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We present a measurement of the ratio of the branching fractions of the radiative decays              

B
0
 → K

*0
γ and B

0
s → ϕγ using 1.0 fb

−1
 of data taken with the LHCb detector. The value 

obtained is:  

B(B
0
 → K

*0
γ)/B(B

0
s → ϕγ) = 1.23 ± 0.06 (stat.) ± 0.04 (syst.) ± 0.10 (fs/fd). 

Using the world average value B(B
0
 → K

*0
γ) = (4.33 ± 0.15) × 10

−5
, the B

0
s → ϕγ branching 

fraction is determined to be B(B
0

s → ϕγ) = (3.5 ± 0.4) × 10
−5

. A measurement of the direct CP 

asymmetry of the decay B
0
 → K

*0
γ is also presented. Both measurements are the most precise to 

date and are in agreement with the previous experimental results and theoretical expectations. 
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1. Introduction 

Radiative decays of the B-mesons provide a good test for the Standard Model (SM) as 

they can be described through one-loop penguin diagrams involving Flavour Changing Neutral 

Current (FCNC) processes. Measurement of the branching fractions  of the radiative decays of 

the B mesons can give hints of the presence of new physics (NP) particles at the tree and loop 

levels. Gluon loop processes in b → (s,d) transitions give access to |Vtd| and |Vts|, complement 

md,s measurements, and provide a direct constraint on the matrix CKM. Extra one-loop 

contributions from beyond the Standard Model (SM) process which affect the transition 

dynamics may be extracted from measurements  BR, ACP, isospin asymmetries and the helicity 

structure of the photon. 

This paper reports on the measurements of the branching fraction ratio 

B(B
0
→K

*0
γ)/B(Bs→ϕγ) using data corresponding to an integrated luminosity of 1.0 fb

−1
 of pp 

collision  data collected by the LHCb experiment at a centre-of-mass energy of  7 TeV in 2011. 

The measured ratio and the world average value of  B(B
0
 → K

*0
γ) are then used to determine 

B(B
0
s → ϕγ). A measurement of the direct CP asymmetry of the decay B

0
 → K

*0
γ is also 

presented. Further details can be found in [1]. 

2. Detector and trigger strategy 

The LHCb detector, described in detail in Ref. [2], is a single-arm forward spectrometer 

covering the pseudorapidity range 2 < η < 5, designed for the study of particles containing b or c 

quarks. The detector includes a high precision tracking system consisting of a silicon-strip 

vertex detector surrounding the pp interaction region, a large-area silicon-strip detector located 

upstream of a dipole magnet with a bending power of about 4 Tm, and three stations of silicon-

strip detectors and straw drift tubes located downstream. Charged hadrons are identified using 

two ring-imaging Cherenkov (RICH) detectors. Photon, electron and hadron candidates are 

identified by a calorimeter system consisting of scintillating-pad and preshower detectors, an 

electromagnetic calorimeter and a hadronic calorimeter. Muons are identified by a system 

composed of alternating layers of iron and multiwire proportional chambers. 

The trigger consists of a hardware stage, based on information from the calorimeter and 

muon systems, followed by two software stages which apply a full event reconstruction. Decay 

candidates are required to have triggered on the signal photon and the daughters of the vector 

meson. At the hardware stage, the decay candidates must have been triggered by an 

electromagnetic candidate with transverse energy (ET) > 2.5 GeV. At the first software stage, 

events are selected when a charged track is reconstructed with (impact parameter) IP χ
2 

> 16. 

Furthermore, a charged track is required to have either (transverse momentum) PT > 1.7 GeV/c 

for a photon with ET > 2.5 GeV, or PT > 1.2 GeV/c when the photon has ET > 4.2 GeV. At the 

second software stage, a track passing the previous criteria must form a K
*0

 or ϕ candidate when 

combined with an additional track, and the invariant mass of the combination of the K
*0

(ϕ) 

candidate and the photon candidate that triggered the hardware stage is required to be within 1 

GeV/c
2
 of the world average B

0
(B

0
s) mass.  
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3. Background sources   

