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Slide from Mick Mulder

no penguin, no annihilation 
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Slide from Nico Gubernari

4.4σ level deviationBR(exp.)  <  BR(SM pred. from QCDF)

SM amplitudes are uniformly larger by 𝒪(15%)
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Explanation without new physics

|Vcb| dependence?  

[Bordone, Gubernari, Huber, Jung, van Dyk, 2007.10338] uses |Vcb| × 103 = 41.1(5) 

[average of inclusive and exclusive].  

If the exclusive value, e.g., |Vcb| × 103 = 39.25(56), the SM amplitudes are reduces by 4.5% 

Then, however, 4.2σ tension appears in   

Higher-order QCD corrections? 

 Unlikely. It has been estimated as 

εK

𝒪(1%)

[LANL-SWME lattice, 
1912.03024]
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New physics interpretation

Effective Lagrangian

Best fit point [Bordone, Gubernari, Huber, Jung, van Dyk, 

2007.10338] 

QCD RGE

Factorized by SM CKM factor

Compatible with lifetime measurements
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We consider W’ model

+

W′ 

Just assuming no leptonic coupling

/d /d

/π− /π−
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Sanity check from kaon

How about  bound from the kaon decays?s → uūd Assuming CP-conserving W’ contribution;

[RBC-UKQCD lattice, 2004.09440]

 new physics contribution to  amplitudes could be compatible with data±20 % s → uūd
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A  modelSU(2)1 × SU(2)2 × U(1)Y

We consider an extended electroweak gauge group  model, 

which contains heavy vector-like quarks and heavy SU(2) gauge multiplet  

After integrating out the vector-like quarks, the following effective Lagrangian is generated

SU(2)1 × SU(2)2 × U(1)Y

[Boucenna, Celis, Fuentes-Martin, Vicente, Virto, 1608.01349]

Z′ μ Z′ μ W′ +
μ

 basis is defined by the first termgij
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Three scenarios 

We consider the fowling three scenarios 

Z′ μ Z′ μ W′ +
μ

Scenario1 Scenario2 Scenario3 

Here, U(2) symmetry is imposed to avoid strong constraints from K- and D-meson mixings
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Scenario1
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g33 = − g11

Black contours:

Flavor constraint ( ) 
comes from -  box 

ΔMs
W W′ 

∝ g11 × g33

Strong bounds comes from 
direct search by LHC

We rescaled the width-
dependent limit

[CMS 
1911.03947]

Width > 100% 
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[CMS 1911.03947]

Is it possible to hide W’ in low dijet-mass and 

broad-width regime? 

If fine, C2(NP)/C2(SM) ～ -0.05 is possible
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Scenario2
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 is saturated 
under the flavor 
constraints on this 
plane

g23

Width > 100% 
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Scenario3
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Scenario1 

★

non-zero g23

 would give 
additional bound
ΔMd /ΔMs

C2(NP)/C2(SM) ～ -0.10 

would be possible
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Conclusions

W’ from an additional SU(2) can partially cancel the large SM colour-allowed tree-level 

amplitude by　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　 

 　　　　　　　　　　　　　　　　　　　　　　　　　　　　

as long as the collider constraint can be evaded. 

The more dedicated collider analysis for low-dijet mass and the broad width regime would 

be important to exclude such W’

CNP
2 /CSM

2 = − 𝒪(10%)
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