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        decays
●                 decay processes are very rare in the SM

– Why?
● FCNC – only occurs at loop level
● GIM – would vanish if 
● CKM – since                               , final result ~ 

– Overall: Br ~ 
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Enhancing                 decays
● Do we expect NP to be suppressed like the SM?
● FCNC – accidentally forbidden at tree level in 

SM due to gauge structure
● GIM – accidental due to observed masses
● CKM – accidental due to observed CKM 

structure



11

Enhancing                 decays
● Great place to look for new physics effects, since 

if NP is not suppressed by any (or all) of loop/ 
GIM/CKM, we would expect a much larger 
signal

● Naive example: tree level mediator ~ 1 TeV, 
O(1) couplings => BR ~           - 
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Do we see anything?
● Maybe
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( Aside on EFTs
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EFT for              
● We use an effective field theory to describe the   

                transitions
– (Why?                                is large, can't do QCD 

expansion)
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EFT for              
● Effective Lagrangian looks like:
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EFT for              
● Effective Lagrangian looks like:
● In the SM, only the coefficients       and         are 

non-zero
–
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)
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         anomalies
● Since 2013 there have been deviations in               

                 decays

1308.17071303.5794

https://arxiv.org/abs/1303.5794
https://arxiv.org/abs/1303.5794
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         anomalies
● Since 2013 there have been deviations in               

                 decays

1307.5683

https://arxiv.org/abs/1303.5794
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         anomalies
● Since 2013 there have been deviations in               

                 decays
● For a while we thought these were muon 

specific
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Different leptons in         

● Look at the ratio 

● In the SM, leptons only differ by mass, so expect 
this ratio to by close to 1
– Call this lepton flavour universality (LFU)
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● In 2014: 
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Different leptons in         
● In 2014: 
● In 2017: 
● By Spring 2022: 
● Lepton flavour 

universality 

violation (LFUV)!
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Global fit Spring 2021

2103.13370 
(Altmannshofer, Stangl)

https://arxiv.org/abs/2103.13370
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Global fit Spring 2022

2104.08921v4
(Algueró, Capdevila, Descotes-
Genon, Matias, Novoa-Brunet)

https://arxiv.org/abs/2104.08921
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         LFUV in         ?          
● But in Dec 2022:
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         LFUV in         ? No!  
● But in Dec 2022:
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         anomalies
● So what is the current status?
● Is there anything?
● Hopefully!
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Global fit in 2023

Bernat Capdevila (FPCP 2023)

https://indico.cern.ch/event/1166059/contributions/5305415/
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         anomalies

Gubernari, Reboud, van Dyk, Virto
 (2206.03797)

https://arxiv.org/abs/2206.03797
https://arxiv.org/abs/2206.03797


34

         anomalies
●  

– Seemed to be below 
SM 

● Favoured positive       
      
– And hence 

1903.10434 (Aebischer, Altmannshofer, 
Guadagnoli, Reboud, Stangl, Straub)

https://arxiv.org/abs/1903.10434
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         anomalies
●  

– Seemed to be below 
SM

● Favoured positive      
       
– And hence 

2103.13370 (Altmannshofer, 
Stangl)

https://arxiv.org/abs/2103.13370
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         anomalies
●  

– CMS 2022 was 
above the SM

●       a better fit than    
                      now

2212.10497 (Greljo, Salko, 
Smolkovič, Stangl)

https://arxiv.org/abs/2212.10497
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         anomalies
● So what is the current status?
● Is there anything?
● Hopefully!

– But it has to treat leptons the same
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● LQs are natural 
models for 

● 10-25% deviation in 

LQs for        

Diagrams from Luca 
di Luzio @ CKM 2018

https://indico.cern.ch/event/684284/contributions/2952444/
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Diagrams from Luca 
di Luzio @ CKM 2018

https://indico.cern.ch/event/684284/contributions/2952444/
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● LQs are natural 
models for 

● 10-25% deviation in 

LQs for        
● But <5-10% 

deviation allowed in 

● And they turn up in 
many BSM models

Diagrams from Luca 
di Luzio @ CKM 2018

https://indico.cern.ch/event/684284/contributions/2952444/
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LQs for        
● LQs are natural models for  

– But a LQ coupling to multiple lepton generations 
generally leads to lepton flavour violation (LFV)

Diagram from 1603.04993

https://arxiv.org/abs/1603.04993
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● Old idea: NP in         ?
● In the SM, about half of the       coefficient 

generated through charm loops
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● In the SM, about half of the       coefficient 
generated through charm loops

● What if some NP modified          operators?

