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  Theory, motivation of radiative B decays 
  Current status 
  Measurements with exclusive radiative B decays 
  The LHCb contribution 
  Prospects for the future 



Penguin decays of B mesons 
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  In the SM, flavor-changing neutral currents (FCNC) are 
forbidden 

  Effective FCNC are introduced by 
penguin (1-loop) diagrams. 
  Combinations of CKM matrix 

elements 
  Sensitive to new physics (NP) 

  Because the b quark has no 
kinematically allowed CKM-favored 

  decay, the importance of the penguin diagram is greater 
  Sensitivity to |Vtd| and |Vts| 



Effective theory of penguin decays 
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  Heavy degrees of freedom are integrated out to obtain an 
effective coupling for point-like interactions 

  Radiative decays are sensitive to the C7 Wilson coefficient 
  New Physics (NP) is introduced by new heavy particles that 

modify the Wilson coefficients 
  SUSY, 4th generation, extra Higgs… 



Inclusive vs Exclusive 
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  Inclusive B decays are theoretically clean because they are 
dominated by perturbatively calculable partonic 
contributions 
  Use of Heavy Mass Expansion (HME) in inverse powers of the 

b quark mass 

  Exclusive radiative B decays are less clean 
  Use of QCD-improved factorization (QCDF) and soft collinear 

effective theory (SCET) methods 
  Larger nonperturbative QCD corrections than inclusive modes 

  Very difficult to calculate matrix elements from first principles 



Inclusive vs Exclusive 
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Facts about radiative decays 
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  Electromagnetic (radiative) penguins have a very distinct 
experimental signature: γ

  Quark-level FCNC processes cannot be directly 
measured because of hadronization. 

  Inclusive decays are well-understood theoretically, but are 
harder experimentally 

  Exclusive final states have less predictive power 
theoretically, but they are more accessible experimentally. 

  Useful observables beyond branching fractions, such as direct CP and 
isospin asymmetries, as well as photon polarization. 



Isospin asymmetry 
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  Strong sensitivity to NP effects (see next slides) 
  Theory predictions 

  Experimental status 



Isospin asymmetry and MSSM 
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  For low tanβ, Re(C7) is negative as in the SM 
  For large tanβ, Re(C7) can take >0 and <0 values 

  Positive values, 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



Isospin asymmetry and mSUGRA 
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  A precise measurement of the isospin asymmetry can 
help 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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Photon polarization 
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  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 



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



Photon polarization through 
time-dependent CP-asymmetry  
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  In the SM 

  Therefore, measurement of S and AΔ directly determines 
the fraction of “wrongly”-polarized photons 

 

sum of B(s) mixing phase and CP-odd weak 
phases for right  and left amplitudes 



Photon polarization in the B0 system 
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  ΔΓ is negligible, so terms proportional to AΔ vanish 

  Also one expects in the SM 

  Therefore 

CP-odd weak penguin phase 



Photon polarization in the Bs system 
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  ΔΓ is not negligible, and  

   so the term with S vanishes 

  Therefore 



Direct CP asymmetry 
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  Uncertainties due to form factors cancel to a large extent 
  In B → K* γ CP asymmetry is suppressed by ms,d/mb 

  Theoretically, values of O(3%) with uncertainties ~1.5% 
  Experimental measures dominated by BaBaR 

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



What does LHCb have to offer? 
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6016 cells divided in 3 zones by cell size 



Experimental challenges (in LHCb) 
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  Experimental signature of radiative decays is the γ
  Resolution in the B mass peak is completely dominated by γ
  Calorimeter calibration is essential
  Difficult separation between γ/π0 

  High background level due to pp interactions 
  In b → dγ decays, huge background from b → sγ 

  Both BaBaR and Belle measurements were established in the 
later stages of the experiments 



First LHCb measurement 
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  First measurement (LP11) 

  Within 1.5σ from previous result from Belle but with 
lower uncertainty 

  LHCb can do very good physics with Bs → φγ 



Bs → φγ in Belle
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Bs → φγ in LHCb 
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LHCb prospects 
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  Direct CP asymmetry in B → K*γ
  Expected statistical precision at the level of ~2% with 1fb-1

  Isospin asymmetry in B → K*γ
  No studies so far, will start soon 

  Photon polarization in Bs → φγ
  Not easily accessible until now, but with the Bs decay one can 

directly access “wrongly”-polarized fraction 
  Need to 2fb-1 to achieve a precision of ~0.2 in AΔ 



Conclusions 

15-sep-2011 IPPP Flavour and Fourth Generation 24 

  Exclusive B radiative decays are sensitive probes to NP 
  Experimentally easier than inclusive measures 
  While BRs are difficult to predict theoretically, there is 

plenty of NP-sensitive observables 
  Isospin asymmetry 
  Photon polarization 
  CP asymmetries 

  Radiative decays are starting to give results in LHCb 
  Many interesting prospects 

Exciting times ahead! 
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Thank you 


