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Multi-scale physics

Standard Model {q.t,0,9,v, Z, W=, h}

Weak Effective Theory {a,4,9,7}

C;
LweET = LQCD+QED + Z Foi + ...

Chiral Perturbation Theory {m, K}



Weak Effective Theory

Goal: precise description of flavor-changing processes.
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What are the relevant operators?

introduction: Buras 1998



https://arxiv.org/abs/hep-ph/9806471v1

Matching
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M= | (f|Lsm|i) = 4GFZC )(£10:” (w)]i)

match full SM amplitude onto weak effective theory

include all operators that respect the SM symmetries



Matching

M= | (f|Lsmli) = 4GFZC )(£10:” (w)]i)

match full SM amplitude onto weak effective theory

include all operators that respect the SM symmetries
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Matching with QCD effects

B - D



Matching with QCD effects
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Wilson coefficients depend on matching scale:




Running couplings
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Running couplings

: : ]\42 M3 2
factorize amplitude: 1+ a, ln—p — (1 + ay In M—W> (1 + a, In “—) + ..
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pS mw match amplitudes

renormalization group
evolution resums
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Running couplings - example
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Lot = —75 Vi Vo [C1() 577,07, W0y, 4 Ca(p) Syucy, g,y by

Ci(mw) =1+ O(a,) match & run Ci(my) =~ 1.1

Co(mw) =0+ O(as) Co(my) = —0.2

Effect on decay branching ratio BB —rtD7)~C2.

Buchalla, Buras, Lautenbacher 1995

11


https://arxiv.org/abs/hep-ph/9512380

Summary Part |l

Weak Effective Theory:
good description of charged currents at £ < my

effective Lagrangian:
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Obtain B-physics amplitude Mg ~ C(my,)(O(myp)) :
match — C(uw) (flavor-universal)

evolve — C(my) = U(myp, pw ) C(uw)

WET makes more precise predictions than full ’cheory?c

*at the same perturbative order 12



8V

Your turn
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Draw Feynman diagrams of the two operators.

Why does Qsc contribute to B — X7

Which WET operators contribute?
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