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Plan of the talk

● Need for lattice phenomenology and 
introduction to simulations

● FLAG initiative
(b-quark mass for Higgs physics and heavy quarks on 
the lattice)

● Recent developments:

   - QCD + QED  why, what, how ?

       - Hadronic decays



  

Motivation: non-perturbative phenomena

QED → QCD (as prototype of strongly interacting theories)

QED
● Photons and e+, e- act much like 

free particles.

● Perturabtion theory makes sense.

● Solved by expansion in α
em

=1/137.

QCD
● Quarks and gluons are never observed

(confinement).

● Perturbative treatment is absurd at

low energies.

● Conventional methods fail.



  

What theory is QCD ?

Quite surprisingly it describes                                           



  

An intuitive picture can be gathered from the running of the coupling



  

Understanding strong interactions. Stability of light hadrons

Hadrons are all binding energy !!
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Several hadronic processes depend on hadronic contributions. E.g.
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Lattice QCD and computers

● Huge computational demand.

● Uniform space-time structure → 
parallel computing.

● Assign a cluster of space-time 
points to each processor (core).

● Evaluate the path integral using 
importance sampling (Monte Carlo).

● Simple, repetitive arithmetic 
(108x108 matrices to vectors).

● Parallel computing was born for 
these problems (APE) and the 
progress in the beginning was 
driven by lattice applications 
(QCDOC).
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Ensembles
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Lattice can provide first principle – systematically improvable 
determinations of such parameters. However they are not 
free from approximations / systematics

➢ Number of dynamical flavours
➢ Unphysical quark masses (and no isospin breaking)
➢ Finite lattice spacing
➢ Finite volume
➢ Renormalization

FLAG's goal is to walk users of lattice results through 
systematics and the way they have been  addressed
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Criteria, as of now
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Light quark masses

● 'Estimates' differ from 'averages'. For N
f
=2+1 an error coming from 

quenching of the charm has been included
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Leptonic and semileptonic Kaon and pion decays
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|V
u
|2=0.980(9) for N

f
=2+1+1. The consistency among leptonic and semi-

leptonic  determinations of |V
us

| is a check of the equality of the Fermi 

constant describing interactions among leptons and the one describing 
interactions among leptons and quarks (may not be in BSM).
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The hadronic parameter in ε
K
 at LO in the EWH
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Also, dominating uncertainty in:
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Errors soon to be dominated by theory



26

Heavy quarks on the lattice
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QED effects are becoming relevant for light quantities.

QCD + QED direct simulations [Borsanyi et al., BMW group, 2014] 

● Large volume 1+1+1+1 simulations of QCD + QED (at unphysical e 
due to noise to signal problem). 300 times more expensive than 
N

f
=2 QCD. Pilot and benchmark computation concerning the setup.

● Separation of effects using ΔM
Σ

QED=0
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ǁ
Number external photons
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 2 ensembles of 2+1 DW fermions with L~5 fm and physical m
π
.

 NP renormalization in RI-SMOM scheme. Matching to MS at 1-loop.   
  Currently dominating error budget. (Wilson coeffs. at NLO)
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Conclusions

● I have given an incomplete review of (mostly) flavor      
  physics on the lattice. Review of FLAG review ...

● Higgs less of a portal to New Physics than hoped.
 To establish that precise results in the b-sector are 
 needed.

● If the keywords are precise and rare, we are getting      
  there. Approaches to include sub-leading systematics   
  being developed (QED, multi-hadron channels).
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