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Introduction - broad picture 
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 - Deviation from the SM of the combined R(D+) and R(D0) is about 3.1 sigma. 
 - Radiative corrections to B→ D𝓁ν, decays may have an impact on both predictions and ν, decays may have an impact on both predictions and 
measurements of lepton flavour universality observables R(D+) and R(D0) 

[https://hflav.web.cern.ch/] 



Introduction - our study 
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 - Comparison between recent calculations [Phys.Rev.Lett. 120 (2018) 26, 261804] of the 
effect of soft-photon corrections on R(D+)  and R(D0) , and those generated by the widely 
used package PHOTOS.  
 - Impact of long-distance Coulomb interactions (not simulated in PHOTOS).  
 - Effect of high-energy photon emission studied through pseudo-experiments. 
   [LHCb environment taken as a case study] 

Feedback from EPJC received, 
reply sent out  today. 

[https://arxiv.org/abs/1905.02702] 
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Radiative corrections and PHOTOS
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 Radiative corrections 
 - thought to be negligible at the level of precision of both measurements and predictions of R(D) 

PHOTOS 
 - universal MC algorithm that simulates QED corrections; 
 - includes both soft and hard photon corrections, but doesn’t include Coulomb corrections; 
 - has successfully been tested for various processes involving W, Z and B decays; 
 - photons emission depending on hadron structure is not included.  

New study (S. de Boer et al.) [see T. Kitahara contribution] 
 - soft-photon corrections different for µ and τ decays (do not cancel in the R(D) ratios); 
 - doesn’t include the hard photon corrections 
 - includes Coulomb corrections (relevant only for D+ and similar modes) 

[Comput. Phys. Commun. 79 (1994) 291, 
Eur. Phys. J.C45 (2006) 97, arXiv:hep-ph/0506026, 
Phys.Rev.Lett. 120 (2018) 26, 261804] 



The generated B→ D𝓁ν𝓁 samples ν𝓁 samples  samples 
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Radiated energy: the Emax variable 
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Emax is defined as the maximum value that Eγ is 
allowed to have to consider B→ D𝓁ν𝓁(γ) as signal. ν𝓁(γ) as signal. (γ) as signal. 

Eγ<100 MeV includes 
98% of the µ mode, 
99.7% of the τ mode. 
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Differences wrt PHOTOS 
up to ~2% for B0. 
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Differences reduced 
removing Coulomb 
corrections 
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0.5-1% differences 
wrt PHOTOS  for B-. 
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Effect doesn’t 
cancel in the ratio 
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Lower effect 
removing Coulomb 
corrections 
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The effect on real measurements 
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Estimate the effect on measurements  of mis-modeling QED corrections in MC 

 - Simulate vertex resolution by smearing the pp  (±13, 
±13, ±70 µm) and B decay (±20, ±20, ±200 µm) vertexes  
 - Simulate LHCb acceptance: 1.9 < η < 4.9, p > 5 GeV,  
pT > 250 MeV on kaons, pions and muons, distance 
between pp and B vertex > 3 mm 
 - Reconstruct B meson momentum and related quantities 
using the LHCb rest frame approximation.  

Distributions look very similar to those from full detector simulation 

LHCb-like selection [based on  JHEP 02 (2017) 021] applied on generated samples: 
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The effect on real measurements 
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 Dummy analysis: 
  - very simplified: just signal and normalization samples 
  - generate 10.000 toy samples per decay mode with no cuts on Emax  
  - generate templates with different cuts on Emax  (20, 100, 500, 800, and 1500 MeV) 
  - fit for R(D) using 3D templates (q2, mmiss, Eℓ) and study the effect  
     [same as in muonic R(D*) LHCb measurement, PRL 115 (2015) 111803] 

Applying different cuts on Emax changes shape of fit templates. 
Most clearly visible on missing mass variable (strongly in the µ, barely in the τ decay modes). 



Dummy analysis: results 
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Effect of over- or underestimating radiative corrections in MC. 
 - By including cuts on Emax in the templates, but not toys (or vice versa) 
 - Done for cuts on Emax, at 100, 300, 500, 800, and 1500 MeV.  

Change on R(D) is very similar for R(D+) and R(D0)  
Largest when applying a cut on Emax around 100 MeV, shifting R(D) by 0.02 or 7% 
 - Error bars reflect the statistics of generated MC samples 
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Effect of Coulomb corrections in toys 
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Coulomb correction as a function of fit variables:  
 - This does not cancel in the ratios of R(D). 
 - LHCb-like analysis: -0.003 shift on R(D+) (-1%) 

Effect must be studied for each analysis separately 
[depends on selection, reconstruction efficiency,…] 



Conclusions 
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 - Corrections described in de Boer et al. are not fully included in PHOTOS; 
 - Coulomb corrections affect kinematics of τ decays (corrections of 1% on LHCb-like 
analysis), must be studied for each analysis separately; 
 - Cuts on photon energy (not necessarily explicit) should be studied by analysts; 
 - Mis-modeling QED corrections can lead to a bias of ~7% in LHCb-like analysis; 
 - Further input is needed from the theory community especially for future 
measurements with higher precision.  

[Photo: courtesy Danilo Domenici] 



Back up 
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Coulomb correction - details 
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Private communication from Z.A. Was: “No plans to include Coulomb correction to 
PHOTOS, because it forms to good approximation a separate class of corrections 
which can (and should) be integrated as correction to Born level matrix element.” 

Coulomb correction can be calculated as: 

Used approximation (Atwood and Marciano): ΩC = 1 + α π ~ 1.023 
This holds for βDl ~ 1  
Not true for βDτ ~ 0.5 - 0.9; implies Coulomb correction in the 2.5%-5% range 



The effect on real measurements  (q2, Eµ)
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 Dummy analysis: 
  - very simplified: just signal and normalization samples 
  - generate 10.000 toy samples per decay mode with no cuts on Emax  
  - generate templates with different cuts on Emax  (20, 100, 500, 800, and 1500 MeV) 
  - fit for R(D) using 3D templates (q2, mmiss, Eℓ) and study the effect  
     [same as in muonic R(D*) LHCb measurement, PRL 115 (2015) 111803] 

Applying different cuts on Emax changes shape of fit templates. 
q2 and Eµ are less affected. 



Alternative strategy 
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 - Outcome of the measured values of R(D) as a function of Emax, when templates are 
generated according to Photos predictions and the Emax cuts are applied on the pseudo-
experiments.  
 - The error bars reflect the statistics of the generated MC samples. Specifically, they come 
by repeating the analysis 10.000 times and taking the spread of the outcomes as the 
statistical uncertainty. 
 - The blue bands correspond to fit results obtained with the same templates used to 
generate the pseudo-experiments 
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