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Lepton universality 

Lepton couplings to gauge bosons in the standard model are 
all the same 
Very well tested, PDG averages: 
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Current new physics signal in B physics 
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Very recent measurement of LHCb 

It is 2σ away from 
the SM predictions  
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Non-universal Bà K µµ / ee rates 
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Non-universal Bà K µµ / ee rates 

People wait for that until two years later 
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Second surprise in bà s l+l-  
apparently the µ has a weaker coupling than the electron  
 at tree and loop level, many possible other NP couplings  
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            Violation of lepton flavor universality
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For q2 < 6 GeV2, SM predictions for  b→ sµ+µ-  consistently 
overshoot the data (also for Bs→ φµ+µ-, Λb→ Λµ+µ- ; both 
involve unknown hadronic uncertainties)

Observable          Expt (LHCb)           SM           σ        
R(K),  q2=[1, 6] GeV2     0.745+0.090

-0.074±0.036      1.00±0.01                                                                                                                 2.6

R(K*0), q2=[0.045, 1.1]     0.66+0.11
-0.07±0.03      ∼ 0.920     2.1-2.3 

R(K*0), q2=[1.1, 6]     0.69+0.11
-0.07±0.05      ∼ 0.996     2.4-2.5 

theoretically very clean!

arXiv:1705.05802

SM

Loop, GIM, CKM suppressed
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n  Best fit to R(K) & R(K*) in one individual WC ⇒ NP in 
C9

µ, C9
e, C10

µ, C10
e.  NP in primed operators do not 

play a role 
 
      C9,µ

NP ≈ -C10,µ
NP ≈ -1.3,   C9,e

NP ≈ -C10,e
NP ≈ -1.3 

 
n  Global fit to angular observables of B→ K*µ+ µ- and 

BF of     Bs→φµ+µ- ⇒ NP in C9
µ favored, in C9

e not 
favored. 

SM⇒ C9
SM ≈ -C10

SM ≈ 4.2,   C’9SM =C’10
SM = 0

Altmannshofer et al.; Hiller et al.  
& many others
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          NP models capable of generating C9,10
NP : 

 
n  Tree level:     Z’, SU(2)L singlet or triplet   
                          leptoquark, spin 0 or 1 
                          SUSY with R-parity violating interactions 
 
n  Loop level:      Z’ penguin  
                           new heavy scalars/vectors 
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Flavour anomalies and New Physics  

If confirmed by future analyses, what does this point to?  

SM gauge interactions do not distinguish between different 
leptons, and Higgs exchange is irrelevant; hence need new 
particles beyond the SM with new types of interactions  
•  U(1)τ-µ → new Z’ boson coupling with opposite sign to µ/τ  
•  New particles with Yukawa-like interactions, leptoquarks 

(better: lepto-quark-bosons)  
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Angular analysis of Bà K* µµ decays 
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Angular analysis of Bà K* µµ decays 
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Angular analysis of Bà K* µµ decays 



CD Lu 27 



best 2 parameter fit  

n  looks like fits prefer left-handed structure  
n  –previous model not favoured in this case?  
n  –tree-level FCNC are right-handed  
n  –one loop corrections of electroweak strength are left

-handed also, could give the right size  
n  –full model is very complicated and would need a

 multi (>2) Ci fit  
n  another non-universal Z’ that is left handed  

CD Lu 28 



CD Lu 29 

Bà Kπ puzzle 

n  K+π- and K+π0 differ by subleading amplitudes Pew and C. 
Their CP asymmetries are expected to be similar. 

n  The experimental data differ by 5σ! A puzzle! 

   ACP(K+pi–) = (– 9.7 ± 1.2)%  

    ACP(K+pi0) = (4.7 ± 2.6)% 

(C2/C4)(VusVub/VtsVtb)» (1/λ2)(λ5/λ2)» λ
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Direct CP violation 

T exp(iφ3)
P 

T exp(-iφ3) 

T exp(iφ3) 

P 

T exp(-iφ3) 

If δT=0 

Br 

Br = Br 

If δT=0 

Br = Br 
Direct CP 

Recall  φδ sinsin∝CPA
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Explanation 1 

n  Large K+π- CP implies large δ
T 

  

n  Large PEW to cancel its effect (Buras, Yoshikawa et 
al.) in K+π0  new physics?  

T exp(iφ3) 

P 

T exp(-iφ3) 
PEW Br ≠ Br 
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Explanation 2 

n  Or large C (with large strong phase) to cancel its 
effect (Charng and Li; He and McKellar) in K+π0 ) 
mechanism missed in SM calculation?  

(T+C) exp(iφ3) 

(T+C) exp(-iφ3) 

T exp(iφ3) 

P 



Color suppressed tree diagram (a2) is too
 small, without big strong phase in
 perturbative QCD calculations 

n  However, NLO diagrams related to nonfactorizable
 amplitudes contributing to Glauber divergence 

n  Resummation of the large logarithms give a jet
 function, which has a large strong phase 
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H.-n. Li and S. Mishima, 
PRD 83, 034023  
(2011).  
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Search for new physics in hadronic
 B decays - 1 example 
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K. Huitu, C.D. Lü, P. Singer D.X. Zhang, Phys. Rev. Lett. 81, 
4313 (1998), hep-ph/9809566.  

SM BRs: ~ 10 -14, 
Some New physics can reach 10 -6 
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Experimental search starting from OPAL @ LEP, phys. 
Lett. B 476 (2000) 233, later searched also by Belle/Babar 
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Experimental search starting from OPAL @ LEP, phys. 
Lett. B 476 (2000) 233, later searched also by Belle/Babar 

Similar channel B–àπ–π–K+ 
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Recent LHCb result: 

Physics Letters B 765 (2017) 307–316  

Recent theoretical results in Randall-Sundrum model: 

Chinese Physics C41 (2017) 053106  

Br(bàss d-bar) can reach to 10 -10 
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   Pure annihilation type decay: 
 PQCD Picture of 

Six quark interaction inside the dashed line 

+−→ KDB S
0
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W exchange process 
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Theoretical Results: 

Reported by Ukai in BCP4 (2001) before Exps: 
Lü, Ukai, hep-ph/0210206 



   pseudo-scalar B requires spins in opposite directions, 
namely, helicity conservation  

momentum 

B 
fermion flow 

spin (this configuration is not allowed) 

p1 p2 

Annihilation suppression ~ 1/mB  ~ 10% 

Like Bàe νe 

 For (V-A)(V-A), left-
handed current 
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B 

Helicity suppressed: pseudo-scalar 
decays to two massless quarks 
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No suppression for O6 

n  Space-like penguin 

n  Become (s-p)(s+p) operator after Fiertz 
transformation    Chirally enhanced 

n  No suppression, contribution “big” (20-30%) 

b
)(sd

d u 

d 

π+ 

(K+) 

π 
–
 

•

•



Pure annihilation type decay Bsàπ+π- 

n  Very rare decay

 predicted in PRD76,

 074018 (2008) 

n  BR=(5.7 ± 1.7)x10-7 

n  No one expected to be
 measured 

π+ 
 

 
π- 
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••

Time-like penguin 

Bs  W 
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  CDF Results 
 

F.Ruffini, 1107.5760ex  
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Summary 

n  Some flavor anomalies have been discussed  
n  The tension between SM and experiments at the level of 

 3σ level 
n  Theoretical study of non-leptonic D/B meson decays

 making great improvement with helping from rich
 experimental data 

n  Flavor sector has only been tested at the 10% level 
and can be done much better 

n  We are still waiting for a clear New physics signal in 
the heavy flavor sector 
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Thanks！ 
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