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Indirect Searches – Model Independent Searches  
Four examples of how to look for New Physics 

How can New Physics affect an oscillation ? 

How can New Physics affect angular observables ?  

How can New Physics enhance a suppressed decay ? 

How can New Physics affect CP violation ?
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Classification of CP Violating effects
A large set of NP models predict the existence  

of new CP Violating phases 

CPV in decay CPV in mixing

CPV in the  
interference 

mixing & decay 
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What is the Standard Model telling us ?
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We have to constrain as much as possible all the parameters 
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What is real life telling us ? 

The CKM mechanism seems to work 

1995 2015



What is New Physics telling us?
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Where shall we start ? 

Measure theoretically clean observables 
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Measurement of γ

The weak phase γ can be measured  
in the interference of b→c and b→u decays.   
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Measurement of γ

The weak phase γ can be measured  
in the interference of b→c and b→u decays.   
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LHCb-CONF-2014-004
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Other measurements 
and updates  

will be added soon !



What about |Vub| ?
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Measurement of Vub   [3 fb-1]
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What we measure :

Topologies 



15[Nature Physics 3415 (2015)] [3 fb-1]

Result : 

stat LQCD Vcb



Φs from b→ccs transitions

Mixing

Decay
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Φs from b→ccs transitions

Mixing

Decay
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ϕs  = ϕsSM + ϕsNP 

ϕsSM  = ϕM  Predicted to be very small in the SM 
 Phys. Rev D84 (2001) 033005 
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The other triangle



What do we measure ? 
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Mixing parameters 

CP observables



[Phys. Rev. Lett. 114 041801 (2015)]

[Phys. Lett. B 736 (2014) 186]

Measurement of Φs in Bs → J/𝜓 h+h- [3 fb-1]

Use angular analysis to separate the CP components. 
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The golden modes 



Phys. Rev. Lett. 113 (2014) 211801

Measurement of Φs in Bs →DsDs [3 fb-1]

21

CP-even final state



The big picture
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stat+syst

stat    syst



Phys. Rev. Lett. 115, 031601 (2015)] 23

Measurement of CPV in B→ J/𝜓 Ks [3 fb-1]



Measurement of CPV in B→ J/𝜓 Ks [3 fb-1]

Phys. Rev. Lett. 115, 031601 (2015)] 24



An other big picture 
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Very precise lifetime measurements

Useful test of HQE

JHEP04(2014)114 [1 fb-1]



How do we constrain the penguins ?
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arXiv:1509.00400 [3 fb-1] 
Phys. Lett. B742 (2015) 38 [3 fb-1]

Proposal : arXiv:1412.6834

Polarization dependent 

The penguins are small!
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http://arxiv.org/abs/1412.6834


More CP asymmetries 
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Phys. Rev. Lett. 114 (2015) 041601 [3 fb-1]

Phys. Lett. B 728 (2014) 607-615 [1 fb-1]



More CP asymmetries 

Phys. Rev. Lett. 114 (2015) 041601 [3 fb-1]

Phys. Lett. B 728 (2014) 607-615 [1 fb-1]

LHCb measurements  
very consistent  
with the SM.
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Conclusion
The measurements of CP observables  

are reaching very high precision. 
  

LHCb will continue to collect data and  
push further the precision of 
 the measurements as well as  

add additional  
modes 

No clear sign of New Physics contributions. 
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Backup slides







GGSZ (Giri, Grossman, Sofer, Zupan) :  
Use quasi 2-body CP eigenstate of the D to be resolved in the Dalitz plane. D —>Ks ππ. 
 So far the most precise gamma determination. 

ADS (Atwood, Dunietz, Soni):  
Use anti-D0 K+ π- for b—>u transitions (Cabibbo allowed) and D0—> K- π+ (Doubly Cabibbo 

Suppressed) for b—>c transitions. One has to know strong phases from D decays.   

GLW (Gronau, London, Wyler):  
Search for D mesons in CP eigenstates eg : D —>KK and D—> ππ 



[PHYS. REV. D91 (2015) 112014]
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