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Theory of everything (we know)

ℒ = −g{ℒ0 + ℒ1 + ℒ2 + ℒ4 + ℒ5 + ℒ6 + …}
Lagrangian can be organized according to canonical dimensions of each term:  

This organises the infinity of possible interactions according to their importance at low energies 
Each  contains all possible interactions terms allowed by Poincaré invariance, locality, hermiticity, and the 

gauge symmetry (totalitarian principle)
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BSM/Higgs

• Are there new particles beyond those of the Standard Model 
• Is nature natural  
• How is electroweak symmetry broken  
• How do neutrinos get their mass  
• What was happening in the first seconds of the universe  
• What is the nature of dark matter 
• What caused matter-antimatter asymmetry  
• Are there extra dimensions of spacetime 
• ...

BSM/Higgs  group  
asks a lot of question



BSM/Higgs

Answers 



BSM/Higgs
Clue ?

p = wρ
w = w0 + (1 − a)wa
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Flavor Physics 

• Flavor physics group is straddling the line between  
beyond and within the Standard Model 

• It is focused on the dynamics and decays of composite 
particles containing a heavy quark (b or c) 

• On one hand, these allow us to better understand  the 
Standard Model, in particular the action of the strong force  

• On the other hand, flavor transitions are naturally 
suppressed in the Standard Model and therefore they are 
very sensitive to physics beyond the standard model 



Flavor Anomalies
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FIG. 21. Signal strength µ determined in the ITA (left) and HTA (right) for independent data samples divided into approximate
halves by various criteria. The vertical lines show the result obtained on the full data set. The horizontal bars (and dot-dashed
lines) represent total 1 standard deviation uncertainties.

FIG. 22. Distribution of q2rec for ITA events in the pion-
enriched sample and populating the ⌘(BDT2) > 0.92 bins.
The yields of simulated background and signal components
are normalized based on the fit results to determine the
branching fraction of the B+ ! ⇡+K0 decay. The pull dis-
tribution is shown in the bottom panel.

is reduced by about 20%. The increase in the systematic
uncertainty, also observed in ITA, is compensated by an
increase in the data-sample size due to changes in the

FIG. 23. Branching-fraction values measured by Belle II,
measured by previous experiments [9–13], and predicted by
the SM [4]. The Belle analyses reported upper limits; the val-
ues shown here are computed based on the quoted observed
number of events, e�ciency, and f+� = 0.516. The BABAR
results are taken directly from the publications, and they use
f+� = 0.5. The weighted average is computed assuming sym-
metrized and uncorrelated uncertainties, excluding the super-
seded measurement of Belle II (63 fb�1, inclusive) [13] and
the uncombined results of Belle II shown as open data points.
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QCD

• QCD group attempts to better understand the consequence of the 
Standard Model strong dynamics in various systems 

• Many conceptual and quantitative problems remains to be 
solved  

• Examples of problems tackled in IJClab  include  quarkonium 
production, (generalized) parton distribution functions for 
nucleons and nuclei, Distribution Amplitudesfor light and 
heavy mesons, small x physics and gluonic saturation , non-
perturbative power corrections 
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