The partial reconstruction of  charged B → h
+
h
−
γX or B → h

+
h
−
π

0
X decays gives a broad 

background contribution at lower candidate masses, with a high-mass tail that extends into the 

signal region. The partially reconstructed B
+ 
→ K

*0
π

+
γ and B

+
 → ϕK

+
γ  radiative decays 

produce a peaking contribution in the low-mass sideband at around 5.0 GeV/c
2
 for B

0
 → K

*0
γ 

and around 4.5 GeV/c
2
 for B

0
s → ϕγ. The corresponding contamination from all the above 

sources has been estimated to be (3.3 ± 1.1)%  and (1.8 ± 0.3)% for the B
0
 → K

*0
γ and B

0
s → ϕγ 

decays, respectively.

Contamination from several exclusive background decays is studied using simulated data 

samples. The irreducible B
0
s → K

*
γ decays, the Λ

0
b → Λ

*
(pK

−
)γ  decays, and the charmless       

B
0
s → h

+
h
−
π

0
 decays produce peaked contributions under the invariant mass peak of B

0
 → K

*0
γ.  

Additional contributions from the partial reconstruction of multi-body charmed decays and        

B → Vπ
0
X have been added to simultaneous fits to the data samples in the same way. The shape 

of these contributions is again determined from the simulation. 

4. Measurement of the ratio of branching fractions 

The ratio of branching fractions is measured as: 
 

          

    
     

  
    

       

    
  

    
 

         

           
  

  
  

  
   

    

        
 

where Nsig are the observed yields of signal candidates, B(ϕ→K
+
K

−
)/B(K

*0
→K

+
π
−
) = 0.735 ± 

0.008 [3] is the ratio of branching fractions of the corresponding vector meson decays,  fs/fd = 

           
       [4] is the ratio of the B

0
 and B

0
s hadronization fractions in pp collisions at    = 7 

TeV, and    
    /         is the ratio of total reconstruction and selection efficiencies of the 

two decays. N(B
0

s→ϕγ)/N(B
0
→K

*0
γ) was obtained from the fit Shown in Fig. 1. 

 

 
        

Fig.1: Distributions of the B
0
 → K

*0
γ (left) and B

0
s → ϕγ (right) candidates. 

 

The efficiency ratio is: 
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where          ,       and          are the efficiency ratios due to the reconstruction and 

selection, the particle identification (PID) and the trigger requirements, respectively. 

5. Measurement of the CP asymmetry in B
0
→K

*0
γ decays 

The physical CP asymmetry (ACP) is measurement as: 

 

      
     γ         

     γ       π          
   

 

where the  first term of the equation is the raw asymmetry in the final state, which must be 

corrected for detection and production effects. The next two terms,  AD(Kπ) and AP(B
0
), 

represent the detection asymmetry of the kaon and pion pair and B
0
 meson production 

asymmetry, respectively. The dilution factor   arises from the oscillations of neutral B mesons. 

Figure 2 shows the results of the fit. The fit includes product of corrections to the background 

model, magnet polarity, B
0
 meson production, and particle detection in final state. 

 

 
 

Fig.2: Distributions of  the  B
0 
→ K

*0
γ (left) and                γ  (right) decay candidates. 

6. Results and conclusions 

The ratio of branching fractions B
0
 → K

*0
γ and B

0
s → ϕγ has been measured to be: 

 

        γ 

    
  ϕγ 

                                     
  
  
  

 

which is the most precise measurement to date and is in good agreement with the SM prediction 

of 1.0 ± 0.2 [5]. 

 

The branching fractions of B(B
0
s → ϕγ) has been determined using the world average value 

of  B(B
0
 → K

*0
γ) = (4.33±0.15) × 10

−5
 to be: 

 

B(B
0
s → ϕγ) = (3.5±0.4) × 10

−5
. 

 

The direct CP asymmetry in B
0
 → K

*0
γ decays has also been measured with the same data 

sample and found to be: 
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ACP(B
0
 → K

*0
γ) = (0.8 ± 1.7 (stat.) ± 0.9 (syst.))% 

 

in agreement with the SM expectation of (−0.61 ± 0.43)%  [6]. 
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