependent CP-violation parameters in 
Bs → φγ) 

 Up/down asymmetry and Dalitz analysis in 
B→K1(Kππ)γ 

 Angular distributions 

  B+ → φK+γ 

  Λb → Λγ
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Isospin asymmetry in B → K* γ? 
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  Strong sensitivity to NP effects 

  New physics in C7-C7’ plane: hep-ph/1104.3342 

  Constrains on MSSM and mSUGRA 

  Experimental challenges in LHCb arising from 
KS or π0 in charged K* decay 
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Summary 
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 Radiative B decays are sensitive probes to NP 

 While BRs are difficult to predict theoretically, 
there is plenty of NP-sensitive observables 

 The first results from LHCb have largely  
improved the previous results 

 Many interesting prospects 

Exciting times ahead! 
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Thank you 



Theoretical 
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Standard Model predictions 
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  Predictions on exclusive radiative B decays 
decays are difficult due to hadronization 

  SCET is used to obtain deeper understanding 
of factorization theorems 

  Perturbative calculations completely known up to 
NLO, partially up to NNLO 

  Non-perturbative calculations performed with light 
cone sum rules 
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Branching fractions of b→dγ
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Access to Vtd 



Photon polarization 

38 

 

  Admixture of photons with the “wrong” 
polarization can be large in SM extensions 

  Left Right Symmetric Model (LSRM), unconstrained 
MSSM, models with non-supersymmetric extra 
dimensions 

  Measure as “null test”, since photons are ~100% 
polarized in the SM 
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Time-dependent CP asymmetry 
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 Time evolution of B → ΦCPγ


 

 Time-dependent CP asymmetry can be used 
to probe the photon polarization through the 
CP-violation parameters
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Time-dependent CP-asymmetry  
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  In the SM 

 

 

 Therefore, S and AΔ give access to the 
fraction of “wrongly”-polarized photons 

sum of B(s) mixing phase and CP-odd weak 
phases for right  and left amplitudes 
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Photon polarization in B0 
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 ΔΓ/Γ is negligible, so terms proportional to 
AΔ vanish 

 Also one expects in the SM 

 Therefore 

CP-odd weak penguin phase 
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Photon polarization in Bs 
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 ΔΓ/Γ is not negligible, and  

 

   so the term with S vanishes 

 

 Therefore 
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Photon polarization in 3-body 
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 Why 3 body? 

Symmetric along the helicity axis Angle wrt to the plane 

(From E.Kou) 



B→K1(Kππ)γ with Gronau method 
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 Up/down asymmetry (Gronau, Grossman, Pirjol, 
Ryd hep-ph/0107254) 
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Helicity amplitude Polarization parameter λ


B→K1(Kππ)γ with Gronau method 



B→K1(Kππ)γ with DDLR method 
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   The polarization information is both in the 
angular distribution and in the Dalitz 
distribution (E.Kou, Le Yaouanc,  A.Tayduganov, 
PRD83 (2011)) 

  Simplify the analysis using the ω variable 



B→K1(Kππ)γ with DDLR method 
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 Usage of K1(1270)γ, observed by Belle 

 Hadronic information (J) extracted from data 

  Model independent analysis helps reduce 
uncertainties 



Photon polarization in B+→φK+γ  
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 Use angular distribution to extract λ (Orlovsky, 
Shevchenko, PRD77 2008) 

  Strong interference between the partial waves 
in the (φK) system with K in the vector state is 
necessary 

  If not, interference pattern becomes too 
complicated to extract experimental results 



Photon polarization in Λb 
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 Λb → Λγ decays also allow to access photon 
polarization from angular analysis (Legger, 
Schietinger hep-ph/0605245) 

  J(Λb) = ½ 

  Λb are expected to be polarized in the LHC 

 Two decay topologies 

  Λb → Λ0(πp)γ with J(Λ0(1115)) = ½  

  Λb → Λ*(pK)γ  
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Λb → Λ0(1115)γ  
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 Two observables to access photon polarization 

  Photon angular distribution 

  Proton angular distribution 

 Topology different than B0 → K*γ 

  Λ0 flies through the detector 
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Λb → Λ*(X)γ  
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  Several resonances over the pK threshold 

  Similar topology to B0 → K*γ 

  Overlapping poorly known states w/different spins 

 Two cases 

  J=½ is a parity conserving decay, has only one 
observable: photon distribution 

  J=3/2 is more complex, sensitivity depends on the 
ratio of the J=1/2 and J=3/2 states 
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Λb → Λ*(X)γ cases 
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Λb → Λ*(X)γ cases 
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 Λ*(1520) is well stablished 

