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(Cabibbo ’63. Kobayashi & Maskawa ’73) 

(Wolfenstein ’83) 
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FCNC in SM & |DS|=1>>|DS|=2     GIM (1970)c (J/Y at SLAC & Fermilab ‘70) 

mc~1.5 GeV, OK with 

mt>MZ, OK with t in ‘95 

CPV in Bs (CDF, Fermilab ‘06) 

Idea: Searching for forbidden processes in the SM + accurate measurements of allowed 

rare decays confronted to precise calculations as signs of New Physics. 
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Detailed 

characterization of 

NP through 

measurements that 

overconstrain it in 

different related 

observables of 

Flavor Physics. 
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There are hints of New Physics in the related (bs g exclusive) decays: 

B(s)mm, BK*mm, BKll. 

 

This might be because poorly understood non-perturbative QCD effects. 

 

Of course it might be New Physics. 

 

Then, Lepton Universality breaking can be related to Lepton Flavor Violating 

signals (Glashow et. al. ‘14) 

It is worth to have a closer look to these processes 

Caveat: In ad-hoc models one can have sizable LUV in B decays and respect 

the bounds from BR(pene(g))/(pmnm(g)) [PIENU PRL’15], (although some 

effects in K decays should be seen). 
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Weak effective Hamiltonian approach for the |DB|=1 transitions 

(Chetyrkin, Misiak, Munz ’97; Beneke, Feldmann & Seidel ’01, ‘05) 

Dipole Operators Semileptonic Operators 

O1..6 are four-fermion operators 

There can also be BSM type of contributions 
(for instance) 
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To a very good approximation, with 

in the SM 

C9  C9
eff (Buras, Munz ‘95) 

NNLL 

(Beneke,  Feldmann & Seidel ‘01) 

NLO 

(Weak-annihilation 

contributions) 
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To a very good approximation 

(Bobeth et. al.’07. Khodjamiriam 

et. al.’13, Ball & Zwicky ’05) 

(Beneke et. al. ‘01) 
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FF & mb 
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‘New’ long distance contribution:  

recalling K
+
  p 

+
 l+ l- 
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‘Everything’ is long-distance 
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This holds trivially the same in our cases of interest: (B(c)/D(s)) 
+
  (p/K

+ 
) l+ l-  



Long distance contribution to semileptonic heavy-meson decays         Pablo Roig 

Lorentz + em gauge invariance imply 

dynamics 

With A ~ em Vm(p,q) 

 

This part does not contribute to the amplitude because of gauge invariance 

 ~ 
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Meson em 

FF type 

Penguin type (when quark structure is resolved) 

This is the ‘new’ contribution we consider in (B(c)/D(s)) 
+
  (p/K

+ 
) l+ l- decays 
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Meson em 

FF type 

Vanish 

due to 

gauge 

invariance 

Non-factorizable 

contributions 

suppressed in 1/NC 
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Meson em FF 

<B-(PP)|jmem|B-(PB)>=FV
B(q2)(PB+PP)m~ FV

B(q2) 2 PB
m 

<P-(PP)|jmem|P-(PB)>=FV
P(q2)(PB+PP)m~ FV

P(q2) 2 PB
m 
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Weak annihilation 

<P-(PP)|jmw|0><0|jmw|B-(PP)>=GF/√2 FP FB MP
2 

<P-(PB)|jmw|0><0|jmw|B-(PB)>=GF/√2 FP FB MB
2 
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Meson propagator 

i/(P2-MB
2)=i/(MP

2-MB
2) i/(P2-MP

2)=i/(MB
2-MP

2) Relative sign 
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Pure scalar QED (point meson) vanishes as well as other V and A SD LD contributions 

As dictated by gauge invariance 
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SD: 
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Kinematical & dynamical suppression 
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Kinematical & dynamical suppression 

Two different approaches are used for these FFs:  

• Resonance Chiral Theory (Ecker et. al. ’88 & ‘89) 

• Gounaris-Sakurai parametrizations (‘’68) 

They are important in the 1 GeV region, where theory is better controlled 
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Tan-1[Im(FV
p(s))/Re(FV

p(s))] 

Similarly for Tan-1[Im(FV
K(s))/Re(FV

K(s))] 

From Gómez-Dumm & Roig ’12 (See also TAUOLA papers) 
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There is a huge breaking  

of Lepton Universality 

It is important only for q2<0.3 GeV2 

and its effect is always smaller than 

the SD contribution 
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Matching of the LD & SD Weak Annihilation contributions 

For q2<q2
matching 

g 
For q2>q2

matching 

b 

u u 

d/s 
(g goes 

wherever 

possible) 
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For q2<q2
matching 

b 

u u 

d/s 

For q2>q2
matching 

g 
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This is a 68% correction. It is better to take q2>1 GeV2 to probe short-distance physics! 

Our prediction is closer to current LHCb data than other analyses (Ali et. al. ‘13) 

(fully integrated rates) 

+ LD 

LHCb’15: (1.83+0.25)x10-8 
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Hou et. al. ‘14 

Khodjamirian 

et. al.’15 

LHCb’15 
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(Bc/D(s)) 
+
  (p/K)

+ 
l+ l- 

Long-distance dynamics is basically unchanged, however SD contributions are heavily 

suppressed in some of the channels because: 

• there is no spectator quark: (Bc,Ds) 
+
  p 

+
, (Bc,D) 

+
  K 

+ 

And just suppressed in some others because: 

• the CKMs are tiny: D 
+
  p 

+
, Ds 

+
  K 

+ 

c  u g transitions  Vcb Vub f(mb)+ Vcs Vus f(ms)+ Vcd Vud f(md) 

O(l5) O(l) 

Sizeable 

Small 

We give definite prediction for these decays BRs: 

(2.67+0.04)10-6, (1.26+0.02)10-5, (3.08+0.19)10-7 & (1.06+0.10)10-7 

In progress… 

Only the non-resonant component has been studied by LHCb 
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+
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+
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+ 

c  u g transitions  Vcb Vub f(mb)+ Vcs Vus f(ms)+ Vcd Vud f(md) 

In progress… 

Main contribution through excitation of a light resonance in the d/s quark loops 

Lim, Morozumi & Sanda ‘89 

In these decays our LD mechanism and the SD(LD) contribution interfere! 

D 
+
  p 

+ 
l+ l- dominated by SD(LD), Ds 

+
  K 

+ 
l+ l- dominated by our LD contribution 

Phenomenological analysis in progress 



Conclusions 
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Sharp predictions for (Bc/D(s)) 
+
  (p/K

+ 
) l+ l- to be tested at LHCb & Belle-II 
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