1701.09183 & 1910.12924

https://arxiv.org/abs/1701.09183
https://arxiv.org/abs/1910.12924
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● In the SM, about half of the       coefficient 
generated through charm loops

● What if some NP modified          operators?
● Potential for large          effects, plus correlated 

effects in various precise B meson observables
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● Correlated effects in various B meson 
observables
– Width difference in       meson mixing (         , ~15% 

precision)
– B meson lifetimes (                         , ~1%)
– Radiative B decay (                   , ~5%)
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UV         →
● What kind of NP can generate          after being 

integrated out?
– Size of anomaly suggests tree level effect

● If tree level    and    interactions, need to avoid 
tree level       mixing
– Big problem for Z’s, or heavy gluon type field
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UV         →
● Charged Higgs is one option
● Has been re-examined recently 
● But parameter space is quite constrained                

(                                            )

Kumar 2212.07233 
& Iguro 2302.08935

https://arxiv.org/abs/2212.07233#
https://arxiv.org/abs/2302.08935
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● Consider the 
● In addition to lepton-quark interactions, can 

write down quark-quark interactions
● Only get                      terms, not                       or        

                     , so safe from meson mixing 



51

     LQ without leptons
● In general, having both lepton-quark and 

quark-quark couplings leads to tree level 
proton decay

● So often people drop the diquark term
● But instead we drop the lepton-quark term
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    diquark
●  
●  →
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    diquark
● It will turn out that we need the      to be quite 

light –  
● Integrate it out along with top/Z/W
● Loop calculations give (extra) constraints from    

      mixing,                    , D mixing
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Results
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Results
● Interestingly, we 

predict an 
increase to            

● From                        
      →
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Results
● CMS di-di-jet 

analysis (2206.09997)
– Hints for 500 GeV 

scalar?

https://arxiv.org/abs/2206.09997
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Results
● Missing charm 

puzzle?
– Inclusive                 

rate

hep-ph/0011258

Alex Lenz (SM@LHC 2013)

https://arxiv.org/abs/hep-ph/0011258
https://indico.cern.ch/event/220429/contributions/1522787/
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Thanks!
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BACKUP
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Explicit GIM suppression
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More bsll global fits

2212.10497 (Greljo, Salko, 
Smolkovič, Stangl)

https://arxiv.org/abs/2212.10497
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ATLAS di-jet
● 1804.03496

https://arxiv.org/abs/1804.03496

	Slide 1
	Slide 2
	Slide 3
	Slide 4
	Slide 5
	Slide 6
	Slide 7
	Slide 8
	Slide 9
	Slide 10
	Slide 11
	Slide 12
	Slide 13
	Slide 14
	Slide 15
	Slide 16
	Slide 17
	Slide 18
	Slide 19
	Slide 20
	Slide 21
	Slide 22
	Slide 23
	Slide 24
	Slide 25
	Slide 26
	Slide 27
	Slide 28
	Slide 29
	Slide 30
	Slide 31
	Slide 32
	Slide 33
	Slide 34
	Slide 35
	Slide 36
	Slide 37
	Slide 38
	Slide 39
	Slide 40
	Slide 41
	Slide 42
	Slide 43
	Slide 44
	Slide 45
	Slide 46
	Slide 47
	Slide 48
	Slide 49
	Slide 50
	Slide 51
	Slide 52
	Slide 53
	Slide 54
	Slide 55
	Slide 56
	Slide 57
	Slide 58
	Slide 59
	Slide 60
	Slide 61
	Slide 62