  J=3/2, so maybe not sensitive to photon polarization 

 Small contamination from poorly known Λ*(1600) 

 Λ*(1670) and Λ*(1690) are not well known 

 Λ*(1670) is J=1/2 and Λ*(1690) is J=3/2 

 Contamination from other poorly known states 

 Can they be resolved? 
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Isospin asymmetry status 
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 Theory predictions 

  Experimental results 
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Isospin asymmetry and MSSM 
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  Positive values of Re(C7), which flip the sign of 
Δ0-, become more probable as tanβ increases 

Figure 1: The tanβ dependence of Re[C7(mb)] (upper window) and Im[C7(mb)] (lower window),
for the values of φµ and φA varying from 0 to π.

Re[C7(mb)] takes both negative and positive values, and it can be as large as 0.4. The imaginary

part of C7, however, rises with increasing tanβ in absolute magnitude for both negative and

positive directions in an approximately symmetric manner. For tan β >
∼ 35, its distribution is

levelled with a value swinging between -0.35 and +0.35 smoothly. Clearly, for large enough tanβ

there are regions of the parameter space where Im[C7(mb)] is not consistent with zero, signalling

therefore a clear sign of the NP effects. An approximate expression valid for large tanβ can

be given as C7 ∼ 0.4 e±iπ/4, which is far away from the SM prediction in both size and phase.

However, there are regions of the parameter space where C7 is pure imaginary, is pure real or

vanishes exactly.

Similar to observations made for Fig. 1, one can discuss the Wilson coefficient C8 using Fig. 2

where its real (upper window) and imaginary (lower window) parts are separately plotted against

tanβ when φµ,A vary from 0 to π. One notices that, unlike C7, for low tan β, Re[C8(mb)] deviates

from its SM value. This stems from the fact that C8(mb) is directly proportional to C8(MW ) (up

4
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Isospin asymmetry and mSUGRA 
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 Constrain the mSUGRA parameter space 
  Isospin asymmetry is more restrictive than inclusive 

B→Xsγ


FIGURE 2. Constraints on the mSUGRA parameter plane (tan! ,m1/2) for m0 = 500, with A0 = 0 and

A0 = −m0. The definitions of the different regions are in the text.

We can note here that the isospin symmetry breaking provides stringent constraints

on the parameter space. It is more sensitive to the smaller values of A0, and one can

remark that it also decreases with larger m0 and m1/2. Furthermore, it appears that the

constraints from isospin asymmetry are more stringent than the ones from inclusive

branching ratio. The results of Fig. 1 concern a fixed value for tan! . However, the
isospin asymmetry increases with tan! and for example, for A0 = 500, we can obtain

valuable constraints at tan! = 40. This behaviour is revealed in Fig. 2, where the isospin
asymmetry is depicted in function of tan! and m1/2 for A0 = 0 and A0 = −m0. We note
that again, isospin asymmetry reveals to be more restricting than the branching ratio.
To conclude, the isospin asymmetry appears as a promissing observable to constrain the

supersymmetric parameter space.
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Experimental 
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Signal shape 
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 Combination of two Crystal Ball distributions 
(gaussian + potential tail) 

  Radiative effects at low mass 

  Error distribution of invariant B mass generates a 
tail at high masses 
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Signal shape 
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Background determination 
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  Shape of backgrounds fixed from MC 

 Contamination of backgrounds 

  Fixed from MC in contaminations under the peak 

  Free in the case of partially reconstructed 
background 
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Ratio of yields 
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  Extracted from the fit 

  Systematical uncertainties 

  Signal shape parameters 

  Fixed background shapes and contaminations 

  Trigger acceptance function 
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Ratio of efficiencies 
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  From MC / data 
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LHCb measurement with 1fb-1 

63 

  Paper in preparation 

 Compatible with previous result from Belle but 
with lower uncertainty 

World best measurement! 
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Systematics in ACP 
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  From the fit model 

  Background shape and contamination 

  CP asymmetry of background 

 Magnet polarity 
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B → ργ
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From O.Deschamps 



B+→φK+γ


31-May-2012 International Meeting on Fundamental Physics 66 

From R.Vazquez 



Triggering radiative B decays 
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  In 2010-2011 

  Exclusive lines for B0→K*γ and Bs→φγ  

  Inclusive φ line 

  Since mid-2011 

  Radiative topological lines: topological HLT2 + 
photon information 

  Similar efficiency, triggers all 2track+photon decays 
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B→Vγ selections 
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Trigger acceptance 
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